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ABSTRACT

Triple negative breast cancer (TNBC) assign to be an aggressive breast cancer phenotype which is described
by lack of estrogen receptor (ER) and progesterone receptor (PR), as well as the absence of over expression of
human epidermal growth factor receptor-2 (HER-2). Higher rate of early recurrence and distant metastasis to
lungs and liver compared to other breast cancer subtype resulting in overall poor prognostic in TNBC. To
date, only chemotherapy is available as systemic therapy for TNBC which help only in patients with
chemotherapy-sensitive disease. In patients with metastatic TNBC, the chemotherapy agent responds well
initially but due to shorter time for disease progression, shows poor overall survival rate. The aim of this
article is to review on the molecular subtypes and potential targeting receptors of TNBC and provide

suggestion for developing hopeful targeting therapy in the coming future.
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INTRODUCTION

Breast cancer was the most prevalent types of cancer
among females in the Asia-pacific region, reckoning
for 18% of all cases in 2012, and was the fourth
most common cause of cancer related deaths (9%).
Despite incidence rates remain much higher in New
Zealand and Awustralia, breakneck rises in recent
years were observed in several Asian countries. It
was estimated that almost 1.7 million cases of
female breast cancer were diagnosed worldwide
during 2012, corresponding to a rate of 43 per
100,000. Among that, 24% of all breast cancers were
diagnosed  within  the  Asia-pacific  region
(approximately 404,000 case at a rate of 30 per
100,000 with the greatest number these occurring in
China (46%), Japan (14%) and Indonesia (12%).
Extensive increases in breast cancer mortality rates
also occurred in many areas, particularly Malaysia
(6% per year from 1997-2008) and Thailand (7% per
year from 2000-2006 with an average annual
increase of 9% from 1985 onwards), in contradiction
to steady trends in Hong Kong and Singapore, while
decreases have been reported in Australia and New
Zealand. Mortality trends by age groups in eight of
the ten Asian countries tended to be more favorable
for women aged under 50 compared to those who
were 50 years or older. However, the exceptions
were China and Thailand, where mortality rates were
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increasing rapidly regardless of the age at death [1].
Amidst of all the breast cancer subtypes, triple
negative breast cancer (TNBC) assign to be an
aggressive breast cancer phenotype which is
described by lack of estrogen receptor (ER) and
progesterone receptor (PR), as well as the absence of
over expression of human epidermal growth factor
receptor-2 (HER-2) [2]. Higher rate of early
recurrence and distant metastasis to lungs and liver
compared to other breast cancer subtype resulting in
overall poor prognostic in TNBC [3]. This untoward
clinical outcome is due to its aggressive pathological
features including higher histology grade and mitotic
index [4].

To date, only chemotherapy is available as systemic
therapy for TNBC which help only in patients with
chemotherapy-sensitive disease. In patients with
metastatic TNBC, the chemotherapy agent responds
well initially but due to shorter time for disease
progression, shows poor overall survival compared
to ER+ breast cancer according to humerous studies
[5].

Furthermore, fundamental genomic uncertainty of
TNBC delivers the opportunity of faster adaptation
to the cytotoxic effect of chemotherapy, causing
limited treatment options for chemotherapy-resistant
TNBC. Some established targeted therapies such as
endocrine treatment and HER-2 targeted agents are
ineffective in case TNBC due to nature of the
cancer. Several small molecule inhibitors and
monoclonal antibodies against important cellular
pathways have been tested in clinical trial; however,
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no one enrolled in clinical practice because of
insufficient efficacy [6].

MOLECULAR SUBTYPES OF TNBC

In recent past, gene expression profiling was done
by Lehmann and colleagues in which classify TNBC
into 6 molecular subtypes. These different molecular
subtypes of TNBC include basal-like (BL-1 and BL-

2) mesenchymal subtype (M), mesenchymal stem-
like (MSL), immunomodulatory (IM), and lastly
luminal androgen receptor (LAR) subtype. The
study was further established by the authors in
investigating potential therapeutic agents suitable for
each subtypes of breast cancer in their related cell
lines (Table 1) [7].

| Nnon-TNBC |

| TNBC |

In receptor +ve breast cancer cells there are at
least 2 or 3 important receptors on their
surface essential for targeting by
chemotherapy agents to Iinhibit hormone
attachments and block the growth of abnormal
cells.

In receptor -ve breast cancer cells there is no
any receptors on the cell surface. Thus, the
chemotherapy agents unable to inhibit
homone attachments or block the growth of
abnormal cells.

Figure 1: Graphical illustration of Non-TNBC and TNBC

Table 1 TNBC subtypes, their genetic characteristics, and potential therapeutic agents

Subtypes Genetic characteristics Therapeutic agent

BL-1 and BL-2 Higher expressions of cell cycle and DNA Cisplatin-Alkylating agent
damage response genes

M and MSL Enhanced gene expression for epithelial- Dactolisib (NVP-BEZ235)-
mesenchymal transition and growth factor PI3K/mTOR inhibitor
pathways Dasatinib- Abl-src inhibitor

LAR AR signalling Bicalutamide-AR antagonist

Source: Lehmann et al.

Abbreviations: BL-1, basal-like-1; BL-2, basal-like-2; M, mesenchymal; MSL, mesenchymal stem-like; LAR,
luminal androgen receptor; AR, androgen receptor; PI3K, phosphatidylinositol 3-kinase; mTOR, mammalian
target of rapamycin; abl/src, tyrosine kinase inhibitors).

In another study by the same authors, the
distribution of TNBC subtypes separately was
analyzed by using the intrinsic subtype tool. The
results indicate that almost every TNBC subtypes
constitute mainly basal-like (BL) intrinsic subtype
(BL-1, BL-2, IM, and M) except for MSL and LAR
subtypes. The LAR subtype was belonging to HER-
2 and luminal B, whereas, the MSL subtype carrying
BL, normal-like and luminal B [8].

Claudin-low tumor subtype was also determined in
different study using gene expression profiling. The
molecular profile of this tumor displays epithelial to
mesenchymal transition, immune response as well as
stem like features. However, luminal and
proliferation related genes are very low in this type
of tumor subtype [9]. It was stated that claudin-low
breast cancer shows a TNBC characteristic but only
in smaller extent. In addition, the claudin-low
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subtype is negative for ER, PR, HER-2, claudin (3, 4
and 7) and E-cadherin [10]. Aside from that,
Burstein and colleagues were conducted gene
profiling studies on 198 TNBC tumors and found
out that TNBC can be classified into 4 noticeable
subtypes. These include luminal androgen receptor
subtype (AR; LAR), mesenchymal subtype (M),
basal-like immunosuppressed subtype (BLIS) and
basal-like immune activated subtype (BLIA). It can
be said that LAR and M tumor subtypes fitted into
LAR and MSL subtypes which was claimed by
Lehmann et al [7, 11].

Thus, by extensive understandings of the various
TNBC subtypes and their characteristic features, one
can definitely predict the most promising therapeutic
agent that is suitable for that particular tumor
subtype. This is because previous studies prove that
different chemotherapy agents respond differently to
each TNBC subtypes [9].

POTENTIAL TARGETING RECEPTORS IN
TNBC

Luteinizing Hormone Releasing Hormone (LHRH)
Receptor:

Luteinizing hormone releasing hormone (LHRH)
can be an excellent target for TNBC treatment.
Previous study shows that approximately 50% of
LHRH is expressed in breast cancer cells along with
TNBC. AEZS-108 is an investigational drug
currently in the clinical trial. It is a cytotoxic LHRH
analog in which a small peptide (D-Lys6) that is
regarded as LHRH agonist is linked with
doxorubicin could be potential drug for targeted
therapy with anticancer agents in TNBC that is
associated with higher expression of LHRH
receptors [12]. Similarly, in another study by
Stephan and colleagues who investigate 69 human
surgical specimen of TNBC for LHRH receptors and
further evaluates the efficacy of the LHRH anolog,
AEZS-108 as well as AEZS-125 which is a newer
LHRH analog that is linked with Disorazol Z, a
cytotoxic compound found naturally having
anticancer properties. The result of the study
indicates LHRH receptors are expressed in TNBC
significantly (49%). The cytotoxic analogs LHRH,
AEZS-108 and AEZS-125 can be ultimately used as
targeted therapy in TNBC [13].

Androgen Receptor (AR)

AR expression in TNBC is also said to be an
effective targeted therapy. The AR presents in
TNBC cells is differ in term of method used for
assay, selecting criteria for positive result, and
number of patients involved. However, available
data suggests that higher level of AR expression is

related with bettered treatment outcome. So, newer
targeted therapy can be developed in future for
TNBC patients associated with higher AR
expression [14].
EPIDERMAL
RECEPTOR (EGFR)
The epidermal growth factor receptor (EGFR) is
member of epidermal growth factor receptors family
of extracellular protein ligands. The EGFR can be an
optimal therapeutic target in TNBC. It is found to
be overexpressed in the TNBC cell lines in contrast
to human epidermal growth factor receptor 2 (HER-
2) +ve cel lines. Corkery and colleagues also
conclude that despite the lesser sensitivity effect of
TNBC cells on the EGFR inhibition than the HER-2
+ve cell lines, the addition of gefitinib improved the
chemotherapy response in TNBC patients. Gefitinib
provide a synergistic effect together with carboplatin
and docetaxel. Thus, future studies on the triple
chemotherapy agents are recommended in TNBC
patients [15].

PROLACTIN RECEPTOR (PRLR)

Generally, prolactin (PRL) hormone plays a crucial
part in the progression of mammary gland growth
and terminal differentiation of breast epithelial cells.
In previous studies, it had been shown that the PRL
and PRLR were essential in the development and
progression of breast cancer. However, a recent
study shows that the PRL and PRLR potentially
restrict the breast carcinogenesis [16]. Vanessa and
colleagues in their study, relate PRL and its
associated pathway as a subtype as well as the
predictor of pro-differentiator treatment in TNBC.
By various genomic analysis and
immunocytochemistry assay, the PRLR and mRNA
level were noted to be downregulated in TNBC
cases. Furthermore, a new subtype of TNBC-PRLR
was identified from the gene expression of 580
TNBC cases. This new class is known to be luminal
differentiation of epithelial cells. A combined or
individual expression of genes in PRL pathways
(PRL, PRLR, Jak2 and Stat5a) was capable to
produce improved results in TNBC patients.
Ultimately, the tumor formation can be suppressed
by either repairing or stimulating the PRL pathways
in the TNBC cells. In a nutshell, a new therapeutic
approach can be developed by activation of this
pathway in TNBC patients associated with TNBC-
PRLR subtype [17].

UROKINASE RECEPTOR (uPA)

Researchers had discovered that the urokinase-type
plasminogen activator (uPA) and its receptor
(UPAR) overexpression in TNBC cells [18, 19].
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Michaela and colleagues reveals that uPAR enriches
the malignancy of TNBC by direct interaction with
UPA and insulin-like growth factor receptor 1
(IGF1R). Their study on TNBC cell lines (MDA-
MB-231 cells) found that uPAR interaction with
UPA and IGF1R resulting in direct tumor
progression. The interaction was shown to be
incomparably shortened by the downregulation of
uPAR. Thus, with combined inhibition of uPAR,
UPA and IGF1R produced a synergistic effect and
notably reduced the tumor progression in TNBC
cells [20]. In addition, the effect can be further
enhanced with the addition of plasminogen activator
inhibitor-1 (PAI-1) which inhibits the uPA [20, 21].
NOTCH4 RECEPTOR

Notch signaling pathway is a cell signaling pathway
that exists in multicellular organisms. The notch
genes cause protein activation by their interaction
with ligands. This interaction may results cellular
growth progression as well as their survival.
Generally, mammals have mainly 4 different notch
receptors (NOTCH1, NOTCH2, NOTCHS3, and
NOTCHA4) and 5 ligands (Delta like 1-4 and Jagged
1-2) for all the receptors [22]. Among the 4 notch
receptors, NOTCH4 receptor may be a possible
therapeutic target for TNBC. A study by Nagamatsu
and colleagues in evaluating if the NOTCH4
receptor can be an important targeting agent for
TNBC have observed that inhibition of NOTCH4 in
TNBC cells lessen cell reproduction and metastasis.
In contrast, the overexpression of NOTCH4
resulting in the opposite effect in the TNBC cells.
Thence, NOTCH4 can be a likely targeting option
for TNBC [23].

MET RECEPTOR

Mesenchymal epithelial transition (MET) pathway
does not work properly in most of the cancers. MET
(mesenchymal epithelial transition) is a receptor of
tyrosine kinase family that plays a significant part in
growth and proliferation of healthy cells [24].
Basically, the MET and its ligands; hepatocyte
growth factor (HGF) and scatter factor (SF) are
needed for regular cell development [25]. However,
the MET receptor and its ligands are overexpressed
in most of the cancers including breast cancer [26].
A study by Zagouri and colleagues on MET
expression in TNBC patients reveals that high
expression of MET in TNBC patients resulting in
lower survival rate. Additionally, the assay for MET
expression in formalin-fixed, paraffin-embedded
(FFPE) surgical sample of TNBC showed higher
expression of MET in 52% of tumors out of 170
samples analyzed. Thus, the MET pathway may also

significantly able to be a potential target for TNBC
patients [25].
VEGFR-2
Vascular endothelial growth factor receptor 2
(VEGFR-2) plays an important role in angiogenesis.
By binding of its ligand, vascular endothelial growth
factor-A (VEGF), the VEGFR-2 pathway is
activated. This VEGF is secreted by cancer cells in
order to trigger the activation of VEGFR-2 pathway
in the normal endothelial cells beside them for their
vascular development. Surprisingly, the VEGFR-2
pathway is identified in the breast cancers including
TNBC [27]. In a study by Najafi and colleagues on
the VEGFR-2 expression in 104 TNBC patients,
showed that 61% patients having the receptor
existence in the TNBC cells [28]. Similarly, Jansson
and colleagues also found higher protein expression
of VEGFR-2 in TNBC patients in comparison to
non-TNBC patients [29]. Thus, VEFGR-2 receptor
targeting can be also being a promising therapeutic
option in TNBC.

CONCLUSION

Triple negative breast cancer (TNBC) can be clearly

seen as an aggressive breast cancer phenotype which

is lack of estrogen receptor (ER) and progesterone
receptor (PR), as well as the absence of over
expression of human epidermal growth factor
receptor-2 (HER-2). Additionally, this disease also
presents with many molecular subtypes which can
be an essential part for deciding the treatment plan.

The presented review on potential targeting

receptors in TNBC can somehow provide suggestion

for developing hopeful targeting therapy in the
coming future.
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