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Introduction:-

Triple-negative breast cancers (TNBCs) are defined by the absence of estrogen and progesterone receptors and the
absence of HER2 overexpression. These cancers represent a heterogeneous breast cancer subtype with a poor
prognosis. In 2012 about 1.7 million women worldwide were diagnosed with breast cancer (BC), and 521,900
women died from it.(1-2) TNBC represents 10%—20% of invasive breast cancers and has been associated with
African-American American race, deprivation status, younger age at diagnosis, more advanced disease stage, higher
grade, high mitotic indices, family history of breast cancer and BRCAlmutations. TNBC is regularly reported to be
three times more common in women of African descent and in pre-menopausal women, and carries a poorer
prognosis than other forms of breast cancer. (3) These statistics include all subtypes of BC, but it is well known that
BC is not a homogeneous disease. Tumors in the breast have long been classified according to their morphologic
features, histologic type, and grade (severity). Four major intrinsic subtypes have been identified by genomic
studies: the luminal subtypes A and B, which express hormone receptor-related genes, basal-like (BL) BC, and
HER2-positive BC. (4) More recently, gene expression analysis using DNA microarray technology has identified
additional breast tumor subtypes that were not apparent using traditional histopathologic methods. Based on gene
expression profiles, breast cancer can be classified into 5 main groups Luminal A , Luminal B ,Basal-like ,HER2
,Normal breast-like. (5-6) Most breast cancers originate from the inner (“luminal”) cells that line the mammary
ducts. Luminal A and luminal B tumors are similar in that both are typically ER+ or Pgr+, or both. However, they
are dissimilar in that the A type is usually HER2— and the B type is more likely to be HER2+ and lymph node—
positive.Women with luminal Atumors are often diagnosed at a younger age. They tend to have the best prognosis,
with relatively high rates of overall survival and relatively low rates of recurrence. Those with luminal B tumorstend
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to have a higher tumour grade and a poorer prognosis (7-8) . TNBC is a distinct breast cancer. It is classified into six
groups based upon the GEP and DNA microarray. This sub-classification is not only useful in understanding the
disease better but also to find molecular targets for its treatment (9).

BL-1 and BL-2:-

The BL-1 subtype was found to be composed rapidly dividing cells associated with increased proliferation and cell
cycle checkpoint loss consistent with the increased expression of DNA damage response genes. Due to its high
proliferation rate it has increased Ki67 mRNA expression and it is more responsiveness to antimitotic agents
targeting cell cycle. The BL-2 subtype on the other hand displayed unique gene ontologies involving epidermal
growth factor signaling as well as glycolysis and gluconeogenesis pathway. On microarray it showed a higher
expression of epidermal growth factor receptor (EGFR), TP63, MET, etc.

Immunomodulatory subtype:-

Immunomodulatory (IM) is composed of immune cell responses such as immune cell and cytokine signaling,
antigen presentation and processing and signaling of immune transduction pathways. Its GEP substantially overlaps
with the medullary breast cancer, histologically a rare distinct form of TNBC which carry favorable prognosis
despite its high grade.

Mesenchymal and mesenchymal stem like subtype:-

On GEP these subtypes consist of epithelial-mesenchymal (M) transition and growth factor pathways. The
mesenchymal stem like subtype is also expressed by genes involved in angiogenesis including VEGFR2 and was
found to be highly responsive to dasatinib [tyrosine kinase (TK) inhibitor], and mTOR inhibitors.

Luminal androgen receptor subtype:-

This subtype is characterized by androgen receptor (AR) signaling. It is ER negative but gene ontologies were
heavily composed of hormonally regulated pathways such as steroid synthesis, porphyrin metabolism and
androgen/estrogen metabolism. AR mRNA expression was nine times higher than other subtypes therefore, these
lines were found to be highly sensitive to AR antagonists egbiclutamide. Patients with this subtype had decreased
DFS and OS.

Biomarkers in TNBC:-

Identification of molecular markers such as expression of the estrogen (ER) and progesterone receptors (Pgr) and the
human epidermal growth factor receptor 2 (HER2) has offered additional predictive value for the therapeutic
assessment of women diagnosed with breast cancer. TNBC is characterized by the marked expression of certain
biomarkers. The presence of these molecules though is not restricted to TNBC but somehow show increased
prevalence in this subgroup. The following are the important biomarkers in TNBC.

Epidermal growth factor receptor (EGFR):-

The four receptors being EGFR (or ErbB-1), HER-2/neu (ErbB-2), HER-3 (ErbB-3), and HER-4 (ErbB-4). The
inactive monomer receptor dimerizes after ligand activation followed by TK, the intracellular domain of the receptor
is activated by autophosphorylation, leading to a cascade of intracellular events (10). Epidermal growth factor
receptor (EGFR) is a transmembrane tyrosine kinase receptor that plays a central role in regulating cell division and
death. It belongs to the HER family of receptors, which includes EGFR (HER1/ErbBl1), ERBB2 (HER2/neu),
ERBB3 (HER3), and ERBB4 (HERA4). These receptors are characterized by an extracellular ligand-binding domain,
a transmembrane domain, and a cytoplasmic domain containing the tyrosine kinase region followed by a carboxy-
terminal tail with tyrosine autophosphorylation sites as depicted in figure 1(Honey V et al: 1/10/2013 AACR)
.EGFR signal cascade is important for cell proliferation, angiogenesis, metastatic spread, and the inhibition of
apoptosis. Most of the TNBCs express EGFR, and poses a strong therapeutic challenge (11).
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Figure 1:-Honey V et al: 1/10/2013 AACR.

EGFR expression is found in 40%-50% of patients with breast cancer and in 80% of TNBC; and is estimated to
substitute major proliferation pathways of breast cancer induced by activation of HER-2, ER, PR proteins which are
thereby absent in TNBC(12). EGFR expression in TNBC is associated with poor response to chemotherapy
(13).Nogi et al (14).observed that EGFR was expressed in 24% of the TNBC patients and was related to less
favorable response to chemotherapy and poorer survival and on the contrary the luminal groups where EGFR
expression showed a good response to chemotherapy and better survival. Recently EGFR has been defined with
other markers to differentiate BL subtype from TNBC (15).Epidermal growth factor receptor (EGFR) is more
frequently expressed in TNBCs than in non-TNBCs. Therefore, the EGFR is considered a candidate
treatment target for TNBCs.TNBCs have an aggressive clinical course, and EGFR might be candidate
therapeutic targets in this disease. This aids in segregating TNBC into subtypes and thus defining the
prognostic difference and molecular target specification between the two. So EGFR is a biomarker in TNBC
and a target for cetuximab, a TK inhibitor.

Vascular endothelial growth factor:-

High VEGFR2 expression, EGFR expression, and EGFR gene copy number were significantly correlated to TNB,
supporting their role as putative candidate biomarkers for selection of targeted therapy in TNB.
Vascular endothelial growth factor (VEGF-A) is considered a prognostic indicator for clinical outcome in breast
cancer.Angiogenesis is important for tumor growth and spread especially beyond a diameter of 2 mm as oxygen and
nutrients cannot diffuse beyond this distance. Angiogenic signals are mediated by vascular endothelial growth factor
(VEGF) to aid neovascularisation. VEGF protein is found in 4 isoforms because of alternative splicing of its
mRNA(16). Among the different isoforms VEGF165, the 165-amino acid molecule is more common (17). Its gene
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expression is controlled by many of stimuli such as hypoxia, nitric oxide, growth factors, oncogenes, tumor
suppressor genes and HER-2 (18).Vascular endothelial growth factor A (VEGF-A)
and vascular endothelial growth factor receptor 2 (VEGFR2) are often coexpressed in breast cancer, and potentially
affect cellular pathways and key proteins such as the estrogen receptor (ER) targeted by endocrine treatment. In
TNBC higher VEGF levels are associated with shorter DFS, OS, and DDFS. Also, VEGF levels have been
significantly related to the size of the tumor, grade and metastatic sites. In patients with higher VEGF levels disease
progressed despite of therapy and such patients were associated with significantly lower progression free survival as
compared to patients with lower levels. In TNBC patients it was found that VEGF level elevated from baseline to
middle of the therapy significantly but showed a non significant increase from the middle of the therapy to its end
when patients were administered FAC(19). VEGF is a target for bevacizumab in TNBC patients. High
VEGFR2 expression was significantly correlated to decreased BCSS in TNB patients. TNB was associated with
decreased BCSS and clinicopathological characteristics of an aggressive tumor type. High VEGFR2 expression was
significantly correlated to TNB, supporting their role as putative candidate biomarkers for selection of targeted
therapy in TNB (20).

Poly(ADP-ribose) polymerase (PARP):-

The discovery of poly(ADP-ribose) >50 years ago opened a new field, leading the way for the discovery of
the poly(ADP-ribose) polymerase (PARP) family of enzymes and the ADP-ribosylation reactions that they catalyze.
Although the field was initially focused primarily on the biochemistry and molecular biology of PARP-1 in DNA
damage detection and repair, the mechanistic and functional understanding of the role of PARPs in different
biological processes has grown considerably of late. PARPs are a family of cell signaling enzymes present in
eukaryotes, which catalyzes the poly(ADP-ribosylation) of DNA binding proteins (21-22).Till now eighteen
enzymes of PARPs has been detected, but PARP1 the most common isoform. PARP1 is responsible for the majority
of its functions. The main function of PARP1 is as DNA damage nick sensor. It forms polymers of ADP-ribose and
nicotinamide with the use of NAD". Activation of PARP1 is important in tumors because of three interesting
biological reasons: First, it plays a vital role in DNA repair through base excision repair pathway; second, it is
capable of depleting cellular energetic pools, which results in cell dysfunction and necrosis; and third, its ability to
promote the transcription of proinflammatory genes. PARP enzymes are involved in cellular response to
inflammation, ischemia and oxidative stress. PARP1 are involved in all these cellular processes, indicating the
possible link between PARP1 function and carcinogenesis (23). BRCA2 operates through excision repair pathway
like BRCAL, mutation of this gene make the cells susceptible to PARP inhibitors as well (24,25). PARP also plays a
vital role in DNA repair as BRCA. Unlike BRCA it recognizes SSBs and repairs by base excision repair
pathway. PARP inhibitors are effective in TNBC because damage to one of the arms of the DNA could not be
repaired by homologous recombination due to BRCA mutation and PARP inhibition in synergism will create a state
of “synthetic lethality” - a process that occurs when inactivation of individual genes have no effect but mutations in
both the genes lead to death of cancer cells (26). So BRCA mutation is responsible for the action of many
chemotherapeutic agents in TNBC. The inhibition of PARP1 is also known to potentiate the effect of ionizing
radiation and many drugs such as DNA methylating agents, topoisomeraselinhibitors, and platinum compounds.
Studies in mouse models have shown that the addition of PARP inhibitors with platinum compounds increases RFS
and OS (27) while many of other studies on cell lines reveal that the activity of PARP inhibitors was increased in
presence of BRCA mutations or dysfunction (28). PARP1 has been targeted as therapeutic option in TNBC with
drugs like iniparib, olaparib etc though not found to be independently helpful but their addition to cytotoxic agents
have surely brought synergism to their activity and improvement in treatment response in TNBC patients

MicroRNAs Biomarkers:-

To date, the treatment strategies for TNBC are limited to surgery, chemotherapy and radiation, owing to the lack of
effective therapeutic targets. Therefore, it is important to identify specific targets for TNBCs. MicroRNAs
(miRNAs), a family of small non-coding RNAs regulating gene expression, are an emerging class of regulators of
various biological processes, including cell proliferation, invasion, epithelial-mesenchymal transition (EMT) and
drug resistance. Actually, miRNAs may serve as a novel therapeutic target in TNBC. In a more recent study, 34
miRNAs were observed to be significantly differentially expressed among the luminal A, HER2-amplified and triple
negative cell lines (29), and the biologic profiling of miRNA signatures for different subtypes were also extensively
explored in breast cancer tissue samples (30,31). It was functionally demonstrated that miR-498 inhibits BRCAL in
breast cancer cell lines, and showed that inhibition of miR-498 led to reduced proliferation in the triple negative cell
line Hs578T and results indicate that miR-498 regulates BRCAL expression in breast cancer and its overexpression
could contribute to the pathogenesis of sporadic TNBC via BRCAL downregulation.
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MiR-21 (oncomiR)-miR-21 an oncomiR was proven to regulate PTEN by targeting the mRNA 3'UTR, leading to
an anti-apoptosis effect in TNBC (32). Specifically, miR-21 exhibits a higher expression level in TNBC than non-
TNBC, and it is positively correlated with a poor clinical outcome.

miR-203 (oncosuppressor)-In contrast to the MiIRNAs afore-mentioned, miR-203 is an oncosuppressormiRNA
which plays a specific metastatic suppressor role by targeting LASP1 in TNBC, it can significantly inhibit cell
proliferation by regulating BIRC5 (33). Thus, the miRNAs controlling the expression of quite a few key genes are
likely to affect tumor behavior and progression in TNBC. With the improvement of tumor biology understanding, an
increasing number of known miRNAs have been identified to be prognostic in TNBC. Inverse correlation between
miR-27b and distant relapse-free survival (DRFS) was found by performing miRNA expression profiles, while miR-
342 and miR-150 were correlated with better prognosis (34).

There are some miRNAs, such as miR-210 (35), miR-155 (36), miR-27b-3p (37), miR-34b (38) and miR-21 (39),
that could to be poor prognosis indicators in TNBC. It is worth mentioning that the protective miR-497,was
identified downregulated in TNBC vs. both normal tissue and non-TNBC cells (40), indicating its putative positive
effect against aggressive malignant phenotype in TNBC. The miR-210, was up-modulated in TNBC vs. both normal
and non-TNBC tissues , thereby, providing a potential therapeutic target for TNBC.

C-kit and basal cytokeratins:-

C-kit is a cytokine receptor present on the surface of hematopoietic stem cells and also in other cells. C-kit binds to
stem cell factor and is a growth factor receptor that stimulates major cellular functions such as cell survival,
proliferation, differentiation, adhesion and chemotaxis. It induces apoptosis and also increases the invasiveness of
the cancer cells (41).KIT plays a critical role in cell proliferation and differentiation and represents a logical
therapeutic target in GIST and CML. The study of the CK profile by IHC techniques is very important for tumor
pathologic classification (42). CKs were earlier used to distinguish malignant breast lesions from benign ones (43),
but later their prognostic value was ascertained and it was seen that expression of CK-5, CK-14 and CK-17 was
related to poor prognosis, high grade tumors, ER negativity, short DFS and OS (44). It is expressed in BLBCs.
Since BLBC and TNBC show overlapping features therefore C-kit and basal CKs along with other markers and
pathological features are used for the differentiating BLBCs from TNBC. Many studies have revealed that presence
of CKs is higher in TNBC than non-TNBC and also among TNBC subgroup it is higher in the BL subclass. BL
subclass of TNBC was identified on the basis of CK and EGFR expression and when the clinicopathological
features were compared between the basal and non-BL it was seen that BL subclass of TNBC was more aggressive
(45).

The Ki-67 protein (also known as MKI167):-

Antigen KI-67 is a nuclear protein that is associated with and may be necessary for cellular proliferation.
Furthermore, it is associated with ribosomal RNA transcription. Inactivation of antigen KI-67 leads to inhibition of
ribosomal RNA synthesis.Ki67 is a cellular marker for proliferation. Ki67 antigen is present inside the cell nucleus
during interphase and during mitosis it is relocated to the surface of the chromosomes. Since it is a marker of
proliferation it is found in all cells when they are in dividing phases of the cell cycle (G4, S, G,, and mitosis) and it is
absent from cells during their resting phase (Go). Its absence in resting cells and generalized presence in dividing
cells had made it a marker of cell proliferation (46). Proliferation is a salient feature for the spread of cancer and can
be assessed by the IHC measurement of the nuclear antigen Ki67. It’s over expression also correlates with levels of
bromodeoxyuridine uptake and S-phase fraction, other markers of proliferation.Ki67 expression is less in normal
breast tissue (< 3%). Recently it has been reported in many studies that Ki67 antigen and steroid-receptor are
expressed in different cells in normal human breast epithelium. Ki67 was over expressed particularly in ER-negative
cells and its expression in carcinoma cells was much higher (47-48). In TNBC, it was found that Ki67 levels were
significantly increased in ductal TNBC compared to other histologic types (80% in TNBC vs 10%-30% in other
types). Its expression also represented a direct co relation with tumor size and grade in TNBC patients and higher
levels (> 35% staining) were linked with an increased risk of death (49-51). In TNBC patients Ki67 accumulation
was associated with a higher pCR to chemotherapy but poor RFS and OS. Its expression was also used for
subdivision of TNBC into two subtypes where only 26.7% of TNBC patients showed lower Ki67 expression (52).

DNA topoisomerase 2-alpha:-

Amplification or deletion of the topoisomerase Il alpha (TOP2A) gene in breast cancers has been postulated to be
more closely associated with responsiveness to anthracycline-containing chemotherapy than amplification of the
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human epidermal growth factor receptor type 2 (HER2) gene. Patients with TOP2A overexpression have a worse
prognosis compared with those with TOP2A nonexpression, and TOP2A may be a useful biomarker in patients
receiving adjuvant taxane-platinum regimens with moderate- to high-risk endometrial cancer (53-54).DNA
topoisomerase 2-alpha is an enzyme that in humans are encoded by the TOP2A gene.This gene encodes a DNA
topoisomerase, an enzyme that controls and alters the topologic states of DNA during transcription. This nuclear
enzyme is involved in processes such as chromosome condensation, chromatid separation, and the relief of torsional
stress that occurs during DNA transcription and replication. It catalyzes the transient breaking and rejoining of two
strands of duplex DNA which allowthe strands to pass through one another, thus altering the topology of DNA. Two
forms of this enzyme exist as likely products of a gene duplication event. The gene encoding this form, alpha, is
localized to chromosome 17 and the beta gene is localized to chromosome 3. The gene encoding this enzyme
functions as the target for several anticancer agents and a variety of mutations in this gene have been associated with
the development of drug resistance. Reduced activity of this enzyme may also play a role in ataxia-telangiectasia
(55). In TNBC or breast carcinoma the gene acts as a target for anthracycline therapy which is a topoisomerase 11
inhibitor (56). So it is a marker for the evaluation of resistance to the anthracycline therapy. A study revealed a
higher expression of TOP-2A in 2.7% to 8.8% of TNBC patients (57).Its over expression in TNBC leads to the
decreased sensitivity towards the anthracyclines and thus decreased response. TOP2A expression is a marker of the
tumor's proliferation rate and sensitivity to anthracycline-based chemotherapy, and does not depend on the
amplification of its gene.

MAP kinase pathway:-

Mitogen-activated protein kinase (MAPK) pathways are evolutionarily conserved kinase modules that link
extracellular signals to the machinery that controls fundamental cellular processes such as growth, proliferation,
differentiation, migration and apoptosis (58).MAPK pathways are comprised of a three-tier kinase module in which
a MAPK is activated upon phosphorylation by a mitogen-activated protein kinase kinase (MAPKK), which in turn is
activated when phosphorylated by a MAPKKK. To date six distinct groups of MAPKSs have been characterized in
mammals; extracellular signal-regulated kinase (ERK)1/2, ERK3/4, ERK5, ERK7/8, Jun N-terminal kinase
(INK)1/2/3 and the p38 isoforms «/ £/ ¥ (ERK®6)/3(59). The mitogen-activated protein (MAP) kinase cell signaling
pathway promotes cell growth, proliferation, and survival. The MAP kinase pathway may be activated via several
different routes, including upstream growth factorreceptortyrosine kinases and downstream mutations in
pathway gene components(60).The MAP kinase pathway has also been evaluated as a potential target in TNBC,
with corresponding biomarker studies performed. Preclinical evaluation of 21 breast cancer cell lines treated with
MEKZ1/2 inhibitor trametinib demonstrated the greatest sensitivity in the 11 TNBC cell lines evaluated. The authors
ultimately identified DUSP6, a phosphatase that decreases pERK2 activity upon MAPK pathway activation, as a
potential marker of sensitivity to the drug. Expression of this gene was associated with greater sensitivity to
trametinib in multiple solid tumor cell lines, though was not evaluated in the breast cancer models (59). Mutations
that serve as targets for currently available agents, including EGFR, HER2, KRAS, and BRAF mutation as well
as EML4-ALK fusion and EGFR copy gain have also been studied in TNBC. Of 65 TNBC specimens, the only
abnormalities identified were a HER2 mutation in one patient and EGFR gene amplification in a second patient
(61).This suggests little utility for use of these mutations as biomarkers or as potential targets for therapy.These
numerous studies are encouraging in their efforts to identify biomarkers for TNBC in the setting of novel targeted
agent development. However, the best data for any of these biomarkers has still been developed in only small
preclinical or retrospective studies. There is hope that these promising findings will be further evaluated in large,
prospective trials, and that coordinated drug and biomarker development may be central to such trials in the future.

Conclusion:-

Evaluation of biomarkers for currently available chemotherapeutic agents should focus on the mechanism and
characteristics of each agent separately, rather than on chemotherapy in general. With these changes in the
development of predictive biomarkers for TNBC comes the possibility for exciting advances in this field for the
future. TNBC is the most poorly understood and is refractory to current targeted therapies. It is a cause of significant
breast cancer mortality because of very few treatment options. A biomarker may be useful as prognostic or
predictive indicators as well as suggest possible targets for novel therapies.
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