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Abstract Triple-negative breast cancer (TNBC) represents
10-20 % of all mammary tumors. It is often found in younger
women and has been associated with poor prognosis, due to
aggressive tumor phenotype(s), early metastasis to visceral
organ or brain after chemotherapy and present lack of clinically
established targeted therapies. In recent years, a greater
understanding of the biology of this disease has led to the
development of numerous and varied therapeutic approaches,
especially the trials on poly (ADP-ribose) polymerase inhibi-
tors BSI-201 and olaparib, and antiangiogenic agents such as
bevacizumab and sunitinib, which have raised hopes in the
treatment for TNBC and BRCA1/2-positive disease. But
should these trials fail, what are the new possible perspectives
we have in our hand to fight this disease? In the current review,
we will assess mainly the possible future targeted therapeutic
strategies, which could be the answer to our question in TNBC.
Recent studies have shown several markers, which have roles
in TNBC that could be possible targets for therapy. Some of
these markers are p53-induced miR-205, leptin receptor
antagonist peptide, enhancer of zeste homolog 2 and Notch 1
pathway components, each of them could offer different
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mechanism for target therapy in TNBC. Last but not least,
vaccinia virus GLV-1h153 has shown exciting result in treat-
ing and preventing metastatic triple-negative breast cancer.
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Introduction

Breast cancer is a common disease with high incidence
among female worldwide. Of the 230,480 breast cancers
diagnosed in 2011, ~20 % was triple-negative breast carci-
nomas (TNBC) (2011 ACS Cancer Facts and Figures) and
was more prevalent in black compared with white [1, 2].
TNBC, as the name implies, is defined as tumors that are
negative for estrogen receptor (ER), progesterone receptor
(PR) and human epidermal growth factor receptor 2 (HER2)
[3]. Variations in morphology and biologic characteristics
result in differences in clinical presentation and response to
therapy. Whereas hormone-receptor-positive and HER?2-
positive breast cancers have had favorable outcomes with
chemotherapy and targeted treatment, TNBC on the contrary
has got mixed result and still lacking a targeted therapy [4, 5].
Although in the neoadjuvant setting, TNBC shows a better
response to chemotherapy compared with non-TNBC [6],
paradoxically, these patients are more likely to have recurrent
disease (64.93 vs. 45.39 %) (P < .05) and have greater
mortality versus metastatic non-TNBC patients [7]. Recently,
the introduction of targeted PARP inhibitor and mTORs
inhibitor has brought high hopes; however, they have both
underachieved at some points in their clinical trials [8, 9].
So it has become imperative to find an effective treat-
ment for TNBC. A better understanding of pathogenesis of
TNBC onset and progression, including the still unclear
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association with BRCA1 mutations, and the causes of
phenotypic heterogeneity will be the key to a new era in the
treatment for this disease. Several experiments are being
done in the urgency to find a cure for TNBC. While some
have failed, others have brought light to an improved
understanding of the biology of the disease and the tumor
cell environment with the finding of new biomarkers and
potential target treatments.

Oncosuppressive role of p53-induced miR-205

MicroRNAs involvement in human cancer and their roles
in tumorigenesis and tumor suppression and their possible
implication as biomarkers and therapeutic tools have been
supported by experimental evidence [10]. Wu et al. [11]
reported microRNA miR-205 is greatly under-expressed in
human breast cancer, and another author demonstrated that
miR-205 expression was restricted to the myoepithelial/
basal cell compartment of normal mammary ducts and
lobules and there was loss of expression when tumor arose.
Recently, another report by Radojicic et al. [12] confirmed
that low expression of miR205 was found in primary
TNBC compared to normal breast tissue, arising the pos-
sibility that MiR-205 could be a possible target in the cure
of TNBC.

MiR-205 oncosuppressive lost in breast cancer is
directly transactivated by oncosuppressor P53. It inhibits
growth both in vitro and in vivo. In an experiment con-
ducted by Piovana et al., the group showed that in TNBC,
miR-205 is downregulated and affects cell cycle progres-
sion and cellular senescence by targeting E2F1, a factor
critically involved in cell cycle progression from Gl to
S-phase [13, 14]. Furthermore, the group demonstrated that
miR-205 directly targets LAMCI, a protein implicated in a
wide variety of biological processes including cell adhe-
sion, differentiation, proliferation, migration, signaling,
neurite outgrowth and metastasis, and in breast cancer, it
shows an inverse correlation with miR-205. Moreover,
most importantly, MiR-205 expression is regulated and
enhanced by the tumor suppressor TP53 and this effect is
mediated by its direct binding on a responsive element
located upstream this microRNA [13]. Considering the
high frequency of BRCA1 (34 of 35, 97 %) and sporadic
(35 of 38, 92 %) basal-like carcinomas [15], inactivating
mutations of TP53 or reduced expression of TP53 lead to
decrease levels or complete absence of MiR-205 in breast
cancer. Furthermore, from the direct targeting of E2F1
mediated by miR-205, Piovana et al. [13] also identified
that p53 activation blocks the release of E2F1 from its
inhibitor pRB through the transcriptional activation of p21
(waf-1/cip-1), which in turn negatively regulates several
complexes of cyclin/cyclin-dependent kinases involved in
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the negative regulation of pRB and in the cell cycle pro-
gression from the G1 to the S-phase leading to cell cycle
arrest and influences the cell fate to an antiproliferative
choice. Their conclusion also demonstrated that miR-205
could be novel transcriptional target of p53 and that it
exerts a role as oncosuppressor in triple negative.

Leptin receptor antagonist peptide

In recent years, interests have grown in the relationship
between obesity and cancer. For breast cancer, a clear
association between obesity and disease risk seems to have
been established [16, 17], and new studies confirming this
observation and investigating explanatory hypotheses for
the relationship continue to appear regularly [18]. Obesity
increases the risk of TNBC [19-21], and this is greatly due
to the influence of adipokine leptin [21, 22]. Leptin is one
of the most important adipose-derived hormones and it is
manufactured by adipose tissue, but can also be synthe-
sized in breast cancer cells in response to obesity-related
stimuli [23-25]. In one study conducted by Chen et al. [26],
no significant correlation was observed between leptin and
leptin receptor (ObRb) expression for age, menopausal
status, tumor size, pathological types, as well as the status
of ER, PR and P53 (all, P > 0.05). Leptin and ObRb were
detected by immunohistochemistry in invasive ductal car-
cinoma, invasive lobular carcinoma and intraductal carci-
noma. Another study found that leptin was detectable in
86 % (59/69 cases) and ObR in 92 % (64/69) of TNBC
biopsies examined. While the expression of leptin was
found at 14+ (29 %), 24+ (42 %) and 34+ (29 %) levels,
ObR was scored at 1+ (18 %), 2+ (62 %) and 3+ (20 %).
The presence of ObR was highly correlated with the
expression of leptin (P = 0.01). Both leptin and its
receptor (ObR) are overexpressed in breast cancer cells, but
are absent in normal epithelial breast tissues [22]. Leptin
induces breast cancer cell proliferation as suggested by its
association with high Ki-67 and affects survival by
reducing the efficacy of breast cancer treatments as well as
the anti-estrogen effect of tamoxifen [26, 27].

Recently, leptin and its receptor (ObR) have been sug-
gested as possible targets for therapy in breast cancer [28].
ObR has been reported as being an independent factor in
breast cancer having no relation with the ER/PR and HER2
and thus can provide an answer to the management of
TNBC where up to date no optimal drug is available [29].
Laszlo Jr et al. [22] used a peptide called Allo-aca, a drug
targeting the ObR, to see its effects in TNBC breast cancer
xenograph model. Results were very promising and showed
that Allo-aca at 1 mg/kg/day sc dose extended the average
survival time of mice by 80 %.This result shows exciting
prospects about a possible therapeutic target for TNBC.
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Relevance of enhancer of zeste homolog 2
in triple-negative breast cancer

The Polycomb-group protein, enhancer of zeste homolog 2,
is a transcriptional repressor involved in cell cycle regu-
lation and has been linked to aggressive breast cancer [30].
Hussein et al. examined the clinical and biological signif-
icance of enhancer of zeste homolog 2 expression in triple-
negative breast cancers. Among the 261 cases, 57 (21 %)
cases were categorized as TNBC and 204 (79 %) as non-
TNBC. High EZH2 expression was strongly associated
with a triple-negative phenotype (P < .001) compared with
all other non-triple-negative tumors. High EZH2 expres-
sion was noted in 41 (72 %) of 57 TNBCs versus 47
(23 %) of 204 non-TNBCs. In addition, high EZH2
expression was significantly more frequent in invasive
ductal carcinoma and mixed ductal and lobular carcinoma
compared with invasive lobular carcinoma (P < .001).
High EZH2 expression was significantly associated with
markers of poor prognosis such as high histological grade
(P =.01), ER negativity (P < .001), PR negativity
(P < .001) and high p53 expression (P < .001) which is
characteristic of TNBC (30).

Hussein et al. also showed the biological effect of EZH2
to modulate breast cancer growth in vivo. EZH2 gene
silencing both in tumor and in endothelial cell resulted in
73 % reduction in tumor growth in the orthotopic MB-231
mouse model of triple-negative breast carcinoma
(P < .01). In another experiment conducted by Chang et al.
[31], the result showed that EZH2 promoted expansion of
breast-tumor-initiating cells through the activation of
RAF1-B-catenin signaling. Other studies have further
confirmed EZH2 as a strong candidate oncogene in human
tumors. In endometrial cancer, high EZH2 expression has
been associated with tumor cell proliferation, migration
and invasion with more aggressive biologic behavior [32,
33]. Cao et al. [34] reported ectopic overexpression of
EZH2-regulated miRNAs attenuated cancer cell growth
and invasiveness, and abrogated cancer stem cell (CSC)
properties. In addition, Lu et al. [35] also reported that
increased EZH2 expression in either tumor cells or tumor
vasculature was predictive of poor clinical outcome and
EZH?2 silencing in the tumor-associated endothelial cells
and tumor cells reduced ovarian cancer growth, suggesting
potential for targeting EZH2 as an important therapeutic
approach.

So the association of high EZH2 expression with TNBC
has practical applications. Besides its prognostic value, its
possibility as candidate for target therapy has been sug-
gested in various studies [30-36]. Gonzalez et al. [37]
recently showed that downregulation of EZH2 decreased
the growth of ER-negative invasive breast carcinoma and
required BRCA1. BRCAI mutations and protein deficiency

are frequent in TNBC. Downregulation of EZH2 in TNBC
cell lines was also shown to be sufficient to restore BRCA1
protein levels in vivo and in vitro, suggesting that therapies
targeting EZH2 protein may restore BRCA1 expression
and function in TNBCs and may decrease tumor progres-
sion. So does the strong correlation between EZH2 and
TNBC could lead to the much awaited new era of target
therapy in TNBC.

Notch signaling molecules in breast cancer

Recently several authors have suggested that Notch has an
implication in human breast cancers, associates with a poor
prognosis, and mediates resistance to treatment and disease
relapse. Notch signaling pathway proteins are known to
play critical roles in maintaining the balance between cell
proliferation, differentiation and apoptosis, and thus, it has
been suggested that Notch may be responsible for the
development and progression of human malignancies [38-
41]. Numerous studies had demonstrated Notch 1, a
member of the Notch family, as being involved in tumor-
igenesis in human and could be served as therapeutic target
in several cancers including breast cancer [39-45]. Liu
et al. [42] demonstrated that NOTCHI1 functions as an
oncogene by regulating the PTEN/PI3 K/AKT pathway in
clear cell renal cell carcinoma, whereas Wang et al. [44]
showed its oncogenicity in ovarian cancer cells and in both
cancers, reduced signaling of Notch 1 was associated with
tumor growth inhibition, which further strengthened the
idea of Notch 1 being a possible therapeutic target.

Many laboratories data have confirmed the correlation
of breast cancer with Notch 1 protein and as a possible
target for treatment. Recent data suggest that NOTCHI1
contributes to mammary tumor-initiating activity and its
inhibition in vivo results in mammary tumor regression and
reduces mammary tumorsphere-forming activity in vitro,
identifying Notch 1 as therapeutic agent in breast cancer
[39]. Another study reported the correlation of breast
cancer with chemosensitivity to Adriamycin (doxorubicin),
and it had clearly demonstrated that MicroRNA-34a, a
tumor suppressor, modulated chemosensitivity of breast
cancer cells to Adriamycin by downregulating Notch 1,
further consolidating the ideas of Notch 1 as a target option
[41]. In a recent study published, results showed that spe-
cific inhibition of Notch 1 signaling in the TNBC, either
alone or in combination with chemotherapeutic agent
docetaxel, resulted in significant tumor growth inhibition
due to multiple mechanisms, including induction of apop-
tosis and reduction in CSC frequency. These findings fur-
ther suggested that Notch inhibitors can target cells with
tumor-initiating features (like the CSC) leading the way to
a targeted therapy for eliminating surviving cells, hence
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Fig. 1 Binding of ligands (DLL4 delta like ligand 4, or Jagged 1) to
EGF repeats of Notch receptor triggers downstream cleavages, which
lead to activation of transcription factors (picture taken from
http://www.healthvalue.net/notch.html)

preventing tumor recurrence and improving long-term
survival in triple-negative breast cancer patients [45]

(Fig. 1).

Vaccinia virus as a potent oncolytic virus

Triple-negative breast cancer has long been described by
several authors as being the most aggressive types of
human breast cancers with high metastatic rate. Despite the
growing advances in cancer treatment and metastatic pre-
vention, no conventional therapy is yet available for
treating TNBC except chemotherapy. However, recently a
growing body of scientific evidence has reported amazing
results, which could probably give an answer to the treat-
ment for TNBC. Evidence suggests that oncolytic vaccinia
virus carrying imaging genes may represent a new treat-
ment strategy combining both tumor site-specific thera-
peutics and diagnostics (theranostics) [46].

Several oncoviruses, such as herpes simplex virus-1
(JSI/34.5-/47-/GM-CSF) in melanoma therapy and poxvi-
rus (JX-594) in various malignancies, have been investi-
gated, and most importantly, adeno-associated virus type 2,
parvovirus H-1 (H-1 PV) and vaccinia virus (GLV-1h68)
have been undergoing laboratory trial and have had some
moral boosting result [47-51]. However, recently some
new studies published have been thrilling. In one study
carried out by Li et al., they demonstrated the effect of
oncolytic herpes simples virus (0HSV) vector G47A on
breast cancer CD44™ CD24""°% stem cell both in vitro and
in vivo. In vitro, the oHSV G47A took about 6 days to
reduce viability of stem cells by over 90 %, whereas
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in vivo, in mouse model where the stem cells had under-
gone differentiation, over 90 % of the non-stem cells were
killed by the day 4. In vitro, the virus inhibited the growth
of established tumors by targeting the stem cells. However,
in vivo the bulk tumor cells were more susceptible to
G47A. Thus, ability of oHSV to target breast CSCs effi-
ciently is an important attribute that supports the possibility
of successful clinical translation medicine [52]. In another
study by Gholami et al., they used vaccinia virus GLV-
1h53, a genetically modified strain from the parent virus
GLV-1h68, for the treatment for TNBC. Results published
showed that the virus successfully replicated in breast
cancer cells and lysed the cell both in vivo and in vitro. In
mice model, the virus not only decreased tumor size, but
also prevented metastasis by killing the circulating tumor
cells. Moreover, another interesting point suggested in the
study was that the virus could be labeled with radioactive
material and used for tumors imaging by PET scan.
Hopefully, this oncolytic virus can be the future of breast
cancers therapy, especially in TNBC where lack of hor-
monal expression and HER2 overexpression has rendered
target therapy futile [53].

Conclusion

Although the aforementioned studies and findings need yet
to be validated through other laboratory and clinical trials,
they have brought new hopes in the treatment for TNBC
and must not be ignored. Along with the emerging field of
molecular imaging, recent scientific and technological
advances nowadays provide a large inventory of candidate
DNA, RNA and protein biomarkers, as well as a range of
metabolites and networks of cell signaling pathways, all
potential candidates for a better understanding of TNBC
biology and finding new treatment. While some studies
have already yield promising results, others are still being
carried out with the hope to finally find the long awaited
therapy in TNBC.
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