
Advances in Bioscience and Biotechnology, 2012, 3, 833-844                                                    ABB 
http://dx.doi.org/10.4236/abb.2012.37104 Published Online November 2012 (http://www.SciRP.org/journal/abb/) 

Breast cancer: Small molecules targeting apoptosis, a  
prospective approach to safe scientific success 

Mpho Choene1, Nonkululeko Mthembu1, Zodwa Dlamini2, Matlou Mokgotho3, James Wachira3,4,  
Lesetja Motadi1* 

 

1School of Molecular and Cell Biology, University of the Witwatersrand, Johannesburg, South Africa 
2Faculty of Science, University of South Africa, Pretoria, South Africa 
3Department of Biochemistry, University of Limpopo, Sovenga, South Africa 
4Department of Biology, Morgan State University, Baltimore, USA 
Email: *lesetja.motadi@wits.ac.za 
 
Received 12 August 2012; revised 13 September 2012; accepted 17 October 2012 

ABSTRACT 

Breast carcinoma represents the second leading cause 
of cancer death in developed countries amongst wo- 
men. Current cytotoxic chemotherapy plays an im-
portant role in the management of patients with 
hormone-insensitive or metastatic breast carcinoma, 
although most of them ultimately develop recurrences. 
Therefore, there is a need for novel targets and treat- 
ment strategies in patients with advanced breast car-
cinoma that is refractory to conventional chemo- 
therapy. This paper summarizes current knowledge 
on breast cancer targets and molecular mechanisms 
that follows apoptosis induction. 
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1. INTRODUCTION 

Breast cancer is a malignant tumour that starts in the 
breast tissue; it usually starts in the ducts or in lobules. It 
can occur in both males and females; however, male 
breast cancer is rare. It is the second leading cancer in 
the world following lung cancer, with an estimated 1.15 
million cases a year [1]. The American Cancer Society 
estimated 230,480 cases were diagnosed in women for 
2011 in the USA alone, resulting in 39,970 deaths [2]. 
Breast cancer is primarily a postmenopausal women’s 
disease, with the American National Cancer Institute’s 
Cancer Review estimating the average age of women at 
risk to be 61 years of age. Approximately 0 case have 
being reported for women below 20, but the figures are 
gradually increasing with every decade [3]. 

1.1. Epidemiology 

The lifetime risk of an individual developing breast can- 

cer cannot be attributed to one factor alone. A number of 
variables play a role in the development of breast malig- 
nancies. Even though it is fairly difficult to pinpoint one 
cause as the main risk factor for breast cancer, studies 
have shown there are certain genetic, reproductive and 
lifestyle factors that play a major role in its induction and 
progression. One of these factors is age, with studies 
finding that the incidence rates double with every 10 
years up until menopause, where the rates start to dra- 
matically decline [4]. Exposure to radiation and use of 
oral contraceptives may be associated with induction of 
breast cancer. Very small fraction of breast cancers could 
be attributed to preventable lifestyle behaviour such as 
obesity, alcohol consumption, lack of physical activity 
and long term use of hormone replacement therapy. In 
several studies conducted to determine the role these 
factors have on breast cancer incidence, the data appears 
to be inconsistent, hence it is hard to establish the sever- 
ity these factors play in breast cancer induction that is if 
they even do at all [5,6]. In developed countries, inci- 
dence rates are higher relative to developing countries. 
However, incidence rates are steadily increasing in de- 
veloping countries [7]. This increase may be attributed to 
the adoption of a more westernized lifestyle which en- 
compasses a more sedentary lifestyle, delayed child- 
bearing, high alcohol use and a diet high in fat [8,9]. 

In a lot of breast malignancies, hormones play a major 
role. It is known that estrogen starts breast tissue prolif- 
eration, and studies have now shown that the longer a 
woman is exposed to estrogen, the greater the risk of 
developing breast cancer. Hence, women with an early 
age at menarche (<12 years), were found to be 2.2 times 
more likely to develop breast cancer in the future than 
those with late menarche. In a different study, women 
who started menopause late i.e. at the age of 55, were 
found to have 44% higher breast cancer incidence rates 
than women who started menopause at 45. This may be 
due to a 10-year increase in the amount of estrogen the *Corresponding author. 
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women were exposed to. Exposure to excessive estrogen 
plays a role in hyperestrogenia. Hyperestrogenia could 
trigger breast cancer in two ways: Either by breast epi-
thelium tumour promotion or by DNA damage which 
could be caused by estrogen metabolites directly [10,11]. 

Another important factor which may increase suscep- 
tibility to breast cancer is inheritance of susceptibility 
genes, it has been estimated that 7% - 10% of breast 
cancers arise due to inherited mutated genes. The major 
predisposing factors to breast cancer are breast suscepti- 
bility genes, known as BRCA1 and BRCA2, which are 
important for early onset of breast cancer [11,12]. An 
initial germline mutation in one of these genes followed 
by a second mutation leading to the loss of function of 
the second allele is required for induction of tumourigi- 
nesis [13]. These genetic factors mostly show an auto- 
somal dominant pattern of inheritance, with germline 
mutations rendering susceptibility to the following gen- 
eration [14,15]. 

1.2. BRCA in Breast Cancer 

Defects in DNA repair results in increased genomic in- 
stability, which can lead to malignant transformation. 
Additionally, defects in DNA repair renders cells sensitive 
to DNA damaging agents. BRCA1 and BRCA2 are im- 
portant DNA repair proteins that are required for effective 
repair of DNA double-strand breaks by homologous re 
combination and DNA replication fidelity [16]. This they 
do by interacting with a recombinational repair protein 
Rad51, thereby maintaining genomic integrity [17,18]. In 
accordance with their role in DNA repair; a cell with a 
mutant BRCA gene will not be able to have a functional 
protein product thereby leading to defects in DNA repair 
mechanisms. Inherited mutations in BRCA1 and BRCA2 
increase the risk of developing various cancers, especially 
breast and ovarian cancers. Tumours that develop in pa- 
tients with inherited BRCA1/2 mutations are generally 
believed to be BRCA1/2 deficient. Cancer cells with 
BRCA1/2 deficiency are defective in DNA repair by 
homologous recombination and sensitive to interstrand 
DNA crosslinking (ICL) agents. The BRCA genes are 
thought to be tumour suppressors since the wild type 
allele is often lost in tumours of heterozygous people 
[19]. Though BRCA mutations have been implicated in a 
lot of breast cancer cases, there are still breast cancers 
which occur due to deregulation of other genes. A sub- 
stantial proportion of susceptibility to breast cancer can 
be attributed to mutations in cell cycle regulation and 
apoptosis genes. 

BRCA and Small Molecule Targets 
Defects in DNA repair render cells sensitive to DNA 
damaging agents. BRCA1 and BRCA2 are important 
DNA repair proteins, hence, cancer cells with BRCA1/2 

deficiency are defective in DNA repair. Several man- 
agement strategies have been suggested for reduction of 
the cancer risk in individuals who bear the BRCA1 or 
BRCA2 mutations. In recent studies, small molecules 
have been targeted to induce DNA repair. Indole-3-car- 
binol (I3C) and genistein are naturally occurring chemi- 
cals derived from cruciferous vegetables and soy, respec- 
tively, with potential cancer prevention activity for hor- 
mone-responsive tumours [20]. Fan et al. showed that 
I3C induced BRCA1 expression and that both I3C and 
BRCA1 inhibit oestrogen (E2)-stimulated oestrogen re- 
ceptor (ER-alpha) activity in human breast cancer cells. 
They further reported that a combination of both I3C and 
genistein induced the expression of both BRCA1 and 
BRCA2 genes in breast cancer cells. In another study, 
tamoxifen, a selective oestrogen receptor regulator, was 
reported to have reduced the risk of developing breast 
cancer among women with inherited BRCA1 or BRCA2 
mutations [19]. 

The first human phase I study reported that a single 
agent therapy with olaparib, an oral selective inhibitor of 
PARP1, has promising antitumour activity in advanced 
solid tumours with either BRCA1 or BRCA2 mutations. 
A very recent multi-centre proof-of-concept phase II trial 
further demonstrated a positive result with olaparib sin- 
gle agent therapy in women with both advanced breast 
cancer and BRCA1 or BRCA2 mutations [16]. Iniparib 
another PARP inhibitor similar to olaparib, has been re- 
ported in a phase I study to improve the clinical benefits 
and survival of patients with metastatic triple-negative 
breast cancer, which shares clinical and pathological 
features with hereditary BRCA1-related breast cancer 
[21]. Increasing knowledge of the roles of BRCA1 and 
BRCA2 genes in DNA repair and the relations between 
their mutations and cancer predisposition suggests the 
therapeutic potential of strategies targeting the BRCA1 
and BRCA2 defects. 

2. APOPTOSIS AND BREAST CANCER 

Apoptosis is a series of highly coordinated and complex 
processes, which multicellular organisms use to ensure 
elimination of defective and damaged cells [20]. Defec- 
tive apoptosis has been implicated in development and 
progression of malignant phenotypes. Apoptosis is con- 
trolled by a number of proteins which require various 
triggers to be activated resulting in a cascade of signaling 
modules which eventually lead to cell death [22]. Based 
on the triggering stimulus, there are at least two main 
pathways that can activate apoptosis [23]. The first is the 
intrinsic pathway or the mitochondrial pathway. Apop- 
totic signals that trigger activation of this pathway will 
lead to a cascade of events that will result in the release 
of cytochrome c sequestered in the mitochondrial inter- 
membrane space [24]. The second pathway is the extrin- 

Copyright © 2012 SciRes.                                                                       OPEN ACCESS 



M. Choene et al. / Advances in Bioscience and Biotechnology 3 (2012) 833-844 

Copyright © 2012 SciRes.                                                                      

835

sic pathway, which is triggered through receptors of the 
tumour necrosis factor (TNF) superfamily. Both these 
pathways converge to a common pathway which leads to 
activation of a proteolytic cascade of caspases (Figure 1). 

can amplify apoptotic signals initiated by cytotoxic drugs 
acting primarily through the induction of mitochondrial 
pathway has prompted the search for strategies capable of 
triggering the receptor-related cascade [25]. This has led 
to the identification of the tumour necrosis factor-related 
apoptosis-inducing ligand (TRAIL) and its death receptors 
DR4 and DR5 [26]. Activation of DR4 and DR5, like that 
of Fas/APO, leads to activation of the initiator caspase, 

2.1. Small Molecules Targeting Extrinsic  
Pathway in Breast Cancer 

The observation that activation of the extrinsic pathway  
 

 

Figure 1. Proposed steps of apoptosis induced by TRAIL ligand. TRAIL ligands bind to and activate their receptors by inducing 
receptor trimerization. Activated receptors recruit adaptor molecules such as Fas-associating protein with death domain (FADD), 
which recruit procaspase 8 to the receptor complex, where it undergoes autocatalytic activation. Activated caspase 8 activates 
caspase 3 through two pathways; the complex one is that caspase 8 cleaves Bcl-2 interacting protein (Bid) and its 
COOH-terminal domain translocates to the mitochondria where it triggers cytochrome c release. The released cytochrome c 
binds to apoptosis protease activating factor-1 (Apaf-1) together with dATP and procaspase 9 and activates caspase 9. The cas-
pase 9 cleaves procaspase 3 and activates caspase 3. In another pathway, p53 activation following external agents/stress results in 
the inhibition of pro-survival protein Bcl-2 and the activation of Bax that leads to activation of the mitochondria to release cyto-
chrome c and caspases that end with apoptosis. 
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caspase-8, and its downstream targets [27]. Interestingly, 
TRAIL seems to exert selective toxicity towards neo- 
plastic cells, possibly because of the presence in normal 
cells of high levels of decoy receptors or the caspase-8 
antagonist FLICE-inhibitory protein [26]. In this context, 
coadministration of TRAIL has been shown to increase 
the lethal effects of conventional cytotoxic drugs in se- 
veral cancers [28] (Figure 1). 

Tumor necrosis factor-related apoptosis-inducing lig- 
and (TRAIL) induces programmed cell death prefer- 
entially in tumour cells. TRAIL holds enormous promise 
as a cancer therapeutic due to its highly selective apop- 
tosis-inducing action on neoplastic versus normal cells 
Moreover, a recently published Phase I clinical trial re- 
vealed that recombinant TRAIL administration is safe 
and well tolerated, and that dose escalation achieved 
peak TRAIL serum concentrations equivalent to those 
associated with preclinical antitumor efficacy [29]. How- 
ever, to exploit the opportunity to successfully treat can-
cers with TRAIL, the problems of TRAIL resistance in a 
variety of tumor cells must first be overcome [30]. In 
trying to address this setback, several natural compounds 
have been evaluated as possible solutions. Bexarotene, 
which is a retinoid specifically selective for retinoid X 
receptors works by stopping the growth of cancer cells. 
In exploiting a combinational therapy with bexarotene, 
Ying et al. (2007) reported that the effect of bexarotene on 
TRAIL-mediated programmed cell death involved pro- 
ximal events of the extrinsic pathway; however, down-
stream signals involved the intrinsic pathway in leukemia 
cancer cells (Figure 1). In another study by Park et al., 
they observed that both DR5 and CHOP upregulation 
were required for γ-T3-induced apoptosis and DR5 was 
transcriptionally regulated by CHOP after γ-T3 treatment. 
In another study, apigenin induced extrinsic apoptosis 
pathway, up-regulating the levels of cleaved caspase-8, 
and inducing the cleavage of poly (ADP-ribose) poly-
merase. However, apigenin did not induce apoptosis via 
intrinsic mitochondrial apoptosis pathway since this 
compound did not decrease mitochondrial membrane po- 
tential maintaining red fluorescence and did not affect the 
levels of B-cell lymphoma 2 (Bcl-2) and Bcl-2-associated 
X protein [31]. Moreover, apigenin reduced the tyrosine 
phosphorylation of HER2 (phospho-HER2 level) in MCF- 
7 HER2 cells, and up-regulated the levels of p53, phos-
pho-p53 and p21 in MCF-7 vec and MCF-7 HER2 cells 
[31]. TRAIL receptor activating agents have been found 
to exhibit favourable in vitro and in vivo activity in 
treatment of several malignancies, including breast and 
gynaecological cancers. Preclinical and early phase I 
studies have provided some support to the assumption 
that these novel agents are safe, with increased target 
specificity for malignant cells. When these targeted 
agents are combined with conventional chemotherapy 

drugs or radiotherapy, they appear to increase cell death 
over single agent modalities. 

2.2. Small Molecules Targeting Intrinsic  
Pathway in Breast Cancer 

The mitochondrial pathway of apoptosis is the major 
mechanism of physiological cell death in vertebrates. In 
this pathway, proapoptotic members of the Bcl-2 family 
(contain only a BH3 domain) cause mitochondrial outer 
membrane permeabilization (MOMP), allowing the re- 
lease of cytochrome c, which interacts with Apaf-1 to 
trigger caspase activation and apoptosis. Activation of the 
intrinsic apoptotic pathway represents a major mechanism 
for breast cancer regression resulting from anti-estrogen 
therapy. The BH3-only protein is inducible by estrogen- 
starvation and anti-estrogen treatment and plays an im- 
portant role in anti-estrogen induced apoptosis of breast 
cancer cells [32]. In this section we present current targets 
of this pathway using small molecules of natural products. 
Recently, Jin et al. (2010) trying to exploit phytoestrogen 
to induce apoptosis in MCF-7, they used Daidzein which 
belongs to the isoflavone family, which is the most 
commonly ingested and most intensely studied type of 
phytoestrogen, often found in nuts, fruits, soybeans, and 
soy-based products. In their studies Jin et al. (2010) 
demonstrated that daidzein induces apoptosis through the 
generation of ROS that perturb mitochondrial function, 
leading to mitochondrial permeability, cytochrome c release, 
and caspase activation. They further reported the loss of 
the antiapoptotic mitochondrial Bcl-2 protein as partially 
responsible for the opening of the mitochondrial perme- 
ability transition pore. 

In another study using Plumbagin a constituent of spe- 
cies of the plant genera Drosera and Plumbago which 
displays antineoplastic activity toward various cancers, 
Kawiak et al. (2012) reported antiproliferative activity of 
Plumbagin that was associated with apoptosis-mediated 
cell death, as revealed by caspase activation and an in- 
crease in the sub-G1 fraction of the cell cycle. Com- 
pound Plumbagin increased the levels of the proapoptotic 
Bcl-2 family of proteins and decreased the level of the 
antiapoptotic Bcl-2 protein in SKBR3 and BT474 cells 
[33]. Thus, these findings indicated that Plumbagin in- 
duces apoptosis in Her2-overexpressing breast cancers 
through the mitochondrial-mediated pathway and suggest 
its potential for further investigation for the treatment of 
Her2-overexpressing breast cancer (Figure 1). The mi- 
tochondrial pathway of apoptosis was further shown to 
play a critical role in estradiol-induced apoptosis in 
long-term estrogen-deprived breast cancer cells. Physi- 
ologic concentrations of estradiol could potentially be 
used to induce apoptosis and tumour regression in tu- 
mours that have developed resistance to aromatase in- 
hibitors [34]. Plant-derived polyphenols inhibit cancer 
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cell proliferation and induce apoptosis. Recently, prenyl- 
flavonoids and alkyl-phloroacetophenones have been 
reported for their in vitro antitumor activity [35]. In the 
same study Cho et al. (2012) reported cytotoxic activity 
as a result of treating MCF-7 cell line with prenyl 
(3-PAP) and geranyl (3-GAP) derivatives of phloroace- 
tophenone, and xanthohumol (XN), a prenyl-chalcone. 
In addition, pro-apoptotic Bax but not B-cell lymphoma 
2 (Bcl-2) expression was increased by 3-GAP. In ac- 
cordance with the Bax increase, 3-GAP induced mito- 
chondrial cytochrome c release and activated caspase-9, 
an initiator of the caspase cascade. Currently there are 
several data that support or continue to show that small 
molecules particularly the ones extracted from natural 
plants present a supplementary and safer target in many 
cancers. 

3. THE BCL-2 FAMILY (TABLE 1) 

The Bcl-2 family of proteins are one of the primary 
regulators of the intrinsic pathway or the mitochondrial 
pathway. These proteins can be characterized into 
proapoptotic members: Bax, Bak, Bik, Bad and Bid, with 
the anti-apoptotic members being Bcl-2 Mcl-1, Bcl-xl 
and Bcl-w. The proapoptotic members of this family 
work by promoting caspase activation and cell death. 
Some of them work by inactivating death inhibiting 
members of this family whilst others stimulate the re- 
lease of cytochrome c from the mitochondria [36]. The  

anti-apoptotic members inhibit apoptosis by blocking 
release of cytochrome c from the mitochondria. 

As our understanding of the field of apoptosis and its 
regulatory machinery evolves, it becomes important to 
identify and exploit new potential targets that restore pro- 
apoptotic activities. The most promising recent strategies 
in the development of anti-cancer drugs involve targeting 
essential apoptotic genes and proteins directly to induce 
cell death. Members of the Bcl-2 family of proteins and 
IAPs have been shown to be very important regulators of 
caspases. Absence or impairment of caspase activation 
almost always leads to prevention of cell death. Novel 
strategies that will overcome caspase inhibition will be 
of great value in cancer therapeutics that aim to directly 
restore a tumour cells apoptotic program. Hence, the 
development of small molecule agents that target IAPs 
and Bcl-2 appear to be attractive therapeutic target. 

The proapoptotic effectors such as Bax and Bak con- 
tain BH1, BH2, and BH3, and a C-terminal trans- 
membrane segment that selectively targets these proteins 
to the membranes of mitochondria and endoplasmic 
reticulum. The pro-survival (antiapoptotic) members Bcl- 
2, Mcl-1, Bcl-xl, Bcl-w contain a BH1, BH2, and BH3, 
but with the exception of Mcl-1, they also contain a BH4 
domain. The last group, which are the proapoptotic 
members including Bid, Bad, Bik, Bim, Puma, and Noxa 
only have a BH3 domain [37] (Figure 1). 

A number of small molecules antagonists to pro-  
 
Table 1. Breast cancer current treatment strategies. 

Treatment Target site Limitations/Stage in research 

1. Chemotherapy Whole body through blood system Anemia and not specific 

2. Radiotherapy High energy beam target individual cells Skin problem/burn 

3. Hormonal therapy Hormone replacement Not all cancer are due to hormonal 

4. Targeted Therapies Apoptosis Mostly under improvement 

a. Gossypol Bcl-2 family Still under clinical trials 

b. Apogossypolone Bcl-2 family Clinical trials 

c. Obatoclax Bcl-2 inhibit pro-survival genes Phase I 

d. ABT-737 Bcl-2 and Bcl-xl Clinical trials 

e. AT-406 IAP molecule Clinical trials 

f. YM155 Survivine Early clinical research 

g. GDC-0152 cIAP1 Early clinical research 

h. I3C BRCA1/2 Clinical trials 

i. Genistein BRCA1/2 Clinical trials 

j. Tamoxifen BRCA1/2 eostrogen Clinical trials 

k. Iniparib PARP Clinical trials 

l. Cisplatin Caspases Inhibit IAP and activate caspases. 

m. Bexarotene TRAIL Preclinical research 
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survival Bcl-2 have been developed and some are still 
undergoing clinical trials. Some of these include: 

3.1. Gossypol 

Gossypol is a naturally occurring polyphenolic com-
pound with BH3 mimetic property. It induces apoptosis 
in cells with high Bcl-2 expression. It was found to have 
a high affinity to multiple Bcl-2 family proteins, and thus 
it binds to and blocks the binding of antiapoptotic Bcl-2 
to pro-apoptotic Bcl-2 family proteins [38]. Gossypol has 
demonstrated anticancer activity against a wide range of 
malignancies including prostate cancer and human col- 
orectal carcinoma [39,40]. Gossypol is currently under 
clinical trials. 

3.2. Apogossypolone (ApoG2) 

Apogossypolone is a semi synthesized analogue of gos- 
sypol. It was created to reduce the toxicity of gossypol. 
Apogossypolone was designed by removing two aldehyde 
groups on poly-phenolic rings of gossypol [41]. It was 
due to these reactive two aldehyde groups that gossypol 
was thought to exhibit toxicity [20]. Similarly to gossy- 
pol, ApoG2 binds to Bcl-2 family proteins. In a study, 
ApoG2 was found to exhibit better stability and was also 
better tolerated by mice than gossypol. It showed sig- 
nificant inhibition to diffuse large-cell lymphoma, a type 
of non-Hodgkin’s lymphoma, and was not toxic to normal 
peripheral blood lymphocytes [42]. Recently, a number of 
ApoG2 derivatives have been created such as Bl97D6. 
Bl97D6 inhibits binding of the BH3 peptide to the anti- 
apoptotic Bcl-2 family proteins. It has been shown to be a 
potent inhibitor of human prostate cancer and human lung 
cancer [43]. 

3.3. Obatoclax 

Obatoclax is a small molecule novel drug designed to 
inhibit prosurvival Bcl-2 family proteins and thereby 
increase cellular threshold for apoptosis in cancer cells. It 
acts as a BH3 mimetic and binds to prosurvival Bcl-2 
proteins and neutralizes them [44]. In a study, obatoclax 
showed significant cell viability reductions in human 
pancreatic cell lines [44]. In phase I trials obatoclax ex- 
hibited antitumour activity in patients with refractory 
leukemia and myelodysplasia [45]. 

3.4. ABT-737 

ABT-737 is a small molecule inhibitor of the anti-apop- 
totic proteins Bcl-2 and Bcl-xl but not Mcl-1. A study by 
Oltersdorf (2005) found that ABT-737 does not directly 
induce apoptosis but sensitizes cells to death signals, 
showing synergistic cytotoxicity with chemotherapeutic 
treatment and radiation. ABT-737 exhibits cytotoxicity 

against lymphoma, multiple myeloma and small-cell 
lung carcinoma lines [46,47]. 

4. CASPASE IN BREAST CANCER 

Caspases are a class of cysteine-aspartyl proteases that 
are synthesized as inactive zymogens. They lie dormant 
in a healthy cell then due to cell death stimuli, they are 
proteolytically cleaved at two aspartate residues, gener- 
ating mature active enzymes [48,49]. The generation of 
active caspases forms a cascade whereby initiator cas- 
pases interact with a specialized adapter molecule which 
results in its own activation and eventually activation of 
execution caspases which are responsible for the final 
pathway of apoptosis [35,48]. Since all apoptotic path- 
ways converge on caspases it renders them crucial effect- 
tors of apoptosis. Hence, it is very crucial that expression 
of caspases is tightly controlled. Deregulation of cas- 
pases has been implicated in a number of diseases. Over- 
expression has been linked to certain neurodegenerative 
disease and ischemia-associated injury, whilst their sup-
pression has been linked to a number of cancers. 

4.1. Caspase 3 in Breast Cancer 

The role of caspase-3 in the response of breast cancer cells 
to chemotherapeutic drugs remains a controversial issue. 
The loss of caspase-3 expression as well as defaults in 
cytochrome c release from the mitochondria, which is 
required in most apoptotic pathways to activate caspase-3 
through caspase-9 activation, are associated with multidrug 
resistance. Accordingly, expression of caspase-3 in the 
human MCF-7 breast tumor cell line (which is deficient 
for caspase-3) restores the apoptotic response to the 
topoisomerase II inhibitor, etoposide [50]. Caspase-3 was 
also involved in breast cancer cell apoptosis upon 
exposure to anthracyclines and cisplatin [27,51]. Its role 
in tumor cell response to paclitaxel has been challenged 
[11]. 

4.2. Initiator Caspases (8 and 9) in Breast  
Cancer 

The initiator caspases appear to display some specificity 
according to the type of apoptotic signal. Two main acti- 
vation cascades for apoptosis induction have been de- 
scribed [52]. Fas receptor-ligand interactions use cas- 
pase-8 activation to trigger the downstream executioner 
caspases. An alternative mitochondrial pathway, which is 
triggered by various anticancer agents, involves active- 
tion of caspase-9 upon recruitment to the mitochondria 
by cytochrome c and apoptosis protease activation fac- 
tor-1(APAF-1) [47]. Mitomycin c which is one of the 
anticancer agents, led to an exclusive activation of cas- 
pase-8 but not of caspase-9 in comparison to various 
other drugs with differing mechanisms of action at con- 
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centrations formerly established as equitoxic in the 
NCI/ADR-RES cell line [47]. In a contrary study by Lee 
at al using Styrylpyrone derivative (SPD) which is a 
pharmacologically active compound extracted from the 
plant Goniothalamus sp. of the Annonaceae family have 
shown that procaspase-8 was not activated in MCF-7 
cells but caspase-9 activation was detected in response to 
SPD treatment, with the release of cytochrome c into the 
cytosol. In another study, prodigiosin which is a red 
pigment produced by Serratia marcescens with pro- 
apoptotic activity was potently cytotoxic in both estrogen 
receptor positive (MCF-7) and negative (MDA-MB-231) 
breast cancer cell lines. It lead to cytochrome c release, 
activation of caspases-9, -8 and -7 and cleavage of poly 
(ADPribose) polymerase protein typified the apoptotic 
event and caspase inhibition revealed that PG acts via the 
mitochondrial pathway [53]. 

5. P53 IN BREAST CANCER 

The p53 tumor suppressor gene prevents tumorigenesis 
in response to physiological and environmental stress 
and plays a role in cell cycle progression, apoptosis and 
repair of DNA damage. p53 has be involved in transcrip- 
tional regulation of pro-apoptotic genes associated with 
intrinsic and extrinsic pathways [54]. The activation of 
the p53 pathway leads either to cell cycle arrest or to 
apoptosis. Activated p53 increases the expression of p21 
in DNA damaged cells and affects expression of p27 [42]. 
The up-regulation of cyclin dependent kinase inhibitors 
(CDKI), such as p21 and p27, is related to cell cycle ar- 
rest and contributes to down-regulation of cyclin D1, 
cyclin E, cyclin-dependent kinases (cdks) [55]. The acti- 
vation of p53 induces up-regulation of pro-apoptotic Bax 
but not anti-apoptotic Bcl-2. Also, p53-mediated apop- 
tosis involves the activation of Fas and the intrinsic mi- 
tochondrial pathway, which results in activation of cas- 
pase-8 and -9 (Figure 1) [56]. So, targeting p53 in cancer 
not only holds a promise to cancer eradication but also 
guarantees a safe elimination of those cells. 

Many observations have implicated p53 signaling 
pathway in the transcriptional activation of Bax in apop- 
tosis, but also in the alteration of the Bcl-xL/Bax ratio, 
thereby indicating that the ratio between these pro- and 
anti-apoptotic proteins is one of the important factors 
deciding the fate of a cell [52,57]. Like many new plant 

extracts, the role of curcumin a naturally occurring phy- 
tochemical responsible for the yellow colour of the 
commonly used spice turmeric in regulating the balance 
between these pro- and anti-apoptotic factors was tested 
and it revealed that curcumin induced apoptosis with an 
increase in p53 level in MCF-7 cell lines. Interestingly, 
the curcumin-induced increase in p53 expression pre- 
cedes that of Bax thereby leading to believe that p53 
transactivates Bax expression [52]. In the same study, the 
Bcl-xl levels remained almost unchanged thereby shift- 
ing the Bcl-xl/Bax ratio towards apoptosis. In recent 
times several small molecules have been identified e.g., 
Nutlin-3a and MI-219 that disrupt MDM2-p53 interaction 
resulting in inhibition of tumor growth, however they are 
less effective in cancer cells that express high levels of 
MDMX. Another molecule called benzofuroxan derivative 
following treatments of MCF-7 cells with this small- 
molecule MDMX inhibitor activated p53, resulting in 
elevated expression of proapoptotic genes (e.g., PUMA, 
BAX, and PIG3). Importantly, this novel small-molecule 
p53 activator caused MCF-7 cells to undergo apoptosis, 
and acted additively with Nutlin-3a to activate p53 and 
decrease the viability of cancer cells [58]. Table 2 shows 
other small molecules that are involved in p53-induced 
apoptosis. 

6. INHIBITORS OF APOPTOSIS  
PROTEINS (IAP) 

The IAP’s were discovered in baculoviruses and these 
proteins are known to biochemically function by sup- 
pressing the host’s cell death response to a viral infection 
thereby allowing viral propagation in host insect cells 
[47,59]. Several other cellular homologous IAP’s were 
also identified in a range of species such as Drosophila 
to vertebrates. Neuronal Apoptosis Inhibitory Protein 
(NAIP) was the first mammalian IAP to be identified 
during positional cloning in an effort to identify the 
causative gene for Spinal Muscular Atrophy (SMA) [47]. 
Other members of mammalian inhibitor of apoptosis 
family of proteins, include the X chromosome-linked 
IAP (XIAP), cellular IAP 1 (cIAP1), cellular IAP II 
(cIAP2), melanoma IAP (ML-IAP), Survivin, Bruce, 
ILP-2 and Livin to name but a few. These are overex- 
pressed in cancer cells thereby conferring cancer cell 
protection against a variety of proapoptotic stimuli by 

 
Table 2. List of small molecule agents that target Bcl-2 and mode of action. 

Small molecule Mechanism Reference 

Gossypol Binds to and blocks the binding of antiapoptotic Bcl-2 to pro-apoptotic Bcl-2 family proteins Kitada, et al. 2003 

Obatoclax Acts as a BH3 mimetic and binds to prosurvival Bcl-2 proteins and neutralizes them Huang, et al. 2009 

Apogossypolone (ApoG2) Binds to and blocks the binding of antiapoptotic Bcl-2 to pro-apoptotic Bcl-2 family proteins Sun, et al. 2008 

ABT-737 Inhibits the anti-apoptotic proteins Bcl-2 and Bcl-xl but not Mcl-1 Oltersdorf, et al. 2005
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functionally regulating signal transduction pathways as- 
sociated with malignancy [60,61]. 

Structurally, the IAPs are similar with one or more 70 - 
80 amino acid baculovirus IAP repeat (BIR) domains 
with the core domain consiting of the variable sequence 
C(X)2C(X)6W(X)3D(X)5H(X)6C with the X representing 
any amino acid [46]. A typical mammalian IAP family 
member contains a carboxy-terminal RING (Really In- 
teresting New Gene) zinc finger possessing a E3 ubiq- 
uitin ligase activity which directly regulates self-ubiq- 
uitination and protein degradation and the cellular IAP 
(cIAP 1 and cIAP 2) uniquely possesses the caspase re- 
cruitment domain (CARD) which mediates oligomeriza- 
tion with other CARD containing proteins. Although the 
mechanism of action is not known, the CARD in IAP 
may form protein-protein interactions with protease ac- 
tivating factor-1 (Apaf-1), and with some of the death 
domain (DD) or death effector domain (DED) containing 
proteins [35] (Figure 2). 

The fact that this family of proteins, when over-ex- 
pressed in human cells protects cells from stimuli that 
induces apoptosis provides the mechanism and way to 
explain treatment resistance in cancer cells [61]. One 
strategy to overcome this is to silence IAPs and this in 
turn can sensitize cells to apoptotic stimuli. Other efforts 
involve targeting the IAP proteins by designing small 
molecules that can mimic the binding of the endogenous 

IAP antagonist second mitochondria-derived activator of 
caspases/direct IAP-binding protein, with low pI (Smac/ 
DIABLO) to a shallow groove on the surface of select 
IAP baculovirus repeat (BIR) domain, thereby inhibiting 
the inhibitor of apoptosis (IAP) [47,59]. 

IAP in Apoptosis and Cancer 

Cancer cells thus temper with the equilibrium of cell 
death and cell growth in order to survive. Apoptosis 
regulators such as IAPs play a fundamental role in on- 
cogenesis because they suppress the intrinsic and extrin- 
sic apoptosis pathway. This they do via the central 
mechanisms of IAP apoptotic suppression through direct 
caspase and pro-caspase inhibition (primarily caspase 3 
and 7) in a cascade manner and modulation of and by the 
transcription factor NF-kappaB [62]. In many cancers 
IAP’s are over-expressed or over-activated, conferring 
cells to no longer be able to die in resistance to standard 
chemo and radiation therapies which in turn have a nega- 
tive effect on normal healthy cells because DNA is dam- 
aged chemically and physically [47,63]. Novel yet effect- 
tive and “safe” therapeutic targets are therefore required 
for the treatment of cancer. 

In search for possible targeted markers that inhibit 
expression of IAPs, Smac/DIABLO was discovered in 
2000, as a protein released from the mitochondria into the 

 
 BIR BIR BIR CARD RING 

Bind Caspases 

Ubiquitination of Caspases 

No apoptosis 

AT-406/GDC-0152 

 
Figure 2. Domain structure of IAP proteins. Pro-survival proteins bear up to three domains BIR, 
CARD and RING. The IAP family mediated caspase-ubiquitination pathway that then results in the 
pro-survival of the cell and its escape to cell death by apoptosis. The BIR domain is necessary for 
IAP protein interaction with a number of proapoptotic factors, including invertebrate death inducers. 
Several small molecules have been identified that result in the inhibition of the binding of caspases to 
the CARD region on the IAP thereby resulting in activation of apoptosis. 
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cytosol in response to apoptotic stimuli. It functions as an 
endogenous antagonist of several inhibitors of apoptosis 
proteins through direct binding. The interaction between 
Smac and IAPs involves the AVPI tetrapeptide binding 
motif on the N-terminus of Smac and a well-defined 
groove on the surface of these IAP proteins, providing an 
ideal site for the design of small-molecule Smac mimetics 
[13,64]. Potent and cell-permeable small-molecule Smac 
mimetics have provided powerful pharmacological tools 
for study of the regulation of apoptosis by IAP proteins, 
and several such compounds are now in early clinical 
trials as new anticancer agents. One focus has been on the 
generation of molecules that mimic the aminoterminus of 
mature Smac. AT-406 which is an orally-active, small 
molecule drug was designed to promote programmed cell 
death (apoptosis) in tumour cells by blocking the activity 
of IAPs thereby creating conditions in which apoptosis 
can proceed. AT-406 is considered a multi-IAP antago- 
nist. 

IAPs are key components of the complex cascade of 
protein signaling that activates enzymes called caspases 
to initiate the breakdown of cancer cells [64,65]. AT-406 
is thought to mimic the activity of Smac by binding to 
XIAP and preventing it from inhibiting caspase active- 
tion. Upon binding to cIAP1 and cIAP2, AT-406 induces 
rapid degradation of these proteins and promotes apop- 
tosis through activation of the death-receptor complex 
and caspase 8 [13] The other molecule, GDC-0152 has 
the best profile of these compounds; it binds to the XIAP 
BIR3 domain, the BIR domain of ML-IAP, and the BIR3 
domains of cIAP1 and cIAP2. GDC-0152 achieves 
apoptosis induction by promoting degradation of cIAP1, 
inducing activation of caspase-3/7, and leads to decreased 
viability of breast cancer cells without affecting normal 
mammary epithelial cells [64]. The second member of the 
IAP that has also been targeted is survivin. Survivin pro- 
tein was found to be expressed in all the most common 
human carcinomas but not in normal tissue. YM155, a 
small-molecule survivin suppressor resulted in suppres- 
sion of survivin expression, caspase-3/7 activation, induc- 
tion of spontaneous apoptosis, and growth inhibition. In 
another study by Zhang et al. (2012), valproic acid which 
is a broad-spectrum inhibitor of class I and II histone 
deacetylases and shows great anticancer activity in a 
variety of human cancers including breast cancer was 
found to significantly inhibit cell migration but not pro-
liferation of human breast cancer MDA-MB-231 cells. 
Ribonuclease expression was also found to promote 
apoptosis in human breast cells MDA-MB-231 by inhib- 
iting the expression of Survivin and activating caspase-3 
[66]. The novel findings of this review is that multiple 
IAPs are concomitantly expressed in breast cancers, and 
that, in combination with clinically relevant IAP antago- 
nists promote apoptosis and reduce the cell turnover in- 

dex of breast cancers. 

7. FUTURE FOCUS ON BREAST  
CANCER 

It is now recognized that the mechanism of action of 
chemotherapeutic drugs often involves the induction of 
cancer cell apoptosis, and that apoptosis resistance is a 
major contributing factor in chemotherapeutic drug re- 
sistance. Therefore, restoring apoptosis signalling in can- 
cer cells with targeted therapeutics has enormous poten- 
tial to improve the outcome of cancer chemotherapy by 
reversing a major mechanism of drug resistance. In this 
review, we assessed the outlook for improving the out- 
come of cancer therapy by targeting different apoptotic 
genes using small molecules and exploring the possibil- 
ity of using plant extracts as a target to induce apotosis. 
Novel modalities of cancer therapies that improves the 
efficacy of apoptosis as well as chemotherapeutic drugs 
and lessen the toxicity of these agents by targeting spe- 
cific genes would be an improvement to the current 
status of available drugs. Moreover, upregulation of the 
pro-apoptotic signaling proteins or suppression of spe- 
cific anti-survival signaling pathways by agents directed 
at increasing pro-apoptotic proteins may acutely induce 
chemosensitization of resistant cancer cells. 

8. CONCLUSION 

Although the mechanism that used to triggers apoptosis 
in breast cancer using small molecules is still unclear, the 
identified mechanism of cell death provides a convenient 
window for further defining the upstream events and 
elucidating the mechanisms. Finally, the fact that the 
proapoptotic action are independent of p53 further em- 
phasizes that small molecule analogues are potentially 
useful to the development of new therapeutics that in- 
duce apoptosis in breast cancer. 
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