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Abstract

Despite intensive research in the field of breast cancer, the disease remains a burden in both
developed and developing countries, despite the use of chemotherapy and other synthetic drugs.
Reactive oxygen species mediated oxidative stress is known to play a role in breast cancer
pathogenesis via genetic and epigenetic modifications, resulting in uncontrolled cell
proliferation. Phytochemicals could provide leads for the development of alternative therapeutic
agents due to their antioxidant activity, as well as apoptosis inducing effect on cancer cells. The
MCEF-7 cell line, an ER-positive cell line, has been used to provide insights into the potential of
phytochemicals as anti-cancer agents. However, most of such in vitro studies do not continue
with further studies in ER-positive in vivo breast cancer models, or fail to examine the possible
biochemical mechanisms of phytochemical based amelioration. This review examines oxidative

stress mediated carcinogenesis and the potential of phytochemicals as anti-cancer agents.
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INTRODUCTION

Breast cancer is a frequently diagnosed neoplastic disease in women around menopause, in both
developed and developing countries, and among the leading cause of cancer deaths in women
[1]. 1t is reportedly the second most diagnosed cancer worldwide, accounting for 522,000 deaths
in 2012 alone [2]. In South Africa, breast cancer is the most common malignancy among women
[3]. In Nigeria, out of a reported 4521 documented cancer cases at the Ibadan Population Based
Cancer Registry and the Abuja Population Based Cancer Registry covering only a 2 year period

of 2009 and 2010, breast cancer was the most common [4]. The economic burden of breast



cancer in the U.S including medical bills and productivity loss from morbidity is estimated at
$5.49 billion per annum [5].

Cancer is characterized by an abnormal growth of cells, caused by multiple changes in genetic
material and gene expression, ultimately resulting in a population of rapidly dividing cells that
could metastasize to distant sites, causing significant morbidity and sometimes, death of the host.
Breast tissue is particularly sensitive to developing cancer for several reasons. The female
hormone estrogen stimulates breast cell division in normal females [6]. This continuous division
can increase the risk of making damage to DNA permanent in breast cells. Furthermore, breast
cells are not fully matured in girls and young women who have not had their first full-term
pregnancy. In developing mammary glands, environmental carcinogens bind to DNA of breast
cells more strongly, and these breast cells are less efficient at repairing DNA damage compared
to cells in developed or fully mature mammary glands [7].

At present, there are numerous experimental reports on the different biological activities of
phytochemicals against breast cancer and carcinogenesis using MCF-7 cell lines. However, a
comprehensive review that collates experimental evidence, critically appraises the achievements
documented so far as well as provides future research directions in the area of oxidative stress
mediated-carcinogenesis related to phytochemical antioxidants in breast cancer therapy is
lacking. Therefore, this review examines the link between oxidative stress and breast cancer at
the cellular and molecular level, while also providing a critical appraisal on available
experimental data on the potential of phytochemicals in breast cancer therapy.

OXIDATIVE STRESS AND CARCINOGENESIS

Oxidative stress is defined as a physiological state in which the generation of reactive oxygen
species (ROS) overwhelms the antioxidant metabolites, resulting in an imbalance, in favor of the
amount of free radicals [8]. Reactive oxygen species and free radicals are products of normal
cellular metabolism and play important roles in cell signaling pathways [9]. Most reactive
species are generated in the mitochondria, especially when electrons leak to oxygen (O,) during
ATP generation, resulting in the formation of the superoxide anion (O;"). The superoxide anion
can further react with other molecules, resulting in the generation of other reactive species like

hydrogen peroxide (H,0,), hydroxyl radical (OH"), and organic peroxides [10].
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The major deleterious effects of ROS in mammalian cells are mediated by the hydroxyl radical
(OH-). It has a very unstable electron structure, easily reacting with cellular components, and is
mainly produced via the Fenton reaction when hydrogen peroxide reacts with Fe®* during
hypoxic conditions, like prolonged exercise and disease conditions like diabetes. The
mitochondrial respiratory chain also produces nitric oxide (NO), which can generate other
reactive nitrogen species (RNS) [11].

Both ROS and RNS can react with cellular macromolecules like lipids, inducing lipid
peroxidation that causes the formation of reactive intermediates: malondialdehyde and 4-
hydroxynonenal [12]. MDA is mutagenic in bacterial and mammalian cells and carcinogenic in
rats. The major effect of lipid peroxidation by ROS is seen in the integrity of cell membranes.
The polyunsaturated fatty acid residues of phospholipids, are extremely sensitive to oxidation.
Oxidation of membrane phospholipids by ROS causes alterations to the integrity of the
membrane and normal functioning of the cell [13].

A cell with altered mitochondrial membrane integrity is prone to apoptosis, as changes to the
inner mitochondrial membrane integrity results in opening of the mitochondrial permeability
transition (MPT) pore, loss of the mitochondrial transmembrane potential and release of
cytochrome ¢ which is normally a sequestered intermembrane pro-apoptotic protein [14]. The
released cytochrome c binds and activates Apaf-1 and downstream procaspase-9, forming an

apoptosome, thereby activating the intrinsic caspase dependent apoptotic pathway [15].

Studies examining the oxidation of proteins by ROS have shown that amino acids, simple
peptides and proteins exposed to conditions where hydroxyl radicals or a mixture of
hydroxyl/superoxide radicals are present are prone to damage and altered function [16]. The side
chains of amino acid residues of proteins, rich in cysteine and methionine are particularly
susceptible to oxidation by the action of ROS. The oxidation of cysteine residues by ROS can
lead to formation of disulphide bonds between protein thiol groups [17]. The concentration of
carbonyl groups, generated as products of protein oxidation by ROS is a good measure of ROS-
mediated protein oxidation. Protein carbonyls represent an irreversible form of protein
modification [18].

During severe oxidative stress seen in certain disease conditions, increased protein oxidation and

consequently impaired proteolytic systems results in an accumulation of oxidized proteins and



finally to the formation of non-degradable protein aggregates, altering cellular homeostasis
functions seen in diseases like cancer [17]. Advanced glycation end products, which are reported
to be mutagenic, are formed by a reaction between the free amino group of proteins and
carbohydrates [19]. Glycation causes a modification of the structural properties of proteins such
as albumin and haemoglobin leading to inflammation and further exacerbating oxidative stress.
Glycated proteins form aggregations, which are insoluble and resistant to degradation, and also

interact with signaling pathways (MAPK, NF-kB) implicated in carcinogenesis [20].

The hydroxyl radical is reported to react with all components of the DNA molecule, damaging
both the purine and pyrimidine bases and also the deoxyribose backbone. When such oxidative
damage to DNA occurs, molecules like 8-OH deoxyguanosine (8-OHdG) are generated which
increase the risk of mutagenesis. 8-OHdG is a widely used indicator of free radical attack on
DNA. 8-OHdG is strongly implicated in the progression of carcinogenesis. In breast carcinomas,
8-OHdG is reportedly increased 8- to 17-fold in breast primary tumors compared with
nonmalignant breast tissue [21]. 8-OHdG can induce GC — TA transversion mutations
particularly during DNA replication, with a potential for mutagenicity if the oxidative lesions are
not repaired, resulting in cancer initiation [22]. DNA adducts formation in the coding region of
tumor suppressor proteins like TP53, can cause altered function, resulting in cancer promotion,

progression and metastasis [23].

Thus, there is interplay between oxidative stress and carcinogenesis, as oxidative stress results in
oxidation of lipids to form MDA and 4-HNE which have been found to be mutagenic, playing a
possible role in cancer initiation. Oxidative stress can also result in DNA oxidation, forming
DNA adducts, resulting in altered transcription, translation and consequently protein function,
which is implicated in tumor promotion and progression. Oxidative stress can also result in
oxidation of cysteine residues of antioxidants like glutathione and thioredoxin, further
contributing to redox imbalance in the cells, resulting in activation of specific transcription
factors implicated in cell proliferation that are observed in cancer progression. Oxidative stress
can also cause oxidation of side chain amino acids of proteins resulting in altered function,
especially of proto-oncogenes. We can therefore suggest that, at each stage of initiation,

promotion, progression and metastasis, oxidative stress can play a role.



TRANSCRIPTION FACTORS AND PROTEINS IMPLICATED IN OXIDATIVE
STRESS MEDIATED CARCINOGENESIS

Activator protein-1

Activator pprotein-1 (AP-1) is a collection of dimeric basic region-leucine zipper (bZIP) proteins
that belong to the Jun (c-Jun, JunB, JunD), Fos (FosB, Fra-1, Fra-2), Maf, and ATF subfamilies,
all of which can bind the tumour-promoting agent (TPA) or cAMP response elements. c-Jun, a
potent transcriptional regulator, often forms stable heterodimers with Jun proteins, which aid the
binding of Jun to DNA [24]. AP-1 activity is induced in response to certain metals in the
presence of H,O, as well as by several cytokines and other physical and chemical stresses. AP-1
plays an important role in cell cycle progression, because it is a transcription factor for cyclin
D1, which is required for progression through the G1 phase on the cell cycle [25]. Since the
transition from Go to G; is the only phase of the cell cycle that is regulated by redox-dependent
signaling pathways, expression of cyclin D1 represents a primary regulatory point in the
induction of cell growth. Aberrant expression and activity of Ap-1 during oxidative stress is
implicated in carcinogenesis [26].

A study examined the expression of AP-1 members of the JUN and FOS protein families at the
MRNA level in primary breast tumors and compared this to adjacent non-tumor tissues to
determine any correlation with clinicopathological parameters. The results revealed significant
differences in the expression of AP-1 family members between tumor and adjacent non-tumor

tissues, implicating altered AP-1 activity in breast carcinogenesis [27].

Nuclear factor-kappa beta (NF-xB)
Literature reports indicate that ROS are able to activate the Nuclear factor kappa beta (NF-kB)

transcription factor [28]. NF-kB is an inducible and ubiquitously expressed transcription factor
for some genes responsible for cell survival, differentiation, inflammation, growth and
angiogenesis [29]. In the unstimulated state, NF-kB is sequestered in the cytoplasm because of
an interaction with inhibitory protein 1kB [30]. However, in a response to certain extracellular
stimuli, the inhibitory bond between IkB and NF-kB is dissociated, allowing the translocation of
NF-kB into the nucleus, where it binds kB regulatory elements [31].

Analysis of tumor cells from blood neoplasms and cell lines from different cancers, showed
constitutive expression of activated NF-xB [30]. Effects of ROS on NF-«B activation is further

supported by experiments which demonstrated that activation of NF-xB can be blocked by
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antioxidants, such as L-cysteine, N-acetylcysteine, thiols, green tea, polyphenols, and vitamin E,
although this might be not very specific because antioxidants have multiple targets [28].

Thus, NF-kB activation promotes cell proliferation, whereas the inhibition of NF-kB activation
blocks cell proliferation. H,O, is able to degrade IxBa, the inhibitory subunit of NF-xB by
reacting with its cysteine residues, resulting in activation of NF-kB activity and downstream
increased pro-inflammatory protein expression implicated in carcinogenesis [32]. Reactive
oxygen species have also been implicated as second messengers involved in the activation of
NF-kB through upstream activation of tumour necrosis factor (TNF) pathway, which are

associated with carcinogenesis [32].

It has been shown that constitutive NF-kB activation is found in estrogen receptor-negative (ER-
negative) and ErbB2-positive tumors, with significant effects on the initiation and progression of
breast cancer [33]. Inhibition of NF-kB reportedly increased tumor latency and decreased tumor
burden in an in vivo breast cancer model [34]. Thus, there is a critical link between NF-kB and
cell survival, differentiation, and proliferation in breast carcinogenesis, suggesting NF-kB as a

novel target for breast cancer drug development [35].

p53
The nuclear factor p53, sometimes referred to as “guardian of the genome”, plays a key role in

protecting a cell from tumourigenesis [36]. Due to its remarkable ability to halt the cell cycle or
initiate apoptosis when a cell is damaged, it is classified as a “tumour suppressor”. In more than
half of human cancers, mutations in p53 leading to its inactivation has been observed [37]. P53 is
activated by UV radiation, hypoxia, gamma-radiation, nucleotide deprivation among others.
Several cysteine residues in the central domain of the protein are critical for p53 binding to the
specific DNA sequence [38].

Studies show that under normal/low cellular stress, low concentrations of p53 induce the
expression of antioxidant genes, whereas in severe cellular stress, high concentrations of p53
promote the expression of genes that contribute to ROS formation and p53-mediated apoptosis,
protecting cells from oxidative DNA damage [39]. However during oxidative stress conditions,
abberant p53 activity contributes to carcinogenesis, as cells which are supposed to be targeted for

apoptosis survive [39].



Although the frequency of mutation in p53 is relatively lower in breast cancer than in other solid
tumors, p53 mutation is associated with more aggressive breast carcinogenesis [40]. Genetic and
epigenetic alterations have been identified in regulators of p53 activity and in some downstream
transcriptional targets of p53 in breast cancers that express wild-type p53. Mutations in p53 is
reported to occur in a high proportion of individuals with the Li—Fraumeni cancer susceptibility
syndrome, which confers an increased risk of breast cancer, implicating p53 inactivation in

mammary carcinogenesis [23].

Mitogen activated protein kinases (JNK, p38)

The mitogen activated protein kinases are a group of proteins that play a vital role in cell
signaling. Mitogen activated protein kinases (MAPK) are known to be activated in response to
growth factors, inflammatory cytokines and cellular stress signals, which are conditions often
observed during oxidative stress [41]. Current research has examined possible mechanisms by
which reactive oxygen species (ROS), alter the activity and function of these essential kinases.
The JNKSs and p38 MAPK are collectively referred to as stress activated protein kinases (SAPKS)
due to their activation by cellular stress factors. JNKs are ubiquitously expressed, and the JNK
stress pathways participate in many different intracellular signaling pathways [42]. JINK has been
reported to activate transcription factors in addition to c-Jun, such as Elk-1, p53, and c-Myc as
well as nontranscription factors such as Bcl-2 and Bcl-xL [41].

The effect of c-Jun on p53 protein levels is evidenced by the effect of c-Jun on p53 mMRNA
expression: c-Jun binds to and represses the p53 promoter, and overexpression of c-Jun represses
p53 MRNA levels. p53 is a transcptional activator of p21, which regulates cell cycle progression
via its interaction with mdm2 [37]. Thus c-Jun when activated by ROS during oxidative stress in
the ERK-MAPK pathway, can act as an oncogene (when mutated or expressed in a deregulated
way).

MAPKSs can have diverse outcomes, depending on the nature, intensity and duration of the
stimuli, which range from the induction of apoptosis to increased survival and altered
proliferation observed in cancers [42]. JNK and p38 have been shown to play important roles in
mammary gland development [43]. Studies have shown that inactivation of p38 signaling and

aberrant regulation of JNK foster breast cancer progression [44]



Estrogen receptor

It has been shown that longer duration to estrogen exposure correlates with an increased risk for
breast cancer [45]. The breast tissue is particularly dependent on circulating estrogens since
experiments have revealed no breast development in aromatase-deficient women and estrogen
therapy of these patients leads to normal pre- and postpubertal breast development. Estrogen
effects are exerted through the estrogen receptor alpha and beta [46].

Estrogen receptors act mainly by regulating the expression of certain target genes whose
promoters contain specific sequences called estrogen-responsive element (ERE). After ERE-
binding of ligand-bound ER dimers, modulation of transcription occurs through interaction with
coactivators or corepressors, resulting in the recruitment of transcriptional machinery,
modulation of chromatine structure, and regulation of ER target-gene expression [47]. Chronic
oxidative stress has been shown to affect the development and aggressive growth of estrogen
receptor in ER-positive breast cancer, and estrogen-independent growth is one of the features of

the aggressive subtype of breast cancer [48].

Altered estrogen receptor (ER) expression is observed in about 75% of human breast cancers
[49]. Under physiological conditions, ligand-bound ER activates gene expression through direct
binding to specific DNA response elements or with co-activators at DNA response elements,
through protein-protein interactions with other transcription factors like activation protein 1 (AP-
1) and nuclear factor-kappa beta (NF-kB). Such ER activity results in the transcription and
activation of downstream proteins required for breast cell proliferation [50]. During oxidative
stress, ER can also be activated without ligand binding through signaling events by the
serine/threonine kinases: ERKs, JNK and p38 of the MAPK pathway, which are deregulated in

breast cancer [51].
BRCA 1 and 2

Research conducted so far, has led to the identification of genes whose abnormal function is
associated with an increased risk of occurrence of malignant breast cancer. BRCAL and BRCA2
(breast cancer susceptibility gene 1 and 2) which are the most prominent, are tumor suppressor
genes in a normal cell [52]. However, changes in the coding sequence of the genes may lead to

the development of the hereditary syndrome, called HBC-SS (Hereditary Breast Cancer Site



Specific) syndrome, which manifests in the form of breast cancer. Mutations in BRCAL or
BRCA2 genes are associated with an increased risk of occurrence of breast cancer in about 65%
of mutation carriers [52]. BRCAL and BRCAZ are responsible for DNA repair, and mutations to
these genes are associated with loss of DNA repair function [53]. Genome stability is
compromised when cells are exposed to oxidative stress. Thus, oxidative stress mediated damage

to BRCA 1 and 2 DNA, can cause altered function of this protein as seen in breast cancer [53].

Recent discoveries point to synergistic signaling between BRCAL1 and ER in regulating
mammary epithelial cell proliferation and differentiation. We have earlier shown the interaction
that exists between ER, AP-1 and MAPK. It is known that BRCA1 can inhibit-ER signaling by
complexing with ER directly, ensuring quality of replicated genome DNA when the cells
experience proliferation under mitogenic effect of ER. In BRCAL deficiency or absence, this
balance is altered, causing cells to accumulate genomic mutations, contributing to the oncogenic
transformation of mammary epithelial cells [54]. Also, absence of BRCAL reduces the ability of
cells to deal with oxidative stress from the estrogen metabolism pathway, causing higher

exposure to oxidative damage and accelerating tumorigenesis in breast tissue [55].

ROLE OF ANTIOXIDANTS IN CHEMOPREVENTION

Certain antioxidants and polyphenolic compounds have been reported to exert anti-proliferative
effects on breast cancer cells [56]. The activity of inflammatory cytokines (Interleukin 6, Tumor
necrosis factor-a), transcription factors (Nuclear factor-kB, Activator protein-1), and gene-
products linked with cell survival and proliferation, can be modified by such polyphenolic
compounds [57].

The different parts of plants have been reported to have antioxidant and anti-cancer properties
[58]. Antioxidants like glutathione and thioredoxin, can directly scavenge reactive oxygen
species, by donating their hydrogen atoms to the reactive species, converting them to less radical
forms. Some phytocompounds have also been reported to activate the Nrf-2 transcription factor,

enhancing the upregulation and expression of antioxidant enzymes [59].

Antioxidants can also induce apoptosis in cancer cells [56], by binding to transmembrane lipids,
causing loss of the mitochondrial transmembrane potential and release of cytochrome c, thus

activating the intrinsic caspase dependent apoptotic pathway [15]. Figure 1 below illustrates the
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potential role of phytochemical antioxidants in different oxidative stress mediated carcinogenesis

pathway
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Figure 1: Role of antioxidants in chemoprevention

e Reactive oxygen species mediated oxidative stress plays a role in carcinogenesis by
() altering the redox state of cells, thereby activating pro-inflammatory transcription
factors (NF-kB, AP-1) and pro- inflammatory cytokines (IL-6, TNF-a)
(i) oxidizing DNA and causing changes in the coding region of key regulatory
proteins
(i)  oxidation of cysteine residues in key receptors which get auto activated without
ligand binding — processes which favor cell proliferation.

Antioxidants derived from phytochemicals can play a role in chemoprevention by
guenching reactive species, thus preventing oxidative stress, and can also induce
apoptosis in cancer cells by enhancing effector caspase activity.
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Thus, upstream or downstream of the oxidative stress mediated cancer pathway, antioxidants
play a beneficial role by inhibiting oxidative stress or by inducing death in cancer cells, as

illustrated in Figure 1.

MCF-7 — A MODEL FOR ANTI-CANCER STUDIES

MCF-7 is the acronym of Michigan Cancer Foundation-7, a cell line first isolated in 1970 from
the pleural effusion of a patient with metastatic breast cancer. It is the most studied human breast
cancer cell line in the world, relevant for in vitro breast cancer research because the cells retain
certain ideal characteristics particular to the mammary epithelium, which include ability to
process estrogen in the form of estradiol, via estrogen receptors in the cytoplasm [60]. Results
from studies carried out using this cell line have had a fundamental impact on breast cancer
research and patient outcomes [60]. A number of studies have been conducted to examine the

inhibitory effects of compounds on MCF-7 cell proliferation [61].

The use of cell lines in cancer research is advantageous in that they offer an infinite supply of a
relatively homogeneous cell population, capable of speedy self-replication in standard cell
culture medium, facilitating replication studies using both synthetic and natural test drugs [62]. A
major contribution of the MCF-7 cell line to breast cancer research has been in the study of
estrogen receptor (ER) alpha, because this unique cell line expresses significant levels of ER

mimicking the majority of invasive ER-positive human breast cancer patients [63].

It is important to note that concerns have been raised about how representative research carried
out using cell lines is of human breast cancer [64]. However, it is unquestionable that, breast
cancer cell lines are important experimental tools for research, both basic and applied. One
example that backs this view is the research on MCF-7 cells which showed that anti-estrogens
regulated the growth of tamoxifen-stimulated cells. This work resulted in the development of
fulvestrant (Faslodex®, AstraZeneca Pharmaceutical LP, Wilmington, DE, USA), a selective ER
downregulator that is now recommended for the treatment of recurrent ER-positive, metastatic

breast cancer in the postmenopausal patients [65].
ANTI-CANCER EFFECTS OF PHYTOCHEMICALS USING MCF-7 CELL LINE

The cytotoxicity of methanol and dichloromethane extracts of Piper cubeba seeds was evaluated

against MCF-7 cell lines [66]. Using the MTT assay, it was observed that a chromatographic

11



fraction of the plant extract exhibited cytotoxic activity against breast cancer cells and normal

epithelial breast cells, suggesting non-specific cytotoxicity [66].

Another study examined the anti-cancer effects and mechanisms of action of Mikania cordata
plant extract on MCF-7 cell line, comparing the cytotoxicity of the extract to normal J774A.1
murine macrophage cells [67]. The results showed the limited potential of the extract as an anti-
cancer agent as it inhibited proliferation of both normal and cancer cells, indicating non-specific

cytotoxicity.

The antioxidant potency and anti-cancer effects of extract and fractions of Nardostachys
jatamansi DC were examined using MCF-7 cell line [68]. The results showed that antioxidant
activity of the fractions correlated with phenolic content and anti-proliferative activity, providing
further evidence for the role of antioxidants as possible anti-cancer agents. The most potent
fraction caused GO/G1 phase arrest in MDA-MB-231 cells [68], showing great promise for

further studies to possibly obtain an anti-cancer agent.

Centratherum anthelminticum (L.), a medicinal herb in Indian sub-continent, was examined for
its anticancer activity on the MCF-7 cell line. The report suggested that a chloroform fraction of
the plant seeds inhibited growth of MCF-7 human breast cancer cells by inducing apoptosis,
evident by cell size shrinkage, deformed cytoskeletal structure and DNA fragmentation.
Bioassay-guided fractionation employing HPLC isolation, NMR and LC-MS analysis, lead to the
identification of vernodalin as the active cytotoxic agent. MCF-7 cells treated with vernodalin
showed downregulation of anti-apoptotic molecules (Bcl-2, Bcl-xL), reduction of mitochondrial
membrane potential (MMP) and release of cytochrome c. The release of cytochrome ¢ from
mitochondria to cytosol triggered activation of caspase cascade, and eventual cell death [69]. The
results show great promise for the use of vernodalin, but requires further studies to examine what
results would be obtained from in vivo experiments using vernodalin in breast cancer induced

animal model.

Cytotoxic effects of dichloromethane fractions of Scrophularia oxysepala extract on the MCF-7
breast cancer cell line have been studied using trypan blue dye exclusion and MTT assays. The
ability of the extract to induce apoptosis was determined using TUNEL assay and DNA

fragmentation analysis. Quantitative Real-Time PCR was used to observe changes in Caspase-3,
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Caspase-9, and Bcl-2 genes expression. The results showed inhibition of growth and viability,
increased expression of Caspase-3and Caspase-9 mRNA, induction of apoptosis, in MCF-7 cells
treated with dichloromethane fractions, showing great promise for use in in vivo experiments
[70].

The effects of curcumin, a phytochemical obtained from the plant Curcuma longa has been
examined in MCF-7 cells. MTT assay, was used to evaluate cell viability, western blot was used
for protein expression, while flow cytometry, acridine orange staining and transmission electron
microscopy were used to detect apoptosis in the cells. Curcumin caused growth inhibition and
induced apoptosis. Expression of the anti-apoptotic protein Bcl-2 decreased while expression of
the pro-apoptotic protein Bax increased, explaining possible mechanisms by which curcumin

exerts anti-cancer effects [71]

Flavopiridol is an alkaloid derived from the stem bark of Dysoxylum binectariferum which has
been found to exhibit cytotoxity on MCF-7 cancer cell line, by inhibiting cyclin-dependent
kinases that are responsible for cell cycle control [72]. A study employed metabolomics
approach to investigate the antiproliferative effects of flavopiridol on MCF-7 breast cancer cells.
The results showed cell cycle inhibition at G; stage reduced glutathione and phosphatidylcholine
levels and increased level of their oxidized products, as well as decreased mitochondrial
membrane potential, resulting in apoptosis, explaining possible antitumor mechanism of
flavopiridol as a potential anti-breast cancer drug [73].

Lycopene, a rich antioxidant compound, a major carotenoid present in tomatoes (Solanum
lycopersicum), has been evaluated for anti-proliferative effects on MCF-7 cells. Lycopene is a
40-carbon aliphatic chain containing thirteen trans- double bonds, eleven of which are
conjugated [72]. Lycopene treatment for seven consecutive days induced strong and sustained

activation of the ERK1/2 with downstream cyclin D1 suppression and p21 upregulation [74].

Another study examined the anti-cancer potential of resveratrol on phosphofructokinase activity
[75]. Resveratrol is a phenolic compound found in grapes (Vitis vinifera L.; Vitaceae) and some
other fruits. Altered glucose metabolism is a characteristic of cancer cells for which the enzyme

phosphofructokinase-1 is implicated [76]. Administration of resveratrol caused a reduction of
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cell viability, decreased phosphofructokinase-1 activity and decreased glucose metabolism in the

MCEF-7 cells [75], explaining possible mechanisms justifying its use as an anti-cancer agent.

These selected studies summarized in Table 1 below, shows the potential of phytochemicals in

obtaining therapeutic agents for use by breast cancer patients

Table 1
Plant Phytochemical Antioxidant In vitro assays | Description of effects
isolated property used on MCF-7
cell line
Centratherum vernodalin - MTT, Apoposis, | Increased caspase
anthelminticum ( MMP expression
L)
Curcuma longa | curcumin High antioxidant | MTT, western | Induction of apoptosis
activity blot, flow | Reduced BCI-2
cytometry expression/ increased
Bax expression
Nardostachys - High antioxidant | Cell cycle, MTT Enhanced cell cycle
jatamansi DC activity arrest
Significant death of
cancer cells
Scrophularia - - MTT, Apoposis, | Increased effector
oxysepala cell cycle caspase expression
Enhanced cell cycle
arrest
Mikania cordata | - MTT Inhibited proliferation
of cells
Piper cubeba - - DNA Induced apoptosis
fragmentation
assay
Dysoxylum flavopiridol Rich in phenols, Metabolomics Cell cycle arrest

binectariferum

high  antioxidant

activity

Induction of apoptosis

Alteration in redox
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status of the cells

Solanum lycopene High antioxidant | MTT, western blot | Suppression of cyclin
lycopersicum activity D1

Upregulation of p21

Vitis vinifera resveratrol Rich in phenols, MTT, Enzyme | Reduced cell viability
high  antioxidant | assays Reduced
activity Phosphofructokinase
activity

Table 1: A summary of selected findings on the effect of phytochemicals on MCF-7 cells

Another emerging field of phytochemicals in breast cancer research is in their potential as
adjuvants for conventional cancer treatments, due to their protective antioxidant role against
oxidative stress and cellular alterations (side effects) associated with the use of conventional
cancer treatment regimens [77]. In this regard, it is noteworthy that concerns have been raised
with respect to antioxidant supplementation during breast cancer treatment, with some studies
showing improved survival outcomes, ascribed to protection of normal cells by antioxidant
phytochemicals from the pro-oxidant effects of radiation and chemotherapy, while other results
show opposite effects [78]. This necessitates further studies to determine appropriate

concentrations and particular phytochemicals to be used in a particular sub-type of breast cancer.

Results obtained from a study which examined post diagnosis vitamin ¢ supplementation in
breast cancer patients found reduced risk of total mortality and breast cancer-specific mortality
[79]. Another study evaluated the potent growth inhibitory effects of aqueous wheatgrass extract
in combination with cisplatin (a therapeutic drug with a reported number of side effects) at low —
concentration combination on MCF-7. The results showed decreased cell viability in the
combination treatment compared to individual concentrations of cisplatin, and a combination
index less than 1 indicating a synergistic action when combined at the concentrations used [80].
These observations and studies points out immense prospects for the development of therapeutic
strategies using phytochemicals in combination with other treatment regimens, that could
overcome side-effects currently observed among breast cancer patients treated by conventional
therapies.

CONCLUSION
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Many studies have examined the role of reactive oxygen species mediated oxidative stress in
carcinogenesis, as well as the effect of synthetic and natural compounds in the inhibition of
MCF-7 growth and proliferation. However, the growing trend of cancer incidence and mortality
worldwide necessitates further in depth studies with respect to cancer prevention.
Phytochemicals have great potential in this regard, due to associated side effects from currently
used therapies and an observed trend towards the use of natural compounds in the treatment of
disease, as against the use of synthetic compounds. Thus, there is a need to investigate the active
constituents present in reported anti-cancer phytochemicals, elucidate the biochemical and
molecular mechanisms responsible for any observed anti-cancer effects, correlate in vitro anti-
cancer experiments with further in vivo studies and develop safer, readily available and cheaper,

therapeutic compounds for use by breast cancer and breast cancer predisposed patients.
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