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ABSTRACT
On a cellular level cancer is described as abnormal cellular growth resulting from uncontrolled

cellular proliferation and reduced apoptosis. Cancer is seen as a non-discriminative disease,
therefore exhibiting high incidence and mortality rates. Additionally, cancer is classified as a
global burden in both economically developed and developing countries. The 37kDa/67kDa
laminin receptor (LRP/LR) is seen to be over-expressed in tumor cells when compared to their
normal cell counterparts. This receptor has been implicated in several tumourigenic processes
such as cell migration and adhesion but importantly for the present study, the maintenance of
cellular viability and the evasion of apoptosis. The aim of the present study was to investigate the
role of LRP/LR on the cellular viability of early (A375) and late stage (A375SM) malignant
melanoma cells. Flow cytometry revealed that both malignant melanoma cell lines exhibit high
cell surface LRP/LR levels and with further analysis using median fluorescence intensity, it was
observed that A375SM cells contain approximately 86% more cell-surface LRP/LR than A375
cells. In addition, western blotting and densitometric analysis suggested that A375SM cells
contain 60% more total LRP/LR levels than A375 cells. Furthermore, western blot analysis
revealed that targeting the mRNA of the 37kDa LRP using a LRP-specific siRNA (Dharmacon
ON-TARGET Human RPSA) in A375 and A375SM cells led to significant down-regulation of
77% and 72% in LRP expression, respectively. Consequently, MTT assays showed that LRP
down-regulation led to significant reductions of 47% and 61% in the viability of A375 and
A375SM cells, respectively. An alternative LRP-specific SiRNA (Mission esiRNA-RPSA) was
used in order to confirm specificity and to exclude any off-target effects of Dharmacon ON-
TARGET Human RPSA for LRP. Confocal microscopy with the addition of the Airyscan
processing tool indicated nuclear morphological changes suggestive of apoptotic induction in the
form of cell death occurring in both malignant melanoma cell lines post LRP down-regulation.
Annexin-V/PI assays confirmed this observation, by revealing that A375 and A375SM cells
underwent apoptotic induction post LRP down-regulation in comparison to the untreated cells.
Additionally, caspase-3 activity assays revealed that both cell lines experienced apoptotic
induction after siRNA-mediated down-regulation of LRP. Caspase-8 and -9 activity assays
suggested that post LRP down-regulation; A375 cells undergo apoptosis solely via the extrinsic
pathway, while A375SM cells are thought to undergo apoptosis via the intrinsic pathway.
According to Munien et al, 2017 [137], application of the anti-LRP/LR specific antibody 1gG1-



i1S18 has led to a significant reduction in metastatic potential of A375 and A375SM malignant
melanoma cells in vitro. Therefore the aim of the present in vivo study was to further investigate
the significance of blocking LRP/LR with the 1gG1-iS18 antibody and how this will be effective
in the treatment of malignant melanoma in vivo using a MF-1 nude mice model. The mice were
divided into three groups; with three mice each. This was followed by treatment of group 1 with
0.885mg/ml of the 1gG1-iS18 antibody intraperitoneally, twice a week, group 2 was
administered with the Phosphate Buffered Saline (PBS) vehicle control solution and the last
group remained untreated. The results of this pilot study indicated that three of the nine mice
developed external tumour formation; one of the mice being from the untreated group with a
tumour volume larger than the other two mice which were from the 1gG1-iS18 treatment group.
When comparing the tumour formation between the untreated and treated group, there was a
large reduction in tumour weight and volume. To conclude, LRP/LR plays a critical role in the
maintenance of tumor cellular viability and metastasis, recommending this receptor as a
promising therapeutic target and proposing the potential use of sSiRNA technology as well as the

IgG1-iSi8 antibody for the treatment of malignant melanoma.
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Chapter 1: Introduction

1. Cancer

1.1 Epidemiology, diagnosis and treatment

Cancer is characterized as the rapid establishment of abnormal cells that grow beyond normal
measures thus invading and spreading to distant organs in the body [1]. Cancer is seen to be one
of the leading causes of mortality and morbidity worldwide, accounting for 8.8 million deaths in
2015 [1] and according to the World Cancer Research Fund (WCRF), 14.1 million new cancer
cases were reported worldwide in 2012, of which 8 million occurred in economically developing
countries (82% of the world’s population). The estimated number of cancer deaths in 2012 was
8.2 million, and following this pattern of occurrence, it was estimated that the number of
reported cancer cases will increase to 24 million by the year 2035 with a corresponding 13

million cancer-related deaths [2].

Furthermore, cancer incidence rates are expected to increase by 70% over the next 2 decades,
especially in economically developed countries where it is implicated as the primary cause of
death. Similarly, in economically developing countries, cancer is identified as the second leading
cause of death [1]. Transformation of normal cells into the tumourigenic state is a multistep
process [1]. These changes occur as a result of the interaction between genetic factors and
external factors such as physical carcinogens which include ultraviolet radiation and ionizing
radiation, chemical carcinogens such as tobacco smoke, biological components such as viral or

bacterial infections as well as the aging and growth of the world population [1].

The most commonly diagnosed cancers worldwide are breast cancer in females and lung cancer
in males [1] and in 2002, 63,800 new cases of cancer were diagnosed in South Africa and 44,200

cancer deaths reported [3].

The present study focuses on early (A375) and late (A375SM) stage malignant melanoma which
was ranked 19" worldwide in 2012 contributing to 1.6% of the total number of cases diagnosed
(Fig.1) [4]. Malignant melanoma is the most dangerous and deadly form of skin cancer,
accounting for approximately 74% of skin cancer related deaths [4]. According to the National

Cancer Registry, in South Africa in 2010, 551 males and 509 females were diagnosed with



melanoma. These statistics exemplify the urgent need to develop novel therapeutic strategies to

combat this deadly form of skin-cancer.
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Figure 1: The number of worldwide cancer cases diagnosed in 2012.

(http://www.wecrf.org/int/cancer-facts-figures/worldwide-data).

A significant proportion of the worldwide cancer burden is lifestyle related and deaths occurring
thereof may be prevented through the application of existing cancer control knowledge, by
implementing programs for tobacco control, vaccinations as well as public health campaigns
encouraging physical activity and healthier lifestyle behavior [1]. Early diagnosis of cancer is
also pivotal to one’s health, thus allowing for a higher prospect of recovery and the prevention of

metastasis and resultant formation of secondary, tertiary and quaternary tumors at distant sites in
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the body [5]. Imaging techniques provide an image of a visible tumor and it is the most common
method for cancer detection and subsequent diagnosis. These include Magnetic Resonance
Imaging (MRI), X-rays, CT scans and ultrasound [6]. Cancer diagnosis can also be performed
via the use of biopsies, genetic testing as well as fluorescent in situ hybridisation (FISH) [7].

Tumor formation is not exclusive to a particular site and the course of treatment depends on its
location, the type of cancer and the state of advancement [6]. Surgery is considered the first
treatment for the removal of solid, benign tumors in early stage cancers [6]. Other treatments
include radiation, which kills cancer cells by damaging the cell’s DNA, thereby preventing its
replication [6]. Chemotherapy is another treatment option; targeting rapidly growing cells i.e.
cancer cells [6]. More advanced therapeutics include gene therapy, viral therapy and

immunotherapy [7].
1.2 Malignant melanoma
1.2.1 Characterization

Malignant melanoma has a lower incidence rate than other cancer types but is the most
dangerous form of skin cancer as it causes the greatest number of skin-cancer related deaths
worldwide if left untreated. Malignant melanoma is metastatic, and has the ability to invade into
the skin, enter the blood stream or lymphatic system and spread to other parts of the body such as
the lungs, liver, bones and brain thus causing death. The global incidence of malignant
melanoma continues to increase, with 1 in every 3 cancer type diagnosed being skin cancer [8].
Malignant melanoma occurs within the skin, an organ consisting two layers; the epidermis (outer
layer) and the dermis (underneath) as seen in Figure 2. However, the cells which become
cancerous are known as the melanocytes (pigment-producing cells) and they are located in the
bottom layer of the skin’s epidermis, more specifically in the stratum basale. Neoplastic tumors
or neoplasms develop from these melanocytes which are cancerous [9]. Alterations in several
molecular pathways have been linked to the distinct characteristics of malignant melanoma and
have been reported to include: tyrosine kinase receptor (TKR) pathway, Ras/Raf, MEK/ERK
pathway, PI3K/Akt/ PTEN/ mTOR pathway, cell cycle regulation pathways, programmed cell

death pathways, common apoptosis effectors, protein chaperoning and degradation [10].
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Figure 2: The structure of the skin. The melanocytes are the pigment-producing cells situated
in the bottom layer of the skin’s epidermis, more specifically in the stratum basale. These cells

become cancerous in the case of malignant melanoma (http://www.cancerresearchuk.org/).
1.2.2 Signs, symptoms and risk factors

Malignant melanoma can develop anywhere on the human body, however they most often
develop in areas that are exposed to sunlight, such as the legs, arms, face and back. Melanoma
can however be found in areas that do not receive as much sun exposure, such as the soles of the
feet, palms as well as the fingernail bed and this is most commonly observed in darker skinned
individuals. The first signs and symptoms that arise with melanoma are the changes in an
existing mole or the developmemt of a new pigment or unusual- looking growth on the skin
according to the ABCDEs of melanoma [9] (Fig. 3).
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The two halves of the mole do not match.

The edges are Irregular or uneven
(scalloped, blurred, or notched).

Muitiple or changing shades of brown,
tan, black, red, blue, or pink are present.

Changes In appearance, such as size, shape,
or color and/or changes In symptoms,
such as bleeding, oozing, or Itching.

Figure 3: The ABCDEs of melanoma. The signs and symptoms that may assist in the early
detection of the disease according to the symmetry, border, colour and diamter of the mole
present on the skin. Obtained from (http://www.melanomauk.org.uk/wp-
content/uploads/2016/11/ABCDE-Melanoma.png)

One of the main risk factors for malignant melanoma is high exposure to ultraviolet light
from direct sunlight or from sunbeds. Other risk factors include: many moles present on the
skin, having fair skin that burns easily and does not tan, a history of sunburn especially in
childhood or adolescence, previously diagnosed with skin cancer or melanoma, a family

history of melanoma or other skin cancers and a weak immune system [11].
1.2.3 Diagnosis and staging

Melanoma can be diagnosed by observing the natural behaviour of the skin but a more
efficient method of diagnosis includes a biopsy, in which all or a part of the suspicious mole
or growth is removed and analysed. The next step after diagnosis is to determine the extent
(stage) of the cancer. The stage of melanoma describes how deeply it has ulcerated into the
skin, the thickness of the melanoma and whether it has spread to distant sites in the body

[11]. Melanoma can be staged according to four different systems however, in this



particular case the number stages will be used to describe the five main stages of melanoma
(Fig. 4). Stage 0 (in situ) melanoma describes the location of the tumor being limited to the
outer layer of the skin without the ability to spread, at this stage the tumor can be surgically
removed. Stage 1 (A and B) is considered early stage melanoma characterized by a growth
of less than 2mm thick. Stage 2 (A, B and C) melanoma is charaterised by a thickness of
more than 2 mm without any signs of spreading to the lymph nodes or other parts of the
body. Stage 3 (A, B and C) melanoma has now spread to nearby lymph nodes and has to be
removed. Stage 4 melanoma is the advanced/ late stage and the cancer has now spread to
other parts of the body, distant from the primary site of origin and to nearby lymph nodes
[11].
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Figure 4: The numerical staging of melanoma. At stage 0O, the tumor is confined to the
outer layer of the skin (epidermis). At stage 1, the tumor is less than 2mm thick with or
without ulceration (breakdown of the skin layer over the site of the melanoma). At stage 2,

the tumor is greater than 2 mm thick with or without ulceration. At stage 3 and 4, the tumor



has spread to the lymph nodes and other organs, respectively (http://www.hlifestyle.net/wp-

content/uploads/2015/05/Stage-0-4-melanoma-layers-diagram-Medium.jpg).
1.2.4 Treatment

The most effective treatment regime for malignant melanoma will depend on the size and
stage of the cancer as well as the state of the individual’s health and immune system. The
treatment for early stage melanoma includes surgery and therefore removal of the cancerous
mole and a section of the surrounding normal skin. No further treatment is usually required
at this stage as the melanoma is confined to the epidermis without further ulceration into the
skin and has not metastasised. Medium stage melanoma (stage 2 and 3) requires surgical
removal, followed by an additional operation referred to as a wide local excision to remove
more tissue and possible melanoma cells that may have been left behind in the area. In
conjuction to surgery, a sentinel node biopsy test may be performed to determine whether
the melanoma cells have metastasised into the nearby lymph nodes [11]. For advanced stage
melanoma, a combination of treatment regimes may be employed. The treatments include:
chemotherapy and radiotherapy which may help shrink the melanoma and relieve symptoms,
biological therapies such as interferon and interleukin 2 which may assist in shrinking and

controlling the melanoma for a short period of time [11].
1.3 Cancer
1.3.1 Molecular mechanism of cancer

Cancer is defined as the uncontrolled proliferation of cells due to the diminished levels of
apoptosis or programmed cell death, thus resulting in abnormal cellular growth [12, 13]. In
the cancerous state, damaged, old or abnormal cells survive whilst new cells divide
uncontrollably to form growths referred to as either a malignant tumor (invasive) or a benign
tumor (non-invasive). Cancer cells are not as specialized in terms of function in comparison
to normal cells and therefore have the ability to divide uncontrollably. The transformation
ability of a normal cell to a cancerous state is referred to as tumorigenesis, and it is
facilitated by several cellular alterations which can be collectively described as “the
hallmarks of cancer” (Fig. 5) [14].
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Figure 5: The hallmarks of cancer. The six hallmarks responsible for the transformation of

a normal cell into the tumorigenic state [14].
1.3.2 The hallmarks of cancer

In order for a normal cell to be transformed into the neoplastic state, the acquisition of six

essential traits are required- as descibed below (Fig. 5).
1.3.2.1 Cancer cells- sustaining proliferative signaling

Normal cells control the production and release of growth-promoting signals that direct entry
into and the progression through the cell’s growth-and-division cycle, thus ensuring homeostasis
of cell number, tissue arichitecture and cellular function [14]. However, cancer cells have the
ability to deregulate these signals and sustain chronic proliferation [14]. This may occur via the
following mechanisms: cancer cells may produce their own growth-factor ligands, allowing them
to respond via the expression of associated receptors, thus resulting in autocrine proliferative
stimulation [14]. Alternatively, cancer cells may stimulate the growth of normal cells within the
tumor-associated stroma by sending signals which in turn supply the cancerous cells with various
growth factors [15, 16]. The levels of receptor protein present on the cancer cell surface may be
elevated, rendering the cell hyper responsive to limiting amounts of growth factor ligand or
structural alterations in the receptor molecule which render the same outcome [14]. Furthermore,



somatic mutations in the B-Raf protein and Phosphoinositide 3- kinase (PI3-kinase) isoforms
may be responsible for the disruption of the Mitogen-activated protein (MAP) - kinase [17] and
PI13K signalling pathways [18], respectively.

1.3.2.2 Cancer cells- evading growth suppressors

Cancer cells have the ability of inducing and sustaining growth-stimulatory signals, however in
order for them to continuously grow and proliferate they must also be able to evade programs
that negatively regulate cell proliferation; many of which depend on the actions of tumor
suppressor genes [14]. The two key tumor suppressor genes: RB (retinoblastoma-associated) and
p53 operate as central control nodes which govern the decision of cells to proliferate or,

alternatively, activate cellular senescence and apoptosis [14].

The essential function of the RB protein is to integrate extracellular and intracellular signals and
in turn determine whether or not the cell qualifies to enter through the cell growth and cell
division cycles [19-21]. Defective RB proteins therefore allow cancer cells to proliferate
uncontrollably due to the lack of effective regulatory functions provided by the RB pathway
[14]. p53 on the other hand, receives stress and abnormality signals through the intracellular
sensors of the cell, which operate to halt further cell-cycle progression if excessive damage is
caused [14]. p53 is a pro-apoptotic member which induces apoptosis in response to excessive
damage to the genome and unfavourable cellular conditions. Cancer cells thereby have the ability

to evade the action of p53, allowing the cells to avoid apoptosis and continue proliferating [22].
1.3.2.3 Enabling replicative immortality

Normal, non-cancerous cells are able to undergo a limited number of growth and division cycles
due to the association with two key barriers to proliferation: senescence, the irreversible entrance
into the nonproliferative but viable state, and crisis, which involves cell death [14]. However,
tumorigenic cells are able to go through unlimited amounts of growth and division cycles thus
exhibiting unlimited replicative potential via the transition of immortilization [14]. According
to extensive lines of evidence, telomeres play a key role in immortilization, thus allowing for
unlimited proliferation [23]. Telomeres are composed of several tandem repeats and are
responsible for the protection of the ends of chromosomal DNA from damage such as end-to-end

fusions [23, 24]. Telomerase is a specialised RNA dependent DNA polymerase that adds
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telomere repeats to the ends of chromosomes, thereby preventing progressive telomere erosion
from occurring [14]. Furthermore, the length of telomeric DNA governs the number of
replicative cycles a cell can endure before erosion occurs and the protective function of the
telomere has been lost [14]. Therefore, cancerous cells exhibit a significantly increased level of
telomerase expression in comparison to the normal cell counterpart, thus reducing telomere
shortening and allowing cells to continually proliferate by avoiding senescence and crisis or

apoptosis [14].
1.3.2.4 Activating tissue adhesion and invasion - key components of metastasis

Tumor cells have the ability to selectively down-regulate and inactivate key cell-to-cell adhesion
molecules (CAMs) such as E-cadherins [14]. This occurs as E-cadherin has the ability to form
sheets of epithelial cells which are successfully kept in the quiescent state. Down-regulating the
expression of E-cadherin allows cells to advantageously undergo tumorigenic transformation
[25]. Specific proteases, such as collagenase are up-regulated in tumor cells, and this up-
regulation results in the degradation of the extracellular matrix (ECM), which in turn allows the
cancerous cells to migrate to and invade secondary organs via the degradation of the basal
lamina [26].

1.3.2.5 Induction of tumor angiogenesis

Tumor cells, like normal cells require a sustained source of nutrients and oxygen as well as the
removal of metabolic waste and carbon dioxide in order to grow and survive effectively [14].
During tumor progression, normal quiescent vasculature is continuously producing new vessels
in order to sustain the expansion of neoplastic growths, and this occurs as a result of the activated
“angiogenic switch” [27]. The angiogenic switch is governed by angiogenic regulators which are
signaling proteins that bind to stimulatory or inhibitory cell surface receptors. Therefore, in
tumor cells, the expression of the angiogenic inducer known as vascular endothelial growth
factor (VEGF) is deregulated allowing for the initiation and promotion of blood vessel formation
[28, 29]. The promoted blood vessel formation creates the vasculature required by the tumor for

nutrients and oxygen as well as waste disposal [29].
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1.3.2.6 Resisting cell death/ apoptosis

Apoptosis is referred to as programmed cell death and it acts as a natural barrier in the
prevention and development of cancer. The apoptotic process is triggered in response to cellular
stress and DNA damage, thereby maintaining a homeostatic environment within the cell [30].
Tumor cells are able to evade apoptosis and in this way, the tumor is able to extensively
proliferate and progress [30]. The loss or the deregulation of the p53 tumor suppressor gene
enables cancerous cells to avoid undergoing apoptosis and proliferate irrepressibly to form
aggressive tumors [31]. Additionally, in the tumorigenic state the cells up-regulate the expression
of anti-apoptotic factors and down-regulate the expression of pro-apoptotic factors in order to
evade apoptosis [32, 33]. Evasion of apoptosis by tumor cells has been implicated as the key
contributing factor in the aggressiveness of many cancer types [14], therefore it is crucial to
target the mechanisms that govern this hallmark with respect to cancer therapeutics- this being

the main focus of the present study.
1.3.3 Apoptosis

Apoptosis is a morphologically and biochemically well-ordered process of cell death that occurs
via a genetically determined cell suicide programme that serves an essential function in
embryonic development and maintenance of tissue homeostasis [34]. In contrast, necrosis is a
form of cell death that is considered as non-programmed. Apoptosis has been described by its
induced morphological characteristics, including DNA fragmentation and chromatin
condensation in early apoptosis and membrane blebbing, diminished membrane integrity and
alterations in the structure of cytoplasmic organelles in late apoptosis [34, 35]. The apoptotic
process is crucial from infancy throughout adulthood, but defects that arise in the apoptotic
pathways are known to contribute to several human diseases, including autoimmune diseases,
AIDS, neurodegenerative disorders and malignancy [36]. However, biochemical alterations to
the apoptotic cell include activation of caspases, protein and DNA breakdown and phagocytosis
as a result of membrane changes [37]. The membrane integrity of the cell is lost as it moves from
an early to a late apoptotic phase, thus resulting in the package of the cellular contents into
apoptotic bodies, stimulating phagocytosis of dead cells by macrophages without harming other
cells (Fig. 6) [37]. Apoptosis can be induced by internal stimuli such as DNA damage and

external stimuli such as oxidative stress [13]. The apoptotic machinery is composed of upstream

11



regulators and downstream effector components [30]. The regulators are divided into two key
circuits; one receiving and processing extracellular death-inducing signals (the extrinsic
apoptotic pathway) and the other pathway which senses and integrates a variety of signals of
intracellular origin (the intrinsic pathway). Each of the above described pathways, result in the
activation of the latent Cysteine- aspartic protease (caspase) 8 and 9, respectively [14]. The
family of proteases is abundant but in particular to the apoptotic pathways, caspase 8, 9 and 10
serve as initiator caspases and caspase 3, 6 and 7 function as the effector caspases [38]. Once
activated, a cascade of proteolysis is initiated involving effector casapases which are responsible
for the execution phase of apoptosis [14]. The intrinsic apoptotic pathway is widely implicated as

the barrier to cancer pathogenesis [14].
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Figure 6: The morphological and biochemical alterations in cells undergoing apoptosis.

Once apoptosis is induced, the cell begins to shrink and the DNA is fragmented. Thereafter,
membrane blebbing occurs and at a later stage phosphatidylserine (PS) is exposed on the
outer surface of the cell membrane. Through this process, dead cells can be recognised by
macrophages, allowing phagocytosis of the resultant apoptotic cells or cell bodies
(http://image.slidesharecdn.com/apoptosis-121108135829-phpapp01/95/apoptosis-3-
638.jpg?ch=1352383200).
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1.3.3.1 Death receptor-mediated (extrinsic) pathway

The extrinsic signalling pathway initiates apoptosis via transmembrane receptor-mediated
interactions which involve death receptors of the tumor necrosis factor (TNF) receptor gene
superfamily [39, 40]. Members of the TNF receptor family have a cytoplasmic domain made
up of 80 amino acids and it is referred to as the “death domain” [41]. The death domain
plays a role in transmitting the death signal from the cell surface to the intracellular
signaling pathways [39]. Some of the well-characterized ligands and corresponding death
receptors include Apo3L/DR3, Apo2L/DR4 and DR5, TNF-o/TNFR1 and FasL/FasR [41-
45]. However, the FasL/FasR and TNF-o/TNFR1 models best describe the sequence of
events that define the extrinsic phase of apoptosis. In these two models, the FasR and
TNFR1 receptors group and the homologous trimeric ligand FasL and TNF- o binds,
respectively, upon binding, cytoplamic adaptor proteins are recruited exhibiting a
corresponding death domain which binds to the receptor [39]. The binding of the Fas ligand
to the Fas receptor results in the subsequent binding of the FADD adaptor protein and the
binding of the TNF ligand to the TNF receptor resulting in the binding of the TRADD
adaptor protein with additional recruitment of FADD and RIP [39]. FADD then associates
with procaspase-9 through the dimerization of the death effector domain [39]. A death-
inducing signalling complex (DISC) is formed, leading to the activation of procaspase-8 via
auto-catalysis (Fig. 7) [39]. Upon activation of caspase-8, the execution phase of apoptosis is

triggered.

The extrinsic pathway can also be inhibited by certain factors such as the c-FLIP protein
which binds to FADD and caspase-8, rendering them ineffective. Another protein referred to

as Toso is seen to inhibit caspase-8 processing, via the Fas-induced apoptotic pathway [39].
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Figure 7: The two main apoptotic pathways by which programmed cell death occurs.

(http://www.impactaging.com/papers/v4/n5/full/100459/Figurel.jpg).
1.3.3.2 Mitochondrial-dependent (intrinsic) pathway

The intrinsic signaling pathway initiates apoptosis via a diverse collection of non-receptor-
mediated stimuli which produce intracellular signals that act directly on cellular targets [39].
These events are mitochondrial-dependent. The non-receptor-mediated stimuli produced
intracellular signals may act in either a negative or positive manner, with the negative
signals involving the absence of certain growth factors, hormones and cytokines [39]. This
can therefore lead to the failure in suppression of death programs, triggering apoptosis [39].
Several stimuli which act in a positive fashion include radiation, toxins, hypoxia,
hyperthermia, free radicals and viral infections [39]. These stimuli result in the change of the
inner mitochondrial membrane leading to the opening of the mitochondrial permeability
transition (MPT) pore, loss of mitochondrial transmembrane potential and the release of two
main groups of pro-apoptotic proteins from the intermembrane space and into the cytosol
[39]. The first group of proteins activate the caspase-dependent mitochondrial pathway and
they consist of cytochrome ¢, Smac/DIABLO, and the HtrA2/Omi serine protease [39].
Cytochrome c in particular, binds to and activates Apaf-1 and procaspase-9 forming an

apoptosome (Fig. 7) [46, 47]. The procaspase-9 protease forms a cluster, and activates
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caspase-9. Smac/DIABLO and HtrA2/Omi promote apoptosis by inhibiting the Inhibitors of
apoptosis proteins (IAP) activity [48, 49]. The second group of pro-apoptotic proteins are
released from the mitochondria during apoptosis, this occurs as a late event after the cells
have died [39]. These groups of proteins include AIF, CAD and endonuclease G [39]. AIF
translocates to the nucleas causing DNA fragmentation and condensation of peripheral
nuclear chromatin [50]. AIF and endonuclease G function in a caspase-independent manner.
Furthermore, CAD is released from the mitochondria where it translocates to the nucleas in

order to fragment DNA, after cleavage by caspase-3 [39].

The dysregulation of these apoptotic pathways has been implicated in several pathological
conditions such as cancer and neurodegenerative disorders as previously stated. Cancer is
seen to show low levels of apoptosis thus allowing abnormal cellular proliferation and
tumorigenesis- the main focus of the present study.

1.3.4 Relationship between apoptosis and cellular proliferation

Coordination and balance between apoptosis and cellular proliferation is crucial for tissue
homeostasis and 