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ABSTRACT
On a cellular level cancer is described as abnormal cellular growth resultmgufrcontrolled

cellular proliferation and reduced apoptosisan€eris seen as a nediscriminative disease,
therefore exhibiting high incidence and mortality rates. Additionally, cancer is classified as a
global burden inboth economically deveped and dveloping countries. fle 37kDa/67kDa
laminin receptor (LRP/LR)s seen to be ovasxpressed in tumor cells when compared to their
normal cell counterparts.hls receptothas beenmplicated in several tumourigenic processes
such as cell migration and adlas butimportantly for the present study, the maintenance of
cellular viability amd the evasion of apoptosis. The aim of pnesent studyas to investigatéhe

role of LRP/LR on the cellular viability oarly (A375) and late stage (A375SM) malignant
medanoma cellsFlow cytometry revealed that both malignant melanoma cell lines exhibit high
cell surface LRP/LR levels and with further analysis using median fluorescence intiengity,
observedthat A375SM cells contain approximately 86% more-salface LRP/LRthan A375

cells. In addition, wstern blotting and densitometric analysis suggested AB@5SM cells
contain 60% more total LRP/LRevels than A375 cells. Furthermore,estern blot analysis
revealed that targeting the mRNA of the 37kDa LRP usingRRspecific sSIRNA (Dharmacon
ON-TARGET Human RPSA) in A375 and A375SM cells led to significant dozgulation of

77% and 72% in LRP expression, respectively. Consequently, MTT assays showed that LRP
downregulation led tosignificant reductions of 47%and 61% in the viability of A375 and
A375SM cells, respectively. An alternative LERPecific SIRNA (Mission esiRNARPSA) was

used in order to confirm specificity and to exclude anytaffet effects of Dharmacon ON
TARGET Human RPSA for LRP. Confocal miscopy 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-teyutation.
AnnexinV/Pl assays coiimed this obsemtion, by revealing that A375 andi375SM cells
underwent apoptotic induction post LRP demgulationin comparison to the untreated cells
Additionally, caspas@ activity assays revealed that both cell lines experienced apoptotic
induction after siRNAmediated dowstegulation of LRP. Caspask and -9 activity assays
suggested that post LRP dowagulation; A375 cells undergo apoptosis solely via the extrinsic
pathway, while A375SM cells are thought to undergo apoptosis via the intriatiogy.
According toMunien et al, 2017137], application of the amriLRP/LR specific antibody 1gG1



iIS18 has ld to a significant reduction in metastatic potenthlA375 and A375SM malignant
melanoma cellén vitro. Therefore the aim of the presémtvivo study was tdurther investigate

the significance of blocking LRP/LR with the 1g&318 antibody and how this will be effective

in the treatment of malignant melanoimavivo usinga MF-1 nude micenodel The mice were
divided into three groups; witlintee mice eachlhis was followed by treatment gfoup 1with
0.885mg/ml of thelgG1-iS18 antibody intraperitoneally twice a week, group 2 was
administered withthe Phosphate Buffered SaliieBS) vehicle control solution and the last
group remainedintreated 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 volumearger thanhe other two micevhich were from the IgGiS18 treatment gnap.

When comparing the tumour formatidretween the untreated and treated grdbpre was a

large reduction in tumour weight and voluni® conclude, LRP/LR plays a criticable in the
maintenance of tumocellular viability and metastasisecommendingthis receptor & a
promising therapeutic target and proposing the potential use of siRNA 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 characterizegs the rapid establishment of abnormal cells that dreyond normal
measures thusivading and spreading to distant organs in the bHyCancer is seen to be one

of the leading causes of mortality and morbidity worldwide, accounting for 8.8 million deaths in
2015[1] andaccording to the World Canc&esearch Fund (WCRF), 14.1 million new cancer
cases were reported worldwide in 2012, of which 8 million occurred in economically developing
countries (82% of Thehestimatemunhbdrdf sanceralgatng im2012avas) .
8.2 million, and 6llowing 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 cancefrelated deaths [2].

Furthermore, ancer incidence rateme expected to increase by@@ver thenext 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].Transformationof normal cells into theumourigenic state is& multistep
process[l]. These changes occur as a result & ifiteraction betweegenetic factors and
external factors such as physical carcinogens which include ultraviolet radiation and ionizing
radiation,chemical carcinogens such as tobacco smoké&ydi@l components such agal or

bacterial infections as wedls theaging and growth of the world populatifi].

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

cancer deaths reportgl.

The present studipcuseson early (A375) and late (A375SM) stagaalignant melanoma which
was ranked 1worldwide in 2012 comibuting to 1.6% of the total mber 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 death&g¢dprding to the National

Cancer Rgistry, in South Africa in 2010, 551 males and 5f@9nales were diagnosed with



melanomaThese statistics exemplify the urgent need to develop novel therapeutic strategies to

combatthis deadly form of skircancer
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Figure 1. The number of worldwide @ncer cases diagnosed in 2012.

(http://www.wcrf.org/int/cancefactsfigures/worldwidedatg.

A significant proportion of the worldwide cancer burden is lifestyle related andsdeaturring

thereof may be prevented through the application of existing cancer controlekigew by
implementing progras for tobacco control, vaccinations as well as public health campaigns
encouraging physical activity and healthier lifestglehavior[1]. Early diagnosis of cancer is
alsopi votal to one6s anhgheldptospect of recoveanchthe lpreventiongf f or

metastasisind resultanformation of secondary, tertiary and quaternary tumors at distant sites in


http://www.wcrf.org/int/cancer-facts-figures/worldwide-data

the body{5]. Imagingtechniques provide an image of a visible tumor &mlthe most common
method for cancer detectiorand subsequent diagnosiBhese include Magnetic Resonance
Imaging (MRI), Xrays, CT scans and ultrasouf]. Cancer diagnosis can also be performed
via the use of biopsies, genetic testing as well as fluorescsituimybridisation (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 advancef@gn®urgery is considered the first
treatment for the removal of solid, benign tumors in early stage cajgdeSther treatments

includer adi ati on, which kil |l s ¢ anctremrby preventing itsby da
replication[6]. Chemotherapy is aher treatment option; targeting rapidly growing cells i.e.

cancer cells[6]. More advanced therapeutics include gene therapy, viral therapy and

immunotherapy7].
1.2 Malignant melanoma
1.2.1 Characterization

Malignant melanomahas a lower incidence mtthan other cancer typdsut is the most
dangerous form of skin cancer as it causes the greatest number -oaus&er related deaths
worldwide if left untreated. Malignant melanoma is metastaticlhas the ability to invade into

the skin, enter the bbal 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, witinevery 3 cancer typdiagnosed being skin cancei].[8
Malignant melanomaccurs within the skin, an organ consisting two layers; the epidermis (outer
layer) and the dermis (underneath) as seen in Figutdo®ever, the cells which become
cancerous are known as the melanocytes (pigm@aucing cells) andhey are located in the
bottom | ayer of the skinbés epider mis, more sp
or neoplasms develop from these melanocytes which are can¢@foidterations in sveral
molecular pathways have been linked to diinct characteristicef malignant melanomand

have been reportet include: tyrosine kinase receptor (TKR) pathway, Ras/Raf, MEK/ERK
pathway, PI3K/Akt/ PTEN/ mTOR pathway, celcle regulation pathwaygprogrammed cell

death pathways, common apopsosftfectors, protein chaperoning and degradation [10].
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Figure 2: The structure of the skin.The melanocytes atbe pigmerfproducing cellsituated
in the bottom | ayer of the skinds €hededellsr mi s,

become cancerous in tisase of malignant melama {ttp://www.cancerresearchuk.oyg/
1.2.2 Signs, symptoms and risk factors

Malignant melanoma can develop anywhere on the human body, however they ranst oft
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 mastrmmly 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 unusoaking growth on the skin
according tahe ABCDEs of melanomi@] (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, biue, 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 melanomaThe 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 ski®btained from(http://www.melanomauk.org.uk/wp
content/uploads/2016/11/ABCDEelanoma.pny

One of the main risk factors for malignant melanomaigh exposure to ultraviolet light

from direct sunlight or from sunbs. Other risk factors includeany moles present on the
skin, having fair skin that bos 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].
1.2.3Diagnosis and taging

Melanoma can be diagnosed biserving the natural behaviour of the skiat 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 detdenéx¢ent

(stage) of the cancer. The stage of melanoma describes how deeplylitdratednto the

skin, the thickness of the melanoma and whether it has spread to distant sites in the body

[11]. Melanoma can be staged aaling to four different syems lowever, in this



particular case the number stages will be used to describe thedinestages of melanoma

(Fig. 4). Stage 0if situ) melanoma describes the location of the tumor being limited to the
outer layer of the skin without the ability $pread, 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 sig 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 bodgistantfrom the primary site of origin and to nearby lymph nodes

[11].

Stage 4

: Stage2 |
 Tumor 1-4 mm deep !
Stage 0 I Stage1 | withulceration '

N
Spread to other organs A
Tumor confined : Tumor <1 mm deep | (0 >4 mm deep :
toepidermis | (with uiceration) | Without ulceration)

= EE W e i
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Figure 4: The numerical staging of melanomaAt stage 0, the tunmras confined to the
outer layer of the skin (epidermisht stage 1, the tunmras less than 2mnthick with or
without ulceration(breakdown of the skin layer over the site of the melanoAtagtage 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, respe¢hitpty/www.hlifestyle.net/wp

content/uploads/2015/05/Stafet-melanomdayersdiagramMedium.jpg.
1.2.4 Treatment

The most effective trément regimefor malignant melanoma will depend on the size and
stage of the cancer as well as the state of
treatment for early stage melanoma includes surgery and therefore removal of the cancerous
mole and asection of the surrounding normal skin. No further treatment is usually required

at ths 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) reggicas s
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 perfoongetdérmine whether

the melanoma cells have metastasised into the nearby lymph nodd=ojlddlanced stage
melanoma, a combination of treatment regimes maynp@layed. The treatments include:
chemotherapy and radiotherapy which may help shrink thenomla 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 defied as the wontrolled proliferation otells due to the diminished levels of
apoptosis or programmed cell death, thus resulting in abnormal cellular dd®yth3] In

the cancerous statelamaged, old or abnormal cells survive whitstw cells divide
uncontrollably to form growths refemego as either a malignant tumor (invasive) or a benign
tuma (nonrinvasive) Cancer cells are not as specialized in terms of function in comparison
to normal cellsand therefordhave the abilityto divide uncontrollall. The transformation
ability of a normal cell to a cancerous state is referred to as tumorigenesis, and it is
facilitated by several cellular alterations whictan be collectively described dshe
hall mar ks o83)[14.ancer o (Fi g.
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Figure 5: The hallmarks of cancer.The six hallmarks responsible for the transformation of

a normal cellmto 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 regred as descibed below (Fi§).
1.3.2.1 Cancer cellssustaining proliferative signaling

Normal cells control the production and release of grgevtimoting signals that direct entry
into and t he pr og rgewstsandaivision dyclepthug dnsuting Bomeostadsis 0 s
of cell number, tissue arichitecture and cellular function [Hgwever, 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 gréaetior ligands, allowing them

to respond via the expression of associated receptors, thus resulting in autocrine proliferative
stimulation [14]. Alternatively, cancer cells may stimulate the growthoofmal cells within the
tumorassociated 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 cdllyper esponsiveto limiting amounts of growth factor ligand or

structural alterations in the receptor molecule which render the same outcome [14]. Furthermore,



somatic mutations in the-Raf protein and Phosphoinositide Bnase (Pl&kinase) isoforms
may be regonsible for the disruption of the Mitogectivated protein (MAP) kinase [17] and
PI3K signalling pathways [18], respectively.

1.3.2.2 Cancer cellsevading growth suppressors

Cancer cellhave the ability of inducing and sustaining growtimulatorysignals, however in

order for them to continuously grow and proliferate they must also be able to meaams

that negatively regulate cell proliferation; many of which depend on the actions of tumor
suppressor genes [14]. The two key tumor suppregsues: RB (retinoblastoressociated) 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 integrateaeellular and intracellular signals and

in turn determine whether or not the cell qualifies to enter through the cell growth and cell
division cycles [11]. Defective RB proteins therefore allow cancer cells to proliferate
uncontrollably due to the ¢k of effective regulatory functions provided by the RB pathway
[14]. p53 on the other hand, recesvetress and abnormality signals through the intracellular
sensorf the cell,which operate to halt further calicle progression if excessive damage is
caused [14]. p53 is a papoptotic 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 apoptodis@ntinue proliferating [22].
1.3.2.3 Enabling replicative immortality

Normal, norcancerous 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 iiofevamgance

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 thensition of immortilization [14]. According

to extensive lines of evidence, telomeres play a key role in immortilization, thus allowing for
unlimited proliferation [2R Telomeres are composed of several tandem repeats and are
responsible for the prat@on of the ends of chromosomal DNA from damage such asoegrd

fusions [23, 24. Telomerase is a specialisd®NA dependent DNA polymerastat adds

9



telomere repeats to the ends of chromosomes, thereby preventing progressive telomere erosion
from occuring [14]. Furthermore, the length of telomeric DNA governs the number of
replicative cycles a cell caandurebefore erosion occurs and the protective function of the
telomere has been lost [14]. Therefore, cancerous cells exhibit a significantly idcieaseof
telomerase expression in comparison to the normal cell counterpart, thus redummegreel
shorteningand allowing cells to continually proliferate lavoiding senescence and crisis or

apoptosis [14].
1.3.2.4 Activating tissueadhesion andnvasion - key components of metastasis

Tumor cells have the ability to selectively dowegulate and inactivate key cédi-cell adhesion
molecules (CAMs) such as-&adherirs [14]. This occurs as ¥€adherin has the ability to form
sheets of epithelial cellshich are successfully kept in the quiescent state. Beagulating the
expression of Eadherin allows cells to advantageously undergo tumorigenic transformation
[25]. Specific proteases, such as collagenase aregybated 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, lile 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 prodeeingessels

in order to sustain the expansion of neoplastic growths, and this occurs as a result of the activated
Aangi ogenic switcho [27]. The angiogenic swit
signaling proteins that bind to stimulatory onhibitory 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 proma&d blood vessel formation creates the vasculature required by the tumor for

nutrients and oxygersawvell 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 bather in
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, thertis 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 [31Additionally, in thetumorigenic state the cells wpgulate the expression

of antiapoptotic factors and downegulate the expression of papoptotic factors in order to
evade apoptosis [32, 33]. Evasion of apoptosis by tumor cells has been implicated as the key
contributirg 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 therapleistiosing

the main focus of the present study.
1.3.3 Apoptosis

Apoptosis is anorplologically and biochemically welbrdered 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, neerosis is
form of cell deaththat is considered as ngmogrammed Apoptosis has been described by its
induced morphological characteristics, including DNA fragmentation and chromatin
condensation in early apoptosis and membrane blebbing, diminished membrarity iatet)
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 diseascluding 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 changeq.[3he 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 macrophagestwitrming other

cels (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
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regulators and downstream effector components [30]. The regulators mleddinto two key
circuits; one receiving and processing extracellular deathicing signals (the extrinsic
apoptotic pathway) and the other pathway which senses and integrates a variety of signals of
intracellular origin (the intrinsic pathway). Eachtbke above described pathways, result in the
adivation of the latent Cysteireaspartic proteasécaspase8 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 aspasesnd caspase 3, 6 and 7 functas the effector caspases [38]. Once
activated, a cascade of proteolysis is initiated involving effector casapases which are responsible
for the execution phase of agogis [14]. The intrinsic apoptotic pathway is dely 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 fragm€&hézdafter,
membrane blebbg occurs and at a later stage phosphatidylserine (PS) is exposed on the
outer surface ofite cell membrane. Through thisocess, dead cells can be recognised by
macrophages, allowing phagocytosis of the resultant apoptotic cells or cell bodies
(http://image.slidesharecdn.com/apoptdstd 108135829hpapp01/95/apoptoss
638.jpg?cb=1352383200
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1.3.3.1 Death receptommediated(extrinsic) pathway

The extrinsic signalling pathway initiates apoptosis via transmembrane renegl@ted
interactions which involve death receptors of the tumor necrosis factor (TNF) receptor gene
superfamily [39, 40]. Members of the TNF receptor fgrhave a cytoplasmic domain made

up of 80 amino acids and it is referred to
plays a role in transmitting the death signal from the cell surface to the intracellular
signaling pathways [39]. Some of the walhaacterized ligands and corresponding death
receptors include Apo3L/DR3, Apo2L/DRehd DR5 TNFU/ TNFR1 and +FaslL/ F;
45]. However, the FasL/FasR and TF TNFR1 model s best descri
events that define the extrinsic phase of apoptosighése two modelghe FasR and

TNFR1 receptors group and the homologous trimeric lighiaslL and TNFU bi nds,
respectively upon binding cytoplamic adptor proteins are recruitecgexhibiting a
corresponding death domain which binds to the receptor T8@].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 FARIDd RIP [39]. FADD then associates

with procaspas® through the dimerization of the death effector domain [39]. A death
inducing signalling complex (DISC) is formed, leading to the activation of prasa8pvia
autocatalysis (Fig7) [39]. Upon activabn of caspas@8, the execution phase of apoptosis is

triggered.

The extrinsic pathway can also be inhibited by certain factors such asFHe @rotein
which binds to FADD and caspa8erendering them ineffective. Another protein referred to

as Tosos seen to inhibit caspa8eprocessing, via the Fasduced apoptotic pathway [39].
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Figure 7: The two main apoptotic pathways by whictprogrammed cell deathoccurs.

(http://mww.impactaging.com/papers/v4/n5/full/100459/Figurel.jpg
1.3.3.2 Mitochondrialdependent (intrinsic) pathway

The intrinsicsignalingpathway initiates apoptosis via a diverse collection of-remeptor
mediated stimuli which produce intracellular sigriaiat act directly on cellular targets [39].
These events are mitochondrtdpendent. The nemeceptormediated stimuli produced
intracellular signals may act in either a negative or positive manner, with the negative
signals involving the absence of @nt 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 rachls 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 preapoptotic proteins from the intermembrane space and into the cytosol
[39]. The first group of proteins activate the casgiegendent mitochondrial pathway and
they consist of cytochrome ¢, Smac/DIABLO, and the HtrA2/Omi serine prot88e [
Cytochrome c in particular, binds to and activates Apaind procaspas® forming an

apoptosome (Fig7) [46, 47]. The procaspa$eproteaseforms a clusterand activates

14


http://www.impactaging.com/papers/v4/n5/full/100459/Figure1.jpg

caspas®. Smac/DIABLO and HtrA2/Omi promote apoptosis by inhibiting the Indib of
apoptosis proteins (IAP) activity [48, 49]. The second group ofapaptotic proteins are
released from the mitochondria during apoptosis, this occurs as a late event after the cells
have died [39]These groups of proteins includé-, CAD and exdonuclease G [39]. AlF
translocates to the nucleas causing DNA fragmentation and condensation of peripheral
nuclear chromatin [50]. AlIF and endonuclease G function in a casp#sgendent manner.
Furthermore, CAD is released from the mitochondria witeranslocates to the nucleas in

order to fragment DNA, after cleavage by caspgafg9].

The dysregulation of these apoptotic pathways has been implicated in several pathological
conditions such as cancer and neurodegenerative disorders as previtesly Gancer is

seen to show low levels of apoptosis thus allowing abnormal cellular proliferation and
tumorigenesisthe main focus of the present study.

1.3.4 Relationship between apoptosis and cellular proliferation

Coordination and balance betweapoptosis and cellular proliferan is crucial for tissue
homeostasis and normal development in the adult [51]. Therefore apoptosis is responsible
for the loss of damaged cells via the reduction in cell number, thus ensuring a balance in cell
numbers [52 Cell proliferation, differentiation and death are fundamental for the
functioning of multicellular organisms and therefore several lines of evidence link the
process of apoptosis and proliferation. Several genes including oncogenes, are involved in
the regulation of the cell cycle as well as being pivotal to the induction of apoptosis and
proliferation; such genes includefas, cjun, cmyc and p53 [52]. Important for the
association between cell death and cellular proliferation is the tumor suppyessop53,

whose essential role is to maintain genomic integrityegylatingcells in the GiS and G2

M checkpoints of the cell cycle (Fig) [52]. This is done in order to prevent abnormal cells
from progressing through the cell cycle, and this is e@d via the detection of

unfavourable genomic alterations [53].
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Figure 8: Stages of the cell cyclePhase 0/Gap O is the stage at which the cells are
metabolically active but quiescent. In order for inactive quiescent cells to enter ir@d the
phase, stimulated entry by growth factors and nutrients must be employed in order to
generate extracellular signals. Cells then progress to the S phase where they undergo DNA
replication which permits entry into the G2 phaisewhich cells increase isize as well as
synthesize proteins required for the mitotic (M) phase. In the M phase the cells duplicate via
mitosis to form identical daughter cells. There are 2 crucial cpetks within the cell

cycle that ensure the orderly progression of cefisuph the distinct phases in the cell cycle

and these are the & and G2V checkpoints.
(http://images.tutorvista.com/cms/images/123fcgtlle2.PNG

p53 becomes activated in one of the following ways when an apoptotic promoting signal
Is detected; 1) activation of ARF or 2) inhibition of MDM2 [54]. Rypoptotic genes such

as Bax and CD95 are activated upon p53 activation. p53 induces apoptosis via
mitochondrial interactions that promote the release of cytochrome ¢ which isapquotic
molecule [55]. When thBaxgene is directly activated by p53, the Bcbncogene becomes
inhibited, thus hampering the inhibition of Smaa proapoptotic IAR neutralising
molecule [55]. Hence, apoptosis is induced by the activation of a cascadspakes, as a

result of the interaction that occurs between Smac and cytochrdfg 8)([55].
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Figure 9: The role of p53 in apoptotic induction Once an apoptotic signal is detected,

p53 becomes activated, subsequently activaiag This causes aactivation of Smac via

Bcl-2 inhibition. Consequently, inhibitors of apoptosis (IAPs) become inactivated. The pro
apoptotic, cytochrome ¢ molecule is then released from the mitochondrion upon detection of
an apoptotic signal. Smac and cytochrome c intdraorder to induce apoptosis via the
intrinsic pathway. The apoptosisduction process is prevented if mutations in the p53 gene
are present, thereby promoting the tumorigenic phenotype

(https://lwebhome.weizmann.ac.il/home/ligivol/apoptosis_project/apoptodis.jpg
1.3.5 Relationship between apoptosis and tumorigenesis

As previously mentioned, the occurrence and regulation of apoptosis relies exclusively on
genes, thus making the process of cell death highly vulnerable to genetic mutations. The
deregulation or suppression of apoptosis therefore contributes to carcinogenesis and the
disruption of homeostasis via the aberrant expression of specific genes. Téisrthallows

for an increase is cellular life span, grovi#ttctor independent cell survival and ultimately
permitting uncontrolled ckllar proliferation. Threeprotein familiesresponsible for these
processeare discussed below.
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1.3.5.1 Bci2 family of proteins

This protein family is made up of 15 B2lfamily members, which include papoptotic and
antrapoptotic proteins that are crucial for the regulation of apoptosis [56]. According to studies
conductedpcl-2 does not exhibit the behavioural chaexistics of a normal oncogenastead

of disrupting normaproliferation controls, BeR promotes cell survival by blocking apoptosis

[57, 58, 59]. Many cancer types have been characterised by the altered expression of the genes
encoding for these prates [13]. The oveexpression of BeR has been shown to contribute to

the evasion of apoptosis by breast, brain [60] and prostate [61] cancers. Further studies have
suggested that owexxpression of the B& proteins by cells, allows for the acquired tirdiug

resistant phenotype, thereby aiding cells in tumorigenesis [62].
1.3.5.2 Tumor necrosis factor (TNF) family of proteins

Tumor cells often avoid the death receptediated (extrinsic) pathway that induces apoptosis
as a result of resistance to kegmponents that are involved in this cell death pathway. The
caspase homolog=-Hlip is an inhibitor of the death receptor pathway and has therefore been
implicated in the occurrence of a variety of cancer types [63]. These inhibitors compete with
caspase for binding to FADD, thereby inhibiting apoptosis and resulting in the formation of a
Fasresistant tumor [63]. The resultant tumors benefit from this resistance by having the ability
to evade apoptosis in the presence of theligasd [63]. The resistece to Fagnables cells to
express the Fas ligand on the cell surface without inflicting any harm on themselves, thus

enhancing tumor progression [64].
1.3.5.3 Inhibitor of apoptosis (IAP) family of proteins

The IAP family has been suggested to interadgth certain caspases and inhibit thenop
apoptotic function. Pteinsthat formpart of the IAP family includeSurvivin, clAP1, clAP2

and XIAP [65]. The IAP proteins have been seen to interact with Smac/DIABLO and HtrA2,
thus leading to the activatiarf caspases and the induction of jafmptotic events [65]. Little

is known about the expression pattern of genesding IAPs in tumorigenic cell$jowever

the dysregulation of this expression has been implicated in many cancer types. In particular, the
overexpression of Survivin and XIAP have been found in-arall cell lung carcinomas [66]
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and the oveexpression of the IAPs such as Livin and Apollon have been identified in

melanoma cells [67] and gliomas [68], respectively.
1.3.6 The extracellularmatrix (ECM)
1.3.6.1 The family of laminins

Laminins are nostollagenous glycoproteins with common as well as specific functions [69].
Laminins play a major role in the formation of the extracellular matrix (ECM), thus assisting in
holding cells and tissgetogether [69]. The ECM is crucial in that it serves the principal
function of supplyingand ceordinating signals thategulate efficient cellular functions, direct
and control cell migratianensure that the cells receithe adequate receptorediated
provision of nutrients and facilitate celell associations [70]. Furthermore, the ECM is
composed of two essential domains, namely: the basemenibraee and the condensed layer
known asthe matix [71]. Other components thdbrm the basement membranee ahe
proteoglycans, matrix metalloproteinases (MMPs) and a selection of glycoproteins such as
integrins, elastin, fibronectins, collagens and specific to this study, the family of laminins [70,
71].

Laminin-1 is composed of three chains name-, U & n d chains (Fig.10), which are
constituted by three disulfidinked polypeptides and assembled differentially to form 17
heterotrimeric laminin isoforms [72]. The heterotrimeric laminin isoforms can bind several
ECM components such as coldag entactin, proteoglycans and integrins [72]. One of the most
important functions of laminin is to interact with receptors which are anchored in the plasma
membrane of cells adjacent to basement membranes [69]. However, laminins have also been
identified to play key roles in processes such as adhd3i®ln cell migration [74], netite
outgrowth [75], cell differentiation and proliferation [76] and tumorigenic processes such as

metastasis and angiogenesis [77].

As previously mentioned, laminins contagceptof binding sites, one such receptor is the 37
kDa/67-kDa norintegrin laminin receptor precursor/ higlffinity laminin receptor (LRP/LR)
[78] - which is of particular importance to this study.
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Figure 10: The structure of laminin-1. Laminins are composed of}, - &nd 9
chainswhich are stabilized by interchain disulphide bondsminins serve to bind
several ECM molecules such as collagen 1V, heparin and enéasctvell as a group of

cell surface receptorsitps://bshial3.files.wordpress.com/2009/05/laminir).jpg

1.3.7 The 37kDa/67-kDa laminin receptor precursor/ high affinity laminin receptor
(LR/LR)

The 37kDa/67-kDa laminin receptor (LRP/LR) is mortrintegrin cell surface glycoprein
that interacts with several ECM proteifdore importantly, LRP/LR binds to itgrimary
ligand lamininrl, with high affinity [79]. LRP/LR is a transmembrane receptor with a length
of 295 amino acig andconsistsof three domains; the #érminal intrac#ular cytosolic
domain, the transmembrane domain and tHer@inal extracellular domain which contains
binding sites for laminifl, carbohydrates, elastin, prion proteins and IgG antibg¢Higs11)
[80]. The 37#kDa LRP is thoughto be the precursor dhe 67kDa highaffinity laminin
receptor LR, however the exact mechanism by which the prectosus the receptor is

unknown [8]. Early studies speculate that this mechanism may entail the process of
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homodimerization that occurs via several goashshtional modifications [81], however when

a yeast two hybrid study showed failure of LRP to interact with itself and dimerize, this study
was disproved [82]. Additional studies have suggested the process of fatty acylation by fatty
acids such as oleate dearate as the key modification that results in the maturation of the 37
kDa LRP into the67-kDa LR form [83]. Recent studies have proposed the mechanism of
SUMOylation of LRP as the modification that results in the maturation of tHDa7LRP

into the LR form. LRP is thereforea target for small ubiquitiike modifier (SUMO)
proteins that have the potential to form oligomeric chains [84, 85].

When LRP/LR is found as a transmembrane receptor, it plays physiological roles in processes
such as migratiorgell adhesion, proliferation, and the maintenance of cellular viability [78].
However, LRP/LR can also be lots#d in the nucleus and cytosghere it is involved in the
maintenance of nuclear structures and translational processes, respectively). [B6e
receptor is seen to be overexpressedhe surface of tumorigenic cells such as cervical, lung
Jprostatecolon [97, breastoesophageal [93] and liver cancer cells][9hus contributing to

the process of cellular transformation in terms of tumeasion and metastasis. Incubation of

the alove mentioned metastatic cancer calith the antiLRP/LR- specific antibody 1gG1

IS18 resulted in significant reductions in adhesion and invasion, the two crucial steps of
metastasis [994]. LRP/LR has alsoden shown to play a role in angiogeneaisjmportant
hallmark of cancer. Wen blood vessels were treaiadvitro with the antiLRP/LR- specific
antibody W3, blood vessel formation was significantly impeded [2BP/LR has been
implicated as a key coiibutor to the pathogenesis of viral and bacterial infections [96], prion
protein related diseases [97], neurodegenerative diseases sAch ash e idisemse 98

102] as well as enhancing telomerase activjiy03] through the overexpression of
LRP::FLAG [104] which is seen to play a role in th@ogressionof the above mentioned

disease§l05] as well axhemotherapresistance in some cancers
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Figure 11: Sructural representation of the 37 kDa/ 67 kDa laminin receptor
(LRP/LR). This transmembrane recep consists of 295 amino acids and comprises three
domains: the intracellular cytosolic -férminal domain (blue), transmembrane domain
(maroon) and the extracellulart€rminal domain (purple). The amino acid region-180
serves as a binding site formain-1 and heparin and amino acid region 228D is the IgG

antibody binding domain [§0
1.3.8 LRP/LR and evasion of apoptosis

LRP/LR plays a role in the maintenance of cell viability, as previously st&adcerous

cells strive to avoid cell death atfie overexpression of LRP/LR assists cancer cells in this
regard by interacting with the Midkine proteim growth factor that enhances cell migration
and promotes cellulgsroliferation and survival [1J6 The Midkine protein assists LRP/LR

in binding tothe nuclear envelope and chromatin during interphase of the cell cycle in order

to stabilize chromosomes, thereby assisting innta@ing cellular viability [106 Focal
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Adhesion Kinases (FAKSs) interact with LRP/LR as a result of the LRP/ERiinin
interaction [80]. This interaction activates survival pathways of-kMase/AKT and
MEK/ERK1/2 as well as the upegulation of the amd@poptotic Bcl2 protein which is
involved in both intrinsic and extrinsic pathways. This process inhibits apoptosis ZBg. 1
[80]. LRP/LR upregulation in cancer cells facilitates tumor enhancement and progression
by promoting apoptotic evasion [1PA study involving the usefesmall interfering RNAs
(siRNA) directed towards the mRNA of the -3kDa LRPin liver (Hep3b) cacer cells
confirmed the role played by LRP/LR the inhibition of apoptosis [1Q.7Recent studies
indicatedthat LRP/LR does indeed play a role in inducing apoptosis and this was observed
by the downregulation of LRP expression using SiRNAMR 1 in breat and oesophageal
[108], cervical (HelLa) andlung (A549) [109] as well as pancreatic (AsPg and
neuroblastoma (IMR32) cancer cell$110] (Fig. 12A(D)).
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Figure 12A: The role of LRP/LR in tumorigenesis. A) Several cancer cells exhibit an

overexpression of LRP/LR in comparison to their normal cell counterparts. B) Up
regulation of LRP/LR in tumor cells facilitates an increased binding of the receptor to

laminin-1 in the basement membrane (adhesion), leading to the activation of type IV
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collagenasetriggering the degradation of type IV collagen in the basement membrane
therefore allowing tumor cells to invade organs (invasidime key events in metastasis,
adhesion and invasioare impeded upon blockage of LRP/LR with the -ARP/LR-
specific antilody IgGLiS18. C) Increased levels of LRP expression have been implicated in
the formation of endothelial tubes, thus suggesting that the receptor plays a pivotal role in
tumor angiogenesis. DPf particular importance to this studyumor cells survive by
evading apojosis; however the use of siRN#argeted to LRP/LR successfully induced
apoptosis in certain cancer types by LRP deegulation (Adapted frondovanovic et al,
2015[80]).
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Figure 12B: Schematic representation oflie role performed by LRP/LR in extrinsic

and intrinsic apoptotic pathways. Specific triggersignals are required by each pathway
initiate an energylependent molecular cascade of events. The extrinsic pathway is activated
through the binding of ligands to surface rdoep and for the intrinsic pathway, internal

threats result in the release of intracellular proteins. The executioner caspases are then

24



activated, resulting in characteristic morphological features within the execution pathway.
These include: cell shrinkagformation of cytoplasmic blepshromatin condensation and
apoptotic bodies. The bindingf LRP/LR to laminin, activates the PI3K/Akt and
Mek/Erk1/2 survival pathways, increasing Etllevels and inhibiting caspa8e and
caspaseé. There are several @hpathways by which apoptosis can be induced that are
caspase dependent, however only the extrinsic and intrinsic pathways have been depicted
here. (Adapted fromdovanovic et al, 2015 [80])

Due to the affirmation that LRP/LR plays a critical role in mtaining cellular viability, this
receptor can therefore act as a target fer development of possible therapeutics for the

treatment of cancer.
1.3.9 RNA interference

RNA interference/ silencing refers to gene regulatory mechanism in which small; 0

30- nucleotide noncoding RNA and their associated proteins control the expression of
geneticinformation [11]. RNA interference events have been described in the ityagdr
eukaryotic organisms [112]. Theene silencing functions to limit tHevel of trarscription

by either suppressing transcription (by a process referred to as transcriptional gene silencing
(TGS)) or by activating a sequencgpecific process of RNA degradation (by a process
referred to as posttranscriptional gene silencing (PT@8NA interference (RNAI)) [11]2

This mechanism of regulation is employed by small interfering RNAs (siRNAs), which are
double stranded RNA (dsRNA) molecules that aid in the degradation of sequences that are
complementary to andoresent in the target mRPN [113]. During the process of
PTGS/RNAI, the dsRNA molecules, cleave the inducer molecutessmaller fragments,
degradingthe target mMRNA molecules by serving as the activatars inducers of this
process [11R The process of RNAI controlsnany crucal processes such as tissue
differentiation, heterochromatin formation, cell proliferation as well as cell growth however,

if this process is dysregulated it can be linked to the formation of neurological disorders,

cardiovascular dissa and several candgpes [114

In order to assist in the effective functioning of the PTGS/RNAI process, two enzyme

complexes, namely Dicer drRISC are of importance (Fi@3) [115.
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Dicer is an enzyme that forms part of the RNase Il nuclease family and voiseal in the
initiation of the PTGS/RNAI process, while bgirhighly specific for dsRNA [11]2
Functionally, the dimeric Dicer folds onto dsRNA, cleaving it into short nucleotide duplexes;
known as small interfering ribonucleic acids (SIRNAs) of approieitya21-23 bp in length,
with 36 overnhuan geso tao fd-pds o &3 a twgdrokyhtansird [(®14.

Research by Hammonet al, (2000)[115] indicated that targeting endogenous genes of
Drosophila S2 cellsn a sequencspecific manner coulthe achieved by transfecting these
cells with dsRNA. Due to the inability of these cells to degrade the target mRNA when
treated with C&- dependent nuclease (abledegrade DNA and RNA), indicates that RNA

is an essential component bktnuclease aciity which leads to the degdation of the target
MRNA [115. This nuclease activity is referred to as the RiNAuced silencing complex
(RISC).

1.3.9.1The mechanism of RNA interference

Several aspects of the PTGS/RNAI machinery are unknown, howevendblkanism has

become evident and it is incorporated into three essential steps:

Step 1 (RNAI initiating step): the RNA nuclease Dicer binds to a large dsRNA molecule and
cleaves it into fragments that a2&-25 nucleotides in length [1Q9Thesefragmentsare the
SsiRNAs (Fig.13A).

Step 2 ( Effector step): the siRNAs join to the multinuclease complex: RISC. The siRNAs

form doubles t r anded, dupl exed s t-nuaeotideuaoveetsa ncgosn sa msd i 5
phosphate terminias preiously described117]. In this organisation, siRNAcannot be
incorporated into RISC117]. The siRNAs unwind and incorporate ATP in order to allow for

the enzymatic activation of RISC zymogens. The outcome of this is the residing attachment of

the most stable siRA with the RISC complex (Fig13B) [118.

Step 3 (Gene silenanstep): this step is charateis by the ativated RISC complex
accompanied by the bound, stable siRNA strandléaving the target mRNA (Fidl3C)

[112]. The target mMRNA is understood to be endonuclesdily cleaved at the central and
complementary region of siRNA, which is located 10 nucleotides upstream from the paired
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nuclot i de at t he 4d.iT&detAIRBIA dedvage oad ocudid the absence of
ATP, but if ATP is present the cleaved protduare relesed with greater efficrecy [117.
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Figure 13: The mechanism of RNA interferenceA) Dicer binds to and cleaves
dsRNA into siRNA fragments. B) RISC incorporates siRNA and binds to
complementary sequences of mMRNA. C) After bindihg, activated RISC facilitates
the cleavage and degradation of target MRNA

(http://eng.thesaurus.rusnano.com/upload/iblock/775/RMNérference_1.jpg
1.3.9.2Applications of RNA interference

The process of RNAI has become popular in terms of being a kelyamism for future
biological applications thatan be easilyapplied [112 RNAi technology has been

proven to be useful in analysing the functions of seveealeg ina wide variety of
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organisms [11R In one instance, chromosome | and lli@kleganshas been screened

by RNAI to identify the genes involved in cell divisi@nd embryonic development [120,
121], and whole genome screening by RNAiI may become cmmm the near future.
Additionally, RNAiI may facilitate drug screening and development by identifying genes
that can explain drug resistance or genes whose mutant phenotypes are enhanced by drug
treatment, and in particular providing the modes of actidhese therapeutic compounds
[112]. Due to the gene specific features of RNA interference, it has gained an increasing
amount of attention as a possible therapeutic with dsg@ar geneelated ailments [132

such as virabased infections, genetic andteimmune diseases and in particular cancer.
siRNA gene silencingn vitro is easily achievable, howeven, vivo studies prove to be a
continuous challenge mainly due to -tdfget effects that negatively impact healthy,
normal cells. Although challengingRNA interferencebased therapeutics have been
developed to treat HIV and the hepatitis virus [120] as well as neurodageee
disorders and cancer [1R4
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Chapter 2: Rationale, Hypothesis, Aimand Objectives

2.1 Rationale and research quegin

The 3%kDa/67kDa laminin receptor (LRP/LR) has been observed to be-exgressed in
several tumor cell types in comparison to their normal cell counterparts. Thexgression of
this receptor has been identified as a key factor in tumor prognegsiadhe maintenance of
tumor cell viability. It is evident that LRP/LR plays a critical role in enhancing tumor cell
viability as indicated by the reduction in cellular viability upon denegulation of this receptor.
According to previously published usties, it has been proven that siRI#ediated down
regulation of LRP/LR led to reductions in the viability of bre@dCF-7), oesophagegdMDA -

MB 231 and WHCO1])108], lung (A549), cervical (HeLa)iver (Hep3B)[109], pancreatic and
neuroblastoma [110fkancer cells via apoptotic induction. These findings encouraged the
guestion whether dowregulation of the LRP/LR receptor via siRNAediated action will
induce apoptosis in early (A375) and late (A375SM) stage malignant melanoma cells through the
reductionin their viability, and to determine if apoptosis is the primary form of cell death

responsible for the reduction in tumor cell viability.
2.2 Hypothesis

siRNA-mediated dowsregulation of the LRP/LR receptor will significantly reduce the viability

of early and late stage malignant melanoma cells via the induction of apoptosis.
2.3 Aim

To investigate how siRNAnediated dowsregulation of the 37kDa/67kDa laminin receptor
(LRP/LR) influences the cellular viability of early (A375) and late (A375SM) stagegmeatit
melanoma cells and to determine which mode of cell death is induced by thigemuation.

2.4 Objectives
1 To determine cell surface LRP/LR levels in the abmentioned cell lines by flow
cytometry (FACS analysis).
1 To determine endogenous LRP/LRvéés in the abowenentoned cell lines by

performing vestern blotting and densitometric analysis.
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To successfully dowanegulate the expression of LRP/LR in the cell lines mentioned via
cell transfection with siRNA targeted to LRP mRNA.

To detect siRNAmedated LRP/LR downregulation by use of @stern blotting.

To analyse the effect of siRNMediated dowsregulation on the cellular viability of the
above mentioned cell lines using MTT assays.

To assess the induction of any nuclear morphological changessiRbiA treatment
targeting LRP/LR in the aformentioned cell lines using immunofluorescence
microscopy with the addition of the Airyscan processing tool.

To assess possible apopteasiducing effects of siRNAnediated LRP/LR down
regulation by use of Arexin-V-FITC/PI assays as well as caspdsassays.

To analyse the specific pathways utilised by the akloeationed cell lines to undergo

siRNA-assisted apoptotic induction by performing casghaad caspas@ assays.
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Chapter 3: Materials and Methods
3.1 Cell culture

3.1.1 Cell lines

The following cell lines used were commercially available and established (REfF W
1408041):

| A375 (ATCC® CRL-1 6 1 9 Hyman malignant melanomalerived froma 54
year old femaleand clasified asearly stage melanoma with low metastatic and
invasive propertieslue to decreased levels of the extracellular matrix (ECM)
glycoprotein, Tenascin (TN) [122]

1 A375SM (ATCC°CRL-1 6 1 9 E) : Hu man ma-lderiged fomada54 me | an c
year old femaleand classified asate stage melanoma with high metastatic and
invasive propertieslue to elevated expressidevels of the extracellular matrix
(ECM) glycoprotein, Tenascin (TN) [122].

3.1.2 Cell culture media and method of cultivation
The base medium fothese two cell lines s Dul beccods Modi fied
(DMEM)/ High Glucose. For complete growth media, the abmemtioned mediavas

supplemented with:

1 10% Fetal bovine serum (FBS heat inactivated.

1 1% Penicillin/Streptomycin antibiotic

Both cell lines werecultivated in the media described above. The aedise cultured on
cell culture plates ditasks in an incubator with a set teampture of 37°C an% CGQ in
order to mimicin vivo conditions. Cellsvere subcultured when a confluency of 90
was reached or twice a weekeeding and subulturing involved the removal of the cell
culture mediaand washingof the cells with 5ml phosphate buffered saline (PBS) to
remove the excess media. The adherent ealedetached using 1X TrypsiBDTA ard

incubated for approximately 10 minutes aeguspended ifresh media.

31



3.1.3Cryopreservation and storage of cells

The process of cryopreservation invalveell detachment using 1X TrypgEDTA post
washing of the cells with PBS. The celerere-suspended in the full growth media and
centrifuged at 1200 rprior 10 minutes. The supernatams discarded and the pellet was
re-suspended in fresh warmed cell culture medium. Additionally, 10% FBS and 10%
DMSO wasadded to constitute thepecific freezing mediumFollowing resuspension,
cells in 1 ml aliquotsnvere incubated overnight a0 °C prior to being incubated at

7 0 eT@e cellswere thertransferred to and stored in liquid nitrogen until required.

3.1.4Thawing of cells

In the case thaa cryopreserved stock of cells waseded, Inl of fresh culture media
was prewarmed at 37°Gand used to thaw the Inl frozen cell stock. The resulting
suspensiomwas centrifuged at 1200 rpm for 10 minutes. The supernatastdiscarded

and the pellete-suspended in fresh media containing an additional 10% FBS. The cells

wereleft to attach differentiateand grow at 37°C as previously stated.
3.1.5Quantification of cultured cells

In order toensure that a constant number of celsre usedto obtaina specific cell
density for theexperimental proceduresell countingwasperformedon both cell lines,
in order to allow for an effective comparisdrhe BIORAD TC20 cell counterwasused
to perform cell quantification antb observe percentage cell vilily using the Trypan
blue staining solutionTrypan blue in principal stains dead cells blue and the viable cells

appear clear.

The cellswere washed with PBSdetached usindlX TrypsifEDTA and then re-

suspended in the culture media. An aliquot of 1@qll suspensionmvascombined with
10 pl Trypan bluestainingsolution. Thereafter, 10l of the mixturewasplaced on the
cell counting plateOnce cell quantificatiorwas completethe cellswere diluted to a

required density, using warmeall culturemedia
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3.2 siRNA-mediated downregulation of the laminin receptor (LRP/LR)
3.2.1 Materials

24-well and 6well plates

Dhar ma cQN{fTEARGETplus SMARTpool Human RPSAtargeted to
LRP/LR)*

esiRNARLUC (employed as a negative control)

]

DharmaFECT Transfection Ragent

MISSION® esiRNARPSA (targeted to LRP/LR)
MISSION® esiRNARLUC (negative controf)
MISSION® Transfection Reagent

Serumfree OptiMEM®

= =4 4 4 A -2

*. These treatmentsvere used following the transfection procedure ddssxli in
section 3.2.2 below foBEDSPAGE/ western blotting and MTT assaymly; as a
means of eliminating any off target effects that may arise upon transfection

3.2.2 Transfection procedure

Cells were seeded ato the appropriate plates apecific densities depending dhe
experiment or assay performed. The celreleft to growovernightto a confluency of
approximately40-55% before transfectiowasperformed. The target siRNAand the
negative control siRNA sverediluted in specified amounts of sertfnee Opti-MEM®
(as per Appendix A), prior to being added to the cells. The celere further
supplementedwith the respectivetransfection reagent in order to facilitate the
transfection procedur@he platesvere thenncubated at 37°C for 72 hours to allow for

the transfetion to take place prior to tldownstream experimental procedures
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3.3 Protein biochemistry
3.3.1 Preparation of cell lysates
3.3.1.1Materials
1 Cell scrapers
1 Phosphate buffered saline (1X PBS)
1 1X RIPA buffer (10mM TrisCl (pH 8), 10mM EDTA, 300mM NacCl,% sodium
deoxycholatdDOC), 1% Triton-X, 0.1% SD$

3.3.1.2 Methodology

The attached cellwerewashedwith PBS and then incubated 0@l of RIPA buffer

for 2 minutes, prior to cell detachment and membrane disruption using a cell scraper.
The resultig cell suspensiosolutionwasincubated at 4°C for 15 minutes, where after

it was centrifuged at 14000 rpm foB minutes. The supernatant containing the
extracted proteimvasretained and the pellet discarded. The supernatasstored at

20°C and thaweat 4°C when required.

3.3.2 BCAE assay for protein quantificat.i
3.3.2.1 Principle of the BCAE protein ass

The BCAE pr waseérfarmed ssoalgr to successfully determine the
presence of protein in preparatidor western blotting. A seriadilution of bovine
serum albumin (BSA) standaragere prepared and a standard curve constructed in
order to determine cellular protein concentration. This assay involves the reduction of
CU* to Cu by the peptide bonds present in the proteins thus pimglu violet
solution of bicinchoninic acid (BCA, 2, Bichinolin-4 , -didarbonicacid) as well as

Cu'. Theabsorbancevasmeasured at 562 nin order toprovidean estimation of the

amount of protein present in the sample.
3.3.2.2 Materials

1 96well plate

1 Eppendorf tubes

1 Bicinchoninic Acid solution (BCA)
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1  Copper (I) sulfate solution

1 Bovine Serum Albumin (BSA) powder

1 ELISA platereader

3.3.2.3 Methodology

Bovine serum albumin (BSA) standards in the following concentrations: 0, 0.2, 0.4,

0.6, 0.8 and Ing/m wereprepared. Thereafter, 26 of each standardasloaded into

separate wells of a 96ell plate in triplicate. Similarly, 2%l of cell lysates obtained

from section 3.3.lwere diluted (1:5) and added to the -@&ll plate in duplicate.

Subsequently.9 ml of BCA reagent and 100 of copper(ll) sulphatesolution were

combinedand 200 pl of this solution wasadded to the wells containing the BSA

standards as well as the cell lysates. plate wasincubatedat3 7 ¢o€ 30 minutes

and thereafter, thabsorbance of the resulting solutimasmeasuredit 562 nmusing

an ELISA plate reader. In order to determine the concentration of the proteins, a

standard curvevasconstructed.

3.3.3 Sodium dodecy! sulphatePolyacrylamide gel electrophoresis (SDSAGE)

3.3.3.1Materials
Stacking Tris buffe(0.5M Tris, pH 6.8)

T
T
T
T
T
T

=

Separating Tris buffer (3M Tris, pH 8.8)

10% ammonium persulfate (APS) in distilled water

TEMED

Prestained protein molecular weight marker

2X |l oading

20% glycerol, 0.02% bromophenol blue)

buffer

(100mM Tmeicaptodihariol,

1X SDS running buffer (10% of 10X running buffer)
10X SDS running buffer (250mM Tris, 192mM glycine in distilled water, 10%

SDS)

Gel casting apgratus
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3.3.3.2 Methodology

SDSPAGE wasemployed in order to separate proteins in a lysate sample. This technique
was performedoefore the detectionf LRP/LR levels by use of western blottingjhe

lysate samplesvere heated in the presence of SDS, whallowed for the proteins to be
denatured; howevethey were al s 0 s u b jpnmercapteethandivbich facilitated
protein denaturation through the reduction of disulphide bridges situated within the
proteins. SDS does not only allow for protein denaturation but it also imparts a uniform
negative charge along thength of the proteins thereby allowing molecular weight to be
the principal determinant in the separation procedure. The negatively charged proteins
migrated towards the anode of the electrical field and the protem® separated on the
basis of moleculasize by the use of a polyacrylamide .gélith respect to the present
study, a 12% polyacrylamide gebsutilised. After the lysate samplesereheated at 95°C

for 5 minutes in the loading buffer, 10ug of teempleswvereloadedon the gel. The gel

wasresolved at 200 V for 385 minutes.

3.4 Western blotting and immunological detection of proteins

3.4.1 Materials

1 Transfer buffer (20% methanol in 192mM glycine and 25mM Tris)

1 Blocking buffer (3% BSA in 1X PBSween)

1 Wash buffer (0.1% Tween in 1X PBS

1 Polyvinyldifluoride (PVDF) membrane

1 Whatman filter papers

9 100% methanol

1 Primary antibody (artLRP/LR specific antibody 1gGiS18) solution

1 Secondary antibody (aAtiuman IgGHRP conjugated antibody) solution

1 Conjugated primary antibody (mouse molamal antib-actin peroxidase) for detection
o f -achn loading control

9 Chemiluminescent substrate
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1 Blotting device

3.4.2 Methodology

Endogenougellular LRP/LR levels and LRP/LR levels in siRNA tansfected celse
determinel by employing western bbtting. The separated proteins were transferred to a
PVDF membrane via electldotting. Whatman papemseresoaked in transfer buffer for 5
minutes while the PVDF membranes (cut to the dimensions of thePRQHE gel)were
soaked irmethanol for 2 minuteandin transfer buffer for 5 minutes thereafter. The PVDF
membranesverethen placed between soaked Whatman papersmii@assembled onto
the electreblotting device. The gelsere placed on top of the membranes aheceo-
blotting took placefor 50 minutes at 300 V and 350 A. The membranese therblocked

for 1 hour using blocking buffer, followed by24 hour inabation of the membranes in 2

pl primary antibody diluted in blocking bufféf.: 10000). The membranewere washed
three times in waslbuffer (10 minutes each) and then incubatedLid pl secondary
antibody diluted in blocking buffgil:5000)for 1 hourand30 minutesThree washewere
performed agpreviouslymentionedand 1 ml of the chemiluminescesiibstrate wathen
used to detect the dfiseradish peroxidase (HRP) conjugated secondary antibody.
Thereatfter, the fluorescent light emission was captured and detected using the BIORAD

Chemidoc apparatus ordervisualisethe proteins

It i's i mpor t anactin antbody, avhicdhs t lha e d t tacin d@nd thues c t b
serves as a loading control, is directly conjugated to HRP and therefore does not require a
secondary antibody. Densitometnas performedin orderto quantify total protein levels

using the I magelJE software.

3.5 Flow Cytometry (FACS analysis)

3.5.1 Materials

1 1X TrypsinEDTA

1 4% paraformaldehyde

1 Primary antibody (antiLRP/LR specific antibody IgGiS18)
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1 Secondary antibody (aAtuman phycoerythrin (PEoupled)

1 Anti-chloramphenicol acetyltransferase antibody (CAT) produnerabbit will be used

as an effective negative control primary antibody

1 Allophycocyanin (APCioupled secondary antibody produced in goat and directed
towards rabbit IgGwill be used as the secondary antibody foméegative control

1 PBS

3.5.2 Methalology

Fluorescence Activated Cell ScanningACS) is a quantitative, analytical technique for
counting and examining cells by suspending them in a stream of fluid and passing them
through an electronic detection apparatus. This technigseised to detenine cell surface
LRP/LR levels in the aforementioned cell lines. FACS employs the principal of
immunodetection wherelgyrimary antibodies that are recognised by specific fluorochrome
coupled secondary antibodies are used for the detection of a targgh;pio this case the
LRP/LR receptorThe flow cytometer is comprised of an argon laser beam that helps in the
differentiation between antibodgbelled cells and unlabelled cells, thus allowing for the
guantifiedexpression of target LRP/LR on the cglirface.

The cells need to be in suspension in order for flow cytometry to be performed, hence the
cells were detached usingX TrypsifEDTA and centrifuged for 10 minutes at 1200 rpm.
The resulting pelletvasfixed in 4% paraformaldehyde for 10 minutesieC. After fixation,

two cell suspensionsereprepared by resuspending the cell pellets in PB8ne half of the

cell suspension wdabeledwith the primary 1gG%iS18 antibody (30 pug/ml) in PBS while

the other hli of the cell suspensiowas unlabele& (serving as a control). The celgere
incubated overnight at 4°C and then washed three times with PBS by centrifugation at 5000
rom for 5 minutes. Both cell pelletwere re-suspendedn PBS and the PEcoupled
secondary antibody. The cell suspensimese allowed to incubate in the dark for 1 hour,
thereafter the cell suspensionsrewashed 3 times in PBS as previously described and re
suspended in PBS before flow cytometric analysis. The same proogdsifellowed in

order to obtain results for the gegive control; CAT bacterial protein, using the negative
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control antibodies outlined isection 3.5.1 above. The unléde cells preparedereused as

a control
3.6 Assessing cellular viability
3.6.1 MTT assay
3.6.1.1 Principle of the assay

This asay is a colorimetric assay that is used to determine the amount of cell survival in
response to external treatments such as drugs or antibodies. The assay relies on the cleavage of
mitochondrial tetrazolium salt (MTT), which is watssluble and yellow ircolour, by viable

cells. The cleavage of MTT occurs via the mitochondrial succinate dehydrogenase (reductase)
enzyme; present in the mitochondria of viable cells to produce wves@uble purple formazan
crystals(Fig. 14 a). In nonviable cells, themitochondrial succinate dehydrogenase enzyme
becomes inactivated, thus the MTT salt is not conventedformazan crystals (Fid4 b). The
measurement of the absorbance of the resulting formazan crystal solution sdieate
percentage of cell survivaLower absorbance values therefore correspond to enhanced levels

of cell death/ notviable cells du¢o lower levels of MTT cleavage
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a) Viable cells b) Naable cells
MTT Formazan MTT Formazan

34, 5dimethythiazot2-yl)}2, 5  (E.Z)5-(4, 5dimethylthiazoi2-yly1,  3-(4, 5dimethythiazot2-yl)-2, 5  (E.Z)5-(4, Sdimethylthiazoi2-yi}1,
diphenytetrazolium bromide 3-diphenylformazan diphenytetrazolium bromide 3-diphenylformazan

al Succinate

Pehydrogenase

Figure 14: The MTT cell viability assay.a) In viable cellsthe yellow MTT salt is converted to
the purple formazan crystals by the action of mitochondrial succinate dehydrogenase. B) In non
viable cells, the reductase enzyme is inactive; therefore MTT isamteded into formazan.

(Adopted from https://upload.wikimedia.org/wikipedia/commons/d/de/MTT _reaction).png
3.6.1.2 Materials

24-well plates

PBS

MTT (1 mg/ml)

Dimethyl sulfoxide (DMSO)
ELISA plate reader

= =2 =4 A -

3.6.1.3 Experimental procedure

Both malignant melanoma cell lines (A375 and A375SM)e allowed to grow andeach a
density of approximatelg x 10 cells/mland DO pl of cells at this densitwereseead per well

prior to siRNA transfection. After transfeoy the cellstheywerei ncubat ed at 37¢e!
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hours.Thereaftera 1 mg/ml solution oMTT wasdissolved in 1X PBS and added to each well,
foll owed by a 2 hour 1 ncubat i oncomanng nediuma t
wasdiscarded from each well and the remagnformazan crystaleiere dissolved in 50Qul of
DMSO. The absorbance of the resulting formazan soluiaemeasured at 578m using an
ELISA plate reader. Controlgereprepared and these inclubeintreated cells, negative control

SiRNA treated cells anplositive control protocatechuic acid (PCA) treated cells.
3.7 Assessing nuclear morphological changes
3.7.1 Confocal microscopyand Airyscan processing

3.7.1.1Materials

4% paraformaldehyde
PBS

1 pg/ml DAPI stain
Slides

Coverslips

= =2 4 A A -2

Gelmountmounting fluid (Sigma-Aldrich)
3.7.1.2 Methodology

This techniquavasperformed in order to assess the nuclear morphological changes thadoccur
upon downregulation of the LRP/LR receptor via siRNA actidn. addition, he Airyscan
detector was employed as it allows forfiefent light collection and thus improved sensitivity,
speed andesolution.Airyscan benefits the confocal laser scanning microscope by increasing its

power, thus providing fast read out tinaasd verylow background noise.

The cellswere grown and allaved to reah a density of approximatelyx10° cells/ml. At this
density, D0 ul of cellswereseeded onto coverslips prior to SiRNA transfection. Thereafter, cells
were washed with 500l 1X PBS for 1 minuteandfixed in 1 ml 4% paraformaldehyde for 15
minutes This wasfollowed by threelX PBS washes and thereaftke tcellswere permeabilized

by adding 2ml 0.1%TritonX into each well for 20 minutes, followed by two washes with 1X
PBS. The cells were thdreated with2 pl of DAPI nuclear staimiluted inPBS Q.2 ul DAPI in

4 ml PBS) for 8to 10 minutes in the dark. The coverslips containingtA®l-treated cellsvere
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washed times in PBS and thereafter, covershpsremounted (with the cells facing down) onto

a clean microscope slide usid@ ul of mounting fluid. The cellsverest or ed at 4eC af i
took place overnight until visualisation using a confocal microscopgh the addition of the

Airyscan The controlswere as folows: untreatectells, SIRNARLUC treatedcells (negative

control) and PCA (positive control).

3.8 Assessing apoptotic induction
3.8.1 Annexin V-FITC/PI assay
3.81.1 Principle of the assay

This assay is dependent on the Annexin V intracellular protein binding to phosphatidylserine
(PS) in a calciundependent manner. PS is normally only located eniritracellular leaflet of

the plasma membrane in healthy cells but during early apoptosis, subsequent asymmetry of the
membrane is lost and PS translocates from the intracellular membrane to the externgFigaflet

16). Translocation of PS to the exhal leaflet enables the fluorochrotabelled Annexin V to

bind to the protein in the presence of calcium; hence Annexin V staining allows for measurement
of translocated PS and therefore allows for the detection of apoptosis by flow cytometry. The
redfluorescent dye; Propidium lodide (Binds to DNA by intercalating between the bases with

little or no sequence preferenaad itwasemployed in this assay to distinguish between early
apoptotic and late apoptotic or necrotic c€fsy. 16). Therefore,apoptotic cellsshow green

fluorexence, dead cells red and gréleorescence, and live cells little or no fluorescence
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Live cells Early apoptotic cells Late apoptotic/Necrotic cells

B = Phosphatidyl serine @ =PI §= AnnexinV

Figure 15 Principle of the Annexin V-FITC/PI assay. Cells undergoing apoptosis
experiene a membrandip reaction that exposes phosphatidylserine (PS) on the external
leaflet of the plasma membrane. Annexin V conjugated to HiNds to the exposed PS,
and FITC allows for detection of apoptotic cells. Pl is a viability dye that is used to
distinguish  between early and late apoptotic cells(Adapted  from
http://www.lifesci.dundee.ac.uk/sites/www.lifesci.dundee.ac.uk/files/Annexiamhgtps://www.
google.co.za/search2gnnexin+VFITC/+7AAD+assay&biw=1280&bih=865&source=Inms&tbm=
isch&sa=X&ved=0ahUKEwiMmMI3R887KAhUBshQKHZuhCvoQ_AUIBigB#tbm=isch&q=+anne
xin+VFITC%2F+7+AAD+assay+&imgrc=XRgS2Qa44nSqDM%BA

3.8.1.2Materials

= =2 =4 A -

PBS

Trysin/EDTA

Annexin V-FITC solution(Refer to Appendix A)
1X Annexinbinding buffer

Propidium lodide
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f  Flowcytomete{ BD Accuri E C6 Cytometer)

3.8.1.3 Experimental procedure

The cellswere grown and seeded to an approximate densityl 8fx10 ® cells/ml and
transfected with the previouslynentioned siRNAs. Cells were harvested usinglX
Trypsin/EDTAand then washetthrice with ice-cold PBS. Thereafter, the cell suspensiarse
centrifuged at 1500 rpm for 1Minutes. The supernatamtas discarded and the pellet-re
suspended inl00 pl 1X anrexin-binding buffer. Subsequently, Bl of Annexin V-FITC
solution andb ul of PI viability dyewasadded tahe prepared cell suspensions and incubated
on ice for 15 minwds in the dark. The samples were tBapplemented with 400l of ice-cold
1X annexn binding buffer prior to flow cytometric analysis whigras performed within 30
minutes. Importantly, it must be noted that untreated cells, esiRNAC treated cells, and
PCA treated cellsvereused as controls, as with the previously mentioned metfidesFL1
laser detec theAnnexin V-FITC staining and FL2 detexPI staining. The compensation and
guadrantsvereset using the following controls: unstained cells, AnnexiRIVC stained cells,
Pl stained cells, cells stained with both AnnexiFM C andPI, and PCAreated cells stained
with both Annexin VFITC and PI.

3.8.2 Caspases, -8 and-9 assays

3.8.2.1 Principle of the assay

The caspas8, -8 and-9 assay is a colorimetric protease astat relies on caspaseediated
hydrolysis of a ctomophore known as paratroaniline -NA) that is coupled to a peptide

substrate. These assays eagable of quantifying the enzyme activity of caspases thatognise

the peptide substrate sequence-&p-Val-Asp p-nitroaniline DEVD-p-NA) for caspas-3, lle-
Glu-Thr-Asp p-nitroaniline (ETD-p-NA) for caspasé& and Leu-Glu-His-Asp p-nitroaniline
(LEHD-p-NA) for caspas®. The substrates used in the assays are synthetic peptides labelled at
their Gtermini with paranitroaniline -NA) and are designetb measure the activity of these
caspasesThe caspases cleave tpeptide, thereby releasing thEeNA chromophore which

possesses a high absorbance at@5The absorption of light by frgg NA can therefore be
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quantified using microtiter plate readar 405nm. The absorbance readingpofNA from an
apoptotic sample in comparison to aninduced control allows for the determination of the fold

increase in caspase activity and consequently the occurrence of apoptosis.

3.8.2.2 Materials

1X Cell LysisBuffer

5X Assay Ruffer

Caspas8, -8 and-9 Substrate (2.5 mg/iyil (Refer to AppendiA)
Eppendorf tubes

96-well plates

= =4 4 A -4 -2

Spectrophotometer
3.8.2.3 Experimental procedure

Cells were grown to an approximate density of21x10 cells/ml and transfected witte

respective siRNA. Thereafter,2k10° cells were pelleted by centrifugation at @6 rpm for D

minutes and rsuspended in 10Ql ice-cold 1X cell lysis buffer and incubated on ice for 10

minutes. The cellsvere then centrifuged for Binute at 10000 x g and the supernatantas

placed on ice. Following this, the protein concentration of the supernedadetermined by use

of a BCAE assay as previously de280ugadfpraein i n s ¢
was prepared according toanufacture 6 s i n sdppendi tsactmym The pfepared assay

mixture for each sample was then added to appropriate wells ofmefigplate and incubated

f or 2 h o urheabsatancswas iGeasur@d405 nm using an ELISA plate reader. In

addition to umteated cells, esiRNARLUC treated cells and PCA treated cellsre used as

negative and positive controls, respectively.
3.9 Statistical evaluation
3.9.1 Statistical stitegtni fi cance using studentaod

The twot ai | e d tdestuwidhean dordidence terval of 95%was used as a means of
analysing the data, with-yalues of less than 0.05 being considered significant. The statistical

analysisvasperformed usinghe Microsoff Excel statistical programme.
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3.9.2 Analysis of Peam@onbés Correlation Coeff

Pearsonds cor rnad asoused to measuesfchdrrelationebatween LRP/LR levels
and cdl viability as well asapoptotic induction. A positive coefficient is an indication of direct
proportionality between the two variables and a negatcoefficient implies inverse

proportionality. Measured correlation values close to 1 signifies high positive correlation.
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Chapter 4: Results

4.1Early and late stage malignant melanoma cells exhibhigh LRP/LR levels on
the cell surface

LRP/LR overexpression has been observed in several cancerous cell lines andnt is see
to play a piwtal role in mediating metastastumorangiogenesis and in the maintenance

of cellular viability [78]. Therefore, dé surface LRP/LR levels oéarly and late tage
malignant melanoma cells were determined in order to confirm its presence on the cell
surface and to quantify the percentage of aditplaying cell surface LRP/LR within a
specific cell population. This was achievéniough flow cytometryFigue 16indicates

that bothmalignant melanomeell linesexhibit a high percentag# cells within the cell
population that contain LRP/LR on the cell surface. The distinct shift between the peaks
represents the characteristic changes in median fluorescenasitinteccurring as a
result of the treatment of the cancer cells witb antrLRP/LR specific antibody IgG1

iIS18 and an appropriate secondary antibody, conjugated to a fluoroctnopaeticular,
97.40% of the early stage (A375) and 98.47% of the latges{A375SM) malignant
melanomecells display LRP/LR on the cell surface, thus confirming the presence of this

receptor on the surfacf both cell lines

R A375 A375SM
T lGIED ] .Unlabelled

LRPILR: 87.40% . PE only
g _ 1

FILR: 98.47%
-1 .IgGliSl8 and PE

GATE  (R1inall) " N

1,600
1,600

Cell count

1,000

101 " w‘“ m3 4 Wﬁ mﬁ m?.z Wl M‘z MB !»4 mﬁ mﬁ M-F-z

Fluorescence Intensity (F2) g

Figure 16 Detection of the 37kDa/67kDa laminin receptor LRP/LR levels on the surfae of
early (A375) and late (A375SM)stage malignant melanoma cellsThe blue peak represents
the cells thahave not been labeled with antibodies, while the orange peak is redptesenf
the cells staineavith the goat anthuman phycoerythrin (PEQouled secondary antibodynly
and the red peak is indicative of the cells that have been stained with both thRRhiR
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specific antibody 1gG4S18 and the aformentioned secondary antibody. The unlabeled control

is included in order to confirm that tlsecondary antibody does not bind rspecifically, hence

a minimal shift in fluorescencentensity is observed between thkie and orange peaks. The

shift obtained between the blue and red peaks indicates the presence of LRP/LR on the cell
surfa@ of boh cell lines The above plots aiedicative ofan average of experiments performed

in triplicate, with 20000 cells canted per sample and the cells wanalysed using filter 2 (FL

2) which is specific for the Puorochrome.

The antiCAT antibody whit targets the chloramphenicol acetyltransferase (CAddem was
used as thaegative controlCAT is absenbn the surface of mammalian cells. As anticipated,
both cell lines showed a minimal to no shift in fluorescence intensity, thus indicating ehat th

CAT protein was indeed absent on the surface of the malignant celtHueedicating that no
non-specific binding occurred (Figj7).

A A375 A375SM

g _GAIE TRTinall) " g (GATE (R1inall) - .

™ ™ Unlabelled

. ) . APC

- - Anti- CAT and
Cell count T t . APC

S = L=
- ;1 ww? Wt W W WTd - ;1 w owd owt W W Wl
FLd-A FLeA

v

Fluorescence Intensity (F4)

Figure 17: Determination of chloramphenicol aceyltransferase protein levels on the
surface of early (A375) and late (A375SM) stage malignant melanoma cellhe black peak
represents the unlabeled cells, while the orange peak is representatieecefl$ stainedvith

the goat antrabbit allophycocgnin (APC)coupled secondary antibodyly and the pink peak

is indicative of the cells that have been stained with both theC#i primary antibody and the
aforementioned secondary antibody. No distinct shift was observed between the black and
orange paks, thus indicating that the secondary antibody did not bindspexifically.
Furthermore, a minimal shift was observed between the black unlabeled peak and the peak
representing the cells labeled with botinpary and secondary antibodi€ghe above pits are
indicative of an average of experiments performed in triplicate, witb0BOcells counted per
sample and the samples analysed using filter 4-4)Flwhich is specific for the APC
fluorochrome.
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4.2 Late stage malignant melanoma cells exhibit high cel surface LRP/LR levels in
comparison to the early stage malignant melanoma cells.

The levels of cell surface LRP/LR within the cell populatioas also analysed, in addition to the
percentage of cells within the given cell population that exhddltsurface LRP/LR. This was
done using flow cytometry, with the same concentration of primary-i§&8 antibody and RPE
coupled secondary antibody used to label the same number of cell8QRWithin a specific
population of both cell lias over the sae period of time. fie differential expression of cell
surface LRA/R wasindicated through the median fluoreace intensity (MFI) as seen irable

1. The late stage (A375SM) malignant melanoma cells display significantly higher cell surface
LRP/LR levels(86%) in comparison to the early stage (A375) madigt melanoma cells as seen
in FHgure 18

Table 1: Median Fluorescence Intensity (MFI) values used to determine differential
expression of LRP/LR on the surface of A375 and A375SM cancer cells.

Cell Line MFI of unlabeled MFI of cells stained | Difference in MFI
cells (A) with IgG1-iS18 and | values i.e. (BA)
PE-coupled
secondary antibody
(B)
A375 2053.67 10135.5 8081.83
A375SM 1819.33 16833.5 15014.17

* All MFI values are representative of anaverage of experiments carriedut in three
biological repeats performed in triplicate.
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Figure 18 Quantification of LRP/LR levels on the surface of early (A375) and k&
(A375SM) stage malignant melanoma cells by flow cytometric analysisThe cells

were labeled with primary IgGi518 antibody and the artuman PEcoupled secondary
antibody. Analysis was performed on @00 cells per sampie triplicate and the median
fluorescence intensity (MFI) was used as an indicator of differential cell surface LRP/LR
expression for both cell lines. The MFI values presemntethe last column of Table 1
were used in the conasiction of the above grapffhe MFI values for A375 waset to

100% and the A375SM cells were found to have 86% more cell surface LRP/LR than the
A375 cells.*p<0.05, **p< 0.01***p<0.0001

4.3 Late stage malignant melanoma cells display significantly increased total LRP levels in
comparison to the early stagenalignant melanoma cells.

As previouslyindicated, LRP/LR is not only expressed on the cell surface but it is also found in
the nucleus, cytosol and perinuclear region. Therefore in order to determine total LRP/LR levels
in both maignant cell lines undestudy, westernIbtting as well as densitometric analysis was
performed. Awesternblot representindp ot h L R P fattiR (Fig.184 is §hown with the

latter being used as adding control. The antiRP/LR specific antibody 1gG4S18 wasused to
successfuy detectthe 37kDa laminin receptor precursor (LRP) formThe western blots
revealed that botlh375 and A375SM malignant melanoma cells express LRP, however upon
densitometric quantification the A33M cells were seen to display 62a5more total LRP in

comparison to the A375 cells (Fig.B9.
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Figure 19 Western blot assessment of the relative expression of total 37kDa laminin
receptor precursor (LRP) levelsin early (A375) and late (A375SM) stage malignant
melanoma cells. A) Anti-LRP/LR specific primary antibody IgGiBE18 and HRRoupled
secondary antibody was used to detect and visualize (ok&laBLRP levels in botimalignant
cell lines.b-actin was used as the loading cohtB) Densitometric analysis performed on these
blots revealed that A375SM cells possé85% more total LRP in comparison to A375 cells.
The values obtained from quantificat of LRP were an average trfiplicate repeats The
resultant values were usedthe construction of this graph and the valuesA875 were set to
100%. *p<0.05, **p< 0.0F**p<0.0001

A high, positivecorrdation was observed between cell surface and total LRP/LR levels prior to
siRNA transfection(Table 2) thus indicating thathie quantified cell surface LRP/LR levels can
be responsible for the observed total LRP levels.
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Tabl e 2 Pear sonos correlati on coefficient
prior to siRNA transfection.

Cell Lines Correlation between cell suface LRP and
total LRP levels prior to SIRNA transfection
(r-value)
A375 0.98
A375SM 0.65

4.4 siRNA technology leads to successful dowagulation of LRP expression in early and

late stage malignant melanoma cells.

In order to determine the rolef LRP/LR expression on the cellular viability of the cell lines
under study, siRNAmediated dowsregulation of LRPwas performed. Post transfection of the
early (A375) and late (A375SM) stage malignant melanoeils with the ON-TARGETplus
Dharmacon Human FRSA sSiRNA (targeting the mRNA of the 37kDa LRP with higher
specificity and potency tbugh the action of 4 siRNAs),estern blot analysis and densitometric
guantification was performed. Deatmnetric analysis of thevestern blot signals revealed that
LRP was successfully downegulated in bdt A375 and A375SM cells (Fig. 20A and B20by
transfection with the aformentioned siRNA. It wasobserved that siRNAuman RPSA
transfected A375 and A375SM cells exhibited a 77% and 72% reduction inlé\
respectvely in comparison to the nemansfected cellsvhoseLRP expression levels were set to
100%. In addition, the transfection of A375 and A375SM cells with the Mission esRN/C
(negative control sSiRNA) showed no significant demgulation of LRP when eopared to the
nonttransfected cells (FigROA and 2®8). The sequences of the abewentioned siRNAs are

provided in the appendix section.
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