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ABSTRACT

The Receptor for Advanced Glycation End Produc&GE) and its ligands are
expressed in multiple cancer types and are imgglecat cancer progression. Our lab has
previously reported higher transcript levels of RA@d S100B in advanced staged melanoma
patients. The contribution of RAGE in the pathopblggyy of melanoma has not been well
studied. Based on previous reports, we hypothesimRAGE, when over-expressed in
melanoma cells, promotes melanoma progression.

To study the pathogenic role of RAGE in melanomgrimary melanoma cell line,
WM115, was selected and stably transfected withdéngth RAGE (FL_RAGE) to generate a
model cell line over-expressing RAGE (WM115 RAGBMM266, a sister cell line of WM115,
originated from a metastatic tumor of the samegp#tivas used as a metastatic control cell line
in the study. After assessing the expression |eMe®BAGE in the transfected cells, the influence
of RAGE on their cellular properties was examingad.enhanced motility but suppressed
proliferation of WM115 cells was found after RAGEen-expression, these properties could be
reversed upon suppression of RAGE in these cells.

We next explored the mechanisms of RAGE induceag@bsiin cell proliferation and
migration in WM115 RAGE cells and found a signifitapregulation in S100B protein in the
WM115 RAGE melanoma cells compared to the MOCKscélowever, S100B suppression
produced no effect on WM115 RAGE cells motility rfaermore, expression of tumor
suppressor p53 protein, which is one of the tgogeteins of S100B, was found to be
significantly reduced in WM115 cells after RAGE owexpression.

We also investigated the effect of RAGE over-exgiggs on melanoma tumor growth

and deciphered the downstream signaling involvee f&\nd a significantly larger tumor



growth rate of the WM115 RAGE cells compared todbmetrol cells. S100B, S100A4, S100A6
and S100A10 proteins that are relevant in melanpatiaophysiology, were found to be
upregulated in WM115 RAGE tumors compared to MOGiKdrs. Moreover, enhanced AKT
and ERK signal activation was observed in WM115 REAGMors as compared to MOCK
tumors. Finally, anti-RAGE antibody treatment sfgrantly suppressed tumor growth, which
could be further enhanced by combining the antibaitly the chemotherapeutic drug

dacarbazine.
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GENERAL INTRODUCTION
Melanoma
Epidemiol ogy
Melanoma is the most lethal form of skin cancer [tllisually develops via
transformation and uncontrolled proliferation oflarecytes [2, 3]. Melanocytes are the cells
that reside at the basal layer of epidermis andyme the melanin pigment [4]. Melanocytic
transformation is a consecutive series of certaimetjic and epigenetic aberrations, which are not
well understood [3]. In year 2009, the Americamd@ommittee on Cancer Staging System
(AJCC) has published a revised staging system &amoma progression [5]. Melanoma is
classified on the basis of Breslow tumor thicknéiss,presence of ulceration, the number of
lymph node metastasis and the presence of distanhstastasis [6]. Melanoma is associated
with the highest number of skin cancer deaths3ifjce 2010, a 10% increase in the number of
melanoma associated deaths has been reported Batiogaal Cancer Institute in the United
States [8]. Primary melanoma is curable and haated96 five year survival rate. As tumor
spreads and enters into the lymph nodes the slinates drops to 65%. Once melanoma
metastasizes to other organs, the five year sursat@ drops further to less than 20%, which
poses major challenges in the therapeutic manageshéme disease [5, 8, 9].
Pathophysiology
The progression of melanoma is a complex sefiseguential molecular and
histopathological events which are not very wellerstood. Melanoma starts with a normal
melanocytic nevus, which is a focal growth of nore#lls. The melanocytic nevus becomes a
dysplastic nevus and further progresses into agssimnelanoma tumor. The primary melanoma

tumor can easily metastasize to another part abtinly [10]. In normal growth conditions the



melanocytes are in homeostasis with surroundingtikocytes via E-cadheriri]l]. Cadherins
are C&2 dependent cell surface proteins involved in-cell adherence. Eand N cadherins are
two major subtypes of cadherins fan [12]. Upon transformation thexpression of -cadherin
is lost and the expression ofd&dherii enhances subsequently. Switching ofdEN- cadherin
leads to uncoupling ohelanocytes frorkeratinocytes and subsequeassociatio with
fibroblasts and vascular endothelial c [12-14]. Dissociation omelanocytes and keratinocy!
leads to uncontrolled migration and invasion ofaneima cells. E to -Cadherin switchindeads
to cytoskeleton remodeling and epithelial tesenchymal transition (EMT) of the c([15, 16].
The transition of cancer cells frcan githelial to mesenchymal like morphology is an intpat

eventin melanoma metastasis and angioge! [17-19].

Primary Metastatic
_ State State State State
Transformation change change change change

l p!olsf?ratlonl SR l prohf?ratlonl ks l
)

proliferative
genesete e

| invasive
| genesel

Gene expression

e
>

Progression

Figure 1:Two way switching model of melanoma progres. Primary melanoma cells switt
from a proliferative state toraetastatic state. Or metastasized to a distant , melanoma
cells regain their proliferative state and agawliferate to form a new tumor at that site. 1
process of back and forth transition of the cediiplpropagation of melanor. Taken fron [20].

Recentstudies have proposed a -waysswitching model between proliferative a
invasive stages of melanorffagure 7). According to this modej proliferative cell, upon a
unknown stimulation, switchédsom a proliferative statto an invasive state.ffer invading to ¢

distant location, the cell ragns its proliferative trait and this cycle goes Back and fortt

2



switching of cells between proliferative and invasstages leads to heterogeneities in tumor
cells [20, 21]. Advanced molecular profiling stusligave revealed the expression of multiple
genes specific for different cell phenotypes suskradothelial, epithelial, fibroblastic,
hematopoietic, kidney, neuronal and muscle celtifierent melanoma cells [22]. These
findings suggest the presence of stem cell likepdtent traits in melanoma cells [22, 23].
Recent findings have also shown the plasticity\sastular mimicry potentials of melanoma
cells. Aggressive melanoma cells have been showandoire endothelial like genetic patterns
and the abilities to undergo vasculogenesis [2#}eOreports have also demonstrated stem cell
like characteristics of melanoma cells. Melanomeoissidered to be a collection of
heterogeneous cell population, which makes itsraiaig and treatment very challenging [21].
Failure of efficient and foolproof detection of mebma at the early stage causes unimpeded
progression of the disease and in turn leads tastatc melanoma.
Biomarkers

Prognostic biomarkers are required for the tingatection of disease and to reduce
the risk of disease progression. Biomarkers aresurable disease specific biological patterns
(biochemical, genetic, or molecular) that are iathes of disease progression and patient
outcomes [6, 25]. The National Institute of HegkhH) has precisely defined biomarker as “a
characteristic that is objectively measured anduatad as an indicator of normal biological
processes, pathogenic processes, or pharmacoésgionses to a therapeutic intervention” [26].
Tumor specific biomarkers can predict the riskaficer progression and are used in cancer
staging systems. They can also indicate the thatapesponse and disease recurrence [6, 27].
Two important features that a biomarker must hoédthe detection sensitivity and the

specificity [28]. An ideal biomarker should alsoibexpensive, fast and robust against any



method driven variability [27]. Several biomarkersh different sensitivities and specificities
have been clinically used for melanoma prognosisiaciude tumor thickness, presence of
ulceration, lactate dehydrogenase (LDH), S100Braathnoma inhibitory activity (MIA) (Table

1) [6]. Each biomarker has its own share of stlemngind weaknesses in terms of specificity and

selectivity.

Table 1: Clinically relevant melanoma biomarkers.

Biomarkers Type Detection site
LDH enzyme serum
S100B protein serum
MIA protein serum
BRAF mutation mutation DNA
Tumor thickness tissue tumor
Ulceration tissue tumor

S100B is a CZbinding protein of the EF hand superfamily [29]08B protein was
first found to be released from melanoma cells380L[30]. Serum levels of S100B strongly
correlate with melanoma progression and overalligar rates of patients [31]. A decrease in
serum S100B concentration indicates a remissidheopatient. Recent studies have shown that
melanoma patients with a S100B protein concentraifdess than 0.2 pg/l had a significantly
longer overall survival rate (P < 0.001) than thé&gnts with S100B levels of more than 0.2 pg/l,
irrespective of the clinical stage of melanoma3g],. Serum levels of S100B in stage Il
melanoma patients is a prognostic biomarker whsrelévated levels are suggested to provide a
prior indication of hematogenous dissemination efanoma [32]. The determination of serum

S100B levels in patients presenting tumors withmerilBreslow tumor thickness is



recommended every 3-6 months by the Swiss and Gegundelines [33]. Since S100B is also a
putative biomarker for brain injury and neurodegatien, this hampers its specificity as
melanoma biomarker [34]. S100B protein is one efilell characterized ligand of RAGE and
binds to RAGE with nano molar affinity as showndwyface plasmon resonance [29]. Upon
binding with cell surface RAGE, S100B triggers saV®AGE dependent signaling pathways
[29]. The strong correlation between the serumlgeES100B and melanoma progression
indicates its potential role in melanoma pathopbiggjy.

LDH is another clinically used prognostic biomarka metastatic melanoma [35]. It
is an oxidative enzyme that plays a key role inglyeolytic pathway [36]. Glycolysis is the
preferred mode of energy production in cancer cklisto impaired mitochondrial respiration
and lack of oxygen. Enhanced anaerobic respiratia@ancer cells is associated with the
upregulation of LDH in these cells [37]. It wassfidetected in year 1954 in the serum of
melanoma patients [38]. It is used as a prognastimarker for late stage melanoma patients
and is a predictor of distant melanoma metast&4is Although LDH has low detection
sensitivities at early stage melanoma, it is widedgd as prognostic marker at late stages of
melanoma and has been included in the AJCC stagstgm of melanoma [5]. The melanoma
inhibiting activity (MIA) protein was first detealein melanoma cells in 1990 [39, 40]. Enhanced
serum concentration of MIA was found in 5.6%, 6@%.5% of melanoma patients in stage I/Il,
stage Il and stage IV respectively [41].

Neither S100B nor LDH are appropriate biomarkarstage | and 1l of melanoma
growth [6]. However, S100B has been considerectta more reliable marker than MIA and

LDH in stage lll and IV of melanoma due to its hidgtection sensitivity [42, 43].



New potential biomarkers have emerged in receatsyand include mutation in the

BRAF, KIT and NRAS genes [44-46]. Detection of BRXBEOOE mutation has emerged as a
new biomarker for melanoma after the approval oABR/600E inhibitor for the treatment of
melanoma. Other melanoma biomarkers have been ggdpm the basis of various epigenetic
[47] and immunologic events associated with melaapathophysiology but their clinical
relevance has yet to be defined.
Treatment of melanoma

Early detection and surgical removal of melanonmadxs from the site of origin is the
most effective treatment option for melanoma pasi¢48]. Prior to surgery, the extent of tumor
spread within the skin, and the presence of ulmerand lymph nodes metastasis are assessed
by skin biopsy [49]. Melanoma lymphadenectomy sa widely used clinical practice
involved in surgical removal of melanoma affectgahph nodes. It may not only be curative but
may also prevent further relapse at that site 583, Radiotherapy is another therapeutic module
used for cancer treatment. However, primary cutas@welanoma is shown to be radio resistant,
and thus radiotherapy is not a prime treatmenbogdbr melanoma. Mostly, radiotherapy plays
an important role in the palliation of many melarmosymptoms. However, the exact degree of
the tumor response depends greatly on the tumey isiadiation dose and time of irradiation
[51]. For a long time, dacarbazine was considendakttthe standard drug for the treatment of
advanced melanoma. It was approved by the FDA # B3 a therapeutic agent against
metastatic melanoma (Table 2) [52]. Dacarbaziranialkylating agent. It acts by inserting alkyl
group to the DNA which inhibits DNA replication anttimately cause cell death. Dacarbazine
alone has shown to produce only 19-25 % respoieg iramelanoma patients [48]. Therefore,

numerous studies have been conducted to improvevitreall efficiency of dacarbazine by



combining it with other therapeutic agents. Dacaifmhas also been shown to upregulate
vascular endothelial growth factor in melanomas;ellhich may lead to increased angiogenesis
and tumor growth [53]. Due to these limitationsoasated with dacarbazine, more effective
therapies against melanoma need to be developedrdb@anmune modulating agents have been
combined with dacarbazine in an attempt to impiits/zeesponse rate and reduce its toxicity in
melanoma [54]. Due to high levels of immunogeni@sgociated with melanoma several
immune modulators have been developed in ordevdéocome immune system evasion by
tumors. Cytotoxic T lymphocyte associate antig€@7L-4) has been targeted for the treatment
of advanced melanoma [55, 56]. CTL-4 is a critinanunoregulatory molecule (expressed on
activated T cells and a subset of regulatory Tsgetpable of down-regulating T cell activation.
T-cells are major components of the adaptive imtyuBilockade of CTLA-4 by anti-CTL-4
antibody leads to cytotoxic T cell stimulation dnehce produce anticancer response [57, 58].
Three different monoclonal antibodies against CThase been developed: Tremelimumab
(Pfizer) [59], Ipilimumab [60] and Urelumab (Bristeleyers Squibb) (Table 2) [61]. In March
2011, Ipilimumab was approved by the FDA for tleatment of metastatic melanoma patients
that are not responding to chemotherapy [62].rtpilnab, a fully human IgG against CTL-4, has
been shown to increase the circulating regulatocglls and to improve the overall survival of
melanoma patients (Table 2). Overall survival hesnbsignificantly improved in combination
therapy of Ipilimumab and Dacarbazine in previousiyreated metastatic melanoma patients
[63]. Vemurafenib is another target specific dragthe treatment of metastatic melanoma
approved in the same year [64]. Vemurafenib (PLX2J08& potent inhibitor of mutated BRAF
V600E (substitution of Glutamic acid for Valine@Q0 position) was developed by Genentech

and received FDA approval in August 2011 (Tablg3) 66]. Approximately 40 to 60% of



cutaneous melanoma carry mutations in BRAF. A canigradiagnostic test procedure was also
approved by the FDA for assessing BRAF mutatiom@ianoma patients [67]. BRAF mutations
lead to a constitutive activation of downstreammalmg events through the MAPK pathway, a
pathway that drives the growth of most cutaneousinoenas [68]. Moreover, the marked tumor
regression and improved survival of late-stage BRKated melanoma patients in response to
treatment with vemurafenib has demonstrated thenéis$ role of oncogenic BRAF in

melanoma maintenance. However, most patients eelapb drug-resistant disease, and
therefore understanding and preventing the mecigg)f melanoma resistance are also
critical to provide improved therapy.

Table 2: Examples of available therapies for maetaméreatment.

Melanoma therapy Approval year Mechanism of action
Dacarbazine 1970 Alkylating agent
Interleukina2b (high dose) 1995 T cell growth factor
IL-2 (Proleukin) 1998 T cell activator
Ipilimumab 2011 CTL-4 blocking antibody
Vemurafenib 2011 BRAF V600E inhibitor
Pegylated interferon 2011 T cell activator

Currently several antibody-drug conjugates (ADGs)lzeing developed for effective
treatment of melanoma [69-71]. Antibody—drug coajieg are an improved way of targeting
cytotoxic agents to the tumor by exploiting antipedspecificity and selectivity towards tumor
cells [72]. The first approved antibody-drug corgtey(Brand name: Kadcyla, by Roche)
consists of the monoclonal antibody trastuzumabdéfain) linked to the cytotoxic agent

mertansine. It was approved by FDA in year 20@BfHe treatment of Her-2 positive breast



cancer patients [73]. Auristat{antineoplastic agenconjugated with an anGPNMB antibod
is another example of ADC whi has been developed for the treatment of mela [71].
Despite the emergence of ndverapie against melanoma, there has beersignificant
improvement in the overadurvival of melanompatients. Therefore lzetter understanding
the pathophysiology and thaentification of new therapeutics targare neede for developing
effective new therapiesgainst melanom
Receptor for Advanced Glycation End Products (RA
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Figure 2:Schematic representation of RAGE and its variogenid binding domain RAGE
possessethiree extracellular domains (V, C1 and C2), onesm@embrane domain and ¢
cytoplasmic domain. Different RAGE ligan(AGEs, HMGB-1, amyloidp oligomes or
aggregates, S100 proteimsjeract with different RAGE domair Taken from 29].

RAGE consists of one extracellular domain, one stresismembrane domain and ¢
cytosolic domain [76] (Figure 2Yhe «tracellular domain consists of three immunogldike
domains, a varidb type “V” domain and two constant type “C1” arnd2” domain: [29, 76].

The V-domain contains two Mrminal glycosylation sit [77]. The &tracellular domain o
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RAGE is responsible for ligand binding wherithe cytosolic domain helps in sigl
transduction within the cells [J8The RAGE extracellular domain possegsasimportant
features, whiclare crucial for ligand binding: highly conserved hydrophobic patch and a
convex positive charged pattiatassists RAGE in interacting withiverse liganc [79]. The
interaction of RAGE cytsolic domain witiformin homology domain of dghanou-1 (dia-1)

has been reported to be an important event in sigaresductio [80] (Figure 3)

S100 proteins
AGEs ] HMGB-1
— \ Ay
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Transmembrane o
FL_RAGE-| domain R
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Cytosolic Dia-1
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MAPK, AKT, JNK signal
Nucleus NF‘RB
M,’DW
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Figure 3:RAGE induced signal transduction pathways. Uporagegent with its ligand:
RAGE stimulates the activation of a diverse arragignaling cascades, including mitoc
activated protein kinases (MAPK}-Jun N-terminal kiase (JNK), phosphoinositc-kinase
(PIBK/AKT). RAGE also triggers activation of nuctgaanscription factors, including nucle
factor NFxB, and consequent target gene transcrip

RAGE exists in multiple isoform thefull length RAGE (FL_RAGE), sluble RAGE
(SRAGE), N-tuncated form of RAGEAN-RAGE) or theendogenous secretory RAC
(esRAGE/RAGE_v1) (Figure 429]. Alternative plicing and proteolytic cleavage the

extracellular domain by ADAMs oi- secretase are the two established mechanisnthe
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generation of the different RAGE isoforms [81, 8Rlfernative splicing is a mechanism by
which different forms of mature mRNAs (messengdiAR) are generated from the same gene.
It leads to functional complexity of the genome &edce plays an important role in
development and disease [83]. RAGE_v1 (esRAGH)agnost common and well characterized

splice variant of RAGE.
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Figure 4: Generation and significance of solubleGEAisoforms. The extracellular RAGE
shedded form the cell-surface receptor by the aacfanembrane-associated metalloproteinases
(mMPs), such as ADAM-10 and MMP-9 and esRAGE, aggrom RAGE pre-mRNA

alternative splicing. Spanning the ligand-bindiragréhin, SRAGE probably acts as a decoy
receptor for ligands. Taken from [84].

The proteolytic cleavage of the extracellular damafiiRAGE by membrane associated
metalloproteinases (ADAM10 and secretase) is another mechanism for SRAGE foamati
[85]. The proteolytic cleavage of RAGE releasesdteesponding intracellular domain of
RAGE (RICD) into the cytosolic and nuclear spad@sdomain has been shown to promote
cellular apoptosis [86]. RAGE isoforms lacking cgatic domain (SRAGE and RAGE_v1) can
only bind to the ligands and do not initiate anydstream signals. The ability of SRAGE to

neutralize RAGE mediated adverse effects has nadedttractive therapeutic candidate against

11



RAGE induced pathologies [84]. RAGE_v1 variant cbblock RAGE/S100B mediated
signaling in glioma and thus suppress glioma tugrowth [87]. Soluble isoforms of RAGE
have been shown to be down regulated in certaicetdgpes such as lung [87], breast [88]
prostate [87], melanoma [89] and brain tumors ¥ fompared to their corresponding normal
tissues. Also, the plasma concentration of SRAGER®eN shown to correlate with the
therapeutic response of certain cancer types [8&].significance of serum sRAGE as a cancer
biomarker for monitoring therapeutic response henldiscussed in previous reports [84, 90].
However, its clinical utility as a cancer biomarkas not been established yet. Our lab has
recently shown a significant down regulation in $RAisoforms in advanced stages of
melanoma as compared to non-melanoma tissue sugg#st contribution of RAGE in
melanoma pathophysiology [89]. RAGE is expresséérdintially in different tissues depending
upon the type, physiological state and developratage of the tissue [91]. This suggests a tight
cell and tissue specific regulation of RAGE expi@ssRAGE is highly expressed in the brain
during early development and promotes neurogef@3jsRAGE is expressed in neurons,
microglia, and endothelial cells and is essentiahieuronal development and neuron outgrowth
[92, 93]. Neuronal RAGE has also been suggestedritribute to S100B mediated synaptic
functions [94]. Previous studies have also repattatideletion of RAGE significantly reduced
neointimal expansion upon arterial injury [95]. $suggests that RAGE is important for
regulating smooth muscle cells function in stremsditions. In healthy adults, RAGE is
downregulated in all tissues except the lungs, ssiyyg that RAGE is involved in pulmonary
physiology [96]. RAGE and its ligands are expressesignificant abundance in healthy lungs
but their precise role in pulmonary physiology & known. RAGE null mice have been

reported to be more susceptible to develop pulmoiiamosis than control mice [97].
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Furthermore, downregulation of RAGE is associatéd numan non small cell lung carcinoma
progression [98]. These reports strongly suppa@isignificance of RAGE in lung physiology.
Ligands

RAGE interacts with several structurally and fuantlly diverse ligands such as
Advanced Glycation End Products (AGE) [76, 99], @ p@oteins [100], transthyretin [101]
HMGB-1 [93], Amyloid  peptide [102], mac-1 [103], phophatidyl serine4jLnd C3a [105].
Despite of structural variations, RAGE ligands shewme common features, explaining their
affinity towards RAGE [106]. First, most of the RAGigands tend to oligomerize and form
multimers. Secondly, most of the RAGE ligands psssenet negative charge at the
physiological pH [106, 107]. The presence of a ey charged patch on the extracellular
domain of RAGE provides a binding force for soméhaf negatively charged ligands (AGE,
phophatidyl serine) [79]. Binding of S100 proteitnRAGE is also mediated via hydrophobic
interaction which is modulated by intracellular'éj@9]. Consequences of RAGE-ligands
interactions are different depending upon liganzetf108], ligand concentration [109], tissue
type and physiological state of the tissue [LOHGE either alone or after ligand stimulation
has been shown to play significant roles in martiigdagical conditions such as cancer [110],
Alzheimer’s disease [102], cardiovascular disord#id ], diabetes [112], pulmonary disorders
[113] and several neurological disorders [114]. FAGon engagement with its ligands initiates
several signaling pathways that involve mitogeinvated protein kinase (MAPK) [78], Rho-
GTPase (Rac-1 and Cdc42) [115], NB-[116] and SAPK/JINK [87].

NF-[1B is a transcription factor that binds to DNA aedulates gene transcription. It
plays a central role in immune response and inflatony reactions [117]. The presence of a NF-

1B binding site at the promoter region of RAGE gstipulates NF-/B as a key signaling
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molecule for RAGE [118]. AGE-RAGE mediated actieatiof NF{ 1B signaling has been
implicated in diabetes and aging [119]. Also, imileal amyloidotic polyneuropathy, interaction
of RAGE with transthyretin fibrils has been showrattivate NF-/B signaling and subsequent
neurodegeneration [101].

ERK, JNK and p38 are the three major componentiseoMAP kinase
(serine/threonine/tyrosine specific protein kingsahway [120]. RAGE mediated activation of
MAPK pathway is involved in many pathologies inaluglcancer. For example, S100A8/A9, a
heterodimeric complex of S100A8 and S100A9, has lskewn to induce the MAPK pathway
via RAGE in human prostate cancer cells [121]. AE ligand has also been shown to induce
the MAPK signaling that plays a role in diabeted ather inflammatory disorders [122]. In
glioma, S100B activates JNK signaling through RA&E enhances glioma tumor growth [87].
The Rho family of GTPases is a family of small silgmg G proteins. Three members of the
family have been studied in detail: Cdc42, Ractl, RhoA [123]. AGE has been shown to
induce Rho signaling in human vascular endothe&# through RAGE, which led to
cytoskeleton remodeling and vascular hyper-perntigafil5], and was implicated in diabetic
vasculopathy [124]. Ligand binding induces oligoization of RAGE on the cell surface,
which is critical for the initiation of RAGE meded downstream signaling [79, 125]. RAGE can
dimerize in the absence of ligands and ligand bigpdian further amplify the oligomerization
process [125]. The precise mechanism by which RAEBfomerizes on the cell surface and
activates downstream signal is not clear yet. #dl three domains of RAGE (V, C1 and C2)
have been reported to be involved in RAGE oligozaion. A group of researcher reported that
intermolecular disulfide bonds between C2 domafrRAGE contribute in the oligomerization

process [126]. Other groups showed the involveroelt C1 as well as transmembrane

14



domains in the RAGE oligomerization process [12%]7] [127]. These data suggest a complex
mechanism of RAGE oligomerization and downstreagnaiactivation that needs to be
understood. Soluble RAGE can competitively inhiloigdl surface dimerization of RAGE and
hence inhibit the downstream signal activation [1BBAGE dimerization/oligomerization and
its significance in cellular activation is currgné hot topic for research. The precise mechanism
of RAGE mediated signal activation is not knownséaation of RAGE molecules on the cell
surface might alter the orientation of correspogadigptosolic domains and might also affect their
interaction with the intracellular binding partn¢t25]. Binding of RAGE ligands also leads to
receptor internalization, but very little is knowhout intracellular trafficking of RAGE.
Advanced glycation end products induce RAGE intiezaaon in CHO and N2a cells, which has
been shown to be an important event in signal atttim [128]. In schwan cells, RAGE has been
shown to internalize within endocytic compartmemd #o recycle back to the cell surface upon
S100B stimulation [129].

RAGE-ligand mediated signaling can be suppressdadoking RAGE-ligand
interaction using either anti-RAGE antibodies oASHE [78]. RAGE blocking antibodies have
been demonstrated to suppress many RAGE induckdlpgtes [130-132]. For example in a
xenograft rat model of glioma, blocking RAGE witither anti-RAGE antibody or soluble
RAGE led to significant suppression in tumor groywt8]. In the same cells over-expressing an
alternative splice variant of RAGE (RAGEV1) (lacgithe transmembrane and intracellular
domain of RAGE) has been shown to significantlyuetumor growth compared to control
[87]. Anti-RAGE antibodies have also been showmltobit AGE-RAGE mediated melanoma
cell migration and melanoma tumor growth [133]. Hoer, therapeutic utility of anti-RAGE

antibodies has never been tested clinically. Besahdi-RAGE antibodies, small RAGE
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antagonistic peptides have also been designeadtk RAGE-ligand interaction [134].
Moreover, other drugs have also been tested farp&ential to inhibit RAGE-ligand
interaction. For example, anti-allergic drug Croyminhibits RAGE-S100P interaction and in
turn suppresses pancreatic cancer growth and rasitggt 35].

In depth knowledge of RAGE, its ligands, their birgdaffinities and their functional
roles in cancer progression is crucial for develgmew therapies targeting RAGE. In the next
paragraph, RAGE ligands that are associated withergpathogenesis have been described in
detail.

Advanced Glycation End Products (AGE)

AGEs were the first known ligands of RAGE. They aom-enzymatic adducts of
proteins with reducing sugars. They can be gengnaiibin the body or outside the body. The
process of AGE formation is known as Maillard reactwhich leads to the formation of a broad
range of heterogeneous compounds [136]. Certaih foocessing events such as broiling,
grilling and roasting lead to excessive formatio®MGEs [137, 138]. Glycation of proteins leads
to structural and functional alterations causintppgenic consequences [139]. Initially, RAGE
was identified as a scavenger receptor for AGEddbet it was established that RAGE was also
a signal transducer for AGEs [100]. AGEs upon mxtéon with RAGE, triggers oxidative stress
and inflammatory reactions [140, 141]. AGE-RAGEenatction has been shown to activate AKT
[142], NF-B [143], Ras and MAPK [144] signaling pathways &m®ahce to contribute to
various diseases such as cancer [145], diabeté$ [ddd other inflammatory disorders [141].
The contribution of AGE-RAGE mediated signalingdiabetes complication has been studied in
detail. Accumulation of AGEs in diabetic blood lsad AGE-RAGE mediated activation of pro-

inflammatory signals which are implicated in diabetasculopathy [147]. Tissue accumulation
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of RAGE ligands can lead to enhanced RAGE expragsi@amplify and sustain overall signal
[110]. AGEs can upregulate RAGE expression in husaatular endothelial cells via NFB
dependent signaling [148]. High glucose consumpiocancer cells leads to accumulation of
AGE products within tumor microenvironment, whiclgiit upregulate RAGE expression in the
tumors [149]. AGE/RAGE axis has also been showenttance melanoma cell proliferation and
migration, which suggests its active contributionppromoting melanoma growth [133].

Table 3: Roles of RAGE and its ligands in cancegpession and their potential inhibitors.

RAGE ligands Role in cancer Inhibitors

HMGB-1 Glioma [78] Anti-RAGE antibody, Amphoterin binding peptid

D

soluble RAGE [78]

Prostate cancer [150] Not known

S100P Pancreatic cancer [135] Cromolyn [135]

S100B Melanoma [151] Small molecule inhibitors of S100B-p53 binding
Glioma [87] [151]

Soluble RAGE [87]

AGE Melanoma [133] Anti-RAGE antibody [133]
S100A4 Prostate cancer [152] Not known

Colon cancer [153] Not known

Melanoma [154] Not known
S100A6 Pancreatic cancer [155] Not known

HMGB-1 (High mobility group box-1)
HMGB-1 protein also known as amphoterin, is a stadlic nuclear protein implicated in
chromatin remodeling [156]. HMGB-1 protein consistswo HMGB-1 box domains connected

with a short linker followed by a negative C teralitail. The two box domains of HMGB-1 are
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important for DNA binding [157]. Not much has bestndied regarding the acidic C-terminal
tail of HMGB-1. HMGB-1 is a non-histone protein thateracts with chromatin and assists in
nucleoprotein complex formation. It is a highly gbitous and conserved protein abundantly
present in most mammalian cells suggesting its napb physiological role [158, 159].
Knockdown of HMGB-1 gene in mice leads to lethai®®quences and eventually death [160].
Inside the cell, HMGB-1 resides in the nuclear caripent where it interacts with its targets
(DNA, RNA and nucleosomes) and subsequently regsils¢veral cellular functions. HMGB-1
binds to the minor groove of DNA and increaseshineing affinities of several transcriptional
factors [161] such as Hox, Pou proteins, p53 [E6%] TBP [157, 163]. Thereby, HMGB-1
regulates the transcriptional activities of certigemes. HMGB-1 has also been suggested to be
an architectural protein within the cells which ttigrigger local deformation of DNA and
facilitate recruitment of other DNA binding partsdfi64].

Despite its intracellular functions, HMGB-1 hasaashown to be released from the cells.
It can be released actively from live cancer cedlpassively from dead cells [157]. Passive
release of HMGB-1 protein has been demonstrated frecrotic cells but not from apoptotic
cells due to its tight interaction with DNA [165JMGB-1 can also be released actively from the
cells via vesicle mediated active secretion pathuw@yn activation by various stimuli [166].
Post-translational modification (methylation, at¢atipn) of HMGB-1 is important for its active
secretion, target binding and pro-inflammatory\asti[167-169]. In melanoma, HMGB-1 is
released from cells upon induction with tumor-speaiytolytic T lymphocytes [170]. Upon
release, HMGB-1 acts as a cytokine and triggersumenresponses and inflammatory reactions
in other cancer cells but its role in melanomaasdefined [157]. Being a pro-inflammatory

mediator, HMGB-1 induces the secretion of seveytlénes (TNFe, IL-1, IL-6, IL-8 and IL-
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12) and adhesion molecules (ICAM, VCAM). Adhesioaletules assist in macrophage and
neutrophil recruitment at the site of inflammatemd cytokines released from these cells further
amplify the overall inflammatory signal [167]. HMGBinteracts with several cell surface
molecules such as heparin [171], proteoglycan$glytolipids and phospholipids [172].

RAGE is one of the extracellular targets of HMGBRAGE and HMGB-1 have been reported
to co-localize in certain cancer cells. Once reddasiMGB-1 interacts with RAGE and activates
several pro-inflammatory signaling pathways [18M&jor downstream signaling cascades
activated by HMGB-1 and RAGE are Erk-1/2 [167], JN#8], p38 [78] and Nf-1B [157]. The
contribution of HMGB-1 in cancer progression istguzomplex. HMGB-1 contributes in tumor
growth, angiogenesis, metastasis and invasion ghroawiltiple mechanisms. By modulating
extracellular matrix environment, HMGB-1 promotambr metastasis and invasion. HMGB-1
has been shown to activate plasminogen activatisies and matrix metalloproteases activities
which in turn facilitate tumor cell invasion [16HMGB-1 also promotes angiogenesis by
inducing vascular endothelial cells growth andwaitgis [173]. Enhanced expression of HMGB-
1 protein has been detected in melanoma [78, I74),1175]. In melanoma, HMGB-1 induces
Melanoma Inhibitory Activity (MIA) protein via NF4B signaling [176]. MIA is a fibronectin

and integrin binding protein which modulates ce#itnx interaction and enhances tumor cell
migration and invasion [177]. Anti-HMGB-1 antibothgatment has been shown to suppress
Lewis Lung tumor growth and metastasis [178]. Sapgion of glioma tumor growth after
blocking RAGE-HMGB-1 interaction with anti-RAGE dmbdy has also been reported [78].
Other strategies to inhibit HMGB-1 and RAGE mediasegnaling such as antibody against
HMGB-1, soluble RAGE (sRAGE) [78], ethyl pyruvatE/R], quercetin [180] and platinum

[181] have been developed and tested for canceagie
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S100 proteins

S100 proteins are ¢abinding proteins of the EF hand superfamily. Thesseins are
exclusively expressed in vertebrates. They arelgriHD KDa) acidic proteins and some are
soluble in 100% saturated ammonium sulfate, theedatey were named S100 [29, 182, 183]. A
total of 24 S100 members, that include S10@AS100B, S100P, S100Z and S100G have been
described [29]. Most of the S100 protein geneshrgtered on human chromosome 1g21 [182]
except for S100B, S100P, S100Z, S100G proteinssd later genes are found to be located at
chromosomal loci 21922 (S100B), 4p16 (S100P), 5&§140€0Z) and Xp22 (S100G) [184, 185].
This unusual chromosomal pattern of different Sif@fleins has some implications for their
biological significance. Human chromosome 1g21lighly susceptible to chromosomal
rearrangements and genes on this chromosome a@aded with cancer. Chromosome 219g22.3
dysfunction is associated with Down syndrome, Alates’s disease and other
neurodegenerative disorders that indicates thetifurad roles of S100B in brain development
[186]. S100 protein members are localized in ddfercellular compartments [109]. Some of the
S100 proteins preferably localize in the nucledD(\2) whereas others are associated with
either the cytoplasm (S100A4, S100A6, S100B) orctlemembrane (S100A10) [187, 188].
S100 proteins can also be released in the extudaetipace [189, 190]. The mechanism behind
S100 protein secretion is not clear yet. Some te@uggest passive release of S100 proteins
from apoptotic or necrotic cells, whereas some pse@n active secretion pathway for S100
proteins [191, 192].

S100 proteins are Casensor proteins which consist of two'€ainding domains of the
EF-hand type (helix-loop-helix). The C-terminal damcontains a canonical EF hand domain

which has a 100-times higher affinity for €#han the N terminal domain. The EF hand in the
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C-terminal domain consists of 12 amino acids armbramon to all EF hand proteins. The N-
terminal domain is different and described as pselainain. It consists of 14 amino acids and is
specific to each S100 protein [182,188, 193]. M EF hands domains are interconnected by a
the hinge region [182]. Upon &abinding, a conformational change is induced inSh60
protein structure that leads to the exposure ofdpfabbic regions in the protein. The
hydrophobic regions assist in interacting with tharget proteins [109, 194]. In resting
conditions the intracellular Caconcentration is low and keeps the S100 proteittisain

inactive (apo) conformation. Upon activation bynheitinternal or external signal, intracellular
Ca'?concentration increases and is sensed by S100ns@ted hence triggers their interaction
with the target proteins [109]. Several'€mdependent interactions of S100 proteins hawe als
been described [195]. Besides €100 proteins have also been reported to interigetzn™
and Cti?[196]. Due to structural homologies, S100 protainare similar target proteins.

Most of the S100 proteins tend to dimerize by hptiabic interaction which is facilitated by
Ca'? binding [194]. S100G is an exception and remaina monomer [29, 197]. Some of the
S100 proteins such as S100A8 and S100AA9 can atsolieterodimers (S100A8/9) [198].
Oligomerization of S100 proteins leads to improugét binding. For example, tetrameric
S100B has been shown to have higher affinity tow&AGE than dimeric S100B [29, 109].
Similarly, hexameric S100A12 has been shown togedetramerization in RAGE that in turn
increase overall affinity [199, 200]. S100 proteirave both intracellular and extracellular
functions. Within the cell, S100 proteins interatth cytoskeleton elements, various metabolic
enzymes, cell cycle regulating proteins and*Cehey regulate cell homeostasis, cell growth,
cell differentiation, cell motility, cell energy rtabolism, cytoskeleton dynamics and €a

homeostasis [109].
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S100 proteins have also been shown to be actieehesed from astrocytes [189],
neurons [201], microglia [201], glioblastoma [202¢hwann cells [129] and melanoma [6].
Secreted S100 proteins can exert cytokine or charadike extracellular activities by
interacting with the Receptor for Advanced Glycatitnd Products (RAGE), in either a
paracrine or autocrine manner [203]. Dysregualtib8100 mediated signaling contribute to
many pathologies such as cancer [204], Down syndid®6], Alzheimer’s [205],
neurodegeneration [206], cardiomyopathy [207] ath@oinflammatory disorders [208].

Apart from the S100 proteins that will be desadibere in detail, other S100 proteins
like S100P [135, 209, 210], S100A8/9 [211], S100A2P2], S100A16 [213] are also known to
be involved in cancer pathogenesis via multiplelmesms. S100P protein has been shown to
promote pancreatic cancer progression, via RAGHatedi signaling [135]. S100A8/9
heterodimer protein is known to interact with RA@ikd trigger inflammatory reactions in the
tumors [211]. S100A12 is also expressed in cedaircer types and is used as a marker for
inflammatory reactions [212]. S100A16 is expresgsechncer cells and its expression is
regulated by S100A14, another member of S100 praigperfamily [214].

In the next section we will describe some of th@(groteins that are known to be
associated with melanoma pathogenesis. Followieghs descriptions of S100B, S100A2,
S100A4, S100A6, S100A10 and S100A11 proteins aaid thles in melanoma progression.

S100B S100B protein is the best studied member of tlE$totein superfamily. As
mentioned previously, S100B gene is located onmmbsmme 21g22.3 [109]. S100B is mainly
expressed in the neurological system and in cectancer types. Expression of S100B protein by
astrocytes, oligodendrocytes, neural progenitds cpituicytes, ependymocytes, chondrocytes,

suggest a cell specific distribution of the protgil, 109]. S100B expression increases in certain
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cancer types including melanoma [6]. Inside thésc&100B protein is localized in the
cytoplasm either as a free form or associated @atitrosomes, microtubules and/or type Ili
intermediate filaments [183]. Like other S100 pnageintracellular S100B protein interacts with
Ca'? and acts as a Cabuffering agent. Upon Cabinding, a conformational change is induced
in S100B protein that leads to exposure of a hyldobpe cleft through which S100B interacts
with its target proteins [109]. Several cell spedifhtracellular target proteins for S100B have
been reported. In astrocytoma cell lines, S100&adts with IQGAP1 protein, which is an
effector of small GTPase Racl and Cdc42 signalmbthereby regulates astrocytes cell
migration [215, 216]. S100B also interacts with theor suppressor, p53 protein in a€a
dependent manner [217]. Upon interaction, S100iitehthe phosphorylation and
transcriptional activities of p53 protein in melams cells [218]. S100B mediated p53 inhibition
leads to increased melanoma cell survival [219%idBs being a binding partner of p53, S100B
also inhibits p53 expression in melanoma cellsviBts studies have reported a negative
correlation between S100B and p53 protein exprassiomelanoma cells [217]. Small
molecule inhibitors of S100B-p53 interaction haeet identified and evaluated for anti-
proliferative activities in melanoma cells [151,022The anti-protozoal drug pentamidine has
been identified as an potent inhibitor that dissUp100B-p53 interaction and suppresses
melanoma cell proliferation [221]. Pentamidineusrently in clinical trials for treating relapsed
melanoma. Several other inhibitors of S100B-p58raattion have also been identified and
screened for their anti-proliferative activitiesmelanoma cells. S100B protein is also released
from a variety of cells through different mechanssit is actively released from astrocytes
[189], adipocytes [222] and other cells [202, 2Z3h. the contrary S100B has been shown to

passively leak from damaged melanoma tumor cell4,[225], injured brain [226] [227] and
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ischemic heart [228, 229]. Upon release, S100Bawts with its extracellular target proteins
either in a paracrine, autocrine or endocrine maand triggers downstream signaling cascades
[109]. RAGE is the only well described extraceltuiarget for S100B protein. In nanomolar
concentration S100B stimulates neurite outgrowthemrhances survival of neurons during
development through RAGE [230-232]. In contrastnicromolar concentrations, S100B
induces inflammatory reactions and neuronal deathRAGE dependent manner [92, 233]. The
dual effect of S100B on neurons is mediated by RAGE]. S100B is known to play important
roles in several neurodegenerative and psychidismders such as Down syndrome [234],
Parkinson’s disease [235], Alzheimer’s disease [[23pilepsy [237], Schizophrenia [238] and
bipolar disorder [239, 240]. The elevated serunelewf S100B protein in the neurodegenerative
disorders is being used as a prognostic markeratuate extent of neuronal damage [206, 241].
S100B expression also increases in melanoma [B&4jdes its intracellular roles in melanoma
cells, S100B protein is also released from melanocetia and tumors [6, 224]. Serum
concentration of S100B protein correlates with metaa tumor burden/progression and with the
chemotherapeutic remission of melanoma tumor. Heaoegm S100B protein has become a very
useful prognostic biomarker for melanoma [242-288jth RAGE and S100B are expressed in
melanoma tumors and their expression correlatdstwmor progression [89]. However, the
contribution of RAGE/S100B interaction in melanohes not been discussed yet. The goal of
this study was to investigate the contribution &fGE in regulating S100B expression in
melanoma and to decipher the downstream signaliegts involved.

S100A2 S100AZ2 is encoded by a gene located on chromogg which is highly
prone to mutations, suggesting its important roleancer pathogenesis [246, 247]. It is widely

expressed in different body tissues and is fouridgit levels in lungs and kidneys [248] and at
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low levels in liver, cardiac cells and skeleton olasells [249]. Unlike other S100 proteins,
S100A2 protein is mostly located in the nuclear partment and very diffusely expressed in the
cytoplasm [188]. It interacts with many intraceflutarget proteins such as tropomyosin [250],
p53 [251], p63 [252] and p73 [253] in a‘€dependent manner. S100A2 interacts with
recombinant tropomyosin and can also co-localizé wopomyosin in LCC-PK1 cells,
suggesting its possible role in cytoskeleton rering¢250]. S100A2 also interacts with p53 but
unlike S100B protein, it enhances transcriptiomdivdies of p53 protein presumably to induce
p53 mediated apoptosis of cancer cells [251]. @orshowed that recombinant S100A2 protein
can interact with RAGE with micromolar affinity amCd? dependent manner [29]. S100A2
expression has been found to be reduced in advastagd of certain cancer tissues (breast
[254], lung [255], oral [256], melanoma [257], prate [258]) as compared to benign and non-
cancer tissues, and to play the role of tumor sggar [259]. On the contrary, it was found
upregulated in other cancers (ovarian [260], gag261], non-small cell lung carcinoma [262]
and esophageal squamous carcinoma [263], suggestiogplex role of S1I00A2 in cancer
progression [264]. For example, in human head @&o#t Bquamous carcinoma S100A2 protein
has been shown to inhibit cell migration which ntigh mediated via RAGE. Contrary to this, it
promotes metastasis in non small cell lung care@$][ Further studies are required to resolve
these conflicting findings regarding its role imcar progression. Our lab has previously
reported a significant reduction in S100A2 trarsdevel in stage III/IV melanoma patients as
compared to early stage melanoma [89]. In melancetig, treatment with rexinoid and
thiazolidinedione resulted in increased S100A2 esgion and simultaneous decrease in cell

proliferation. Moreover, over-expression of S100A2nelanoma cells has been shown to
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enhance the anti-proliferative potential of rexthbased hormone therapy [266]. In the present
study, our goal was to investigate the role of 0aAnd RAGE in melanoma progression.
S100A4 S100A4 protein is also known as Metastasin (Mi$é&cause of its potential to
promote cancer metastasis [267]. Like most of therdS100 proteins, the gene encoding
S100A4 is also located in 1g21 chromosome [268thiWithe cell S100A4 can exist as either
homo- or hetero-dimers with S100A1 protein [269hds been found in the cell cytoplasm,
nucleus and also in the extracellular milieu [2&ny cells have demonstrated to express
S100A4. These cells include macrophages, lymphecfiteoblasts, endothelial cells, smooth
muscle cells, suggesting a wide spread expressithe grotein in the body [270, 271]. S100A4
has numerous intracellular and extracellular biggiartners that include actin, p53, myosin
[IA/11B, tropomyosin and methionine aminopeptid@sg70, 272]. S100A1 is another member
of S100 protein superfamily that shows strong &ffifor intracellular S100A4 [269]. The
interaction of S100A4 with cytoskeleton elementfpsenodulate cytoskeleton assembly and
hence enhance cell motility [273]. Like other SIB0teins, S100A4 also interacts with p53 and
inhibits its DNA binding activities [274]. Upon esse into the extracellular space S100A4 has
been shown to interact with RAGE [29], annexin2lT$] and heparan sulfate proteoglycan
[276]. Our lab has previously reported micromolindgy of S100A4 towards GST tagged
RAGE by surface plasmon resonance (SPR) [29]. Diipgrupon the cell types, S100A4 can
elicit both RAGE dependent and independent eff&190A4 has been shown to trigger RAGE
dependent signaling in osteoarthritic cartilager[2ahd pulmonary artery smooth muscle cells
[278] but in neurons S100A4 induce neurite outghoimtiependent of RAGE activation [276].
These data suggests complex roles of S100A4 prdggpanding upon the type and physiological

state of the tissue.
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S100A4’s association with cancer metastasis wasd@&scribed in 1989 where a strong
correlation between S100A4 expression and metagtatential of the cancer cells was found
[279]. In another study, highly metastatic mousemmery carcinoma did not generate
metastasis in S100A4 knock-out mice whereas marngsteses were found in the control
animals [280]. S100A4 enhances cell motility anthdn metastasis via different mechanisms. It
promotes myosin IIA assembly which results in emeancell migration and in turn cancer
metastasis [273]. S100A4 has also been shown teédpithelial to mesenchymal transition
(EMT) in cancer cells, which is a crucial eventancer metastasis [270, 281]. EMT is a process
that leads to phenotypic and genotypic changdsdarcell and is involved in embryogenesis,
wound healing and cancer metastasis [282]. Treadtwmigm recombinant S100A4 has also been
shown to enhance MMP activities, which helps caredls to invade the extracellular matrix
[283] and to stimulate angiogenesis [275, 284]n$genic mice over-expressing S100A4 have
been shown to develop more hemangiomas in liveoagared to control animals [270].

The role of S100A4 in melanoma has not been clesstigblished yet. An earlier study
demonstrated no significant change in S100A4 mRbi#&w/een melanoma samples and benign
nevi [257]. Our recent analysis of 40 samples afstlll and stage IV melanoma tissues showed
a significantly reduction of S100A4 mMRNA in stadetissue samples compared to control
samples [89]. A positive correlation between thel®ef S100A4 and primary nodular
melanoma tumor growth has also been reported [T®4$ummarize, there are contradictory
reports on S100A4 expression in melanoma, suggeatoomplex role of S100A4 in melanoma
progression. Therapies targeting S100A4 might beffattive strategy to treat cancer. The goal

of the present study is to define S100A4 and RAGHrdbution in melanoma progression.
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S100A6 S100A6, also known as Calcyclin, is another menobéne S100 protein
superfamily [285]. Like other S100 proteins of tAé series, S100A6 is encoded by a gene
located at chromosome 1921 suggesting its impdicanh cancer [246]. At the opposite of
S100B, S100A6 is widely expressed in a varietyssiues, organs and cells such as stomach,
skeletal muscle, heart, lung, kidney and spleeB][28 wide range of cell types such as
fibroblasts, epithelial cells, neurons, glial cetlardiac myocytes, platelets and smooth muscle
cells are known to express S100A6 protein [2870C(&6 is mainly located in the cytoplasm but
it has also been found to be associated with thengenbrane and nucleus upon‘€stimulation
[288].

Numerous factors have been shown to regulate S1p0#&6in expression [287]. Stress
[289], injury [290] and ischemic conditions [29Hrclead to upregulation of S100A6. Other
factors such as growth factors (platelet derivexivtin factor, epidermal growth factor) [292],
tumor necrosis factor [293], estrogen [294], padtaif295], vasopressin [296] and gastrin [297]
can also promote its expression. Several transmniphctors regulating the expression of
S100A6 have been described. For example, Bfhas been shown to activate S100A6 gene
[298] whereas p53 has been shown to suppressnsaggression [299]. DNA methylation and
histone modification have also been reported talegg S100A6 expression [300, 301]. The
tight regulation of S100A6 expression by multipleneents implicates its important
physiological and pathophysiological roles.

S100A6 interacts with multiple target proteins ia tdependent manners. Examples of
the targets at protein levels are glyceraldehygd@sphate dehydrogenase, annexin Il, annexin
VI, annexin XI and the prolactin receptor [302].|&&lin binding protein (CacyBP) is another

target for S100A6 that suppresses cancer cellfpration and motility by regulating-catenin
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ubiquitination and ERK signaling pathway [303]. €i&100B, S100A2 and S100A4 proteins,
S100A6 can also interact with p53 but its inte@ttiesults in the absence of effect on the
interaction of p53 with the DNA [304]. However, SIAEB interaction enhances the nuclear
accumulation of p53 which might modulate p53 tusugppressor activities [302]. S100A6 has
also been shown to be released from cancer call)AH has been detected in the breast cancer
extracellular medium [108] and pancreatic cancéieptis serum [155]. S100A6 has also been
shown to be released from human U87-MG glioblastoetia in response to increased€a
concentrations [108]. RAGE is considered to be afrtbe target proteins for extracellular
S100A6 protein. S100A6 interacts SRAGE with micrétemaffinities as determined by surface
plasmon resonance [29]. S100A6 mostly interacth thié V and C2 domains of RAGE [108].
High expression of S100A6 protein has been as®utiaith several cancers such as colorectal
cancer [305], pancreatic [155], hepato-cellulacraama [306], melanoma [307], lung cancer
[308] and gastric cancer [309]. The role of S1006ancer progression is complex. In some
instances S100A6 has been shown to promote cgbtagie whereas in other cancer types it
promotes cell proliferation. SI00A6/RAGE interaatizas been shown to trigger apoptosis in
SHSY5Y neuroblastoma cells by inducing reactivegexyspecies formation which then
stimulates JNK signaling [108]. On the contrarghprotein levels of S100A6 has been
associated with poor patient outcomes in pancreaticer [155]. In pancreatic cancer cells,
S100AG6 protein has been shown to interact with minn2 and to assist in its recruitment to the
cell membrane. Thereby, S100A6 protein promotesnaatic cancer cells motility [310].

These data suggest an active role of S100A6 protgancreatic cancer progression. There are
currently very few reports on the role of S100A6nielanoma. A significant correlation was

found between the expression of S100A6 in melanmmt@stases and the survival time of
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patients. Melanoma patients with thick primaryd@sand short survival time have been shown
to express significantly higher S100A6 mMRNA leva$scompared to patients with thin lesions
and longer survival time [257]. We quantitativehalyzed S100A6 mMRNA expression in 40
melanoma tumor samples by Real Time PCR. This dtuayd that 43% of stage 11l melanoma
tissue samples have significant over-expressiddlO0DAG6 mMRNA [89]. In the current study we
have further investigated the association of RAGH B8100A6 in melanoma.

S100A10 S100A10 is another member of the S100 protein $aipdy. The gene
encoding this protein is located on chromosome 1824]. S100A10 is also referred as p11,
42C, calpactin | light chain or annexin Il lightath [185]. Like other S100 proteins, S100A10
also possesses two EF hand domains but one excajpfgature of this protein is its inability to
interact with C&. Deletion and substitution of certain amino acidcal for Ca? binding
renders it€F hands incapable of binding aUnlike other S100 proteins, S100A10 possesses
a permanent active conformation and remains autitf®ut interacting with C£[194, 311].

The expression of S100A10 is induced by interfeghmgocorticoid, transforming growth
factor{3, gonadotrophin, epidermal growth factor, basicdiitast growth factor and interleukin
1B [185, 312]. Promoter hypermethylation can alsal@g S100A10 gene expression [313].
S100A10 protein is found in the cytosol and is a&gpressed on the cells surface in complex
with annexin A2 [314]. Annexin A2 plays importales in regulating S100A10 expression at
both mRNA and protein levels [315, 316]. Loss ofiexin A2 leads to a reduced S100A10
protein expression at transcript levels [316]. AnneA2 also stabilize S100A10 and protects it
from ubiquitin proteasome degradation pathway [3T8E transport of S1I00A10 on the cell
surface is mediated by annexin A2 through exos@®aletion pathway [317]. The hetero-

tetramer complex of S1I00A10 with annexin A2 isedlAllt, which consists of two molecules
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of annexin A2 in complex with homodimer of S100AB824]. S100A10 anchored with annexin
A2 on the cell surface acts as a plasminogen recfit4] and interacts with plasminogen,
plasmin and tPA (tissue plasminogen activator).otJpinding with S100A10, plasminogen gets
cleaved to its activated form plasmin, which letproteolytic cleavage of extracellular matrix
[318, 319]. By activating plasminogen to plasmirfd@A10 contributes in extracellular matrix
degradation that assists cancer cells to invadendteéx and enter into the circulation to
metastasize to other parts of the body [319]. Thesgnce of excess fibrin clots deposited in
S100A10 null mice suggests an important contribubS100A10 in fibrinolysis [320]. A
defective vascularization observed in S100A10 mitle also suggests its role in promoting
angiogenesis [320]. Besides this, S100A10 hasl@sa demonstrated to induce macrophage
recruitment at the tumor site, that creates amamifhatory microenvironment within the tumor
[321]. Inflammatory reactions can further stimulaimor progression via activating multiple
signaling pathways. S100A10 has been shown toibaoitérin cancer pathogenesis. For example
S100A10 knockout mice showed slower tumor growtl nmalewis lung carcinoma as compared
to control mice [322]. The regulation of S100A10tgin expression by oncogenes such as
PML-RARa [323] and K-Ras [312] further implicates its radecancer progression. The
contribution of S100A10 protein in melanoma progies is not known yet. A recent report by
our lab has demonstrated a significant decreaS&a@®A10 mRNA expression in 58% of stage
IV melanoma tumors [89]. The association of S100Addiein with RAGE has not been
reported yet. It is very essential to investigédeassociation with RAGE in melanoma and the
functional significance of S100A10/RAGE in melanopahogenesis.

S100A11 S100A11 is another member of the S100 proteiergamily (also known as

S100C or calgizzarin) and is encoded by a genagddaan 1921 chromosome [246]. Itis
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expressed in a wide range of cell types and tissues expressed at the highest levels in the
skin [324, 325]. Other tissues reported to exp8H30A11 are placenta, liver, spleen, lung,
kidney, heart [326]. It is also expressed in therpskeleton muscle, thymus and brain at low
levels [327]. Within the cell S100A11 is found bathcytoplasm and nucleus depending upon
the cell type and cell environment [325]. S100AA% hlso been detected in the extracellular
space of normal human keratinocytes [327]. At tldacular level, S1I00A11 interacts with a
number of targets.

Annexin A1 and A2 are the two important bindinggets for S100A11 [328].
Translocation of S100A11 from the cytoplasm torheleus is important for controlling cell
proliferation in response to DNA damage [329]. Qerpression of S100A11 was detected in
malignant uveal melanoma [330], but its precise mImelanoma is not clear yet. In the present
study we have studied the role of RAGE and its@asion with S100A11 protein in melanoma
progression

To summarize, RAGE and its ligands are associatéduwarious cancer types. In
melanoma, co-expression of RAGE and its differggarids implicates their significant
contribution in melanoma pathogenesis. To the dkestir knowledge there is no scientific report
demonstrating the precise role of RAGE and itsidgain melanoma progression. There is a
need to understand how RAGE together with its lidgainfluence melanoma tumor growth. In
the present study we have investigated their daution in melanoma and also explored the

downstream signaling involved.
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HYPOTHESIS, APPROACH AND RESEARCH OBJECTIVES

The goal of this study was to investigate the odlthe RAGE in melanoma progression.
Previous literature has suggested an active caniwibo of RAGE and its ligands in melanoma
pathophysiology [133, 219]. Tissue microarrays wihlan melanoma tumor samples
demonstrated strong positive signal for RAGE pro&ipression in 10% of the tumors tested
[331]. Another study reported that AGE-RAGE meelthénhanced melanoma cell proliferation
and migration. This study also showed a significadtction in tumor growth and lung
metastasis in a xenograft mouse model of melangua treatment with RAGE blocking
antibody [133]. In 2009, our lab reported highlyighle transcript levels of RAGE in different
melanoma patient tissue samples. This study shavegghificant increase in RAGE mRNA
expressions in stage IV melanoma patients comgarsthge Ill melanoma patients [89]. All
together these reports suggested a possible cotmbribof RAGE and its ligands in melanoma
progression. However, the precise role of RAGE @lanoma progression has not been well
defined. In the present study we have asked th@xolg questions:

Does RAGE contribute to melanoma pathogenesis@sifwhat is the mechanism behind
it? How S100 proteins contribute to RAGE mediatezlanoma progression? If they do play a
role, can we suppress melanoma tumor growth methaédeRAGE and S100 proteins?
Based on the previous reports, we hypothesizedRA&E, when overexpressed in melanoma
cells, triggers melanoma progression.

To test our hypothesis we have selected two melarzth lines (WM115, WM266), that
were established from the same patient. The WM&1Sige was established from a primary
melanoma tumor in vertical growth phase, wheread¥v266 cell line was established from a

metastatic tumor. In order to study the contribuidd RAGE, we have over-expressed RAGE in
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WM115 cells with two different expression level®Xland 100X). As a control, we have
transfected these cells with noncoding empty pldgmgenerate WM115 MOCK cells.
Simultaneously, WM266 cells were also transfectédd the empty vector in order to
comparatively analyze the functional propertie$\1115 MOCK, WM115 RAGE and
WM266_MOCK cells. This approach has provided utatfgrm where we can simultaneously
study the role of RAGE at different phases of mefaa progression. Using this approach, we
have tested our proposed hypothesis by definingifspeesearch objectives.

In Chapter 1 our objective was to generate RAGE-expressing WM115 melanoma
cell lines and characterize them for the presen&8AGE. For this purpose, WM115 cells were
stably transfected with either empty or RAGE encbpleDNA3 plasmid to generate
WM115 MOCK, WM115 RAGE-I (intermediate) and WM115ARE cells. The metastatic
melanoma cell line, WM266, was also transfectedth wie empty pcDNA3 in the similar way to
generate WM266_MOCK cells. The expression of RAGRIM115 MOCK, WM115 RAGE-

I, WM115 RAGE and WM266_MOCK cells was determingdReal Time PCR and ELISA.
Using flow cytometry and immunofluorescence we hewefirmed the cell surface expression of
RAGE in the transfected WM115 cells. As a parthef tharacterization, we have also assessed
the influence of RAGE over-expression on WM115<elborphology and compared it between
WM115_MOCK and WM266_MOCK cells.

In Chapter 2, we aimed to study the effect of RAGvEr-expression on the tumorigenic
properties of the WM115 cells. To meet our resealyhctive we have performed several cell
based assays that reflect the tumorigenic poteottidle cells. Proliferation, migration and
anchorage independent growth potentials of the gatke assessed and compared by performing

AlamarBlue® assay, Boyden chamber assay and saftcadony formation assay respectively.
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To assess whether ligand stimulation could furdaivate the proliferation and migration
properties of these cells, we have also perforedimilar assays in the presence of two RAGE
ligands (S100B and ribose BSA).

The research objective of Chapter 3 was to deciBA¢3E induced downstream
molecular mechanisms involved in melanoma progoessiirst, to confirm that the changes
observed in the cellular properties of WM115 cefter RAGE over-expression (Chapter 2)
were RAGE dependent, we suppressed RAGE expreissii115 RAGE cells by transiently
transfecting these cells with RAGE specific SiRNAe extent of RAGE suppression was
assessed by Real Time PCR and ELISA. The effeRAGE suppression on WM115 RAGE
cells proliferation and migration was assessedgualamarBlue® and the Boyden chamber
assay. Our next goal was to determine the rolel60B, which is one of the ligand for RAGE,
in RAGE mediated melanoma progression. For thatgee, we determined and compared the
expression levels of S100B protein in WM115 MOCKWWM5 RAGE and WM266_MOCK
cells at transcript and protein levels by Real Tir&R and ELISA. Furthermore, expression of
S100B protein was suppressed in WM115 RAGE cellsdnsiently transfecting these cells
with S100B specific SIRNA. After confirming the suession of S100B in the siRNA
transfected WM115 RAGE cells by Real Time PCR ahtEB, we have performed the
AlamarBlue® and Boyden chamber assays to assasptbkferation and migration potentials.
Next, expression of the S100B binding partner amaotr suppressor p53 protein was determined
in WM115_MOCK and WM115_RAGE cells by Real Time P&@mi Western blot. We have
also assessed cyclin E protein expression, whiahasher molecule involved in cancer
progression, in the transfected WM115 cells by \&fesblot and flow cytometry. To investigate

the downstream signaling pathways induced by RAGIEelanoma progression we have
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assessed AKT, MAPK and JNK activities in WM115 MO@Kd WM115 RAGE tumors by
Western blot. NReB signaling activity in WM115 MOCK and WM115 RAGEaw also
determined by performing N&B luciferase assay. Furthermore, to determine fleeteof

RAGE over-expression on the expression of cancacasted genes we have performed a cancer
pathway finder PCR array on the transfected WMl cThe PCR array we used in the study
included 84 genes representative of six biologiedhways involved in transformation and
tumorigenesis.

The major objective in Chapter 4 was to assessolkeof RAGE in melanoma tumor
growth and to decipher the downstream signalinglied. To meet this objective we have
generated a xenograft mouse model of melanoma tusiog the WM115 MOCK and
WM115 RAGE cells. The tumorigenic growth potentéthese cells was assessed and
compared. We have confirmed the expression of RAGEM115 MOCK and WM115 RAGE
tumors by Real Time PCR, ELISA and immunohistoctstryi We aimed to determine how
RAGE overexpression in WM115 melanoma tumors agf2&100 proteins expression. For that
purpose, expression of S100 proteins (S100B, S1808QA4, S100A6 and S100A10) relevant
in melanoma pathogenesis were assessed in WM115 KMDE WM115 RAGE tumors by
Real Time PCR and Western blot. Furthermore, ggmothanges in WM115 MOCK and
WM115 RAGE tumors were deciphered by performingstéu@e cancer pathway finder PCR
array that we used for the transfected WM115 cells.

Next to test the therapeutic potential of anti-RA&Hibody in melanoma tumor growth
we have treated WM115 RAGE tumor bearing mice aitti-RAGE antibody. We also
assessed the distribution pattern of Cy5.5 conggyanti-RAGE antibody in mice body by

whole animal imaging. To test whether anti-RAGE@ody when given in combination with
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chemotherapeutic drug, dacarbazine produce sytiertyimmor suppressive effects on melanoma
tumors, we have treated WM115_ RAGE tumor bearingeranti-RAGE antibody and

dacarbazine.
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CHAPTER 1. GENERATION AND CHARACTERIZATION OF RAGE OVER-
EXPRESSING MELANOMA CELL LINES
Abstract
The objective of this chapter was to generate noehencell lines overexpressing
different levels of RAGE and characterize themtha presence of RAGE. For that purpose, we
selected two different melanoma cell lines (WM1WBVI266) originated from two different
stages of tumors of a same melanoma patient. We stably transfected the WM115 cells with
FL_RAGE encoding pcDNA3 plasmid. We also transfédieth WM115 and WM266 cells with
noncoding pcDNAS3 plasmid to generate the contrbllicees WM115 MOCK and
WM266_MOCK cells respectively. RAGE transcript Is/e/ere assessed and compared by Real
Time PCR in the transfected cells. RAGE proteirels\n the cells were quantified by ELISA.
We obtained two clones of WM115 RAGE (WM115 RAG&nsd WM115 RAGE) cells with
different expression levels of RAGE. ExpressioiR&GE was found to be100 and~10 fold
higher in WM115 RAGE and in WM115_RAGE-I cells respvely than in WM115 MOCK
cells. Also, the expression of RAGE in WM266_MOC#Is was found to be2.4 fold higher
than in WM115_MOCK cells. Using flow cytometry amdmunofluorescence, we
demonstrated that RAGE was expressed on the cédiceu Furthermore, to demonstrate the
influence of RAGE over-expression on WM115 cellsrpimlogies, we stained the
WM115 MOCK and WM115_ RAGE cells with FITC conjugatéD44. We observed
differences in the morphology of the WM115 celleaRAGE over-expression. The WM115
cells, originally with polygonal morphology, acoedr an elongated mesenchymal like
morphology after RAGE over-expression. To testdfiect of RAGE over-expression on the

cytoskeleton organization, we stained the cell wibdamine conjugated phalloidin that
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specifically binds to filamentous actin. Our resdemonstrated that WM115 MOCK cells with
short thick actin filaments switched to elongatedatiel bundles of actin filaments, after RAGE
over-expression.

We have successfully generated a model of melarmathine over-expressing RAGE.
These cells were characterized in terms of expyasand subcellular localization of RAGE.
Furthermore, the influence of RAGE on the cell nnmipgy and cytoskeleton assembly was also
assessed.

Introduction

One of the biggest threats associated with anyeraathe metastatic dissemination of
cancer cells throughout the body. Understandingrtbkecular switch between the proliferative
and metastatic states of cancer cells is extrenteitenging. A better elucidation of this
mechanism could help the development of approptiegeapies against cancer. Transition of
tumor cells from epithelial to mesenchymal phenefygdso known as EMT, is one of the crucial
events in tumor metastasis [332, 333]. Multipld¢ided molecular changes are associated with
the EMT process such as activation of transcriptamtors, expression of specific cell-surface
proteins, reorganization of cytoskeletal proteind production of extracellular matrix degrading
enzymes [333].

RAGE is a cell surface receptor of the immunoglaiperfamily. Previous studies have
shown an important role of RAGE in modulating carzmdls properties and therefore in cancer
progression [78, 133, 135, 210]. RAGE and its l@gm(5100B, AGEs, HMGB-1) have been
reported to be expressed in significantly higheele in melanoma tissues as compared to the

normal skin tissues [89, 170, 331]. Moreover, AGiage been shown to enhance melanoma cell
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proliferation and migration through RAGE. Howewiire precise role of RAGE in melanoma
pathophysiology is not well defined yet.

Here, our goal was to assess the influence of RAGH-expression on a primary
melanoma cell line. To study the role of RAGE inlam@ma progression, we have selected two
sister melanoma cell lines (WM115 and WMZ266) oragéad from the same patient but from
different stages of melanoma progression. The WMEIHine was obtained from a primary
melanoma tumor in vertical growth phase, wheread¥vi266 cell line was obtained from a
metastatic melanoma tumor of the same patient.nkstigated the influence of RAGE on the
cellular behavior of WM115 cells and compared itrvthat of WM266 cells. Understanding the
influence of RAGE over-expression on the cellulaperties of WM115 cells will help to

determine the contribution of RAGE in melanoma pesgion.

Material and Methods
Cdll lines and stable transfection

Two different melanoma cell lines, WM115 and WM2@6ére obtained from ATCC
(Manassas, VA). The cells were maintained in OPTMMiBedia (Life Technologies, Grand
Island, NY) with 4% FBS, 1% penicillin and streptgem at 37 °C and 5% COThe cells were
stably transfected with FL_RAGE using the pcDNA&gphid and Satisfection reagent (Agilent
Technologies, Santa Clara, CA) as per manufactinestruction. The pcDNA3 plasmid
encoding RAGE was kindly provided by Prof. Heizmadniversity of Zurich, Switzerland. The
empty pcDNA3 plasmid was used to generate the aowitM115 MOCK and WM266_MOCK
cell lines. The plasmids were digested and linearizith Mfel (New England Biolabs, Ipswich,
MA). The transfected clones were then selected different concentration of G418 sulfate

(CellGro). The WM115 RAGE cells were maintaineddRTIMEM with 4% FBS, 1%
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Penicillin/Streptomycin and in the presence of Ymig>418 sulfate, whereas the
WM115 MOCK and WM266_MOCK cells were maintainedhe same media in the presence

of 0.5 mg/ml of G418.
Real Time PCR

Total RNAs were extracted from all the transfeatelll lines using the Ambion RNA
extraction kit according to the manufacturer’'sinstions. 200ng of each RNA was reverse
transcribed using the Reverse Transcription SysEnmomega, WI) according to the
manufacturer’s instructions. The cDNA products weneon a Mx3000 Stratagene RT_PCR
system using Brilliant Il Ultra fast SYBER Green QR Master mix (Agilent Technologies, CA)
and appropriate primers (Table 7). The RT_PCR Thé&aoycle program comprised an initial
denaturation step at 95°C for 10 secs, followed®ygycles of denaturation at 95°C for 30 sec,
then annealing at 58°C for 30 sec and extensi@2dE for 60 sec. The point at which the
fluorescence signal crosses the set thresholdowikras Ct value. Ct values of RAGE from
WM115 MOCK and WM115 RAGE cells were compared ®d¢brresponding Ct values of
actin in both the cell lines. The fold of changeREGE mRNA expression in WM115 RAGE
cells compared to WM115 MOCK cells was calculateithgi the double delta Ct method [334].
Briefly, Ct values for RAGE gene from both WM115 8E& and WM115 MOCK cells were
normalized with their corresponding Ct valuesffeactin gene. The obtained delta Ct value of
WM115 RAGE cells was further normalized with théta€t value of WM115 MOCK cells.

The fold of change was calculated from the doubkléadCt value using the following equation.
Fold change =2
WhereAACt = [Ct (RAG E) - Ct [6-actin)}NM115_MOCK - [Ct (RAG E) - Ct ﬁ-aCtin)}\NM115_RAGE
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We have also determined RAGE expression in thesteated WM115 cells by regular
PCR using the same set of RAGE primers. The araglifCR products obtained from the
WM115 MOCK and the WM115 RAGE cells were run on% agarose gel (0.01% ethidium

bromide) with 100 bp DNA ladder (New England BidaiA).

Human RAGE immunoassay

Protein extracts were prepared form the cells uieg®?ARIS kit (Life Technologies).
The concentration of RAGE protein in the cell lgsatvas quantified using the Quantikine
Human RAGE Immunoassay sandwich ELISA system (R &Btem, Minneapolis) as per
manufacturer’s directions. The soluble form of RA®Ehe cell condition media of the

transfected cells was also quantified using thees@ammunoassay.

Flow cytometry

A Flow cytometric titration was performed to deteetl surface expression of RAGE on
the transfected cells. In brief, both MOCK and RAt&hsfected cells were grown to 70-80%
confluence. Cells were harvested by scrapping ustierge cell scrappers and incubated with
serial dilution of a mouse antibody against humaGE (R & D System) in 1% FBS / PBS on
ice for 1 hour. After washing with 1% FBS in PBBe tcells were further incubated with a FITC
conjugated anti mouse 1gG F(abjJackson Immunoresearch) antibody (1/100 diljtnice
for 20 minutes. After a final wash, the fluoresceintensity (Ex: 495nm; Em: 519 nm) was
measured on a C6 Accuri Flow Cytometer (Core BiplBgcility, NDSU). A total of 5000

events were recorded. The results are shown asdhe fluorescence in arbitrary units.
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I mmunofluorescence

Cells were grown on sterile glass slides to 60-t@¥#fluence. The attached cells were
washed thrice with PBS and were incubated with Md@hmonoclonal human anti-RAGE
antibody (R & D System) followed by a FITC conjuggianti-mouse IgG F(ap)Jackson
Immunoresearch) (1/100 dilution) in 1% BSA/ PBSteaming 0.01% NaN3 on ice for 30 mins.
Using a similar procedure, the transfected WM11E egere stained with a FITC conjugated
anti-CD44 antibody (BioLegend, San Diego, CA). Huelei were stained with the Hoechst dye
(Life Technologies). After a final washing stepe ttells were imaged using an Olympus

Fluoview FV1000 fluorescence microscope at 20x risgtion.

To stain the actin filaments, WM115_MOCK and WM1RAGE cells were first fixed
with 4% paraformaldehyde and permeabilized wit®®t&ton X-100. After blocking with 5%
BSA/PBS for 1 hour, the cells were incubated witbdamine conjugated phalloidin (Biotium
Inc. Hayward, CA) for 20 mins. The cells were caurdtained with the Hoechst dye as
mentioned previously. The cells were then imagedgus Zeiss AxioObserver Z1 inverted

microscope with LSM700 laser scanning head attaohaite60x magnification.

To compare the cell morphologies of WM115 MOCK, WNS1RAGE-I, WM115 RAGE
and WM266_MOCK cells, bright field images of thesdls were taken using an Olympus
Fluoview FV1000 fluorescence microscope at 20x rifegition. The extent of cells’ ellipticity
was determined by calculating the ratio of celginover cell width using the CellSens software
(Olympus, USA). An average length to width rationodre than 30 cells from different fields

were calculated for each cell type and compared.
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Results

Generation of the WM 115 cell line model over-expressing RAGE

WM115 cells were stably transfected with a plasemdoding FL_RAGE. WM115 and
WM266 cells were transfected with an empty (MOCKsmid and served as controls. We
generated three transfected clones of WM115 dald115 MOCK, WM115 RAGE-I and
WM115 RAGE. RAGE protein was quantified in the sfatted cells by using a commercial
sandwich ELISA. WM115 MOCK, WM115 RAGE-I and WM1IBAGE cells expressed 11.5
+0.1,81.0 £ 7.2 and 1081 = 53 pg of RAGE prota#n mg of total protein, respectively (Table
4). WM266_MOCK cells expressed 24.5 + 6.5 pg of HEAGRr mg of total protein. Our results
demonstrated 7 fold and 94 fold higher transcapetls of RAGE in WM115_ RAGE-I and
WM115_ RAGE cells respectively than in WM115 MOCHKIeeWM266_MOCK cells express
2.4 fold higher RAGE than WM115_ MOCK cells (Table We also quantified the soluble form
of RAGE released in the culture media of the WMINIBCK and WM115_ RAGE cell lines.
We obtained 422 + 50 pg of RAGE in per ml of cudtunedia of WM115 RAGE cells. In our
experimental conditions we couldn’t detect any BEWIRAGE in WM115 MOCK cells culture

media (Table 5).
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Figure 5: Representative agarose gel demonstrBttg products of transfected WM115 cells
Lane 1. 100 bp DNA ladder, Lane 2. WM115 MOCK amehé 3. WM115 RAGE. Real Time
PCR experiment was performed in the transfected \MtElls in triplicate on at least three
independent sets of cDNAs using primer pairs spefof FL_RAGE.

Table 4: Quantification of RAGE in WM115 cell lysatby ELISA.

Cell lysates RAGE (pg/mg of total protein)
WM115 _MOCK 115+0.1
WM115 RAGE-I 81.0x7.2
WM115 RAGE 1081 £ 53
WM266_MOCK 245+6.5

Table 5: Quantification of soluble form of RAGEWM115 cell supernatants by ELISA.

Cell supernatant

RAGE (pg/ml of cell supernatant)

WM115_MOCK

<10

WM115_RAGE

422 +50
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RAGE was detected on the cell surface of WM115 RAGE and WM266 RAGE cells

The flow cytometric experiment data showed a hidéeel of RAGE in the
WM115 RAGE cells than in the MOCK control cellsd&ie 6). In our experimental conditions,
the cells were not permeabilized prior to the iratidn with the antibody which restricted the
antibody to binding to cell surface RAGE. Our résgluggest that RAGE was accessible to the
antibody and hence it is probably located on thiesceface. Fly,.xof WM115 RAGE cells was
found to be 4.1 *1DA.U. whereas the mean fluorescence from WM115 MQ@@Eks remained
in the baseline levels. We also detected RAGHRénttansfected cells by immunofluorescence
(Figure 7). RAGE was found both on the cell surfacd in the cytoplasm of WM115 RAGE
cells (Figure 7B). RAGE could not be detected in Wi&_MOCK cells in our experimental

conditions (Figure 7A).
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Figure 6: Detection of RAGE protein on the cellfane of WM115 cells by flow cytometry.
Expression of RAGE was assessed in WM115 RAGEdiretes) and WM115 MOCK (blue
squares) cells by flow cytometry using increasiogoentration of anti-RAGE antibody. The
experiment was performed in triplicate for two ipdadent times. (n = 3).
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Figure 7: RAGE detection on the cell surface of Wi Lells by the immunofluorescence.
Merged images of WM115 MOCK (A.) and WM115_ RAGE)(Bells stained with Hoechst dye
(blue) and anti-RAGE antibody with FITC conjugasatondary antibody (green).
Magnification 20X.

RAGE over-expression triggers a phenotypic change and filamentous actin remodeling in

WM115 cells

In order to assess the effect of RAGE over-exgioason WM115 cell morphology, we
stained the cells with FITC conjugated anti-CD4#tsdy. CD44 is a cell surface glycoprotein
expressed in most melanoma cells including WM115 ¢&35]. The microscopic images
demonstrated a morphological switch from a polygomarphology in the WM115 MOCK cells
to an elongated mesenchymal like morphology intid115 RAGE cells (Figure 8). We have
also quantified the ellipticity of the transfecteslls by calculating the ratio of the cell length
over the cell width (Ry). We found that the ratio was significantly higirethe WM115 RAGE
cells (Rer = 9.8 = 3.8) than in the WM115 MOCK cells{R= 1.8 £ 0.7). The ellipticity of the
WM266_MOCK cells (R = 10.8 + 4.0) was equivalent to that of the WM1RBGE cells.

We have also calculated length to width ratiq,(R.9 of transfected WM115 cells’ nuclei. Our
results demonstrated a significant increasenjRddn WM115 RAGE (1.8 + 0.5) cells as

compared to WM115 MOCK (1.3 £ 0.2) cells (p < 0.05)
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To further assess the effect of RAGE over-expressiothe filamentous actin
arrangement in WM115 cells, we stained the celth wiodamine conjugated phalloidin.
Phalloidin is a fungal toxin that binds to and dtaés filamentous actin by preventing its
depolymerization. We observed short thick bundfddamentous actin in WM115 MOCK
cells which remodeled to long parallel bundlescaifraafter RAGE over-expression (Figure 9).
WM115 RAGE-I (WM115 RAGE-10x) demonstrated intermagel level of filamentous actin
remodeling (Figure 40). We also compared the aallolorphologies of the transfected WM115
cells with that of WM266_MOCK cells by bright fieldicroscopy. We showed that WM115
cells acquired an elongated morphology after RA@&r-@xpression which is equivalent to the
morphology of metastatic melanoma cell line WM26&®EK (Figure 10). These data suggest a

RAGE dependent modulation in cells morphology aytdskeleton remodeling induced in

WM115 cells upon RAGE over-expression.

Figure 8: CD44 staining in the transfected WM115lsceWM115 MOCK (A.) and
WM115 RAGE (B.) cells were stained using a FITCjogated CD44 antibody. Cells’ nuclei
were stained with the Hoechst dye. Merged imag#s 20X magnification
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Figure 9:Filamentous actin staining ithe transfected WM115 cell#ctin filaments were
stained inWM115 MOCK (A.) and WM115 RAGE (B.cells using rhodamineconjugated
phalloidin. Cells’ nucleiwere stained withthe Hoechstdye. Merged images with 60
magnification.

Figure 10:Bright field images of transfected WM115 and WM26élls. Image showin
morphologiesof WM115 MOCK (A.), WM115 RAGH (B.), WM115 RAGE (C.) ani
WM266_MOCK (D.) cells Magnification 20X.
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Discussion

We have successfully generated two new melanonhéreed overexpressingl0 and
~100 fold higher RAGE compared to the MOCK contrellss We hypothesized that RAGE,
when over-expressed in melanoma cells, plays amoteelanoma progression. To simulate the
pathological conditions, we generated WM115 céiléd bver-expressed 10-100 fold higher
RAGE as compared to their MOCK counterparts. Flgmetry (Figure 6) and
immunofluorescence (Figure 7) results show that EAg&s not only expressed on the cell
surface but also present in the cytoplasm. Our a@@&an agreement with previous reports.
Indeed several reports have demonstrated intrdaelacation of RAGE previously. RAGE has
been shown to be present on the cell surface dsaweal the cytoplasm of G361 malignant
melanoma cells, which upon activation with AGE entes cell proliferation and migration
[133]. RAGE has also been reported to internaliaefthe cell membrane and be transported in
the cytoplasm upon engagement with either its ligghGE and S100B) or anti-RAGE antibody
[336]. Internalization of RAGE upon stimulation tvindvanced Glycation End Products has
been shown to be an important event for downstrg@gmaling in CHO cells [128]. In Schwan
cells, S100B stimulation led to internalizationRAAGE, which was shown to recycle back to the
cell surface by Src mediated signaling. RecyclihnBAGE induced S100B secretion and
morphological changes in the cells [129].

We could also detect higher levels of soluble RAGEB/M115 RAGE cell supernatants
as compared to MOCK cells supernatants. Thesesdatgest a shedding of membrane bound
RAGE into its soluble form via proteolytic cleava@hedding of membrane bound RAGE by
metalloprotease ADAM10 has been reported previo@ly Soluble form of RAGE has been

suggested to act as a decoy receptor that canerachRAGE mediated signaling [337]. At this
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point, we don’t know the role of soluble RAGE o ttellular properties of WM115 cells.
Soluble form of RAGE released from WM115_ RAGE cefiight counteract RAGE mediated
signaling in WM115 cells by interacting with the BE ligands. However, it might just be a
mechanism to shed the excess of RAGE proteins iotanaa constant number of RAGE

molecules on the cell surface.

Cells were stained with the cell surface biomafkB#4 in order to observe possible
phenotypic changes induced in WM115 cells upon RARE&r-expression (Figure 8). CD44 is a
cell surface receptor for hyaluronan, it is implezhin cell proliferation, cell migration, cell-¢el
adhesion and cell-matrix adhesion [338-341]. CB#dxpressed in many cancer cell types
including melanoma [335]. We showed an enhancggtielty in the WM115 RAGE cells and
their corresponding nuclei compared to the MOCKtagrcells. Induction of elongated
mesenchymal like morphology is one of the mechatugwhich cancer cells acquire migration
potential. Elongated mesenchymal morphology isaifrtbe characteristics of metastatic cells
[342]. RAGE induced altered cell morphology migfieat cells migration and invasion
potentials. An altered nuclear structure is alse @inthe hallmark of cancer and is used in

disease diagnosis [343].

Next, in order to assess the effect of RAGE onsketeton remodeling, we stained
filamentous actin with rhodamine conjugated Phdifo{Figure 9). The images showed a
significant actin remodeling induced in WM115 celfgon RAGE over-expression. The short
thick actin filaments in WM115 MOCK cells, remodgl@ato long thin parallel filaments after
RAGE over-expression. The cytoskeleton plays arakrdle in modulating cell morphology.
Polymerized actin constitutes a major part of thié @ytoskeleton and provides a mechanical

support to the cells. Polymerization and depolymaion of actin filaments modulate the cells
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morphology and provide propulsive forces for cetivement [344, 345]. RAGE has been
previously shown to alter actin assembly in différeell types. Over-expression of RAGE in
Human Umbilical Vein Endothelial Cells (HUVEC) hlasen shown to trigger actin filament

remodeling [346].

In summary, we have demonstrated that RAGE overessmpn induced morphological
changes to the WM115 cells from an epithelial likerphology to a mesenchymal like
morphology. Our data suggest an enhanced WM11%#llity upon RAGE over-expression.
In the next chapter we will test the effect of RAG¥er-expression on the cellular behavior of

WM115 cells.
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CHAPTER 2. EFFECT OF RAGE OVER-EXPRESSION ON MELANO MA CELL

PROLIFERATION, MIGRATION AND INVASION

Abstract

In order to decipher the role of RAGE in melanomagpession, we have generated and
characterized new melanoma cell lines over-expngdRAGE (described in Chapter 1). In this
chapter, the effect of RAGE over-expression on melliferation, migration and invasion with
and without ligand activation was assessed and aoedpWe found a reduced cell proliferation
in the WM115 RAGE cells as compared to their MOGKirterparts in normal growth
conditions. Contrary to this, we showed that the WISl RAGE cells had increased their
anchorage independent growth potential comparéuet®OCK control cells as shown by soft
agar colony formation assay. The WM115 cells apgbto have acquired a migratory like and
invasive like phenotype after RAGE over-expressisrshown by the wound healing and
Boyden chamber assays. We showed that after timsfevith RAGE, the WM115 melanoma
cells exhibited similar migration potentials th&woge of the WM266 cells, the sister metastatic

cell line of WM115.

We next investigated the influence of RAGE ligaBd@0B, ribose BSA) on the
migration of the WM115 MOCK and WM115 RAGE cellse@itment with 1mg/ml of 500nM
ribose BSA led to two fold increase in WM115_ MOC#Is’ migration but no effect was found
on the WM115 RAGE cells. Recombinant S100B protesatment didn’t alter the migration of
either cell lines. Treatment with an anti-RAGE hotly could not suppress the migration of the

WM115_ RAGE cells nor the AGE induced migration loé ?ZWM115 MOCK cells.
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Introduction

Melanoma is the most lethal form of skin cancer7[3Melanoma cells are highly
heterogenous in terms of cell morphology, geneditepn and sensitivity towards chemotherapy
[348-350]. Melanoma cells undergo reversible changghenotypes and genotypes which
provide diversity in the tumor cell population. Theterogeneous population of melanoma cells
has the ability to respond differently to chemo#épst. For example, some cells acquire
chemoresistance, that makes melanoma difficultei@t {20]. In the present study we used two
melanoma cell lines WM115 and WM266. As mentionezl/jpusly the WM115 melanoma cell
line was obtained from a primary melanoma tumor\&Md266 was established from a
metastatic melanoma tumor from the same patierth Balls consist of phenotypically and
genotypically diverse traits [351, 352]. Understagdhe influence of a particular target in
melanoma cells is necessary in order to develogffactive therapy against melanoma. Recent
studies have suggested the involvement of RAGHtaridands in cancer progression [110].
S100B protein, one of the best known ligand of RA@G©®mMotes melanoma progression by
inhibiting tumor suppressor p53 protein [219]. $eroncentration of S100B protein correlates
with melanoma progression, therefore its conceptras used as a prognostic biomarker for
melanoma [353]. Advanced glycation end products E&Jdorm another group of RAGE
ligands and have been shown to increase melandiaaéderation and migration in RAGE
dependent manner [133]. The co-localization of RA4BH its different ligands in melanoma
tumors suggest their important role in melanomagatysiology [133]. Understanding the role
of RAGE in melanoma pathophysiology may lead todiseovery of new therapeutic
approaches against melanoma. In this chapter weeihgestigated the influence of RAGE over-

expression on the cellular behavior of WM115 catld compared it with those of WM266, a
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metastatic melanoma cell line. We have also testezther RAGE ligands (AGE and S100B)

can further modulate cellular properties of thasfacted WM115 cells.

Materials and Methods

Expression and purification of recombinant S100B protein

Bacterial cells were transformed with a pGEMEX®&grhid encoding for S100B gene.
After transformation, the cells were grown overhtignd subcultured until the optical density
(OD) reached 0.7. The expression of S100B wasitidarced with 0.8 mM of IPTG for the next
three hours. Subsequently, the cells were pell@teldsonicated in the presence of 1/1000
dilution of phenyl methyl sulfonyl fluoride (PMSFJhe supernatant was treated with 85% of
(NH4)2SO, solution for 30 mins at 4°C which resulted in grecipitation of other proteins
except S100B. After centrifugation the supernatamtaining S100B was further processed by
adjusting the pH to 4 using 10% phosphoric acidhése conditions, S100B protein
precipitated. After centrifugation the pellet wassdlved in 50mM Tris buffer containing 2mM
of CaC}, at pH 7.4. Further purification was performed Hyngy chromatography using phenyl
sepharose column on an AKTA Prime system (AmersBarsciences). Bound S100B was
eluted by the presence of 2mM of EDTA. Purified @8 Qvas quantified by measuring its
absorbance at 280nm (Extinction coefficient 1490 &vii'). To remove possible endotoxin
contaminants, the S100B containing solution wasguen a polymyxin B column (Sigma

Aldrich, USA) (Figure 11).
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Figure 11:Representative SDS PAGE gel image showing theypofi§100B protein afte
purification. Recombinant S100B protewas runon 15% SDS PAGE gel. Lane 1. Prot
ladder, Lane 2. S100B protdieforephenyl sepharose chromatogrgphane 3. Purified S100
after phenyl sepharostromatograph

Advanced Glycation End Products

500mM of tbose BSA (bovine serum albumin) was prepared &adacterize in our
lab by Venkatainder the supervision of Dr. Stefan Ve[354]. Briefly, 20mg/ml of BSA
solubilized in sodium phosphate buffer with 1 mMEDanc 1mM sodium azide (pH 8) we
mixed with 500mM of ribose and incubated at 37°C2Zb days. After the incubation period, |
samples were dialyzed twice against 200 volumé2B8 at 4 °C. Upon characterization,

found 96% and 15% modification of BSA rein at lysine and arginine residues respecti

Anti-RAGE antibody purification

Briefly, Balb/CByj mice were immunized witheextracellular part of human RAC
protein, which was expressed and purified in yeal$. Mice with the highest titer anti-
RAGE antibodiesn their serum were euthanized and their spleems elated. l-lymphocytes

from the spleens were subsequently fused with mowystoma cells in the presence of 5
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polyethylene glycol (PEG). Hybridomas were thersid to remove any unfused or improperly
fused cells. Antibodies secreted in the hybridoniguce supernatants were purified by affinity
chromatography using a G-sepharose column. Thedoanitibodies were eluted with 20mM
glycine (pH 2.2). The final pH of the antibody stdtm was neutralized to 7.4 using 200mM of
dibasic sodium phosphate buffer. The eluted adtilitactions were sterile filtered using 0.2
micron pore sized filters. The purity of the antlgavas determined by coomassie blue stained

SDS PAGE and was estimated to be greater than 95%.

Anti-RAGE antibody characterization

A particular anti-RAGE antibody producing clonehybridoma (2A11), was used for all
the studies. The affinity of this antibody towadierent RAGE domains was determined by
ELISA and surface plasmon resonance (SPR). Thigyatilthis antibody to interact with cell

surface RAGE was determined by flow cytometry anthunofluorescence.

Proliferation assay

The proliferations of MOCK and RAGE transfected WMIcells were assessed and
compared using the AlamarBlue® (AbD Serotek, R&leMC) redox indicator dye. In this
assay, an equal number of both MOCK and RAGE teatsil cells were seeded in their
corresponding growth media (described in Chaptén e wells of 96 well plates. After 24
hours, 10% v/v of AlamarBlue® (AB) was added tolea@ll. The fluorescence intensities (Ex:
540nm; Em: 590nm) of the wells were measured dftevurs incubation. To assess ligand
dependent effect on cell proliferation, the melaaaralls were seeded either with 1mg/ml of
AGE or 100nM of S100B. After 24 hours of incubatibie cell proliferation was assessed as

mentioned above.
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Soft agar assay

In this assay, 1% agar (DIFCO BD, France) solutias prepared in OPTIMEM
containing 4% FBS. This solution was plated inwedls of 6 well plates and allowed to
solidify. A 0.7% agarose (Invitrogen, CA) solutionOPTIMEM/4%FBS was prepared by
mixing equal volume of 1.4% of autoclaved agaros®PTIMEM/8% FBS. The solution was
allowed to cool down to 37°C. The soft agar assayg performed on four types of cells:
WM115 MOCK, WM115 RAGE, Hek 293 and Hek_RAGE. HeR@GE cells were a generous
gift from Prof. Heizmann (University of Zlrich, 4ah, Switzerland). An equal number of
WM115 MOCK, WM115 RAGE, Hek 293 and Hek_RAGE celisre mixed in the 0.7%
agarose solution and 1*16ells were seeded in each well on top of the Higliti1% agar
solution layer. The plates were incubated at 36tCGlfto 5 weeks. The media was replenished
every 3-4 days. Colonies were stained with crygtdet and imaged with an Olympus Fluoview
FV1000 microscope connected to a camera. Ten imdiepe fields in each well were imaged

and the experiment was repeated for three indepemtidees.
Wound healing assay

In order to determine the migration potentiallef transfected cells we performed a
wound healing assay. Both MOCK and RAGE transfectdid were grown to confluence in the
wells of a 24 well plate. A uniform wound was cexhbn the surface of the confluent cells using
a sterile 10ul pipette tip. The wound healing waktved over the period of 24 hours. Cells
were imaged immediately after the wound formatibhhours later and then 24 hours later using

an Olympus Fluoview FV1000 microscope. Wound widtlese measured at different time
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points The percentage of wound closure after 14shand after 24 hours was calculated in both

the types of cells as following:

Percentage of wound closure = [(Wound width afteoQr)-(Wound width after 14 or 24 hours)

/ (Wound width after O hour)]*100
Migration and I nvasion assay

The migration potential of the cells was also deteed by using the Boyden chamber
assay. In this assay 4 * 1@f both MOCK and RAGE transfected WM115 cellsémwsn free
media were seeded on a 8 micron pore sized céllreuhsert. Serum containing media (4%
serum) was added to the bottom chamber and trewetke allowed to migrate across the filter
for 24 hours. Equal numbers of cells were also sg@@dthout filter directly to the bottom
chamber as a control. At the end of the incubgtemod, non-migrated cells were gently
removed from inside the filter using sterile cotswab. After placing the filters back into their
corresponding wells, 10% v/v of AlamarBlue® was edltb the bottom chamber. The

percentage of migrated cells was calculated asviaig:
Percentage of migrated cells = (AB fluorescencé Witer / AB fluorescence without filter)*100

To assess the effect of RAGE ligands (S100B, AGi pcts) on cell migration, both
WM115 MOCK and WM115_ RAGE cells were seeded orctiiture inserts in the presence of
either 100nM of S100B or with Img/ml of AGE. Afta4 hours of incubation, the cell migration

potential was assessed as described above.

To determine the invasion potential of the transfeécells, culture inserts were coated

with bovine collagen | (Santa Cruz Biotechnologsippto seed cells. Briefly, a 0.02 mg/ml
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solution of bovine collagen | was prepared in 7a#@eol. Each filter was coated with 4ug of
collagen | and air dried under the laminar flow iodransfected cells were seeded on to the
coated filters as described previously. The pesgnbf cells that had invaded across the coated

filter were determined using the same equation.

Statistical Analysis

Data are shown either as Mean + SD. Comparatiay/sis between two groups was
made by one tail two sample (unpaired) Studentest-and p < 0.05 was considered as

significant.

Results

RAGE over-expression leads to reduced proliferation but increased anchorage independent

growth of WM 115 cells

We observed that WM115 RAGE cells were significafl < 0.05) less proliferative
than WM115 MOCK cells in 2D cell culture conditiofiggure 12). The influence of RAGE
over-expression on the anchorage independent gnooeténtial of WM115 cells was assessed
using the soft agar colony formation assay. Intergly, the WM115 RAGE cells formed about
4 times more colonies compared to the WM115 MOCI eghen grown in anchorage
independent conditions. We observed that the cetoobtained from the WM115 RAGE cells
were larger in size than those formed from the WMMOCK cells (Figure 13). On the
contrary, the Hek 293 and Hek_RAGE cells were unébldevelop colonies in anchorage

independent conditions (Figure 14).
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Figure 12: AlamarBlue® assay in transfected WM1&lsc Cell proliferation of

WM115 MOCK and WM115 RAGE cells was assessed usiagh\lamarBlue® redox indicator
reagent. Experiment was performed in triplicate¢hindependent times. Data are shown as
mean = SD. (n=3; *p < 0.05)
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Figure 13: Soft agar colony formation assay wiimgfected WM115 cells. Anchorage
independent growth of WM115 MOCK (A.) and WM115 RB@.) cells was assessed by
embedding the cells in agar and allowed them tavdoo 4 weeks. Ten independent fields were
imaged and only four are shown here. Experiments werformed in triplicates. Magnification
20X. Graph shows average number of colonies fonmédth cell types. Data are shown as
mean = SD. (n= 3; **p < 0.001).
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Figure 14: Soft agar colony formation assay intfacted Hek cellsAnchorage independent
growth potential of Hek293 (A.) and Hek_RAGE (Be)ls. Cells were embedded in agar and
were grown in anchorage independent condition faeéks. Non tumor cells were unable to
from colonies in anchorage independent condition.

RAGE over-expression in WM 115 cellsincreases the cell motility to a level that is comparable

to that of WM266 MOCK cells

The effect of RAGE over-expression on the migrapotential of the WM115 melanoma
cells was assessed by the wound healing assaye$tks showed a faster wound healing in the
WM115 cells after RAGE over-expression. After 241ty the WM115 RAGE cells could close
100% of the wound whereas the WM115 MOCK cells dmlbse less than 50% of the wound
(Figure 15). We next compared the migration leeéithhe WM115 MOCK cells with those of
WM115 RAGE-I (10x higher RAGE), WM115 RAGE (100xgher RAGE) and
WM266_MOCK cells. Both RAGE transfected WM115 deles expressed different levels of
RAGE (described in Chapter 1). We observe@ dold increase in the percentage of cells
migrated in the WM115 RAGE-I cells as comparechioWM115 MOCK cells. The migration
potential of the WM115 RAGE cells was found todefold higher than that of
WM115 MOCK cells (Figure 16A). Moreover, WM266_MOGI€lIs migrated to a level that

was similar to that of the WM115 RAGE cells (Figh®A). We have also assessed the invasion
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potential of the WM115 cells on collagen | coatiteifs. We found a 6 fold higher invasion of

the WM115 RAGE cells compared to the MOCK contedlsc(Figure 16B).
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Figure 15: Migration potentials of the transfec®¥115 cells by wound healing assay. After
formation of a uniform wound on the confluent eitface, WM115 MOCK (A.) and

WM115 RAGE (B.) cells were imaged at O hour andraf4 and 24 hours. The graph represents
the percentage of estimated surface covered by VBMIDCK (light grey) and

WM115_RAGE (dark grey) cells at different times eléxperiments were performed three
independent times in triplicate. Data are showmaan = SD. (n=3; *p < 0.05; **p < 0.01).
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Figure 16: Migration and invasion potentials of trensfected WM115 cells. A. Migration
potential of WM115 MOCK, WM115 RAGE-I, WM115 RAGBE&WM266_MOCK cells as
measured by Boyden chamber assay. B. Invasion fidtehWM115 MOCK, WM115 RAGE-
| and WM115_ RAGE cells by Boyden chamber assayeErgents were performed in triplicate
three independent times. Data are shown as meé@n S 3; *p < 0.05; **p < 0.01).

IgG 2A11 could interact with V domain, VC1C2 domain and sRAGE

Our lab has shown previously that IgG 2A11 coulgract with RAGE V domain. The
experimental details and the data obtained willoeshown here but the results of the
experiments are summarized below. ELISA resultsveldloa nanomolar affinity of IgG 2A11
towards RAGE V domain (K= 7.0 £ 0.4 nM) and VC1C2 domain gk 3.6 = 0.1 nM) of
RAGE respectively. Our results from SPR experimeetsonstrated agalue of 3.8 * 10° M
of IgG 2A11 for V domain of RAGE. IgG 2A11 can alsteract with RAGE expressed on the

cell surface of Hek 293 cells as determined by fay®ometry and immunofluorescence. We
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have also tested the ability of IgG 2A11 to displ&100B from RAGE binding sites by

performing a competition ELISA (data not shown).

Ribose BSA but not S100B induces WM 115 cell proliferation and migration in the

WM115 MOCK cells

The stimulation of the WM115 MOCK cells with 50@nibose BSA resulted in a dose
dependent increase in the cell migration. On theraoy, the WM115 RAGE cells didn’t
respond to ribose BSA activation. Treatment wittorebinant S100B had no effect on the
migration potential of either cell type (Figure 1)7&urthermore, blocking RAGE with anti-
RAGE antibodies could not suppress WM115 RAGE caltgration. Ribose BSA induced cell

proliferation and migration was also not affectgcabti-RAGE antibody treatment (Figure

17B).
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Figure 17: Percentage migration of transfected Wh/ddlls after ligand (A.) and IgG2A11 (B.)
treatment. PBS and BSA were used as controls. Erpat was performed in triplicate three
independent times. Data are shown as average penggmnation £SD. (n = 3; p < 0.05).
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Discussion

In Chapter 1 we demonstrated the induction of aaptypic change in WM115 cells
upon RAGE over-expression. WM115 cells acquiredeaenchymal like morphology after
RAGE over-expression, which was analogous to theohwogy of the WM266_MOCK cells.
The epithelial to mesenchymal transition in cedigds to a loss of contact inhibition between the
cells and hence enhances anchorage independerthgaod/ motility of the cells [355, 356]. We
proposed that the WM115 cells attained migratoaguees like those of WM266 cells after
RAGE over-expression. The WM266 cell line was dgthbd from the same patient than the
WM115 cell line, but derived from a metastatic tunur results suggest a RAGE dependent
increase in cell migration in the WM115 cells (Figu6). The enhanced motility of the
WM115 RAGE cells was demonstrated by both the wdwealing assay (Figure 15) and the
Boyden chamber assay (Figure 16). The presentadicthe cells in the wound healing assay and
in the Boyden chamber assay are quite differernthénwound healing assay, the cells crawl on
the surface whereas in the Boyden chamber assagetls have to migrate through the pores of
the filter in order to get access to the other sidine filter [357]. These two assays represent
different mechanisms of cell migration in tumorspkimary tumors, cancer cells migrate
linearly while still associated with basement meamier but in order for cancer cells to reach the
blood vessels, they need to squeeze through thahezicl cell barrier and enter into the blood
stream in order to metastasize to the distant er§zs8]. Our results demonstrate that RAGE
can not only enhance the crawling movement of WMddls but also enhance their motility

across the barriers.

Our results also demonstrate a significant redadhacell proliferation in the

WM115 RAGE cells as compared to their MOCK courdetin cell culture conditions (Figure
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12). These data suggest that RAGE might act asastaéic switch in melanoma cells. WM115,
a primary melanoma cell line from vertical growtage can switch to a less proliferative and
more migratory phenotype upon RAGE over-expressibis switch might assist in metastatic
spread of the cells. A state switching model fofamema progression has been reported recently
[20]. According to this model, melanoma cells cauitch to a metastatic program and hence lose
their proliferative features. After migration taldferent location these cells switch back to their
proliferative traits allowing the growth of the rastatic tumor. Back and forth switching of cells
leads to a large heterogeneity in the melanomapogllilation [20]. Here, RAGE seems to be
one of the players in metastatic switching of metaa cells. We have also shown an enhanced
anchorage independent growth in the WM115 celkr &AGE over-expression suggesting a
role of RAGE in melanoma tumor growth (Figure I3)e ability of cells to grow in a non-
adherent environment correlates with their tumamnggotential. Normal (non-cancerous) cells
need a substrate to adhere, spread and grow. taksare required to be attached to the tissue
through cytoskeleton and extracellular matrix amgigy These cells cannot survive in non-
adherent conditions and undergo cell detachmeniced apoptosis. This apoptotic phenomenon
is a self-defense mechanism called anoikis. As shaviFigure 14 non-cancerous Hek 293 cells
and their RAGE over-expressing counterparts coatddevelop colonies in anchorage
independent conditions and eventually died. Tunetis mise different strategies to acquire
anchorage independent proliferation potential [Z380)]. Epithelial-Mesenchymal transition
(EMT) is one of the strategies for the cells t@emvent anoikis process [361, 362]. Our data
show that RAGE enhances anchorage independentlgpmtential of WM115 cells which

might translate into enhanced tumor growth poténfigthese cells.
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In the next set of study, we demonstrated the effeRAGE and its ligands (S100B and
ribose-BSA AGE products) in melanoma cells migratiOur data from the migration assay
show a dose dependent increase in the migratigvind115 MOCK cells after stimulation with
AGE products. However, WM115 RAGE cells didn't resd to AGE stimulation. Our data
suggest that RAGE has already been activated tollitsapacity in the WM115 RAGE cells
therefore, AGEs have no possibility to further zate these cells. AGE induced melanoma cell
migration are in the agreement with previous stiudsn another research group [133]. Contrary
to this, stimulation with recombinant S100B haddueed no effect on cell migration in both
types of cells (Figure 17A). We suggest that S1l8ased from the transfected WM115 cells
can activate RAGE, hence addition of recombina@08lcannot further stimulate the cells.
Another possibility is that extracellular S100B dowt activate RAGE in melanoma cells.
Moreover, 1gG 2A11 could not suppress cell migmrawd either WM115 RAGE cells or AGE
induced WM115_MOCK cells (Figure 17B). At this ppiwe do not know the precise

mechanism of RAGE activation in WM115 cells.

Our results from this chapter suggest that RAGEEmdver-expressed, triggers a
metastatic like switch in the WM115 melanoma dek! Furthermore, WM115 MOCK cells,
with baseline levels of RAGE could be activatedrupdsEs activation. However,

WM115 RAGE cells with 100 fold higher levels of REGvere constitutively activated and
were insensitive towards AGEs activation. In thetrobapter, we will decipher the RAGE

induced mechanisms that are involved in melanorogrpssion.
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CHAPTER 3. RAGE INDUCED MOLECULAR MECHANISMS INVOL VED IN

MELANOMA CELL PROLIFERATION AND MIGRATION

Abstract

In Chapter 2 we showed an increase in WM115 cajlation/invasion and simultaneous
decrease in WM115 cell proliferation after RAGE eegpression. In this chapter we have
assessed RAGE mediated downstream signaling mechaimvolved in the switching process.
Expression of RAGE ligands (S100A2, S100A4, S1008B)0A10 and S100B) that are
relevant in melanoma pathophysiology were assaagbeé transfected melanoma cells. S100B
was found to be upregulated in WM115 cells aftei@&over-expression. Also, higher levels of
S100B protein were found in WM115 RAGE cells sup&nt compared to its MOCK
counterpart. S100A6 and S100A10 proteins were fauuthanged in the WM115 cells after
RAGE over-expression. S100A2 and S100A4 proteing\detected neither in WM115 MOCK
cells nor in WM115_ RAGE cells. Furthermore, we alied the downregulation of one of the
S100B target protein (p53) in the WM115 RAGE cetimpared to the WM115 MOCK cells.
We used a gene array to identify genes that weremgbown regulated in WM115 cells upon
RAGE over-expression. We observed a downregulatiayclin E transcripts in
WM115 RAGE cells. Downregulation of cyclin E praten the transfected WM115 cells was
confirmed by Western blot and flow cytometry. Weessed the expression of cyclin E in
different phases of the cell cycle. Cyclin E expres was significantly reduced in all the cell
cycle stages of WM115 RAGE cells compared to MOGKtmwl cells. However, no difference
in the percentage of cells in each cell cycle stage found between WM115 MOCK and
WM115 RAGE cells. To decipher the downstream meishas of RAGE involved in melanoma

progression we have studied three major signalatgvpays that were previously shown to be
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activated by RAGE. We assessed AKT, ERK and NE-signaling activities in the

WM115 MOCK and WM115_ RAGE cells. We found a redubdd( |B activity in the

WM115 RAGE cells compared to MOCK cells. Also, dueed phosphorylated level of ERK
was also found in the WM115 RAGE cells as compé&wdtieir MOCK counterparts.

Phosphorylated AKT was not affected by RAGE ovepregsion.

Introduction

RAGE triggers a wide range of signaling pathwayseteling upon the type of cell and
the ligands involved. RAGE interacts with differetitucturally and functionally diverse ligands,
which is one of the unique features of RAGE [79]08B is one of the best characterized ligands
of RAGE, and has been suggested to be an impqiaydr in melanoma pathogenesis. S100B is
small Cé&%binding protein of the EF hand superfamily thatdes in the cytoplasm and can also
be released in the extracellular milieu [109]. Witthe cell, S100B protein interacts with
multiple target proteins and can regulate cell molpgy, motility, proliferation, metabolism and
certain signaling cascades [109]. The tumor sugprgss3 protein is one of the intracellular
target proteins of S100B protein in melanoma céiieraction of S100B with p53 inhibits
oligomerization and phosphorylation of p53 whiclnigportant for its transcriptional and tumor
suppressive activities. S100B can also downregpaBeprotein in melanoma cells [217-219].
Inhibitors for S100B—p53 interaction have showrirttieerapeutic potentials in melanoma
treatment in several murine models of melanoma][2Z20D00B protein is also released from
melanoma cells and tumors. Serum concentratiorl00B increases during melanoma
progression and is used as a prognostic biomaokenélanoma [6]. Upon release S100B
protein could interact with extracellular domainFRAAGE and initiate downstream signaling

cascades [109]. Engagement of RAGE with its ligdmaisbeen shown to activate several
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signaling pathways such as the INK/SAPK [87], MARR1], cdc42/rac, P2¥[144] and NF-
[1B [121] pathways and to modulate diverse cellulactions. RAGE induced signaling can be
suppressed by blocking RAGE-ligand interaction vaitii-RAGE antibody [133]. In this
chapter, we have investigated RAGE induced siggatiechanisms involved in melanoma

progression.

Materials and Methods

Ligand gene array

RNAs from transfected WM115 and WM266 cells wergaoted using the
commercially available PARIS kit (Ambion Life Sciass, USA). Extracted RNAs were
qguantified by measuring their absorbance at 26@urthermore, RNA quality was assessed by
running them on 1% agarose gel. RNAs with two inbends corresponding to 28S and 18S of
ribosomal RNA, were used for further studies. TINAR were reverse transcribed (200ng of
RNA) using the reverse transcription system (Pram¥®gl) as per manufacturer’s instructions.
The cDNAs were run on a Mx3000 Stratagene thermecwsing Brilliant Il Ultra fast SYBER
Green QPCR Master mix and the appropriate primies @ each gene. The list of primers used
is given in Table 6. We used four housekeeping gi¢hactin, Glyceraldehyde 3-phosphate
dehydrogenase, Phospho glycerate kinase and Sfl&) array. Proteins encoded by these genes
are relatively stable and are constitutively expeesin high levels in most cells and tissues.
These are the most important characteristics o$ékeeping genes. Glyceraldehyde 3-phosphate
dehydrogenase and Phospho glycerate kinase aealgmes involved in the glycolysis process
within the cell. The} actin is a cell structural protein and is onehaf inajor constituents of the
contractile apparatus and cytoskeleton. S18 isa@sdmal protein and one of the core

components of the small subunit of eukaryotic RIEAch RT_PCR experiment was repeated
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with three independent sets of RNAs. In order tagthe molecular mechanisms of RAGE in
melanoma progression we have assessed the trdrisea|s of 84 genes involved in

tumorigenesis in WM115 MOCK and WM115 RAGE cells.

Table 6: Primers used in all the RT_PCR experiments

Gene Primer sequence Gene Bank accession number
Rev _B-Actin CTCCTTAATGTCACGCACGAT NM_001101
Fwd_B-Actin CATGTACGTTGCTATCCAGGC NM_001101
Fwd_S100A1 GACCCTCATCAACGTGTTCCA NM_006271
Rev_S100Al CCACAAGCACCACATACTCCT NM_006271
Fwd_S100A2 CACTACCTTCCACAAGTACT NM_005978
Rev_S100A2 GAAGTCATTGCACATGAC NM_005978
Fwd_S100A3 GCAGGCGGTAGCTGCCATC NM_002960
Rev_S100A3 TTGAAGTACTCGTGGCAGTAG NM_002960
Fwd_S100A4 CAAGTACTCGGGCAAAGAGG NM_002961
Rev_S100A4 CTTCCTGGGCTGCTTATCTG NM_002961
Fwd_S100A5 CACTATGGTGACCACGTTTCA NM_014624
Rev_S100A5 TCCCCAAGACACAGCTCTTTC NM_014624
Fwd_S100A6 GGACCGCTATAAGGCCAGTC NM_014624
Rev_S100A6 GGTCCAAGTCTTCCATCAGC NM_014624
Fwd_S100A7 ACGTGATGACAAGATTGACAAGC NM_002963
Rev_S100A7 GCGAGGTAATTTGTGCCCTTT NM_002963
Fwd_S100A8 TGATAAAGGGGAATTTCCATGCC NM_002964
Rev_S100A8 ACACTCGGTCTCTAGCAATTTCT NM_002964
Fwd_S100A9 GGTCATAGAACACATCATGGAGG NM_002965
Rev_S100A9 GGCCTGGGCTTATGGTGGTG NM_002965
Fwd_S100A10 AAAGACCCTCTGGCTGTGG NM_002966
Rev_S100A10 AATCCTTCTATGGGGGAAGC NM_002966
Fwd_S100A11 CTGAGCGGTGCATCGAGTC NM_005620
Rev_S100A11 TGTGAAGGCAGCTAGTTCTGTA NM_005620
Fwd_S100A12 AGCATCTGGAGGGAATTGTCA NM_005621
Rev_S100A12 GCAATGGCTACCAGGGATATGAA NM_005621
Fwd_S100A13 ACCACCTTCTTCACCTTTGC NM_005979
Rev_S100A13 AGGCGGCTTTACTTCTTCCT NM_005979
Fwd_S100A14 CATGAGCCATCAGCTCCTCT NM_020672
Rev_S100A14 TTCTCTTCCAGGCCACAGTT NM_020672
Fwd_S100A16 ATGTCAGACTGCTACACGGAG NM_080388
Rev_S100A16 TTCTGGATGAGCTTATCCGCA NM_080388
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Table 6: Primers used in all the RT_PCR experim@mstinued).

Fwd_S100B TGGCCCTCATCGACGTTTTG NM_006272
Rev_S100B CAGTGTTTCCATGACTTTGTCCA NM_006272
Fwd_S100P ATGACGGAACTAGAGACAGCC NM_005980
Rev_S100P AGGAAGCCTGGTAGCTCCTT NM_005980
Fwd_S100Z TGGAGTGGTCAGTTCTGCTG NM_130772
Rev_S100Z CATCCAGGTCCTGCACTATCTTA NM_130772
Fwd_S100G CTATTGGGCAACCAGACACC NM_004057
Rev_S100G TCTCCATCTCCATTCTTGTCC NM_004057
Fwd_HMGB-1 GGTGCATTGGGATCCTTGAA NM_002128.4
Rev_HMGB-1 GCTCAGAGAGGTGGAAGACCA NM_002128.4
Rev_RAGE TGTGTGGCCACCCATTCCAG NM_001136
Fwd_RAGE GCCCTCCAGTACTACTCTCG NM_001136
Rev_TNF GAGGACCTGGGAGTAGATGAG NM_000594
Fwd_TNF CCTCTCTCTAATCAGCCCTCTG NM_000594
Rev_VEGFa AGGGTCTCGATTGGATGGCA NMO001204384
Fwd_VEGFa AGGGCAGAATCATCACGAAGT NM001204384
Rev_TSP-1 TCACCACGTTGTTGTCAAGGG NM_0032446
Fwd_TSP-1 AGACTCCGCATCGCAAAGG NM_0032446
Rev_TGFB GCACATACAAACGGCCTATCTC NM_004612
Fwd_TGF8 ACGGCGTTACAGTGTTTCTG NM_004612
Rev_Tek GGGGCACTGAATGGATGAAG NM_000549
Fwd_Tek CAGGATACGAACCATGAAGATGC NM_000549
Rev_PDGFB CGTTGGTGCGGTCTATGAG NM_002608
Fwd_ PDGFg CTCGATCCGCTCCTTTGATGA NM_002608
Rev_PDGFe GGCACTTGACACTGCTCGT NM_002607
Fwd_PDGFe GCAAGACCAGGACGGTCATTT NM_002607
Rev_IL-8 AACCCTCTGCACCCAGTTTTC NM_000584
Fwd_IL-8 TTTTGCCAAGGAGTGCTAAAGA NM_000584
Rev_IGFR GAACTGAAGAGCATCCACCA NM_000618
Fwd_IGFR ATGTCCTCCTCGCATCTCTT NM_000618
Rev_INFa CTGTGGGTCTCAGGGAGATCA NM_024013
Fwd_INF GCCTCGCCCTTTGCTTTACT NM_024013
Rev_INF$ ATAGATGGTCAATGCGGCGTC NM_002176
Fwd_INFB GCTTGGATTCCTACAAAGAAGCA NM_002176
Rev_FGFR AGATGGGACCACACTTTCCATA NM_023029
Fwd_FGFR GGTGGCTGAAAAACGGGATG NM_023029
Rev_Cola CCCATCTGAGTCATCGCCTT NM_009929
Fwd_Cola GTTCCAGAGAATGCCGCTTG NM_009929
Rev_Angpl TCTCCGACTTCATGTTTTCCAC NM_001146
Fwd_Angpl TCGTGAGAGTACGACAGACCA NM_001146
Rev_Angp2 CGAGTCATCGTATTCGAGCGG NM_001147
Fwd_Angp2 AACTTTCGGAAGAGCATGGAC NM_001147
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A commercially available gene array including 84@grepresentative of the six
biological pathways of tumorigenesis, five housghkeg genes (Beta-2-microglobulin,
Hypoxanthine phosphoribosyltransferase 1, Ribos@raikin L13a, Glyceraldehyde-3-
phosphate dehydrogenase, beta Actin) and negaisiélg controls were used in the study. The
expression of the genes were assessed using Brilliditra-fast SYBER Green QPCR Master
mix (Agilent Technologies) on a Mx3000 Stratagefle RCR system as described in Chapter 1.
Since we did not observe any differences in thieigiiit housekeeping genes’ expression levels,
the data obtained were analyzed with respegtactin only. The melting curves were recorded
for each gene in order to determine the qualitthefamplified product and the specificity of the
amplification. The cancer pathway array was pergawith only one set of WM115 MOCK
and WM115 RAGE cells cDNAs. Later, we have repe#ttecarray with 15 genes associated

with angiogenesis process using primers specifithfiose genes, obtained from the primer bank.

Western blot analysis

Cell Protein lysates were prepared using the PA®RIG\mbion Life Sciences, USA) as
per manufacturer’s instructions. 40ug to 100ugrofgins were resolved on 12% to 15% SDS
gels and blotted onto nitrocellulose membraneserAdternight blocking with 4% BSA/TBS at
4°C, the blotted membranes were incubated withiBp@antibodies (Table 7) diluted in 1%
BSA/TBS/0.1% tween for 1 hour at room temperattitee blots were developed using a
chemoluminescent substrate (ThermoScientific, ISAY The data obtained were analyzed by
densiometric analysis using the Image-J softwane. Western blot experiments were performed

three independent times.
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Table 7: Specifications of all antibodies usedhia study.

Antibodies Source Catalog No. Concentration
Mouse monoclonal anfi actin Sigma A2228 1:1000
Rabbit polyclonal anti S100B Dako N1573 1:1000
Mouse monoclonal anti-S100B R & D Sys MAB1820 1:100
Rabbit serum anti S100A1 Dako - 1:1000
Rabbit serum anti S100A2 Dako - 1:1000
Rabbit serum anti S100A4 Dako - 1:1000
Rabbit serum anti S100A6 Dako - 1:1000
Mouse monoclonal anti S100A10 Cell Signaling Tedbges 4E7E10 1:1000
Mouse monoclonal anti SI00A11 Abcam H00006282-MQ1 :10Q00
Mouse monoclonal anti SI00A8 Abnova H00006279-AP51 1:250
Mouse monoclonal anti SI00A9 Abnova H00006280-AP[L1 1:250
Mouse monoclonal anti S1I00A13 Abnova H00006284-M01 1:250
Mouse monoclonal anti S100A16 Abnova ab130419 1:250
Mouse monoclonal anti HMGB-1 Abnova H00003146-MO(L :250
Rabbit monoclonal anti-AKT Cell Signaling Technoieg C67E7 1:1000
Rabbit monoclonal anti-p-AKT Cell Signaling Techogies C31E5E 1:1000
Rabbit monoclonal anti-JNK/SAPH Cell Signaling Teologies 56G8 1:1000
Rabbit monoclonal anti-p- Cell Signaling Technologies 81E11 1:1000

JNK/SAPK
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Table 7: Specifications of all antibodies usedia $tudy (continued).

Rabbit monoclonal anti-MAPK Cell Signaling Techngies 137F5 1:1000
Rabbit monoclonal anti-p-MAPK Cell Signaling Teclhogies 1:1000
Goat polyclonal anti p53 Santa Cruz Sc-7997 1: 200
Mouse monoclonal anti cyclin E Santa Cruz Sc-247 200
Alkaline phosphatase conjugated goat Jackson ImmunoResearch 115-055-072 1:1000

anti mouse F (ab)

HRP conjugated donkey anti rabbit| Jackson ImmunoResearch 711-035-152 1:1000
IgG

HRP conjugated goat anti mouse 1gG Jackson Immusedkeh 115-035-174 1:1000

HRP conjugated horse anti goat IgG Vector labs 95010 1:500

Table 8: Cancer pathway gene array in WM115 MOCH WiM115 RAGE cells. Data were
analyzed usin@-actin as housekeeping gene. (n=1).

No. Genes Fold Functional role
change
1. Integrin, alpha 1 -2.4 s
2. Integrin, alpha 2 (CD49B, alpha 2 subunit of \\RAeceptor) 1.6 g
3. Integrin, alpha 3 (antigen CD49C, alpha 3 subafVLA-3 receptor) 3.1 %
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Table 8: Cancer pathway gene array in WM115 MOC&KWM115 RAGE cells. Data were
analyzed usin@-actin as housekeeping gene. (n=1) (continued).

4, Integrin, alpha 4 (antigen CD49D, alpha 4 subohVLA-4 receptor) -2.5
5. Integrin, alpha V (vitronectin receptor, alpta@ypeptide, antigen 2.9
CD51)
6. Integrin, beta 1 (fibronectin receptor, betaypeptide, antigen CD29 14
includes MDF2, MSK12
7. Integrin, beta 3 (platelet glycoprotein lllatigan CD61) 1.2
8. Integrin, beta 5 -2
9. Melanoma cell adhesion molecule -1.9
10. Metastasis suppressor 1 -2.1
11. Pinin, desmosome associated protein 1.2
12. Synuclein, gamma (breast cancer-specific prdtgi
13. Angiopoietin 1 1.6
14. Angiopoietin 2 1.3
15. Collagen, type XVIII, alpha 1 1.8
16. Fibroblast growth factor receptor 2 -4.3
17. Interferon, alpha 1 -1.3
18. Interferon, beta 1, fibroblast 11
19. Insulin-like growth factor 1 (somatomedin C) 11. 2
20. Interleukin 8 2.1 i
21. Platelet-derived growth factor alpha polypeptid 1.4 ?—:’
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Table 8: Cancer pathway gene array in WM115 MOC&KWM115 RAGE cells. Data were
analyzed usin@-actin as housekeeping gene. (n=1) (continued).

22. Platelet-derived growth factor beta polypeptide 8.4
23. TEK tyrosine kinase, endothelial 15
24. Transforming growth factor, beta 1 1.1
25. Transforming growth factor, beta receptor 1 5-1.
26. Thrombospondin 1 -1.3
27. Tumor necrosis factor -2.8
28. Vascular endothelial growth factor A -1.1
29. Met proto-oncogene (hepatocyte growth factoejpéor) -2.4
30. Matrix metallopeptidase 1 (interstitial collagse) 1.3
31. Matrix metallopeptidase 2 (gelatinase A, 72kfekatinase, 72kDa 1.4
type IV collagenase) 2
32. Matrix metallopeptidase 9 (gelatinase B, 92kktinase, 92kDa 1.1 %
type IV collagenase) %
c
33. Metastasis associated 1 -2.4 g
34. Metastasis associated 1 family, member 2 -1.2 §
35. Non-metastatic cells 1, protein (NM23A) expessmn 1.2
36. Non-metastatic cells 4, protein expressed in 1 1.
37. Plasminogen activator, urokinase 1.2
38. Plasminogen activator, urokinase receptor -1.3
39. S100 calcium binding protein A4 1.6
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Table 8: Cancer pathway gene array in WM115 MOC&KWM115 RAGE cells. Data were
analyzed usin@-actin as housekeeping gene. (n=1) (continued).

40. Serpin peptidase inhibitor, clade B (ovalbummgmber 5 -1.1
41. Serpin peptidase inhibitor, clade E (nexinspimogen activator -34
inhibitor type 1), member 1

42. TIMP metallopeptidase inhibitor 1 -1.1

43. TIMP metallopeptidase inhibitor 3 1.1

44, Twist homolog 1 (Drosophila) -1.1

45. Apoptotic peptidase activating factor 1 -1.3

46. BCL2-associated agonist of cell death 1.3

47. BCL2-associated X protein -1.3

48. B-cell CLL/lymphoma 2 -4.2

49. BCL2-like 1 -1.1

50. Caspase 8, apoptosis-related cysteine peptidase 15

51. CASP8 and FADD-like apoptosis regulator 1.1

52. Fas (TNF receptor superfamily, member 6) 15

53. Granzyme A (granzyme 1, cytotoxic T-lymphocsgesociated serine -1.5
esterase 3 %

54. HIV-1 Tat interactive protein 2, 30kDa -15 g

<)

55. Telomerase reverse transcriptase -1.6 %

56. Tumor necrosis factor receptor superfamily, ineniA 1.3 't'%

57. Tumor necrosis factor receptor superfamily, men25 -1.4 '%

58. Tumor necrosis factor receptor superfamily, ineniOb -1.3 ::z
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Table 8: Cancer pathway gene array in WM115 MOC&KWM115 RAGE cells. Data were
analyzed usin@-actin as housekeeping gene. (n=1) (continued).

59. Ataxia telangiectasia mutated -2.2
60. Breast cancer 1, early onset -1.4
61. Cyclin E1 2.1
62. Cell division cycle 25 homolog A (S. pombe) 41.
63. Cyclin-dependent kinase 2 1.2
64. Cyclin-dependent kinase 4 -1.4
65. Cyclin-dependent kinase inhibitor 1A (p21, Qipl -1.0
66. Cyclin-dependent kinase inhibitor 2A (melanopis, inhibits 1.7 ';E;_

CDK4) p

g
67. CHK2 checkpoint homolog (S. pombe) -1.1 §
68. E2F transcription factor 1 -1.3 %:
69. Mdm2 p53 binding protein homolog (mouse) -1.8 %
70. Retinoblastoma 1 -1.1 E
71. S100 calcium binding protein A4 1.6 ﬁ
72. Tumor protein p53 -2.4 %
73. V-AKT murine thymoma viral oncogene homolog 1 2.6- é
74. V-erb-b2 erythroblastic leukemia viral oncogéoenolog 2, -1.2 é cEE S
neuro/glioblastoma derived oncogene homolog (avian) g % ;‘)‘ o

75. V-Ets erythroblastosis virus E26 oncogene homa@l (avian) -3.8 ,r:/f% § E L%
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Table 8: Cancer pathway gene array in WM115 MOC&KWM115 RAGE cells. Data were
analyzed usin@-actin as housekeeping gene. (n=1) (continued).

76. FBJ murine osteosarcoma viral oncogene homolog -1.4

77. Jun proto-oncogene -1.2
78. Mitogen-activated protein kinase kinase 1 -1.8
79. V-myc myelocytomatosis viral oncogene homolagdn) -1.3
80. Nuclear factor of kappa light polypeptide genbancer in B-cells 1 0
81. Nuclear factor of kappa light polypeptide genbancer in B-cells -3.8

inhibitor, alpha

82. Phosphoinositide-3-kinase, regulatory subuii@lfiha) 1.9
83. V-raf-1 murine leukemia viral oncogene homalog 1.4
84. Synuclein, gamma (breast cancer-specific prdtgi -1.2
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Table 9: PCR gene array with angiogenesis assdaigees in the transfected WM115 cells.
Expression of fifteen selective genes associatdlul avigiogenesis were assessed using
appropriate primer pairs and WM115 MOCK and WM11BGE cells’ cDNAs as templates.
Experiment was performed at least three times thitke independent sets of cDNAs. Data are
shown as Mean = SD (n = 3; **p < 0.01; *p < 0.05).

Number Genes Average fold change + SD
1. Angiopoietin 1 2.0+0.3
2. Angiopoietin 2 2604
3. Collagen, type XVIII, alpha 1 04+21
4, Fibroblast growth factor receptor 2 0
5. Interferon, alpha 1 -02+25
6. Interferon, beta 1, fibroblast 1.3+29
7. Insulin-like growth factor 1 (somatomedin C) -23+0.7
8. Interleukin 8 -25+0.5
9. Platelet-derived growth factor alpha polypeptide 1.3+0.1
10. Platelet-derived growth factor beta polypeptide 4.2 +0.4*%
11. TEK tyrosine kinase, endothelial -22+0.9
12. Transforming growth factor, beta 1 0.7+2.0
13. Vascular endothelial growth factor A 08+1.7
14. Tumor necrosis factor -21+0.7
15. Thrombospondin 1 1.1+01

Detection of S100B by ELISA

Equal numbers of both MOCK and RAGE transfected ViMtells were seeded into the

wells of six well plates with constant volume ofdree After 3 days of incubation, the cell

supernatants were collected and concentrated 65 bfitheir initial volumes using Nanosep

centrifugal devices with 3000 molecular weight ¢ufidter (Pall Corporation, Washington, NY).

The corresponding cells were lysed as describ#ueiWestern blot analysis section. For the
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ELISA, 1/1000 dilution of polyclonal anti-S100B #@udy (Dako, Agilent Technologies) was
coated on ELISA plates overnight at 4°C. Subsedyeahe plates were blocked with 3%
BSA/TBS for 1 hour at room temperature. As a stashdaserial dilution of recombinant S100B
was prepared in TBS. In the next step, 50ul ofdaesth S100B dilutions, cell lysates and cell
supernatants were added in their respective wetlsrecubated for 1 hour. Next, the wells were
incubated with 1/100 dilution of monoclonal antié®B (R& D system) antibody for 1 hour.
After three times washing with TBS-tween, the walkre incubated with AP conjugated
secondary antibody (Jackson ImmunoReserach) fomi38. In the final step, 1 mg/ml of the AP
substrate (4-Nitrophenyl Phosphate) (Gold Biotetdgies) was added in each well and the

absorbance was measured at 405nm.

NF-[B Luciferase assay

In this assay, we transiently transfected WM115 GKkCand WM115_RAGE cells with
a NF{1B responsive luciferase construct that encodedirity luciferase reporter gene under
the control of a NReB transcriptional response element. MAP kinasederianase (MEKK), an
upstream signaling molecule of NFB that hyperactivates NEB signaling [363] was co-
transfected and used as a positive control. Teatish of the plasmid encoding the Green
Fluorescence Protein (GFP) was used to determengahsfection efficiency. Ten different
fields of GFP transfected cells were imaged andualiycounted in order to estimate the
percentage of transfection. Following the transtectthe cells were lysed with a reporter lysis
buffer (Promega, WI, USA). The luciferase activiythe cell lysates was quantified by mixing
100ul Luciferin substrate (Promega, USA) with 16fitell lysates and the generated

luminescence was measured immediately on a QuikkuP@nometer.
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siRNA transfection

siRNA against RAGE and S100B were obtained from&@&nuz, USA. WM115 RAGE
cells were seeded in the wells of 6 well platesiandbated until they reached 60-70%
confluency. The cells were transiently transfestétt SiRNA against either S100B or RAGE as
per manufacturer’s instructions. As a control,selere transfected with scramble siRNA. After
72 hours incubation, both RNAs and proteins weteaeted from the transfected cells using
methods described previously. Suppression of tlgetgroteins were assessed both at the
transcript and protein levels by Real Time PCR BhISA as described in their respective

sections.

Cdl Cycle analysis

In brief, both MOCK and RAGE transfected WM115 sellere harvested using a sterile
scrapper after they reached 70-80% confluence c&he were fixed with 70% ice cold ethanol
for 30 mins. After washing with PBS, the cells wpsrmeabilized with 0.25% triton X-100 for
5 mins. After another washing step, the cells vidoeked with 3% goat serum for 1 hour. After
blocking, the cells were incubated with 5 pg/mhasuse anti-cyclin E antibody in 1% goat
serum in PBS for 45 mins. After another washing stiee cells were incubated with 1/200 of
FITC conjugated goat anti-mouse IgG for 30 mins suosequently washed three times. Prior to
P1 staining, the cells were treated with 10ul ofdgYml of ribonuclease for 5 mins to avoid
double-stranded RNAs staining. After ribonucleasattent the cells were immediately treated
with 50pg/ml of Pl. The DNA content and cyclin Epegssion levels were assessed
simultaneously using the FL-1 and FL-2 filters onfeccuri C6 flow cytometer. The data was

analyzed using the Flowjo software (TreeStar Inc.)
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Statistical Analysis

Data are shown either as Mean + SEM or Mean +&inparative analysis between
two groups was made by one tail two sample (ungaBéudent’s t- test and p < 0.05 was

considered as significant.

Results

Over-expression of RAGE leads to upregulation of S100B protein

The major goal of this study was to investigateittileience of RAGE over-expression
on S100 protein expression in WM115 cells. We foargifold upregulation of S100B in
WM115 RAGE (301.2 £ 30.0 nM) cells compared toM@CK (109.7 £ 11.4 nM)
counterparts. S100B protein was also detectedgimehlevels in the cell supernatants of RAGE
cells (27.52 £ 6.0 nM) than in MOCK cells (5.9 £31M) (Table 10). The expression of S100B
in WM115 RAGE cells was equivalent to that of WM26B0CK cells (Figure 18B). The
expression of the S100A6 and S100A10 proteins dicchange upon RAGE over-expression
(Figure 19). Moreover, the S100A2 and S100A4 pnst@ere not detectable in our

experimental conditions in either WM115 MOCK oMfM15 RAGE cells (data not shown).
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S100 mRNA expression
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Figure 18: S100 mRNA expression in the transfev¥dil15 cells by RT_PCR. (A.) Average
fold change above the dotted line (cut off valuev@je discussed. (n =3; *p < 0.05).

S100B mRNA expression in WM115 MOCK, WM115 RAGE ait¥1266 MOCK cells by
RT_PCR (B.). Experiment was performed with attié¢lasee independent sets of cDNAs. (n >
3; *p < 0.05).

Table 10: S100B protein concentration in WM115 MOQ@M115 RAGE cell lysate and cell
supernatant by ELISA. ELISA experiments were penfed in triplicates with three independent
sets of protein lysates. Data represented as M&i. £n=3; p < 0.05).

Samples S100B concentration (nM)
WM115 MOCK cell supernatant 6.0+£3.7
WM115 RAGE cell supernatant 275+6.1
WM115 MOCK cell lysate 109.8+11.4
WM115 RAGE cell lysate 301.2+93.8
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Figure 19: S100B, S100A6 and S100A10 proteins esgiwa in WM115 MOCK and
WM115 RAGE cell lysates by Western blot. The grammesent densitometric analysis of the
blots by Image J software. Experiment was perforthege independent times (n= 3; *p < 0.05).

p53 and cyclin E are downregulated whereas PDGF-# isupregulated in WM115 RAGE cells

From the Cancer pathway PCR array we found ar&llaa?.4 fold downregulation in
p53 and cyclin E respectively at the transcripelenn WM115 RAGE cells as compared to
MOCK cells. We also observed an 8.4 fold upregatain the transcript levels of PDGFn the
WM115 cells after RAGE over-expression. Followihg tnitial analysis of the cancer pathway
PCR array, we chose 15 genes that are involvdtkiamngiogenesis for further investigation.
Since genes associated with angiogenesis wereyhadfielcted with RAGE over-expression in
WM115 cells, we repeated the analysis of the exgprasof these genes by RT_PCR using sets
of primers specific for these genes. Upon repetjtwee demonstrated a 4 fold upregulation of
PDGF$ in WM115 RAGE cells compared to MOCK cells. Tothar confirm the expression of
p53 and cyclin E at protein levels, Western blogserperformed in the cells lysates of

WM115 MOCK and the WM115 RAGE cells. The expressibp53 and cyclin E proteins
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were found to be significantly reduced in the WM1RAGE cells compared to MOCK cells
(Figure 20). The changes in the expression of B\Elivere further confirmed by flow
cytometry. The flow cytometry data showed a sigaifit downregulation in cyclin E protein in
all the phases of the cell cycle in WM115 RAGEgselbbmpared to WM115 MOCK cells

(Figure 21 & 22).
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Figure 20: Cyclin E and p53 protein expression iM¥5 MOCK and WM115 RAGE cell
lysates as determined by Western blot. (A). CyEliprotein expression in three sets of cell
lysates from WM115 MOCK and WM115 RAGE (B).p53 gintexpression in

WM115 MOCK and WM115_ RAGE cell lysates. Each Westadbt experiment was performed
in triplicate with three independent sets of cgdldtes. The graphs represent the densitometric
analysis of the corresponding blots. Mean £ SD3n*p < 0.05).

88



A. B. C. D.

WMI115_MOCK cells WMILS_RAGE cells
Secondary antibody = P1 CyelinE antibody = secondary antibedy=P1 Secondary antibody+ PI CyclinE antibody + secondary antibody + Pl
& 1# 108 10°
Cyclin positive signal Cyclin positive signal
w0 B e w 465 J gt f i 10 l‘ '_'w——_
B .87 & g | ol | etz b
H w8 g ¢ §
'_.-T}“,’rrd‘;‘ | :-'-'f?' |I
i "o | | Z 2 i
| ] |
= —— 10t 10+ /_ . _—
T T T ! * Y ' !
s al S00K ™ i z 500K |} it F-!
o 500K o :mw 3 DNA content 2 D& content

Background signal

Figure 21: Expression of Cyclin E protein in diffat cell cycle phases of the WM115 MOCK
(A,B) and WM115_RAGE cells (C,D). WM115_MOCK (A.hd WM115 RAGE (C.) cells
stained with Pl and FITC conjugated secondary adiibwM115 MOCK (B.) and

WM115 RAGE (D.) cells stained with antibody agai@sclin E, FITC conjugated secondary
antibody and PI. Background fluorescence was gat#te lower chamber of the graph. The
upper chamber of the graph shows Cyclin E expragaithe cells in different phases of cell
cycle. Experiment was performed three times idigd@pe. (n=3).

Table 11: Percentage of WM115 MOCK and WM115_ RAG@Hsan different phases of the
cell cycle.

siRNA transfection G1 Phase S Phase G2/M phase
WM115_MOCK 78.0 % 13.7% 9.6 %
WM115_ RAGE 725 % 16.0 % 9.0%
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Figure 22: Cyclin E protein expression in differphiases of the cell cycle. Experiments were
performed three times in triplicate. (n = 3; **p0<001, **p < 0.01).

NF-1B and ERK activities were suppressed whereas AKT activity was unchanged after RAGE

over-expression in WM 115 cells

RAGE mediated signaling cascades were analyzeddstéth blot and NF+B
luciferase assay. The NFEB luciferase assay results showed a reduced laséeactivity in the
WM115 RAGE cell lysates compared to the MOCK célisice the gene encoding luciferase in
the transfected cells was under the control ofINE-transcription elements, therefore, the
activities of the luciferase enzyme directly refegtthe extent of NF:B activation in these
cells. Our results showed a reduced NB-activities in the WM115 cells over-expressing
RAGE (Figure 23). AKT and ERK activities were assgkby determining the extent of AKT

and ERK phosphorylation in the WM115_ MOCK and WM1RAGE cells by Western blot.
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We found reduced levels of phosphorylation of ERKhe WM115 RAGE cells as compared to

MOCK control cells whereas AKT phosphorylation viesnd to be unaltered (Figure 24).
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Figure 23: NF-1B activity in WM115 MOCK and WM115_RAGE cells by NFB luciferase
assay. Figure shows WM115 MOCK (A.) and WM115 RA@E cells transfected with GFP
as transfection control. Graph shows percentadéefi B activities in both cells with respect to
MEKK positive control. Experiment was performedawin triplicate (n= 2; *p < 0.05).
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Figure 24: Phosphorylated levels of AKT (A.) andie@.) in the WM115 MOCK and

WM115 RAGE cells as determined by Western blot. gtagphs represent the densitometric
analysis of the corresponding blots. The experimexst performed with three independent sets
of protein lysates three independent times (n*p3; 0.05).

Reduced migration of WM115 RAGE cells upon suppression of RAGE using RAGE specific

SIRNA

WM115 RAGE cells were transiently transfected VIRIRGE specific SiRNA to
suppress the expression of RAGE in these cellgofsrols, the set of WM115 RAGE cells
were transfected with scramble siRNA. RAGE siRN&nsfection in WM115 RAGE cells led
to 2.5 fold suppression of RAGE at the protein leaampared to the cells transfected with the
scramble siRNA (Table 12). Suppression of RAGE ltedun significant increase in
proliferation of the WM115 RAGE cells. Moreover, BE suppression in the WM115 RAGE

cells resulted in a significant reduction in celgnation (Figure 25).
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Figure 25: Suppression of RAGE in WM115 RAGE cbifdransient transfection with RAGE
specific sSiRNA. (A) RAGE mRNA expression in WM115ARE cells after transient
transfection with control and RAGE siRNA. (B) Pfelation of WM115 RAGE cells after
RAGE siRNA transfection. (C) Percentage of migratéell115 RAGE cells after RAGE
SiRNA transfection. Each experiment was perfornete. (n= 3 ; *p < 0.05). Data shown as
Mean + SD.

Table 12: RAGE concentration in RAGE siRNA transéeicWM115 RAGE cells by ELISA.
ELISA experiment was performed in triplicate witirée indpendent sets of cell lysates. (n=3;
P < 0.05). Data shown as Mean +SD.

siRNA transfection RAGE concentration (ng/mg totalprotein) £ SD
Control siRNA 54.4 +8.7
RAGE siRNA 22.5+8.7

No changein cell migration after S100B siRNA transfection in WM115 RAGE cells

We have shown a 4 fold upregulation of S100B proiteiWWM115 RAGE cells
compared to their MOCK counterparts (Figure 18)agsess the contribution of S100B in
RAGE induced cell migration, we have transientnsfected WM115 RAGE cells with a

S100B specific siRNA. Transfection with S100B siRk&sulted in a 4 fold suppression of

93



S100B at protein levels in WM115 RAGE cells. Howeweippression of S100B didn’t produce

any effect on the WM115 RAGE cells migration (Fig@6).
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Figure 26: Transient transfection of WM115 RAGHseith S100B specific SIRNA. (A.)
S100B mRNA expression in WM115_ RAGE cells aftensiant transfection with control and
S100B siRNA. (B.) The percentage of migrated WMIRAGE cells after S100B siRNA
transfection. Experiment was performed three inddpat times. (n= 3; **p < 0.05). Data shown
as Mean + SD.

Table 13: S100B concentration in S100B siRNA tracsfd WM115 RAGE cells as determined
by ELISA. The experiment was performed in tripleatith three independent sets of cell
lysates. (n= 3 ; P < 0.05). Data shown as Mean = SD

siRNA transfection S100B concentration (nM) + SD
Control siRNA 4.03+1.04
S100B siRNA 0.91+0.14
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Discussion

Our results have demonstrated the upregulatiori®0B in the WM115 RAGE cells
compared to the WM115 MOCK cells (Figure 18 & M¥e have also shown an enhanced
release of S100B protein in the supernatant of WMRIAGE cells compared to the MOCK
cells (Table 10). Our data suggest that RAGE oxeression leads to enhance S100B
expression, which could initiate and amplify RAGHEI®B mediated signaling. In Chapter 1 & 2
our data suggested that RAGE over-expression tegige proliferative to migratory switching in
WM115 cells. RAGE is the only well characterizedding partner for extracellular S100B
protein [109]. The contribution of RAGE/S100B medthsignaling in melanoma progression
has not been studied yet. To investigate this nmashmawe have treated WM115 RAGE cells
with an anti-RAGE antibody to block any ligand iratetion, including RAGE/S100B
interaction. Blocking with anti-RAGE antibody shaidveo effect on WM115 RAGE cell
migration suggesting that either S100B protein #utsugh a receptor other than RAGE or it
does not play any role in RAGE induced melanomagmassion. To further investigate S100B’s
role in RAGE mediated enhanced melanoma cell maratve transiently suppressed S100B
expression in WM115 RAGE cells. Suppression of 810&d no effect on WM115 RAGE cell
migration (Figure 26). Our data suggest that ineyrerimental conditions, S100B might not
contribute to enhanced WM115_RAGE cells migrati©aor data from Chapter 2 also
demonstrated an absence of effect on WM115 cedl#fgnation and migration upon S100B

treatment. These data seem to be in agreementheittesults from Chapter 3.

To confirm the role of RAGE in modulating WM115 ls2broperties, we transiently
transfected WM115 RAGE cells with RAGE specific iR Suppression of RAGE in

WM115 RAGE cells led to a reduction in their celgnation and to an increase in cell
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proliferation (Figure 24)These datsuggesthat the changes observed in WM115s
following RAGE overexpressiot(Chapter 2), are mediated through RAGEe precise
mechanism by which RAGEan becme activated without any ligand is neell understood.
We propose that thectivation of RAGE in WM115 celloccursthrough multimerizatio of the
receptor on the cell surfac&/e hypothesized that argenumber of RAGE molecules expres:

on the surface of th&/M115 cells tnd to oligomerize, which in turn leadsdonstitutive

activation of these cellgigure 7).
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Figure 27 Proposed mechanism of RAGE activation in WM115 GkOand WM115 RAGE
cells. The WM115 MOCK cells with low expression of RAGEampAGE activationinduce
multimerization of RAGE proteins on the cell sudaghich leads to increase in cell migrati
However, WM115 RAGE cells possess large number A&GR molecules on the cell surfa
that leads to its multimerization and hence couisié activationwhich could not be furthe
activated with AGE activation.

Oligomerization is a keynechanism for RAGE activation [129AGE can oligomeriz
on the cell surface eithepon ligand stimulation or independent of any lid, dependin upon
the cell type [126]The mechanism by which cell surfeoligomerization of RAGEleads to its
activation is not clear. It has been suggestedcell surface oligomerizatioof RAGE might

affect theinteraction of RAGE cytosolic domain with its intelular binding partner D-1,

which is a cruciastep in RAGE activatiorThe anti-RAGE antibodysed in our studmight not
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inhibit the oligomerization process because it doilinhibit RAGE induced WM115 cell
migration. However, the suppression of RAGE by siRikansfection decreased the total
number of RAGE molecules expressed on the celasarnivhich might reduce the probability of
two RAGE molecules to contact each other for thgooherization process to take place. Our
results from Chapter 2 showed an increase in dgilation of WM115 MOCK cells upon AGE
treatment. However, WM115 RAGE cells were showhdonsensitive towards AGE
activation. We propose that low levels of cell aagd RAGE molecules in WM115 MOCK cells,
might oligomerize in the presence of AGEs and thyeenhance cell migration. However,
RAGE molecules are already in an oligomerizati@tesin the WM115 RAGE cells, and are

therefore constitutively activated and thus careofurther activated with AGESs treatment.

S100B interacts with multiple targets and regulatesy cellular properties such as cell
cycle, cell morphology, proliferation, motility amdetabolism [109]. The tumor suppressor p53
protein is one of the target proteins for S100Bnelanoma cells. S100B has been shown to
downregulate p53 and to inhibit its tumor suppressictivities in melanoma cells [219]. We
have also shown a downregulation in p53 proteMWWM115 RAGE cells as compared to
WM115 MOCK cells (Figure 20). Suppression of p58temn found in the WM115 RAGE cells
was in agreement with previously published repanis could be mediated via enhanced S100B
protein in these cells. As a transcription facp®3 regulates the expression of different genes
associated with tumor progression [364]. Mutatiomactivation of p53 protein is one of the
hallmarks of cancer [365]. Although the downregolaif p53 protein in WM115 RAGE cells
suggested an increased proliferation in these, seiobserved a decrease in WM115 RAGE
cell proliferation compared to control cells (Chaq). Apart from regulating cell proliferation,

p53 also modulates other cellular functions. Ld§358 protein has been associated with
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enhanced cell migration via Rho GTPase mediatethBig [366-368].Enhanced motility o

WM115 RAGE cells might be associatedh loss of p53 proteim these cell:

Reduced 1’53 protein

ANt %L‘ell membrane

~ Cytosolic domain

[p]

Figure 28 Summary of the results from chapter 2 arRAGE overexpression in WM115 cel
results in increaseexpression of S100B which leads to suppressiorbdfguotein. RAGE ov-
expression also leads to suppression in cyclinggession in WM115 cells. Furthermo
reduced activities of NiB and ERK signaling molecules in RAGE c-expressing WM11!
cells might result in theroliferation to migratio switch observed in these cel

We have also showedddownregulation inyclin Ein WM115_ RAGE cells by \estern

blot (Figure 20) anddw cytomen (Figure 21 & 22)Cyclin E, a regulatory subunit of cycl

dependent kinase-2, @éssential fc G1/S transition during the mammalian cell ¢ [369, 370].

Previous studies have reporethanced accumulati of cyclin E in primary melanoma tumo

compared tanetastatic melanoma tum [371]. We found aeduced expressi of cyclin E in

motile WM115 RAGE cells as compared to its lessilmabunterpart (WM115 MOCL.

Therefore, our data appear toibeagreement with these published reports.

Using a commercialancer pathway gene ar, we have investigated the express

levels of 84 genesepresentative of six biological pathways involwedransformation an
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tumorigenesis (Cell adhesion, angiogenesis, meaiastgpoptosis, cell cycle control and signal
transduction) (Table 8). Several genes associattdanwgiogenesis processes were found to be
highly affected by RAGE over-expression in the WM XElls. We therefore decided to further
investigate the changes in transcript levels ofdl&cted angiogenesis related genes by
RT_PCR. Our data from cancer pathway gene arrag foeind to be reproducible. However,
several variations were observed between the ttgoofelata and these variations might be due
to slight variations in the primer sequences. Tw@iknt sets of primer pairs specific for a
single gene can have different abilities to anmatd the template and therefore can produce
different levels of gene amplification. Our resudt®wed a significant upregulation in PDBF-
gene in WM115 RAGE cells compared to MOCK cellsGH3B is a platelet derived growth
factor known to activate cancer cell survival andtiiity. Therefore it plays an active role in
cancer progression and metastasis [372, 373]. RB&&Ebeen demonstrated to induce the
production of a variety of growth factors and cytws including PDGHB-. AGE-RAGE
interaction has been shown to promote pancreaticecacells growth through PDGFmediated
signaling [374]. Upregulation of PDGFin WM115_ RAGE cells suggest their possible
contribution in RAGE mediated WM115 cell motilitjowever, we have only assessed the
transcript levels of PDGB-but not the protein levels therefore more studresrequired to

establish its role in RAGE mediated melanoma pregjos.
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CHAPTER 4. EFFECT OF RAGE OVER-EXPRESSION ON MELAN OMA TUMOR

GROWTH IN VIVO

Abstract

As shown in Chapter 2, RAGE stimulates the ancleomagependent growth and
migration of the WM115 melanoma cell line. To assi® involvement of RAGE in melanoma
tumor growth, we have developed a xenograft mousagefof melanoma by grafting
WM115 MOCK and WM115 RAGE cells subcutaneously @&@ID mice. WM115 RAGE
cells showed a larger tumorigenic potential thanWiM115 MOCK cells. Tumors generated
from WM115_ RAGE cells express 194 fold higher RA@ftein than the tumors generated
from MOCK cells. We also observed higher levelsRAGE in WM115 RAGE tumor bearing
mice plasma than in MOCK control mice plasma. S&Me@AGE binding partners were found to
be upregulated (S100B: 2.9 + 0.7 fold, S100A4::1011 fold, S100A6: 1.3 + 0.1 fold,
S100A10: 3.3 £ 1.2 fold) at the protein levels IAGE over-expressing melanoma tumors
compared to their MOCK counterparts. To furtherestigate the tumorigenic pathway induced
by RAGE in WM115 tumors, we have assessed the sgjome levels of 84 cancer related genes.
Our results showed an upregulation in angiogersegismnetastasis inducing factors (interleukin-
8, fibroblast growth factor, vascular endotheligdwgth factor) in RAGE over-expressing
melanoma tumors compared to MOCK tumors. Enhand€tl @&hd ERK activities were found
in WM115 RAGE tumors as compared to control tumons: data demonstrate a series of
signaling events activated by RAGE in melanoma tsmeurthermore, we could reduce
melanoma tumor growth by treating WM115 RAGE turnearing mice with anti-RAGE

antibodies. In addition, the combination therapgpfanti-RAGE antibody with a well-
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established melanoma drug, dacarbazine showedeagsstic tumor suppressive effect in

WM115 RAGE tumors bearing mice.

Introduction

Malignant melanoma is the most aggressive fornkiof cancer [375]. Unlike primary
melanoma tumors, metastatic melanoma tumors aré moce challenging to treat. Due to the
increasing number of melanoma associated deaththandck of treatment options, the FDA
has accelerated the approval process of two newrstanoma drugs in 2011 [66]. Before that,
dacarbazine was the only FDA approved drug for noataa treatment [376]. Dacarbazine is a
chemotherapeutic drug used in various cancer teasisuch as malignant melanoma [376],
lymphoma [377] and various sarcoma [378]. It agtslltylating DNA and inhibiting DNA
synthesis which leads to cell death [379]. Nondpecytotoxicity of dacarbazine leads to
several adverse effects [54]. In 2011, the FDArapgd Ipilimumab, an antibody based drug
against cytotoxic T-lymphocyte antigen 4 and Verfend, a BRAF enzyme inhibitor, for the
treatment of metastatic melanoma patients [380]. ¥spite of major progresses in melanoma
therapy, there are still some limitations that neede addressed. For example, Vemurafenib can
only be used in melanoma patients with BRAF V60QEation but not in patients with wild
type BRAF [381, 382]. Acquired resistance is anothajor disadvantage of Vemurafenib
treatment [383]. The T-cell inhibitor Ipilimumabar also produce life threatening adverse
effects [384, 385]. Thus, there is still a critiogled to develop safer modes of therapies against
melanoma. New target molecules need to be idettifielevelop therapies against them and to
widen treatment options for different populatiofisnelanoma patients. To establish a new
molecule as a therapeutic target, the role oftthriget molecule in the disease progression needs

to be identified first and its mechanisms of acti@ed to be understood. RAGE is a multi-ligand
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and multi-functional cell surface receptor of themunoglobin superfamily and is involved in
many cancer types. RAGE fuels inflammatory reastiithin the tumor microenvironment and
initiates several cancer promoting signaling cass4d886]. These inflammatory reactions have
been suggested to play important roles in carcinegis [387]. Depending upon the activating
ligand and the cancer type, RAGE can initiate &g array of downstream signaling pathways
involved in cancer progression that include AKT§R&ERK [388], JNK [87], p21ras [144],
MAP kinases [121], NF4B [121, 388] and cdc42/rac [80]. RAGE and its ligasuch as AGEs,
S100 proteins or HMGB-1 are associated with thbggnesis of different cancer types.
Previously, we have shown higher expression ledeRAGE and S100B in certain population
of late stage melanoma patients [89]. These dajgestied an active contribution of RAGE and
its ligands in melanoma progression which needdxttdeciphered. Blocking RAGE ligand
interaction has been shown to suppress downstriggraling and cancer progression [78]. Anti-
RAGE antibodies [78], small molecule inhibitors §13RAGE blocking peptides [134] are some
of the different strategies used to inhibit RAGgahd interaction. Monoclonal antibodies are
currently the most popular strategies for canasatiment due to their high specificity towards
their targets and their moderate side effects [3B®¢re are two major mechanisms by which
antibodies produce anti-cancer effects. Antibodaas either block or stimulate physiological
functions of a target protein and thereby suppi@s®r growth. Complement dependent
cytotoxicity (CDC) and antibody dependent cell na¢eld cytotoxicity (ADCC) are the other
mechanisms by which antibodies produce anti-turatoias [389]. Antibodies against RAGE
have previously been shown to suppress cancergssign by inhibiting the interaction of

RAGE with their corresponding ligands. Anti-RAGHEiandies could suppress tumor growth in
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murine models of different cancer types includinglanoma [133]. That suggest their

therapeutic potential in the treatment of melanoma.

However, monotherapy designed against a specifjetgrotein is usually not efficient
enough for complete remission of cancer. Combinatierapy directing against multiple targets
is more efficient in treating cancers that can tmestdered as multifaceted diseases [390].
Antibodies conjugated with or in combination witlecnotherapeutic drugs are being used to
improve their overall efficiency and to reduce thmssible adverse effects [54]. Several clinical
trials are currently ongoing to test the combinatwd dacarbazine with other drugs for the
treatment of metastatic melanoma. The goal of thegmt study was to decipher the role of
RAGE in melanoma tumor growth in mechanistic dstaiid to develop RAGE targeting

therapies against melanoma.

Materials and Methods

Cdls

The generation and characterization of the WM115QW@nd WM115 RAGE cells
have been described in Chapter 1. The cells wenetan@ed in OPTIMEM containing 4% FBS,
1% penicillin/streptomycin, 0.5 mg/ml (WM115_MOCKIts) or Img/ml (WM115_ RAGE) of
(G418 sulfate. The antibiotic G418 sulfate was usespecifically select the transfected WM115
cells. Before injecting the cells into the animalslls were tested for any mycoplasma

contamination.

Xenograft mouse model

Female Severe Combined Immunodeficiency (SCID) mieee purchased from Charles
River Laboratories (Wilmington, MA). The animals wenaintained in pathogen free conditions
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and nourished with sterile food and water. All #mmal experiments were conducted according
to the guidelines of the Institutional Animal Cared Use Committees (IACUC) at North Dakota
State University under an approved protocol. Beftagting the experiments, the animals were
maintained for 3-4 weeks for allowing them to geépted to the laboratory environment. All the
surgical procedures were in compliance with the 'BlPtinciples of Laboratory Animal Care.

For the experiments, five to six week old mice 28)g) were anaesthetized and subcutaneously
injected with either WM115_RAGE or WM115 MOCK ceflsx 106 /5Qul) (8 animals per
group). Tumor growth was quantified every threesdayer a period of 30 days. Tumor volumes
were measured using a digital caliper. The follgyaguation was used to calculate tumor
volumes: 0.52x L x W2, where W2 is the square watil L is the length of the tumor. After

one month of treatment the animals were eutharanedhe tumors were excised from both

groups of animals and were snap frozen in liquicbgen for further studies.

Real Time PCR

RNAs from WM115 MOCK and WM115 RAGE tumors wereragted using the
commercially available PARIS kit (Ambion Life Scs, USA). After quantification and
guality assessment, the RNAs were reverse tramstribing the Reverse Transcription System
(Promega, WI) according to the manufacturer’s ingtons (Chapter 1 and 3). The cDNAs were
run on a Mx3000 Stratagene RT_PCR system usingaBiilll Ultra fast SYBER Green QPCR
Master mix and appropriate primers pairs specdroefach gene (Table 7). In order to decipher
the downstream mechanisms of RAGE induced melartomar growth a Human Cancer
pathwayFinder™ RT2 Profiler™ PCR Array (Qiagen, USvas performed on the cDNAs

obtained from WM115 MOCK and WM115 RAGE tumors asatibed in Chapter 3.
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Western blot

Tumor protein lysates were prepared using the PARIGmbion Life Sciences, USA)
as per manufacturer’s instructionsudg@o 10Qug of total protein was resolved on 12% to 15%
SDS gels and blotted on nitrocellulose membranterAdvernight blocking with 4% BSA/TBS
at 4°C, the blotted membrane was incubated witkbiSp@ntibodies in 1% BSA/TBS/0.1%
tween for 1 hour at room temperature. After waslimmge times with TBS/0.1% tween, the blots
were incubated with appropriate secondary antilsodiéer a final wash, the blots were
developed with ECL substrate (ThermoScientific, lISA). The data obtained were analyzed by

densiometric analysis using Image-J software.

ELISA

Protein lysates were prepared form the tumors usi@dPARIS kit (Ambion Life
Sciences, USA). The RAGE protein was quantifiethemtumor lysates and in the animal plasma
using the Quantikine Human RAGE Immunoassay ELI$#tesn according to the
manufacturer’s instructions. The concentration D@3 protein in the plasma of
WM115 MOCK and WM115_RAGE tumor bearing mice watedained with the help of a
calibration curve obtained by ELISA. Briefly, rabpbblyclonal anti-S100B antibody was coated
in the wells of an ELISA plate over-night at 4 AGter 3 hours of blocking with 3% BSA/TBS,
50ul of S100B standard and plasma samples were addée wells and further incubated for 1
hour at room temperature. After washing with TBS®Wyl of mouse monoclonal anti-S100B
was added to the wells and incubated for 1 houwah temperature. The wells were washed 3

times with TBS-T and then incubated with alkalim®gphatase conjugated secondary antibody
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for 45 mins. After three final washes, B8@f 1mg/ml of p-NPP substrate (Gold Biotechnology,

USA) was added to the wells and the absorptionmeasured at 405nm.

I mmunohistochemistry

Tumors embedded in OCT were sectioned ingan7thick slices. The sections were
treated with H202 in water (3% v/v) to neutraline endogenous peroxidase activity, blocked
by 10% (v/v) normal goat serum to avoid non-spedfnding and stained with IgG 2A11.
Horseradish peroxidase-conjugated goat anti-monisieoaly was then used as a secondary
antibody and the peroxidase activity was detecsilgu3,3'-diaminobenzidine (DAB) substrate
(Vector Laboratories, Burlingame, CA). As a contpmrallel tumor sections of WM115 MOCK
and WM115 RAGE tumors were stained with hematoxgbsin. The hematoxylin solution
(Harris Modified), and eosin Y were obtained frorgr8a-Aldrich Corporation (St. Louis, MO).
The sections were imaged using an Olympus IX-8Xasaope (Melville, NY). The images
were recorded on a camera that interfaced withmapater and were processed by the HCImage

software (Hirakuchi, Hamamatsu, Japan).

I gG 2A11 antibody treatment

WM115 RAGE tumor bearing mice were treated with-B&GE antibody. The animals
were divided in two groups (n = 8). WM115 RAGE seilere implanted subcutaneously in the
animals and tumors developed in both groups agibedcpreviously. Group | was treated with
PBS (control) and Group Il was treated with anti®&RAantibody (0.5 mg/mice) by intra
peritoneal injection every 5 days for two cycleafdays each. The animal body weights were
measured over the treatment period. Tumor volunezs walculated as per the formula

described in the materials and methods of chapter 4
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Cy5.5 labeling of 1gG 2A11

Cy5.5 monofunctional hydroxysuccinamide ester (648HS) was purchased from GE
Healthcare Biosciences (Piscataway, NJ). The cauijug of IgG 2A11 with Cy5.5-NHS was
carried out as described. Briefly, 1 mg IgG 2AlXkw&solved in 1 ml 10mM Phosphate buffer
pH 7.4 containing 150mM of NaCl and was reactedhwite molar excess of Cy5.5 NHS at
room temperature for 15 mins. The labeled IgG was purified from non-reacted Cy5.5 by
size exclusion chromatography on Sephadex G-50rool(GE Helathcare). The protein
concentration of the labeled IgG was determinethbyBCA kit (Thermo Scientific, Walthman,
Ma) according to manufacturer’s instructions. Thenber of Cy5.5 fluorophores per antibody
was determined by absorbance on a Spectraman &fhemtimeter (Molecular Devices,
Sunnyvale, Ca), using the extinction coefficienCyb.5 of (1 = 250,000M-1 cm-1 at 675nm).
The labeling resulted in about 1.3-1.5 fluorophoee molecule of antibody. As negative control,
Cy5.5-labeled polygonal mouse IgG was prepargder similar condition. Mouse serum IgG

was purchased from Sigma-Aldrich Corporation ($iis, MO).

Imaging with Cy5.5 labeled 1gG 2A11

The in vivo imaging studies were carried out ial teme NIRF reflectance imaging
(Kodak Fx Pro, Carestream Health Incorporation,iester, NY). In brief, WM115 RAGE
tumor bearing mice were divided in three groupar{dnals each group) once the tumor volume
reachedt 80 mma3. Animals were intravenously injected witybG-labeled RAGE antibody, or
Cy5.5-labeled mouse IgG or PBS only (18012%L). A group of WM115 MOCK tumor
bearing mice (n=4) was used a control and treatdtd®y5.5-labeled RAGE antibody in the

similar way. Mice were imaged after 0, 4, 24, 481sowvith 1 min image acquisition time. The
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images were analyzed using the Kodak Digital S@etia software (Carestream Health
Incorporation, Rochester, NY). The average fluogese intensities at the region of interest

(ROI) were corrected for the background at the @aaskin.

Combination therapy

WM115 RAGE tumor bearing mice were divided in 6ugs. Group | was treated with
PBS as control (8 animals), Group I, lll and IVredreated with 50 mg/kg, 25 mg/kg and 12.5
mg/kg of dacarbazine respectively (8 animals eashjup V was treated with a combination of
25 mg/kg dacarbazine + anti-RAGE antibody (4 angnahd Group VI was treated with a
combination of 12.5 mg/kg dacarbazine + anti-RAGE®dy (4 animals). Dose regimen of
dacarbazine (every 5 days of treatment for twoesyoff 21 days each) was followed. At the end
of the treatment or if the tumor size exceeded 1868, the mice were euthanized and the

tumors were excised. These tumors were immediatedp frozen for further studies.

Statistical Analysis

Data are shown either as Mean £ SEM or Mean + Sigarative analysis between two
groups was made by one tail two sample (unpairagjedit’s t- test and p < 0.05 was considered

as significant.

Results

RAGE over-expressing WM 115 cells are more tumorigenic that WM 115 MOCK cells

As described in Chapter 1, we have generated ar@dcterized RAGE over-expressing
WM115 cells and used WM115 MOCK cells for contrells. The transfected cells were

injected in SCID mice and tumor volumes were fokalwover the period of 30 days. We
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observed that both MOCK and RAGE transfected WMddlts formed tumors with different
growth rates (Figure 29). Ten days after the imalaon, the WM115 RAGE cells started to
form a tumor whereas WM115_ MOCK cells took morentthd days to initiate tumor formation.
At the end of the study, WM115 RAGE were two tineger than the WM115 MOCK cells.
Upon characterization of the tumors we found a éigxpression of RAGE in the tumors
established from the WM115_ RAGE cells as shown b\5E, Real Time PCR and
Immunohistochemistry (Figure 30 and Table 14). \Wenfl 194 fold higher RAGE (13693 +
137 pg/mg in WM115 RAGE tumors and 70.0 £ 2.8 pgiMig115 MOCK tumors) in

WM115 RAGE tumors as compared to MOCK tumors. Wddalso detect the soluble form of
RAGE (213.1 £ 66.0 pg/ml) in the plasma of WM115 GAtumor bearing mice (Table 14).
The levels of soluble RAGE in the plasma from WM1WM&®CK tumor bearing mice were

undetectable in our experimental conditions.

[=]
(=]

* %k

== \\M115_RAGH

D
o

)
:
o= /
o , S
540 *
E {
£ x/
)
2 20 > a ]
: T 1
0-.-—.-—-"': T l 1 l
0 5 10 15 20 30
Days

Figure 29: RAGE over-expression enhances melanamartgrowth in vivo in a xenograft
mouse model.1*10cells were injected subcutaneously in the mamrtissye of SCID mice.
Tumor growth was followed over the period of 30 slajumors RAGE expressions at transcript
and protein levels are shown in the table 14. Retaepresented as Mean = SEM. (n = 8; **p <
0.01, *p < 0.05).
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Figure 30 RAGE expression in WM115 MOCK and WM115 RAGE tumas determined
immunohistochemistryTumors sections were stained with -RAGE antibody and HR
conjugated secondary amaiby (Figure B. and D.). Figure A. and are H & E stained images
WM115 MOCK and WM115 RAGE tumors respectiv

Table 14:RAGE protein in tumor lysates ablood plasma samples by ELISAhe assay wi
performed with three different seof tumors and blood plasma samples obtained from -
different animals. Data shown as Mean + SD. (n.:

Tumors samples RAGE expression pg/mg of total protein Fold change
WM115_MOCK tumor 70.0+2.8 -
WM115_RAGE tumor 13693 + 137 194 fold

Plasma samples RAGE pg /ml of plasma Fold change

WM115 MOCK plasma <10
WM115 RAGE plasma 213.1 £+ 66 > 21 fold

RAGE ligands are upregulated in RAGE over-expressing melanoma tumors

We found significant upregulaticin six S100 geneS100B, S100A4, S100A
S100A1Q S100A11 and S100A) in WM115 RAGE tumors as compared to MOCK tumadit
transcript levels (Figure 31However, we decided to further study S100A4,@&6) S100A1(C

and S100B at protein leveiecause these S10roteins have been previously describe
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contribute to melanoma pathogenesis. S100B, S108A40A6 and S100A10 proteins were
significantly upregulated 2.9 = 0.7 fold, 1.4 + @old, 1.3 + 0.1 fold and 3.3 + 1.2 fold
respectively (Figure 33 and 34). We also detesté@ nM of S100B in the plasma from
WM115 RAGE tumor bearing mice whereas in WM115_ MO@HKor bearing mice, the

S100B levels were too low in the blood plasma talékected in our experimental conditions.

We also compared the expression levels of S10@imin RAGE over-expressing cells
with the corresponding RAGE over-expressing tunjbrgure 32 and Table 15). We found an
18 and 3 fold increase in S100B mRNA expressioWM115 RAGE tumors and
WM115 RAGE cells respectively compared to their MOEunterparts. At transcript level, we
found suppression in S100A2 gene in WM115 RAGEsa@impared to the MOCK cells.
However, in the corresponding WM115 RAGE tumorsfewend an upregulation in S100A2
MRNA expression compared to the MOCK tumors (Figgend Table 15). S100A2 protein
was not detected in the cells as well as in theesponding tumors by western blot in our
experimental conditions. The transcript levels 80&A4 genes were low in both types of
WM115 cells and were not affected with RAGE ovepression. The tumors formed from these
cells expressed significant higher levels of SI00RAGE over-expressing WM115 tumors
expressed 5 fold higher S100A4 mRNAs than the MQ@HKors. The Western blot data shows 2

fold upregulation in S100A4 protein in WM115 RAQHrtors compared to the MOCK tumors.

Similar to S100A4, S100A6 transcripts were also iowhe cells and were unaffected by
RAGE over-expression. However, the tumors genetated the WM115 RAGE cells showed a
2 fold up regulation in S100A6 transcripts by RT RPé&hd about a 1.4 fold upregulation in

S100A6 proteins by Western blot as compared torabtutmors (Figure 32 and Table 15).
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At transcript levels, S100A10 was found to be dagutated in WM115_ RAGE cells
compared to MOCK cells. By Western blot we couldl sloserve any change in the S100A10
protein between WM115 MOCK and WM115_ RAGE cellswdwer, we found a 8 fold
upregulation in S100A10 at transcript levels aridld upregulation at protein levels in

WM115 RAGE tumors as compared to MOCK tumors (FeguB2 and 34).
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Figure 31: S100 mRNA expressions in WM115 MOCK @115 RAGE tumors. cDNAs
(10ng/well) obtained from WM115 MOCK and WM115 RA@Enors were used as templates
in RT_PCR. Data obtained are shown as the avecdgeliange in S100 mRNA expression in
WM115 RAGE tumors compared to MOCK tumors. Experitngas performed at least three
times on three different sets of tumor cDNAs olgdifrom different animals. Data are
represented as Mean + SD. (n=3; *p < 0.05, **p &10.
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Figure 32: Comparison of S100 mRNA expressions MM5 MOCK and WM115 RAGE
cells and in their corresponding tumors. (n = 3 ¥0.01, *p < 0.05).

Table 15: Comparative analysis of S100 mRNA expoess WM115 MOCK and
WM115 RAGE cells and the corresponding tumors.

S100 genes Cells Ct Fold Change TumorsACt Fold Change
MOCK RAGE MOCK RAGE
S100A2 9.7+0.9 10.5+0.8 -16+1.6 9.4+0.7 380.8 19+26
S100A4 75+0.7 7.3+£0.7 0.7+0.9 1.9+0.8 B@R7 55+34
S100A6 6.9+12 6.5+1.2 1.1+09 5.6 +0.8 429 2.7+0.8
S100A10 41+0.3 5.0+ 0.6 -1.8+0.5 42+09 641.0 79+58
S100B 3.9+1.0 1.9+0.7 43+15 3.9+0.8 oLk 18.67 +14.3

113




MOCK1 RAGE1 MOCK 2 RAGE 2 MOCK 3 RAGE 3 MOCKI RAGEY MOCKZ RAGEZ MOCK 3 RAGE 3

* %k

4 * %k % 2
| 5
g% B
(1]
8 ° £1.5
$25 >
. £
£ 2 [T
3 °
21.5 a
=t
g 1 So.5
o o
s =
& 0.5 »
1]
WM115_MOCK WM115_RAGE WM115_MOCK WM115_RAGE

Figure 33: S100B and S100A4 protein expression iMMS5 MOCK and WM115 RAGE
tumor lysates by Western blot. Western blot wadopered two times on three sets of tumor
lysates from different animals. The graph represém densitometric analysis of the blots. (n=

3; ***p < 0.001; **p < 0.01).
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Figure 34: S100A6 and S100A10 protein expressioNivi115_MOCK and WM115 RAGE
tumor lysates by Western blot. The experiment veatopmed two times on three sets of tumor
lysates from different animals. The graph repres#re densitometric analysis of the blots. (n=

3; *p < 0.05).
RAGE over-expression alters gene expression of |L-8, p53, Collagen XVIII, VEGF, PDGF-

apha and integrin proteins in melanoma tumors

In order to decipher RAGE induced mechanisms iran@ha tumors we performed a
RT_PCR gene array of 84 genes involved in canaggrpssion. We arbitrarily used a 2.5 fold
cut off value for the analysis of the array. Theufes from the cancer pathway gene array
demonstrated significant changes in the expressigenes involved in tumorigenesis (Table
16). We found a significant upregulation in IL-825- 1.6 fold), Collagen XVIII (4.1 £ 2.1
fold), VEGF (3.9 £ 3.3 fold), Thrombospondin 1 (£9.8) and PDGF-alpha (2.5 + 1.7 fold)

and the downregulation in p53 (2.4 £ 1.7 fold)egrin alpha-4 (2.5 + 1.2 fold) and integrin
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alpha-1 (2.4 £ 1.5 fold) at the gene level. We reidse to further study 15 selective genes
associated with angiogenesis pathway using pripers specific for the genes obtained from
the primer bank. Our results from the second sekpériment showed upregulation of IL-8 (9.8
+ 5.2 fold), Collagen XVIII (3.5 + 2.0 fold), VEGR.1 + 0.88 fold) and PDGF-alpha (3.4 £ 1.9
fold) genes in WM115 RAGE tumors compared to MO@QHKors (Table 17). Our data from
both the experiments were reproducible.

Table 16: Cancer pathway gene array in WM115 MOGHK WM115 RAGE tumors. Data are

shown as fold changes in WM115 RAGE compared to WMMOCK tumors. The array was
performed three times with three different tumoNA3 (n=3, p < 0.05).

No. Genes Average fold| SD Functional
change role
1. Integrin, alpha 1 -2.4 0.5
2. Integrin, alpha 2 (CD49B, alpha 2 subunit of \\RAeceptor) 1.6 0.6
3. Integrin, alpha 3 (antigen CD49C, alpha 3 subofVLA-3 3.1 0.5
receptor)
4. Integrin, alpha 4 (antigen CD49D, alpha 4 subofhVVLA-4 -2.5 0.3
receptor) .5
(%]
5. Integrin, alpha V (vitronectin receptor, alptaypeptide, 2.9 0.9 %
<
antigen CD51) §
6. Integrin, beta 1 (fibronectin receptor, betaypeptide, 1.4 0.4
antigen CD29 includes MDF2, MSK12
7. Integrin, beta 3 (platelet glycoprotein lllatigan CD61) 1.2 0.3
8. Integrin, beta 5 -2 0.3
9.
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Table 16: Cancer pathway gene array in WM115 MOG&KWM115 RAGE tumors
(continued).

10. Metastasis suppressor 1 -2.1 11

11. Pinin, desmosome associated protein 1.2 0|4

12. Synuclein, gamma (breast cancer-specific prdtgi

13. Angiopoietin 1 -1.6 1.9

14. Angiopoietin 2 2.7 15

15. Collagen, type XVIII, alpha 1 4.1 1.1

16. Fibroblast growth factor receptor 2 1.8 1.1

17. Interferon, alpha 1 1.2 0.4

18. Interferon, beta 1, fibroblast 1.1 1.0

19. Insulin-like growth factor 1 (somatomedin C) 22. 0.8 2
2
(]
(@]
i)

20. Interleukin 8 5.3 0.7 g

21. Platelet-derived growth factor alpha polypeptid 2.5 0.7

22. Platelet-derived growth factor beta polypeptide 1.6 15

23. TEK tyrosine kinase, endothelial -1.4 0.3

24. Transforming growth factor, beta 1 -1.8 1.1

25. Transforming growth factor, beta receptor 1 0-1. 0.7
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Table 16: Cancer pathway gene array in WM115 MOG&KWM115 RAGE tumors
(continued).

26. Thrombospondin 1 3.9 0.8

27. Tumor necrosis factor 1.3 0.9

28. Vascular endothelial growth factor A 3.9 1.7

29. Met proto-oncogene (hepatocyte growth factoejpéor) -1.1 1.1

30. Matrix metallopeptidase 1 (interstitial collagse) -1.4 1.2

31. Matrix metallopeptidase 2 (gelatinase A, 72kjgktinase, -1.0 0.8 -ﬁ
72kDa type IV collagenase) %

32. Matrix metallopeptidase 9 (gelatinase B, 92kektinase, 1.1 0.7 %

@

92kDa type IV collagenase) é

33. Metastasis associated 1 -2.8 1.8 g

34. Metastasis associated 1 family, member 2 1.1 2 1

35. Non-metastatic cells 1, protein (NM23A) expessm -1.3 0.3

36. Non-metastatic cells 4, protein expressed in 6 -1 0.6

37. Plasminogen activator, urokinase 1.0 0.2

38. Plasminogen activator, urokinase receptor 15 4 0

39. S100 calcium binding protein A4 2.8 0.9

40. Serpin peptidase inhibitor, clade B (ovalbummgmber 5 15 0.6

41. Serpin peptidase inhibitor, clade E (nexinspiamogen 2.6 0.9

activator inhibitor type 1), member 1
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Table 16: Cancer pathway gene array in WM115 MOG&KWM115 RAGE tumors

(continued).

42. TIMP metallopeptidase inhibitor 1 2.5 1.0
43. TIMP metallopeptidase inhibitor 3 1.4 0.8
44. Twist homolog 1 (Drosophila) -11 1.9
45. Apoptotic peptidase activating factor 1 1.1 0.4
46. BCL2-associated agonist of cell death 1.0 1.p
47. BCL2-associated X protein -1.6 1.0
48. B-cell CLL/lymphoma 2 -1.1 1.0
49. BCL2-like 1 1.4 0.4 o
c
50. Caspase 8, apoptosis-related cysteine peptidase 15 0.5 %
51. CASP8 and FADD-like apoptosis regulator 1.2 0.7 é
52. Fas (TNF receptor superfamily, member 6) 1.1 5 0. §
53. Granzyme A (granzyme 1, cytotoxic T-lymphocyte- 1.9 0.7 .E
(2]
associated serine esterase 3 ‘%.
54. HIV-1 Tat interactive protein 2, 30kDa 1.2 0.3 %
55. Telomerase reverse transcriptase 1.2 0{4
56. Tumor necrosis factor receptor superfamily, feniA 2.0 0.9
57. Tumor necrosis factor receptor superfamily, men25 15 0.6
58. Tumor necrosis factor receptor superfamily, imeniOb 1.5 0.8
59. Ataxia telangiectasia mutated -1.3 0.9 o
g 2 E
60. Breast cancer 1, early onset -1.2 0.3 9>‘ % cou
61. Cyclin E1 18 0218 8 %‘
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Table 16: Cancer pathway gene array in WM115 MOG&KWM115 RAGE tumors

(continued).

62. Cell division cycle 25 homolog A (S. pombe) 31. 0.2
63. Cyclin-dependent kinase 2 1.0 0.4
64. Cyclin-dependent kinase 4 -1.8 0.7
65. Cyclin-dependent kinase inhibitor 1A (p21, Qipl 2.3 0.9
66. Cyclin-dependent kinase inhibitor 2A (melanopis, 2.3 0.9
inhibits CDK4)
67. CHK2 checkpoint homolog (S. pombe) -1.2 0.6
68. E2F transcription factor 1 -1.3 0.1
69. Mdm2 p53 binding protein homolog (mouse) -1.5 61
70. Retinoblastoma 1 -3.1 1.2
71. S100 calcium binding protein A4 2.2 0.9
72. Tumor protein p53 -2.4 0.7
c

73. V-AKT murine thymoma viral oncogene homolog 1 1.8 0.5 é
74. V-erb-b2 erythroblastic leukemia viral oncogéoenolog 2, 1.6 0.7 %

neuro/glioblastoma derived oncogene homolog (avian g
75. V-Ets erythroblastosis virus E26 oncogene homa@l (avian) -2.8 1.1 = ; g
76. FBJ murine osteosarcoma viral oncogene homolog 1.3 1.9 {%’ g :%
77. Jun proto-oncogene -1.3 2.4 é
78. Mitogen-activated protein kinase kinase 1 -1.8 0.1 %
79. V-myc myelocytomatosis viral oncogene homolaggn) -15 2.4 |‘_§
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Table 16: Cancer pathway gene array in WM115 MOG&KWM115 RAGE tumors
(continued).

80. Nuclear factor of kappa light polypeptide gendancer in B-cells 1 1.0 0.5

81. Nuclear factor of kappa light polypeptide genbancer in B-cells | 2.3 1.0

inhibitor, alpha

82. Phosphoinositide-3-kinase, regulatory subuii@lfha) -1.4 0.7
83. V-raf-1 murine leukemia viral oncogene homalog 1.3 0.4
84. Synuclein, gamma (breast cancer-specific prdtgi 1.7 0.6

Table 17: PCR gene array with angiogenesis asgociggnes in the WM115 tumors. Expression
of selective genes associated with angiogenescepses were assessed using appropriate primer
pairs and tumors cDNAs as templates. Experimentpea®rmed more than three times with

three independent sets of cDNAs. Data are shovivieas + SD (n = 3; **p < 0.01; *p < 0.05)

Number Genes Average fold change = SD
1. Angiopoietin 1 28+29
2. Angiopoietin 2 19+26
3. Collagen, type XVIII, alpha 1 3.6 £2.0*
4. Fibroblast growth factor receptor 2 No Ct
5. Interferon, alpha 1 3.9+24*
6. Interferon, beta 1, fibroblast 3.1+4.2
7. Insulin-like growth factor 1 (somatomedin C) 59+7.6
8. Interleukin 8 9.8 +5.2%
9. Platelet-derived growth factor alpha polypeptide 3.4+£1.9%
10. Platelet-derived growth factor beta polypeptide 01+14
11. TEK tyrosine kinase, endothelial -1.8+0.6
12. Transforming growth factor, beta 1 1.4+04
13. Vascular endothelial growth factor A 21+0.9*
14. Tumor necrosis factor 43+6.8
15. Thrombospondin-1 1.2+0.1
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Enhanced AKT, ERK signaling activitiesin WM115 RAGE tumors

AKT, JNK and ERK signaling cascades are importagrialing events activated by
RAGE in cancer [87]. We assessed the activitieskoF, JINK and ERK in the tumor lysates by
Western blot and we found significant increasethéphosphorylated forms of AKT (1.4 £ 0.3
fold) and ERK (2.0 £ 0.4 fold) in WM115 RAGE tumas compared to MOCK counterparts

(Figure 35 & 36) whereas JNK activity was foundtounchanged (data not shown).
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Figure 35: Phosphorylated levels of ERK (A.) andTA@B.) in WM115_MOCK and

WM115 RAGE tumors by Western blot. The graphs regméethe densitometric analysis of the
corresponding blots. The experiment was performeckton three different tumors. Data
represented as Mean + SD (n = 3, *p <0.05).
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Treatment with 1gG 2A11 suppresses melanoma tumor growth

We demonstrate that RAGE over-expression enhanetsoma tumor growth and
enhanced RAGE ligand expression. From the resudthypothesized that RAGE-ligand
interaction activates signaling cascades and leaféster tumor growth. To substantiate our
statement, we have treated WM115 RAGE tumor beamicg with an anti-RAGE antibody
(IgG 2A11) and PBS as control. IgG 2A11 is a moapal antibody generated in mouse
immunized with human RAGE protein. IgG 2A11 intésawith human RAGE with nano molar
affinity. Blocking RAGE with IgG 2A11 led to signdant suppression of tumor growth. On the
last day of treatment, we fourd..6 fold reduction in tumor volume with 1IgG 2A1E#&tment as
compared to control (Figure 36). Also, the animadyweights were unaffected during the

antibody treatment suggesting no severe side sftégdhe antibody (Table 18).
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Figure 36: Tumor growth rate upon 1gG 2A11 treatmeWM115 RAGE tumor bearing mice.
WM115 RAGE tumor bearing mice were treated withrAgimice of IgG 2A11 every 5 days
for two cycles of 21 days each. A group of mice waated with PBS as control. Tumor
volumes were calculated as mentioned previouslyg(rip < 0.05).
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Table 18: Body weights of WM115 RAGE tumors beanmige during the treatment with 1gG
2A11 and DITC. The mice were treated with PBS, 2A30.mg/kg of DITC, 25 mg/kg of DITC,
12.5 mg/kg of DITC and two combinations of 2A11 lwiDITC. The body weights were
monitored over the period of the treatment. Datastwiown as Mean + SEM.

Day PBS 2A11 2A11 + 25 mg/kg| 2A11+12.5 | 50 mg/kg | 25 mg/kg | 12.5 mg/kg
DITC mg/kg DITC DITC DITC DITC
0 25.6+0.3| 251+0.3 24.4+0.9 24.3 +0.9 2203 | 22.3+05] 23.8+0.7
3 246+0.1| 255+0.3 23.3+0.8 23.4 £ 0.7 2282 | 21.4+05] 23.9%0.7
6 24.7+05| 24405 23.2+0.7 23.4 +0.6 22@B4| 21.8+0.6] 23.7%0.8
9 26.3+0.3| 258+0.3 24.1+0.8 23.4 +0.6 230%| 21.7+05] 24.1%038
12 | 21.9+03| 25.7x0.1 23.8+0.7 23.6 + 0.3 2322 | 221+0.3] 23.6*0.56
15 | 21.9+04| 258%0.2 23.9+0.7 24.2 + 0.3 230%| 224+0.6] 239%056
18 | 22.0+04| 255%0.2 23.8+0.8 24.4 +0.5 233x| 226+0.6] 23.8%0.6
21 | 21.8+0.4| 26.0+x05 24.2+0.9 23.9+0.4 2302 | 223+0.6] 23.6%05
24 | 220+0.3| 25403 24.0+0.7 24.3 + 0.4 23G2| 22.0+0.7] 23.7%x0.5
27 | 21.9+x0.2| 259%0.2 24.4+0.8 24.4 +0.6 2332 | 224+0.6] 23.9%05
30 24.3+0.6 24.7+0.6 239+0B8 226+0.6 28M6
33 24.4+0.6 24.7+0.8 239+0B8 224+(Q0.7 28(B6
36 24.8+0.6 24.4+05 239+0p 225+04 24(B6
39 246+0.8 24.9+05 23.8+0p 22805 2406
42 245+0.9 25.4+0.6 236+x0p 226x0.6 2405
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Table 19: Tumor volumes (mm3) from WM115 RAGE tumdrearing mice during the
treatment of IgG 2A11 and DITC. Mice were treatethwBS, 2A11, 50 mg/kg of DITC, 25
mg/kg of DITC, 12.5 mg/kg of DITC and combinatioh 2A11 with DITC. Tumor volumes
were measured over the period of treatment. Datalawwn as Mean £ SEM.

Day PBS 2A11 2A11+25 | 2A11+125 | 50 mg/kg | 25 mg/kg | 12.5 mg/kg
mg/kg DITC mg/kg DITC DITC DITC DITC
0 66.4 £ 6.0 81.7+9.0 76.4+5.0 74.8 £ 6.4 72B&| 72.7+6.0 72.3+13
3 108.0+7.0 97.9+15 82.4+7.0 87.4 £+ 3.0 90Hl+| 102.4+9.0, 853+14
6 162.0 £ 16 99.9+12 80.8+8.0 99.5+ 7.0 1001B4 113.2+17 121.3+£ 21
9 250.6 + 29 118.7 £ 17 57.3+4.0 96.1 +13 89.2+[1 141.7 £ 20 150.4 = 24
12 378.1+30 206.9 + 26 59.4+7.0 85.6 + 13 77.B+[1 125.3+15| 152.6 + 2§
15 484.0 + 33 268.1 + 32 53.5%7.0 78.0+10 71.7B3+1 103.4 +13 176.6 £ 29
18 528.2 + 47 319.8+ 38 453+6.0 75.8 £ 9.0 5910+| 93.5%11 134.4 + 23
21 573.0+ 64 3749+ 46 40.3+8.0 80.5+ 11 46.0t 7 88.5+10 100.3 £ 22
24 892.2 +43 521.6+74 40.3+8.0 79.9+7.( 71M+| 89.1+16 120.4 £ 23
27 | 1259.6+88| 779.1+ 130 40.3+8.0 73.6+£9.0 2316 89.6 + 18 128.0 + 22
30 0 0 3484 71.5+6.0 71.3+£238 64.6 + 12 1158+
33 0 0 348+4 645+04 78.2+ 3P 64.6 £ 1P 10910+
36 0 0 348+4 58.3+£3.0 78.2+ 3P 63.8x11 1007+
39 0 0 348+4 61.4+2.0 88.2 £+ 42 63.8+ 11 1007+
42 0 0 204+5 67.1+2.0 151.8+ 85.6+18 160.1+ 35
107
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Cy5.5 conjugated 1 gG 2A11 islocalized within the tumor with minimal distribution in other

organs

To assess the biodistribution of IgG 2A11 we hawgjugated the IgG 2A11 antibody
with Cy5.5 as described in materials and methodscaktrol, we have conjugated a non specific
mouse IgG with Cy5.5 using a similar method. WMI¥®CK and WM115 RAGE tumors
bearing mice were intravenously injected with Cy&ojugated antibodies. PBS was injected in
the control group. Whole animal body imaging clea#monstrated a higher accumulation of
lgG 2A11 in WM115_ RAGE tumors as compared to WMINI®CK tumors (Figure 37).
Fluorescence images of tumor sections after Cy@nfugated antibodies injection also

demonstrated a significant higher fluorescence MM5_ RAGE tumors as compared to

MOCK tumors.
(A) Photo Cy5.5 Merge (B) Bright Light MIR Fluorescence
(a)
Saline’
WM-115-RAGE
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Figure 37: Distribution of Cy5.5 conjugated IgG 2Aih WM115 MOCK and WM115 RAGE
tumor bearing mice. Figure (A.) shows whole animaages of WM115 MOCK and
WM115 RAGE tumors bearing mice after Cy5.5 conjadalgG2A11l injection. Figure (B.)
shows fluorescence images of WM115 MOCK and WM11&GRE tumor sections after
injection with Cy5.5 conjugated IgG2A11 and saline.
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Combination of 1gG 2A11 with Dacarbazine produce synergistic tumor suppressive activities

We could achieve 1.6 fold suppression in tumor dghowith IgG 2A11 treatment alone.
In an attempt to improve the therapeutic potemtidgG 2A11, we have treated WM115 RAGE
tumor bearing mice with three different doses afathazine (50mg/mg, 25 mg/kg and 12.5
mg/kg) and two combinations of dacarbazine (25 mpatkd 12.5 mg/kg) with 1IgG 2A11. Our
results demonstrate that the combination therapg®f2A11 with dacarbazine synergistically
enhance the therapeutic potential of IgG 2A11. ddrabination of IgG 2A11 with 12.5 mg/kg
and 25 mg/kg of dacarbazine led to significant otida in tumor growth compared to the
treatment with dacarbazine alone. A combinationaie of IgG 2A11 with 25 mg/kg of
dacarbazine produced significantly improved tummpsessive activities than the treatment with
50 mg/kg of dacarbazine alone. Similarly, the tusigupressive effect of the combination of
lgG 2A11 with 12.5 mg/kg of dacarbazine was eq@mato that of 25 mg/kg of dacarbazine
alone. On the 42day of treatment regimen, the average tumor votuaii¢he mice receiving a
combination of IgG 2A11 with 25 mg/kg of dacarbaz{80.47 mr) was~7 fold smaller than
those of the group receiving 50 mg/kg of dacarbagi®1.8 mma3) alone. Similarly, the average
tumor volumes of mice receiving a combination d&18A11 with 12.5 mg/kg of dacarbazine
(67.1 mnf) was~1.3 fold smaller than those in the group recei@bBgng/kg of dacarbazine

alone (Figure 38).
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Figure 38 Combined therapy of IgG 2A11 with dacarbazineT®) in WM115_ RAGE tumo
bearing miceGraph demonstrates tumor volumes of the groupsetteaith 50 mg/kg DITC
alone (red), 25 mg/kg DITC alonorangg, 12.5 mg/kg DITC alone (pink), combination of 8
mg/kg DITC with IgG 2A11 (green) and combination2& mg/kg DITC with 1IgG 2A11 (blue
Data are shown as Mean £ SEM. (n =4 or 8, *p 6).

Discussion
In this study we have investigated RAGE as a negetan melanoma and al:
introduced antRAGE antibody aa therapeutic strategy for the set of melanomaptiwith
high expression levels of RAGE. We have shown RAGE cver-expression in melanoma
to enhanced tumor growtithe tormation of tumors under the skin of immuxdeficien mice is
a multistep process thavolves cell proliferation, cell spreadircell migration and ce

invasion [391, 392]In Chapter 2 we demonstrated that RAGE -expression increasthe

128



anchorage independent growth, migration and invesfaVM115 cells, which are critical
features for tumor formation and growth. Howeveg, lvave also shown less proliferative traits
of WM115_ RAGE cells than their MOCK counterparten@ary to this, we have found
increased growth of RAGE over-expressing WM115 ttsmmompared to MOCK tumors. These
data suggests that the tumor microenvironment nsgftth the WM115 RAGE cells to a more
proliferative state once injected under the mokse #\part from cancer cells, the tumor also
consists of non-cancer stromal cells which are medurom the host body [393]. These cells
which are embedded in extracellular matrix createn@r microenvironment which is a major
influencing factor on cancer growth [394, 395]. Wepose that the enhanced tumorigenic
growth of WM115 RAGE cells might be the result afrasstalk between cancer cells and the
surrounding activated stromal cells. RAGE and &sous ligands have been previously reported
to trigger an inflammatory tumor microenvironmentaontribute in cancer pathogenesis [396].
Furthermore, we have also assessed the expreddiwa 8100 proteins (S100B, S100A2,
S100A4, S100A6, S100A10) which are known to be @ased with melanoma. We found the
upregulation in these S100 proteins in RAGE ovgrregsing melanoma tumors at both the
transcript and protein levels. These data suggkstdback regulation of these S100 proteins
through RAGE to enhance, sustain and prolong sigetalation to promote melanoma tumor
growth. Previous reports have demonstrated that RA%pression can be induced in its ligand
rich tissue microenvironment [397]. We have presérat novel functional role of RAGE in
regulating S100 proteins in melanoma tumor. S108ejs are CA binding protein of the EF
hand superfamily involved in melanoma pathogen@24]. Expression of S100B protein
correlates with melanoma progression and serumecdration of S100B is used as a biomarker

for melanoma [6]. S100B promotes melanoma progvadsy downregulating tumor suppressive
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protein p53 [219]. Upregulation of S100B in WM115A®E tumors is significantly higher than
that in WM115 RAGE cells as compared to their regpe counterparts (Figure 35). Our data
suggest that over-expression of RAGE in WM115 deiligger S100B expression not only from

cancer cells but also from surrounding stromalscell

S100A2 has been previously shown to be down regaiiat many cancer types as
compared to their corresponding normal tissuestlagi@fore it can be considered as a tumor
suppressor protein [300, 398]. In squamous cetlisama, S100A2 has been shown to inhibit
cell migration which supports its role as a tumgo@essor protein [259]. However, its precise
role as a tumor suppressor has not been establghe@ur lab has also shown a significant
down regulation of S100A2 transcripts levels irgstdl and stage IV melanoma patients as
compared to the normal skin [89]. Our results frdmapter 3 showed a down regulation of
S100A2 mRNA levels in WM115 RAGE cells as compaeMOCK control cells. However,
in the corresponding WM115 RAGE tumors a signiftagoregulation of S100A2 mRNA levels
was found compared to MOCK control tumors. Howetleg,expression of S100A2 protein in
the WM115 cells and their corresponding tumors twadow and could not be detected by

Western blot in our experimental conditions.

S100A4 is another member of S100 protein superfeatsio known as “Metastasin” due
to its association with cancer metastasis [39AGE/S100A4 interaction is rather complex and
not very clear. We could not detect S100A4 proteineither of the WM115 cell types
(WM115 MOCK and WM115 RAGE cells) but we found ented S100A4 in WM115 RAGE
tumors compared to MOCK tumors (Figure 33). Thiggasts that either the host stromal cells
are the source of S100A4 protein or it has beended in tumor cells by surrounding stromal

cells. The induction of S100A4 protein by the tumacroenvironment in xenograft tumors of
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human cancer cell lines has been reported preyi¢88B]. S100A4 was not detected in either
cell types, but in tumors, S100A4 was not only esped but also significantly increased in

response to RAGE over-expression.

S100A6 protein also referred as “Calcyclin” hasrbesported to interact with RAGE and
to induce apoptosis via JNK signaling in neuroldast [108]. A positive correlation between
S100A6 expression and melanoma metastasis hasdgsmted [89]. Here, we showed a
significant upregulation in S100A6 protein in WM1EAGE tumors compared to MOCK
tumors (Figure 34). RAGE mediated upregulation Bd@A6 in WM115 RAGE tumors

suggests an important role of S100A6 in melanorogrnession.

S100A10, also referred as “Plasminogen Receptanaher member of the S100
superfamily. It interacts with plasminogen and liies its conversion to plasmin. Plasmin leads
to the proteolytic cleavage of the extracellulatneaand in turn enhanced cell migration and
invasion [321]. However S100A10 is unable to inteémaith RAGE but it has been implicated to
play a role in cancer progression and metastasB0/&L0 has also been detected in melanoma
cells but its role in melanoma progression is hearc We showed an upregulation of S100A10
in WM115 RAGE tumors compared to MOCK tumors (Feg8d). S100A6 and S100A10 were
unchanged in WM115 cells due to RAGE over-expresbia found to be significantly
upregulated in RAGE over-expressing WM115 tumolesk data suggest that the tumor
microenvironment might contribute to the inductafrthese S100 proteins. The upregulation of
S100A4, S100A6, S100A10 and S100B proteins in RAWGE-expressing melanoma tumors
suggests their direct or indirect contribution IAGE mediated enhanced melanoma tumor

growth.
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The cancer pathway array results demonstrate agulation of IL-8, Collagen XVIII,
VEGF, PDGF-alpha and downregulation of p53 in WMIRBGE tumors as compared to
MOCK control (Table 16 & 17). Apart from the canoells RAGE is also expressed in other
tumor associated cells such as macrophages, niissaice endothelial cells [400]. Upon
interaction with different ligands, RAGE triggerglammatory responses within the tumor
microenvironment. Activated inflammatory cells @de various cytokines/chemokines, growth
factors, adhesion molecules and certain RAGE ligatdhe tumor site [103]. IL-8 is a growth
factor important for melanoma cell proliferationdamigration via CXC receptor [401, 402]. IL-
8 also promotes cancer angiogenesis by enhancduglesiial cells proliferation and survival
[403]. VEGF as its name implies, is a vascular ¢imelaal growth factor which promotes
angiogenesis via VEGF receptor [404]. PDGF-alprepstent mitogen and chemo attractant for
fibroblasts and plays important roles in cancegpeesion and angiogenesis [405, 406].
Collagen XVIII is also known as Endostatin and moaponent of basement membrane and
known to be anti-angiogenic [407, 408]. Upregulatod IL-8, VEGF, PDGF-alpha in RAGE
over-expressing melanoma tumors suggest that RAG&ieas a growth factor rich tumor
microenvironment that collectively contributes tdhanced melanoma tumor growth. The
downregulation of p53 protein in WM115 RAGE tum@$ agreement with previous reports
demonstrating negative correlation between S10@Bp&3 proteins in melanoma cells [219].
The increase expression of S100B protein in WM1IAGR tumors might suppress p53 protein
expression. However, the results from the cancémwesy gene array in WM115 MOCK and
WM115 RAGE cells do not correlate with the resédtsn their corresponding tumors (Table 8
& 9). We did not find any upregulation in IL-8, VEEGPDGF-alpha genes in WM115 RAGE

cells that were upregulated in the correspondingpts as compared to their MOCK
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counterparts. Contrary to this our results dematestthe upregulation in PDGFgene in RAGE
over-expressing WM115 cells compared to the MOCIK c&hese data further emphasize the
contribution of tumor microenvironment in modul@iRAGE induced signaling involved in

melanoma progression.

Upon analysis of further downstream signaling miedidoy RAGE we found enhanced
activities of AKT and ERK in WM115 RAGE tumors. ERfgnaling was shown to be
suppressed in WM115 cells due to RAGE over-expoesdifioreover, AKT activities were not
altered in WM115 cells after RAGE over-expressibig(re 23). The tumorigenic
microenvironment might be responsible for indudimg functional and signaling switching in

the WM115 cells inside the tumors.

Furthermore blocking of RAGE by anti-RAGE antibddlyG 2A11) could significantly
suppress melanoma tumor growth. IgG 2A11 usedisnstindy was previously characterized for
RAGE binding and its potential to compete with SBG0r binding to RAGE was also
determined (data not shown). Blocking RAGE bindsitgs could inhibit ligand interaction and
thus inhibit RAGE induced downstream signaling. @ata suggest that the interaction of S100
proteins with RAGE might be involved in RAGE meéidtenhanced melanoma tumor growth.
Another possible mechanism of IgG 2A11 in suppressaielanoma tumor growth could be via
antibody mediated receptor internalization. Antipaaediated internalization of RAGE might

reduce the availability of RAGE on cell surface RAGE ligands.

Animal’s weights were monitored throughout the tn@ant period in order to assess any
possible adverse effect of IgG 2A11. Most of thetgxic anticancer drugs non specifically Kill

healthy cells which directly affects animal’s boagights. We found no change in animal’s

133



weight in IgG 2A11 treated animals compared to @mgroup. Also, the imaging studies of
Cy5.5 conjugated 1gG 2A11 showed a significantlyhigr accumulation in WM115 RAGE
tumors compared to the other tissues. A higher &ff6orescence observed in WM115 RAGE
tumors compared to MOCK control suggests an enltblocalization of IgG 2A11 in

WM115 RAGE tumors.

In the next set of study we have treated WM115 RAGHOr bearing mice with a
combination of IgG 2A11 and varied concentratiomlatarbazine. Combination therapy
produce synergistic tumor suppressive activitieacddbazine is a chemotherapeutic drug,
extensively used for the treatment of melanoma. &l@w, repetitive treatment with dacarbazine
triggers an escape mechanism by increasing expreséiL-8 and VEGF in melanoma cells and
therefore leads to enhanced melanoma tumor growthreetastasis [53, 409]. IgG 2A11 is
believed to inhibit melanoma tumor growth by blotkRAGE mediated signaling in the tumor.
Our results from cancer pathway gene array showagpeegulation of IL-8 and VEGF mRNAs
in the RAGE over-expressing WM115 tumors compaoeithé MOCK control (Tables 16 and
17). We believe that the ability of IgG 2A11 in ibiting RAGE mediated signaling, might
overcome possible escape mechanism induced in M&M tumors upon dacarbazine
treatment. Therefore combination therapy of dacaneawith IgG 2A11 produced synergistic
tumor suppressive effects as compared to dacasaimne. Melanoma has complex
pathophysiology with multiple genetic and molecwberrations [410]. Multi-targeted therapy

for melanoma therefore presents the advantagehafneing the overall efficiency of the therapy.

In summary we have demonstrated the role of RAGHEetanoma tumor growth and
deciphered the downstream signal mechanisms. Wedtaown that RAGE over-expression

modulates WM115 tumor microenvironment by incregshe expression of S100 proteins,
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cytokines and growth factors inside the tumor. lk@emnore, we have demonstrated that blocking
RAGE with an anti-RAGE antibody could suppress RAGdLIced melanoma tumor growth
which could be further improved by a combinatioertipy of anti-RAGE antibody with

dacarbazine.
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SUPPLEMENTARY FIGURE

Figure 39 Filamentous actin staining with rnodamine confedgphalloidin in WM115 MOC
(top), WM115_ RAGE-I(middle; and WM115 RAGE (bottom) cells. Imag&sD and G shov
nuclei staining with Hoechst dye. Images B, E anghBlw actin stainir with phalloidir. C, F

and | are the merged images.
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CONCLUSIONS AND FUTURE DIRECTIONS
The present study suggests that RAGE plays a gigntfrole in melanoma progression
by triggering a metastatic like phenotype in the W melanoma cells and by promoting tumor

growth in the xenograft mouse model generated ftersame cells.

RAGE over-expression led to phenotypic changes M1\A5 cells from a epithelial like
polyglonal morphology to a mesenchymal like eloedanorphology. Phenotypic changes
induced by RAGE in WM115 cells might translate iptoliferative to migratory switch in these
cells. Our results demonstrated an enhanced nogrhtit reduced proliferation of the WM115
cells upon RAGE over-expression. Moreover, we slibthat RAGE induced its own ligand
(S100B protein) expression in WM115 cells. Howe&t0Q0B protein did not appear to
contribute to RAGE mediated enhanced WM115 cellslityo RAGE mediated enhanced
motilities in the WM115 RAGE cells seems to be jpeledent of any ligand stimulation and

might be through cell surface oligomerization of & molecules in the WM115 RAGE cells

Furthermore, we showed a downregulation in tumppsessor p53 that is one of the
binding targets of S100B, in WM115 RAGE cells congoto MOCK cells. Interestingly, we
didn’t observe any change in cell cycle due to cedup53 protein levels in WM115 RAGE
cells. Apart from cell cycle regulation, p53 protés also associated with cell migration,
therefore, we suggest that enhanced cell migratidhe WM115_ RAGE cells is mediated
through p53 protein. Furthermore, we also showddvenregulation in cyclin E protein in
RAGE over-expressing WM115 cells. RAGE over-expaessesulted in decreased ERK and
NF-kB signaling activities in WM115 cells. Decreds®yclin E, ERK and NF-kB signaling

activities might be involved in reduced cell prefiftion obtained in WM115 RAGE cells.
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Upon subcutaneous implantation of the transfect®l\db cells in mice,
WM115 RAGE cells showed a stronger tumorigenic it compared to the MOCK control
cells. Furthermore, the tumors generated from WMRIAGE cells showed upregulation of
S100B, S100A4, S100A6 and S100A10 proteins compar&OCK tumors suggesting an
active participation of the host derived tumor raamvironment in modulating the RAGE
mediated signaling pathways. Moreover, enhancedesgn of several cytokines, growth
factors and angiogenic factors (IL-8, VEGF-A, Angiatin-2) in WM115_ RAGE tumors further
emphasize the influence of the tumorigenic micra@mment in RAGE induced signaling in
melanoma tumors. We showed a reduced ERK signaliRAGE over-expressing WM115
cells, however, an enhanced ERK signaling actimatvas observed in the corresponding
WM115 tumors. Likewise, AKT signaling was not foutadbe activated in RAGE over-
expressing WM115 cells but in the correspondingaranve found a significant higher
activation of AKT signaling compared to MOCK tumoYge have shown that RAGE over-
expressing WM115 cells were less proliferative camed to MOCK cells, but the tumors
generated from these cells were shown to growrféiséa their MOCK counterparts. The
mechanism that alters the cellular behavior ofcdnecer cells inside the tumors is not understood
yet. We propose an interplay between RAGE overesging WM115 cells and the surrounding
host cells of the tumors that modulates the cellptaperties of cancer cells at molecular levels

inside the tumors.

Furthermore, treatment with anti-RAGE antibody cosignificantly suppress the
melanoma tumor growth compared to PBS controls.edeer, combination therapy of anti-

RAGE antibody together with dacarbazine resulteslyimergistic tumor suppressive effects.
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These data suggest that RAGE blocking antibodydcbalan efficient strategy to inhibit RAGE

mediated melanoma progression.
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Figure 40: Schematic representation of RAGE mediatelanoma progression. Over-expression
of RAGE in the melanoma cells resulted in upregoihabf RAGE ligands (S100B, S100A4,
S100A6 and S100A10) and cytokines inside the tuiModified from [386].

In the present study we have demonstrated theofdRAGE in melanoma progression
and also introduced anti-RAGE antibody as a therapstrategy for melanoma treatment.

However, there are few questions that still nedoetanswered.

What is the mechanism behind RAGE mediated switcbf melanoma cells between
proliferative to migratory states? What is the miactin remodeling in enhanced

WM115 RAGE cells migration and invasion potential?

What is the mechanism underlying RAGE mediated rtadun of S100B protein in

melanoma cells? What is the molecular mechaniswhed in behavioral switch induced in the
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transfected WM115 cells after their implantatiomenthe mouse skin? How host derived tumor

microenvironment affects the cellular propertiesafcer cells?

The above mentioned questions would be answerdetifuture in order to better

understand the role of RAGE in melanoma progression
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