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ABREVIATIONS AND ACRONYMS INDEX

AKT : AKT8 virus oncogene cellular homolog
AnxA2: Annexin A2

bp: Base Pair

BSA: Bovine Serum Albumin

cDNA: Complementary DNA

CSC: Cancer Stem cells

DMEM : Dulbescco’s Modified Eagle Medium
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FBS: Fetal Bovine Serum
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HGH: Hepatocyte Growth Factor

HPRT: Hypoxanthine Guanine Phosphoribosyl Transferase
IF: Immunoflouresence

IGF: Insulin Growth Factor

IL : Interleukin

IP: Immunoprecipitation

JIP: JNK peptide inhibitor

JNK: Jun N-terminal kinase

kDa: Kilo Dalton

KO: Knock out

LPS: Lipopolysacchride

mAb: Monoclonal Antibody

MAPK : Mitogen-Activated Protein Kinase
MMP : Matrix metalloproteinase

MRNA: Messenger RNA

P-AKT: Phosphorylated AKT8 virus oncogene cellular hargol
protein kinase

PBS Phosphate Bufffered Saline

PDGF: Platelet Derived Growth Factor Receptor
P-ERK: Type | transmembrane ER-resident protein kinase
P-JNK: Phosphorylated Jun N-terminal kinase
gRT-PCR: Quantitative RT- PCR
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SDS Sodium Dodecyl Sulphate

shRNA: Short Hairpin RNA

siRNA: Short Interference RNA

TGFp: Transforming Growth Factor Beta

TNFa: Tumor Necrosis Factor Alpha

tPA: Tissue type Plasminogen Activator

uPA: Urokinase Plasminogen Activator

UPAR: Urokinase Plasminogen Activator Receptor
UTR: Untranslated Region

VEGF: Vascualar Endothelial Growth Factor
VEGFR: Vascualar Endothelial Growth Factor Receptor
WB:WesternBlot

Wo: Wortmannin
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ABSTRACT

Pancreatic ductal adenocarcinoma (PDAC) is thk fgading cause
of cancer death in the developed countries and ainihe most
aggressive human tumors. Despite the key contabutof
angiogenesis — the growth of new vessels from gisieg ones- to
the progression and spread of many cancers, igsimnoPDAC has
been poorly characterized. Tissue plasminogen a&octiv(tPA), a
multifunctional protein regulating a broad range oéllular
functions, has been reported to exert pro-angiageffects inin
vivo models of PDAC, although the underlying molecular
mechanism has not been analyzed. This work ainedutodate the
role of tPA in the angiogenesis of PDAC as welt@asdentify the
factors responsible for tPA increase in pancreediacer. First, we
demonstrated that tPA pro-angiogenic effects atd bwlirect and
direct. On the one hand, tPA does not change treslef the pro-
angiogenic molecules VEGF, TQ%-IL-1 or IL-8 produced by
pancreatic tumoral cells or endothelial cells, lus involved in
MMP-9 —a potent stimulator of angiogenesis- upragoih and
activation in pancreatic and endothelial cells,gasging that this
matrix metalloproteinase can indirectly mediate tBAgiogenic
effects. On the other hand, we found that tPA, ircadalytic-
independent way, directly promotes endothelial petiliferation,
migration and tubulogenesis. These direct effedistRA are
mediated by activation of ERK1/2, AKT and JNK siting
pathways in endothelial cells. In addition, usifigMA technology
or chemical inhibitors, we found that AnnexinA2, I&in-1 and
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EGFR are required for tPA-mediated signaling atiova in
endothelium. Finally, we found that inflammatorytakines and
hypoxia, two hallmarks of PDAC and also angiogestimuli, lead
to a sharp increase in tPA levels in pancreaticotaincells. These
data support a feed-back loop between proangiogstimauli
present in both tumoral and stromal cells and tioeease of the

proangiogenic molecule tPA.
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Introduction

INTRODUCTION

I.1 The Pancreas and Pancreatic Cancer

Pancreas is an elongated dual functioning glanctwhes in the
abdominal cavity consisting of both endocrine ardceine units
which help in the glucose metabolism and food diges It is
located deep in the abdomen sandwiched betweestdheach and
the intestingrig.l.1. Pancreas is described having a head,body and
tail. The exocrine unit of the pancreas is compasedcinar cells
which produce and secrete zymogens which passghrthe duct
and into the gastro intestinal tract which then addcous and
bicarbonate to the enzyme mixture. The centroadels are found
at the junction of the ducts and the acini. Theoende units,or
islets of Langerhans,are most numerous in the regjion of
pancreas. The hormones they produce are secrdatedhm blood.
The major endocrine cell types present ey, 5 and PP cells
which secrete glucagon, insulin, somatostatin, gu@hcreatic

polypeptide respectively.
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Fig.l.1.- A. Morphological structure and location a of Paa in the body. B
Hematoxylin and eosin staining of the pancreas vig#hmajor components: an

islet of Langerhans in the lower right side, a¢asterisk), and a duct (arrow).

Pancreatic cancer has one of the poorest progrudsas cancers.
Currently, it is the fourth leading cause of canedated deaths in
Western industrialized countries, and the incider@s been
increasing throughout the past decadés Pancreatic ductal
adenocarcinoma (PDAC) is by far the most frequese t of
pancreatic cancer accounting for approximately 8%%o all

pancreatic tumors [2].

[.1.1 PDAC origin, characteristics, and molecular alterations

The ductal morphology of PDAC led to postulate tacttal cells
were at the origin of transformation. Supportings thypothesis,
PDAC occurs with high frequency in association wilysplastic
and hyperplastic ductal lesiofé ,5]. However, other data using

experimental animal models have suggested that PDAZ derive
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from acinar, endocrine or centroacinar cqlk23]. In addition,
independently of their origin, putative cancer stegtls, defined by
their ability to self-renew, to differentiate intthe bulk tumor
population and their potential for tumor formatidrave been
recently identified from human PDAC using cell suwé markers
[23,24]

The risk factor known for PDAC includes advance,agaoking,

constantly recurring chornic pancreatitis, diabeted obesity [6-7].
A recent analysis of 24 pancreatic cancers sugdjdisé the mature
pancreatic cancer cell carries on an average f8tigealterations
per cancer [8]. Non invasive precurson lesions hale® been
identified, being able to link multi step progressiof pancreatic
cancer with the subsequent genetic alterations.

Three different ductal preneoplastic lesions hagenbdescribed:
pancreatic intraepithelial neoplasia (PanIN), maas cystic
neoplasms (MCN) and intraductal papillary mucinoeoplasms
(IPMNs). Common and distinct molecular events have beendfou
among these lesions, suggesting that each preclgsimn may
reflect variations leading to malignant transforioat [10]
(Fig.l.2). Activating mutations of K-RAS can be found in%80bf
early neoplasms but are present in almost 100% dvaraced
PDAC’s indicating a central role for K-RAS mutations in
tumorigenesis [11]. Mutations in K-RAS, includinpget frequent
glycine to aspartate mutation at codon 12 are nfiesjuently
located near or at the catalytic site of the mdiedinereby reducing

20
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the rate of GTP hydrolysi&-RAS activation seems to be essential
for PDAC maintenance as has been demonstrated indot
negative mutants as well as RNAi knockdown stufl@s 13]. In
addition to K-RAS activating mutations, loss of eegsion of tumor
suppressor genes has also been reported in PDACD&EN2A
(80-95% of PDAC, [11] or SMAD/DPC4 (30 % of pandiea

cancers [14].

Desmoplasia is a hallmark in pancreatic cancer [8],which
extracellular matrix, stromal fibroblasts, inflamtoiy cells and
proliferating endothelial cells are accumulated raumding the
tumor epithelial cells [4]. The pancreatic stellate cells
(myofibroblast) play a critical role in the formati and turn over of
the stroma. On activation of growth factors suchtrassforming
growth factor-1 (TGH1), platelet derived growth factor (PDGF),
and fibroblast growth factor (FGF), these cellsrsgccollagen and
other components of extracellular matrix. In adudtfistellate cells
also appear to be responsible for the poor vagsatan that is
characteristic of pancreatic cancer. Other factprsduced by
fibroblasts, immune and inflammatory cells, adigesy etc. are
involved in tumor- stroma interaction and may ciimite to the
development of pancreatic cancer, as showfigh3
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——— = S\ Vet N e T T e
— Normal —{}- PanIN-1A 4}— PanIN-1B —}—— PanIN-2 ——{} PanIN-3 { ‘\@{"

c

[

Fig.l.2.-PanIN-to-PDAC progression As pancreatic ductal cells acquire
successive molecular alterations, they develop fimmgrade PanINs to high-
grade PaniINs. a) Histopathological images of norpeicreatic parenchyma,
consecutive PanlIN lesions with progressive hisicldghanges from PanIN1, 2,
3 and to PDAC. b) Schematic drawing of the histbplatgical features. c) arrows
indicating some alterations occur early and sorte kdapted fronMaitra et d,
Mod Pathol, 2003. 16(9):p. 902-12
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Pimcrtlc cinci call Cancer pathways: Selected altered genes:
3 Apoptosis CASP10, CAD,

Pancreatic- 0 DNA damage repair TPS3, ERCCA, BRCAZ

ol Cell-cycle control COKINA, APC2,

e ol RAS KRAS, MAPZK4,
TGF-8 BMPR2, SMADM,
Cell adhesion FAT, PCOHS,
Hedgehog GLIL, GLI3,

Pancreatic-cancer cell Integrin ILK, LAMAL

JNK MAP4K3, TNF,

r“) O Wnit-f-catenin MYC, TSC2,
Invasion ADAM11, ADAM19, PRSS23,

0 Small GTPases PLCB3, RP1

Pancreatic-cancer Cancer stem-cell pathways:
stem cell: OICRY
] Self-renewal Hedgehog
1-5% of cell population BMI-1
Markers: CD24+, CD44+ Writ-f-catenin
0 EMSA, CD133+ EMT
TGF-§ ALDH+ Notch

MMPs

Resistant to chemotherapy
and radictherapy

Integrins

Matriptase

Interleukin-1 and

interleukin-g

PDGF

TNF-a

OXCL-12 Stromal cells:

Insulin-like growth Fibroblasts

factor 1 | Pancreatic stellate cells

HGF / Endothelial cells Stromal .
Immune and inflammatory cells Hedgell:;"lm.
Adipocytes Muclear factor k8

Cyclooxygenase-2
TGF-8

Extracellular matrix: Angiogenesis (VEGF and PDGF)
Collagen types | and 11I HGF.met
Laminin MMP
Fibronectin FGF
MMP
TIMP
SPARC
CTGF

Fig.l.3.- Interaction between tumor and stroma in Rncreatic cancer
Adapted from Hidalgo, N Engl J Med 2010; 362:1605-1

Recently, Jones et al.usinggeanome-wide genetic analysis have
found that genetic alterations in PDA define a cgeeof signalling
pathways and processes that were each altereé igréat majority

of pancreatic cancert this analysis, 1,562 somatic mutations, 198
homozygous deletions, and 144 amplifications wetentified,
indicating the genetic complexity and diversityRIDAC. However,

69 gene sets were identified that were geneticalligred in the
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majority of the 24 tumors, and 31 of these setddche grouped
into 12 core signaling pathways [8] as showfrim1.4.

Fig.l.4. - Core signaling pathways altered in Pancreatic Cance The signaling
pathways listed are altered in 69-100% of PDACsaptdd from Jones et al,
Science 2008.

[.1.2. PDAC Treatments

Most patients with pancreatic cancer present vatially advanced
or metastatic disease. Conventional treatmentsudeclsurgery,
gemcitabine (a nucleoside analogue) and erlotirabh EGFR
tyrosine kinase inhibitorOverexpression of EGFR occurs in many
pancreatic tumors and has been found to correlate poor
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prognosis and disease progression [16]. In xenbgramal model
studies it was shown that antagonizing EGFR siggalkould
inhibit growth and metastatis of pancreatic tumag . Treatment
with Erlotinib along with gemcitabine used as chémeoapy had an
improvement in median overall survival comparedhwiliose who
recived gemcitabine alone but with side effect® llashes and
diarrhea [18].In the absence of effective screening methods,
considerable efforts have been made during the gasade to
identify better systemic treatments. Unfortunatelgst trials have
not shown a survival advantage for most theragias. studies that
K-Ras mutations which occur in 90% of pancreatiacea [15]
paved the way to check whether inhibition of K-va have any
effect in the progression of the disease. Howehiey $trategy of
using inhibitors failed to make any progress. Téason for these
result might be that K-Ras mutations occur earlthendevelopment
of pancreatic cancer and cancer cells become &sndent on this
pathway as disease progression occurs. Pancreatiwerc
development seems to be related to alterationsanpgof genes
involved in specific pathways and process [8] lantdfach idividual
the genes and pathways affected were varied winidicated that
individualised approach is likely to be requiredidence targeted
agents fail to provide a benefit for patients waincreatic cancer in
clinical trials. The identification of pancreati@arcer stem cells
defined the new treatment strategy based on ag®attsould target
developmental pathways such as Notch and Wnt langnevhich
are quiesent in normal pancreas but found to beeapeessed in
specimens of pancreatic cancer where it is beleivey could
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sustain tumor growth and responsible for resistance
chemotherapy [19].

|.2 Angiogenesis and its molecular mechanisms

Angiogenesis is the formation of new capillariesl &ood vessels
from pre-existing blood vessels. It is an importdnblogical
process as well as in a variety of diseases inotudancer, diabetic
retinopathy and rheumatoid arthritis [20]. Angiogsis is a tightly
regulated process by which variety of circulatingl asequestered
inhibitors suppress proliferation of vascular em@dtim [21]
thereby maintaining a balance. Like normal tisst@siors require
an adequate supply of oxygen, metabolites and fecte®e way to
remove waste products [22] but these requirememtshdnge over
the course of tumor progression and varies amom@ituaypes [23].
Induction of tumor vasculature called ‘angiogengteh’ Fig.1.5 is
activated when induced by physiologic stimuli swdh hypoxia,
angiogenic inducing factors such as VEGF familygiapoietins,
TG, PDGF, tumor necrosis facton{TNF-a), interleukins
and the members of the fibroblast growth factor KfGamily,
membrane bound proteins, cell-matrix and cell-oe#ractions etc
[22, 24].
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a Dormant b Perivascular detachment € Onset of angiogenic sprouting
and vessel dilation .

d Continuous sprouting;
new vessel formation and maturation;
recruitment of perivascular cells

@ Normal cell @ Blood vessel with pericyte
@ Cancer cell @ Apoptosing, necrotic cell
@ Dwviding cell

Fig.l.5. - Model of Angiogenic Switch a) most tumors start as avascular
nodules (dormant) until they reach a steady statellof proliferating and
apoptotic cells. b) Perivascular detachment andseleslilation occurs. c)
Sprouting of blood vessels. d) New vessel formatod maturation. e) Blood
vessel formation continues as long as the tumomgyrahereby providing

nutrients. Adapted from Bergers et al, Nature 2002

Blood vessels are composed of basement membrane) (BM
components, pericytes and endothelial cells. Eradiaihcells are
among the most quiescent and genetically stable oEthe body.
During angiogenesis, endothelial cells can praerapidly, being
one of the main events that are required for tmen&bion of new
capillary blood vessel. Vascular endothelial celbliferation is
associated with degradation of BM, which leadspmsting of pre

existing micro vessels. These vessels invade the ecellular
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matrix, form tubes and finally the tips of the talmnnect to create
loops that are capable of conducting the blood [@&N The
vascular network that forms in tumors is often {eaknd
hemorrhagic due to the overproduction of VEGF atieosoluble

factorsFigl.6

“++ Provisional matrix —— Mature BM
s Intermediate matrix . Degraded BM

Fig.l.6. - Tumor influenced angiogenesisthe stepwise process of angiogenesis
begins with the breakdown of ECM and BM followed tndothelial
proliferation, migration and finally re-formationf @lood vessel. Tumor cells
secrete variety of factors which ensures that tbe messels formed are fed
directly to the tumor tissues. Adapted from Hernetral, Journal of Oncology,
2010
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1.2.1 Soluble Factors in regulating Angiogenesis

[.2.1.1Vascular Endothelial growth factor

Vascular endothelial growth factor-A (VEGF-A) is tmor-
secreted cytokine with grave importance in bothhmadrand tumor-
associated angiogenesis and is the most potenanmiegenic
protein described to date. It induces proliferatisprouting and
tube formation in endothelial cells [26, 27]. VE@Fgene is
located on the short arm of chromosome 6 and tlir@ligrnative
splicing is processed to yield four mature isofor(MEGF121,
VEGF165, VEGF189 and VEGF206 [28]. VEGF165 is the
predominant isoforms and is over-expressed in &tyaof solid
tumors. VEGF189 is the most potent for vasculaiorabf various
cancers[29]. VEGF-A exert its biologic effect thgbuinteraction
with cell surface receptors which includes VEGF epdor-1
(VGFR-1/FlIt-1) and VEGFR-2/FIk-1 expressed on ehdbal cells
and neuropilin receptors (NP-1 and NP-2) expressedeurons and
vascular endothelium [30].When VEGF-A binds to éxéracellular
domain of the receptor, a cascade of downstreanteipso are
activated after the dimerization and autophosplationh of the
intracellular receptor tyrosine kinase domains. VAR= appeared
to be the main receptor responsible for mediatirggmgiogenic
effects of VEGF-A [27]. Deletion of VEGF-A resulted vascular

defects and cardiovascular abnormalities in mid¢ [3
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Vascular endothelial growth factor-B (VEGF-B) isceded by
VEGF-B gene. It yields two polypeptide forms, VEBE67 and
VEGF-B186 by alternate splicing [32]. The preciskrof VEGF-B
in vivo is not known but they might have a role in inflaatory
angiogenesis in view of the results from knock oute, that
displayed reduced angiogenic responses in collaghrced
arthritis [33]. Silvestre et al demonstrated th&GF-B promotes
angiogenesis in association with activation of Aktl eNOS-related

pathways in mice [34].

Other VEGF related molecules include VEGF-C and VH®
which have same structural similarity and less Hogy with
VEGF-A [35]. Both growth factors stimulate angiogsrsin vitro
andin vivo [36]

[.2.1.2 Angiopoietins and Tie receptors

Angiopoietins are a family of secreted protein gitoviactors that
play a key role in angiogenesis and binds to Te&ptors [37].
Expression patterns of two Tie receptors, Tiel Gie@, are similar
to those of VEGFRs [38]. Genetic studies also aasodhe Tie
receptors with angiogenesis. Tiel knock out mice aiter they
develop edema and hemorrhage. The vascular intagrgeverely
compromised in the knock out mice, indicating thEel is
necessary for the integrity and survival of endgheells during
angiogenesis [39]. Tie2 deficient mouse died befomth and
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displayed a reduction of endothelial cells in theiood vessels
which showed an abnormal vasculature, lacking ahtiing and
sprouting blood vessels, indicating the importaatdie2 in these

events [40].

Angiopoietin-1 (Ang-1) is the most studied angiagimis and the
MRNA is detected in embryonic days 9-11 in the naydmm and
later in the mesenchyme surrounding blood vessklstransgenic
mice Ang-1 induced more abundant, highly branched karge
blood vessels than in wild-type mice. The role aofg”® is more
complicated than that of Ang-1. The use of Ang-aibitors
resulted in tumor inhibition in mice and cornealgmgenesis
inhibition in rats [41].

[.2.1.3Fibroblast growth factor

Another important set of proteins that mediatesia@genesis is
fibroblast growth factor family (FGF). FGFs are wdake growth
factors which has both acidic (aFGF) and basic BFGuriety.
Both types are powerful inducers of EC migratiomliferation and
micro vessel tube formation [22]. FGF is importaimt the
remodeling of damaged blood vessels which can odating both
wound healing and tumor angiogenesis [42]. Muraketnail studied
the function of FGF by inhibiting FGF receptors wahiled to the
loss of function in the adherens and tight junciowhich then
caused the loss of ECs, severe impairment of tdetkalial barrier
[43]
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[.2.1.4Transforming Growth Factor-Beta

Transforming Growth factor-beta (TGQFH- are family of
homodimeric cytokines that help in controlling madifferent
processes in the body, including angiogenesis. F@Fe normally
found in the ECM of many different cell types [44[5Ff has both
pro and anti angiogenic properties in which low edoef TGFB
help initiating the angiogenic switch by upreguigtiangiogenic
factors and proteinases and at high doses [FGRhibits EC
growth, promotes basement membrane reformation, SMC
differentiation and recruitment [37]. Genetic skgliin mice has
shown that loss of TGB-leads to leaky vessels lacking structural
integrity and to premature endothelial cell dedth] [ Stimulation of
angiogenesis through TGQF4s mostly via indirect mechanisms.
TGF signals inflammatory mediators to the site of aggnesis,
where inflammatory cells release pro angiogenidofacsuch as
VEGF, FGF, and PDGF [46].

[.2.1.5Interleukins

Interleukins (ILs) are group of cytokines releabgdeukocytes and
control a wide range of biological activities. Thare mainly
released by leucocytes but can be also synthebizemhcrophages,
endothelial cells and tumoral cells. Several isigkins have been
shown to affect the growth of blood vessels [4iterleukin-lo

(IL-1a) is a prototypical proinflammatory cytokine thaashbeen

shown to be strongly angiogenic im vivo assays for measuring

32



Introduction

angiogenesis [48]. IL-4 acts as a tumor inhibtat ilB1mechanism
varies wih different tumor cells. IL-6 and IL-8 hlawalso been
implicated as inducers of angiogenesis in varicarscers[49, 50].
Cells over secreting interleukins will rearrange tBCM which in
turn enables the endothelial cells to leak out myadkes branching
of tubes.

[.2.1.6 Matix Metalloproteinases (MMPs)

The degradation of basement membrane is an edsenfiarement
for the formation of new vessels. Matrix metalldeinases
(MMPs) are a family of highly homologous Zrendopeptidases
that cleave and remodel the extracellular matrireré are two
types, secreted type and membrane type MMPs [AT@. main
members of this family comprise: collagenases (MMRPAMP-8,
MMP-13), stromelysins (MMP-3, MMP-10 and MMP-11)nda
gelatinases (gelatinase A or MMP-2; gelatinase BMP-9),
among others [47]. Recent studies by Bergémsl have shown that
MMP-9 and to a lesser extent, MMP-2, are required the
mobilization of the sequestered VEGF and the itdra of tumor
angiogenesis [48]. MMP-9 degrades type IV collagehich
disrupts the organization of BM leading to the aske of BM-bound
VEGF. As BM undergoes MMP-mediated degradation and
structural changes, cryptic domains of partiallgrdeled collagens
become exposed and promote angoiogenesis and tgrowth
[49].
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1.3 Angiogenesis in Pancreatic Cancer

Contribution of angiogenesis to PDAC progressios leen poorly
characterized, mainly because these tumors ardypeascularized
and therefore it has been assumed that angioget@sssnot play a
relevant role in this pathology. However, recentgts suggest that
pancreatic cancer can entail the substantial dpuetot of new
blood vessels within the tumor tissue and that@geiesis could be
a key contributor to PDA malignancy [50]. Pancreati
microenvironment may also serve to promote tumaicgenesis
[51]. In one study by Fujiokat al immunohistologic datas of one
hundred and four patients with pancreatic ductahadarcinoma
were performed for VEGF, thymidine phosphorylas®)(ToFGF,
CD34, p53 and Ki-67 and came to conclusion thatcg@mesis in
human pancreatic carcinoma is dependent on VEGRNIPbFGF
and p53 abnormality is likely to take part in VEGElated
angiogenesis [S50Fig.l.7).
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Fig.l.7.-Expression of proangiogenic growth factorsin pancreatic ductal
adenocarcinoma Strong immunoreactivity for A) vascular endothklgrowth
factor-A (VEGF A), B) VEGF-C, C) basic fibroblastrgyth factor in the
cytoplasm of the tumor cells D) positive inflammatacells is visible in the
stroma around the tumor cells and at the tumor iphery. Adapted from

Espositcet al, J Clin Path, 2004
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Morphological analysis of tumor specimens togetheth the
immunohistochemical analysis allowed the charazaéion of
inflammatory cells infiltrated in pancreatic adeaagnoma, in
which mast cells and macrophages (CD68) were ifietti By
means of double immunohistochemistry, most of tHeG¥-A,
VEGF-C, andf bFGF expressing cells were identifisdmast cells
and macrophagesFiQ..8). The capacity of mast cells and
macrophages to produce proangiogenic factors has tescribed

previously [52, 53]

Fig.l.8. - Characterization of the inflammatory infiltrate in pancreatic ductal
adenocarcinoma A) Tryptase positive mast cells and B) CD68 pesit
macrophages are the most common inflammatory geltee stroma of PDAC.
Double immunohistochemistry shows that C) massaafid D) macrophages (red
staining) in PDAC. Adapted from Esposébal, J Clin Path, 2004
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The result of the study by Esposiéb al showed that pancreatic
cancer cells themselves are an important sourggamfngiogenic
factors [54]. They suggested that not only the earells, but also
the inflammatory cells, which expressed pro angiigegrowth
factors and accumulate in cases with higher intnatous
microvessel density (IMD), influence the angiogepioperty of
pancreatic cancer. The number of VEGF-A positivilammatory
cells was higher in tumors with VEGF-A positive cancells. The
mast cell specific proteases tryptase and chymaitedxpressed by
pancreatic mast cells can promote angiogenesis B4 in
particular tryptase can specifically induce endthe cell

proliferation and capillary formation [56]

PDACs overexpress multiple additional mitogenicvgto factors

which are angiogenic in nature [57]able 2).

Growth Factors Activating Tyrosine Kinase Receptors Receptor

VEGF-A VEGFR-1 and VEGFR-2
VEGF-C VEGFR-3

EGF, TGF-a, HB-EGF EGF receptor

FGF-1, -2, -5 FGF receptors, types | and 2
PDGF B chain PDGF receptors o and
IGF-1 IGF-1 receptor
Hepatocyte growth factor MET

Growth Factors that Activate Serine-Threonine Kinase Receptors

TGF-gl,-2,-3 Type Il TGF-B receptor
Pro-Angiogenic Chemokines

IL-8 CXCRI and CXCR2
Mip 3o CCRé&

Table.2 Angiogenic Growth Factors over expressed in HuRamcreatic
Cancer and their cognate receptors.
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VEGF-A is of crucial importance in promoting theogth and
metastasis of pancreatic cancer cells in PDAC. dt Ibeen
demonstrated that pancreatic cancer cells seci@taylzally active
VEGF-A [58] and cancer cells in PDAC as well as gaatic
cancer cell lines sometimes express VEGFR-1 or VEQH59].
Adeno viral vectors carrying the sequences encodofyble
VEGFR-1 and VEGFR-2 or the VEGFR tyrosine kinadeikior
PTK 787 inhibit the growth or metastasis of panticeeancers in
mouse models [60]. These findings supported thaBNEA plays
a role in angiogenic process of PDAC and may edieect effects

on pancreatic cancer celfsvivo.

In addition to VEGF, other growth factors activéyeosine kinase
that are expressed in endothelial cells within ghacreatic tumor
mass, such as EGFR [61]. The importance of tyrosimase
receptors other than VEGFR in pancreatic cancerogegesis is
described by the observation that inhibition of EGEyrosine

kinase activity suppresses pancreatic cancer aegesis [17].

Other proangiogenic factors that are over expressedDAC
include chemokines such as Mip3and interleukin-8, which
activate G-protein coupled receptors [62, 63]. Ewdence for
cross-talk between various angiogenic actors haes lestablished
like TGF$1 and plasminogen activator inhibitor-1 (PAI-1) areer
expressed in PDAC [64, 65], TGR- induces PAI-1 expression in
pancreatic cancer cells [66], and both T@EF-and PAI-1 can

promote angiogenesin vivo [67, 68]. The angiogenic potential of
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TGF{fs may be enhanced by the presence of Smad4 mutation
which are frequent in PDAC [69]. Since uPA andré@septors are
overexpressed in PDAC it can transctivate EGFR &@FR
activation can induce the expression of VEGF aral gargiogenic
chemokine IL-8 [70]. These observations suggest thaltiple

pathways interact to enhance angiogenesis in PDAC.

Pancreatic adenocarcinomas exhibit high levels nbfatumoral
microvessel density (IMD) which suggests tumor el
angiogenesis. Immunohistochemical studies by Kusthal found
that IMD was increased in pancreatic cancer spewmger normal
pancreas and chronic pancreatitis specimens[7herQesearchers
have found that high IMD in pancreatic cancer dateswith poor
patient survival Karademet al., byimmunohistochemical analysis
of 22 PDAC patients, found that tumor vascular atefdensity and
number of microvessels in the stroma correlatedch wicreased
tumor proliferation, poor differentiation, largeumor size and
decreased patient survival [75]. These findingscete that PDAC
exhibit a high degree of IMD and, as has been dstrated in
other tumors such as breast, lung, prostate, cetax high IMD

can correlate with poorer prognosis and greatkrfoismetastasis.
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[.3.1 Hypoxia in Pancreatic Cancer

Tumor hypoxia is a common feature of many cancerd &
essentially occurs when the growth if the tumorstigs the
accompanying angiogenesis [76]. The master remutdthypoxic
response is the transcription factor hypoxia inbiecfactor-1 (HIF-
1) [77]. It mediates the adaptive response to higpby affecting
the transcription of numerous hypoxia- induciblengge It
undergoes conformational changes in response tangaoxygen
changes [78]. HIF-1 directly activates VEGF and GHR-1
transcription by binding to HRE, and plays an intaot role during
normal growth and tumor formation [79]. Deletion ldfF-1a in
endothelial cells disrupted an autocrine loop neagsfor hypoxic
induction of both VEGFR-1 and VEGFR-2 by VEGF sigmg
[80]. VEGFR-1 is directly upregulated by hypoxig\van HIF
binding enhancer element located in the VEGFR-Inpter, while
the upregulation of VEGFR-2 is through post trampgiomal
regulation [81].

Hypoxia is clearly a driving force in pancreaticncar and
metastasis. The presence of significant hypoxiapancreatic
cancers has been long suspected in case the |le$iarecteristic of
vascular appearance oxrray computed tomographgcan [82].
Koong et al first reported hypoxia in pancreatic cancer wheey
analysed the results from direct intratumoral needixygen
measurements at the time of resection in severematiwith

operable pancreatic cancers [83]. Several stucags Indicated a
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link between tumor hypoxia and VEGF production sngreatic
cancer. In this regard, Dufst al reported that HIF-1 is activated in
pancreatic cancer in response to low oxygen leweistro andin
vivo [84]. Studies in human specimens of pancreaticeashowed
co localization of VEGF mRNA, which is producedduactal cancer
cells, and HIF-& protein which was detectable in the cell nuclei of
cancer cells. HIFd expression was upregulated in pancreatic
cancer specimens [84]. Pancreatic cancer cell Imesased VEGF
production under low oxygen levels by highly spiecgctivation of
HIF-1 DNA binding activity to the VEGF promoter. [CBnes with
high constitutive levels of HIF¢l protein were found to produce
higher basal levels of VEGF [84]. Study by Seinal investigated
the expression of HIFel VEGF, Glut-1, CD34 and surviving in
pancreatic tumors. These proteins were not detecteekocrine
portion of all normal pancreatic samples. In castiran tumor cells
HIF-1a was present in diffused pattern in the nucleusytoplasm
and VEGF and Glut-1 were detected within the cyspl and cell
membrane of the cancerous cells [§5](1.9).
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Fig.l.9.- Hypoxia in Pancreatic Cancer A) Negative expresd HIF-1o in
normal pancreatic tissue B) Nucleus staining of -#idFin malignant cells C)
Cytoplasmic staining of HIF€L D) VEGF expression within cytoplasm and cell
membrane of cancerous tissue E) Glut-1 expressiocyioplasm F) Survivin
staining in the cytoplasm G) CD34 expression ircuss endothelial cells within
the tumor (arrow shows one of the microvessels)KiHp7 positivity in the
nucleus of malignant ductal cells I) An apoptotd! ¢arrow). Adapted fronsun,

et al.,Int J Oncol, 2007.

1.3.2 Angiogenesis I nhibitorsin PDAC

The crucial role for angiogenesis in pancreaticceargrowth and
metastasis comes from the effects of anti-angi@gemmpounds on
tumor growth, spread, and vascularity vitro and in viva. An
angiogenic inhibitor fumagillin TNP- 470 decreadkd growth and
metastasis of pancreatic cancer [86, 87]. StudiedHbtz et al
showed that treatment with TNP-470 in orthopic niadfehuman

42



Introduction

pancreatic cancer decreased tumor growth, IMD, redastatic
spread by anti angiogenic mechanisms versus amtortieffects
[88]. In a hamster model of metastatic pancreaamcer the
endogenous anti angiogenic compound angiostatinaganent of
Plasminogen, has been shown to inhibit growth and
neovascularisation of hepatic metastases [89].

Other experiments have targeted specific pro-amgicgcytokines
like VEGF-A to inhibit tumor growth. VEGF inhibitio is being
evaluated as a strategy for the prevention of asgiesis and
vascular leakage in malignant tissue and represamspossible
strategy for improving survival in patients withvaticed pancreatic
cancer [27]. In one study by Ho#t al they used diphtheria toxin-
VEGF fusion protein which significantly reduced thitemor
volume, IMD, metastasis and increased animal satiivvivo [90].
Bruns et al used an anti-VEGFR-2 antibody (DC1