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1. ABSTRACT

Background: Pigment Epithelium-Derived Factor (PEDF) is a nonihibitory-member
of the serine protease inhibitor gene family with neuroprotective, neuroproliferative,
and anti-angiogenic functions. Its role in pancreatic fibrosis and neuropathy is
unknown. Materials and Methods: The expression and localization of PEDF was
assessed by guantitative-RT-PCR, immunohistochemistry, and quantitative image-
analysis and correlated with neural- and microvessel-density in the normal pancreas
(n=20) and pancreatic cancer (n=55). Primary human pancreatic stellate cells (PSC),
mouse neuroblastoma and human Schwann cells were used for functional
experiments. The effect of hypoxia on PEDF production in cancer cell lines and
immortalized pancreatic ductal epithelial cells was assessed by quantitative-RT-PCR
and ELISA. The effect of recombinant PEDF on PSC was assessed by immunoblot
analysis. Results: PEDF expression was homogenous in the epithelial cells of the
normal pancreas where some acinar cells consistently displayed stronger staining.
Higher expression was found in tubular complexes, PanIN-lesions and inflammatory
cells in pancreatic cancer. Cancer cells expressed various levels of PEDF. In cancer
cell lines and in human immortalized pancreatic ductal epithelial cells, hypoxia
increased PEDF-mRNA up to 132-fold. Higher expression of PEDF in cancer cells
was significantly correlated with better patient survival (median survival 21.5 months
vs. 17.5 months, p=0.043), increased neuropathy (p=0.0251), increased PSC activity
and extracellular matrix protein production. Conclusion: PEDF increases PSC
activity thereby contributing to the desmoplasia of pancreatic cancer. PSC over-
activation likely leads to periacinar fibrosis and degeneration of the fine acinar
innervation. Increased focal PEDF expression in cancer cells correlates with

neuropathic changes and better patient survival.



2. INTRODUCTION

2.1. PANCREATIC CANCER EPIDEMIOLOGY AND CLINICAL PR ESENTATION

Pancreatic cancer is an aggressive and devastating disease, characterized by rapid
progression, aggressive invasion of surrounding tissues and early metastasis. The
overall median survival time of all patients is around 4-6 months[1l]. Pancreatic
cancer is the 10" most commonly diagnosed cancers with just 3% of all cancers, but
it is the 4™ leading cause of deaths among both men and women, comprising 6% of

all cancer-related deaths in western world[2].

Estimated New Cases™

Prostate 192,280 25% Breast 192,370 27%

Lung & bronchus 116,090 15% Lung & bronchus 103,350 14%
Colon & rectum 75,590 10% Colon & rectum 71,380 10%
Urinary bladder 52,810 7% Uterine corpus 42,160 6%
Melanoma of the skin 39,080 5% Non-Hodgkin lymphoma 29,990 4%
Non-Hodgkin lymphoma 35950 5% Melanoma of the skin 29,640 4%
Kidney & renal pelvis 35430 5% Thyroid 27,200 4%
Leukemia 25,630 3% Kidney & renal pelvis 22,330 3%

Oral cavity & pharynx 25,240 3% Ovary 21,550 3%
Pancreas 21,050 3% Pancreas 21,420 3%

All Sites 766,130 100% All Sites 713,220 100%

Estimated Deaths

Lung & bronchus 88900 30% Lung & bronchus 70,490 26%
Prostate 27,360 9% Breast 40,170 15%

Colon & rectum 25.240 9% Colon & rectum 24,680 9%
Pancreas 18,030 6% Pancreas 17.210 6%

Leukemia 12,580 4% Ovary 14,600 5%

Liver & intrahapatic bile duct 12,080 4% Non-Hedgkin lymphoma 9,670 4%
Esophagus 11,480 4% Leukemia 9,280 3%

Urinary bladder 10,180 3% Uterine Corpus 7,780 3%
Non-Hodgkin lymphoma 9,830 3% Liver & intrahepatic bile duct 6,070 2%
Kidney & renal pelvis 8,160 3% Brain & other nervous system 5,590 2%
All Sites 292,540 100% All Sites 269,800 100%

FIGURE 1. Ten Leading Cancer Types for Estimated New Cancer Cases and Deaths, by Sex, United States, 2009.

*Excludes basal and squarnous cell skin cancers and in situ carcinorna except urinary bladder. Estimates are rounded to the nearest 10.

Taken from Cancer Statistics, 2009 (Jemal et al. 2009)[2].



The incidence of the disease has been increasing slowly during the last 10 years[1,
3-4]. The current overall incidence rate of pancreatic cancer is approximately 10
cases per 100.000 persons per year and almost equals its mortality[5]. Unlike other
cancers, survival rate of pancreatic cancer has not improved significantly over last 35
years. Since 1975, 5-year survival has increased from 3% to 5%][2]. Pancreatic
cancer is extremely difficult to diagnose in its early stages. At the time of diagnosis,
52% of all patients have distant spread and only 7% of patients have localized
disease[2].

Although there are several different types of pancreatic cancers, pancreatic ductal
adenocarcinoma (PDAC) is the most common form and constitutes more than 85%
of all pancreatic malignancies. PDAC is rare in persons younger than 50 years and
the risk increases with age. Little is known about the etiology of the disease. Up to
10% of the patients report family history of pancreatic cancer[6]. Smoking[7],
diabetes[8], obesity[9], rare familial cancer syndromes[10-13] and chronic
pancreatitis[14-16] are substantial risk factors for the development of the disease.
Well-known accumulation of genetic and epigenetic changes influences the tumor
formation, progression and its aggressive behavior[17-24]. Most commonly mutated
gene in PDAC is K-ras seen in 74%-100% of cases[17]. Other involved genes are
p16[25], p53[26], DPC4[22] and HER-2/neu[27]. Certain microscopic morphological
changes were associated with pancreatic cancer arising from the ductal epithelium of
pancreas and pancreatic intraepithelial neoplasia (PanIN) has been identified as the
main precursor of PDAC[28-32]. Like pancreatic cancer, prevalence of PanINs
increases with age[33] and they are more common in the head of the gland than in
the tail[34]. PanINs also share genetic alterations that characterize invasive

PDAC[1]. PanIN-3, high-grade PanIN, also referred as ‘carcinoma-in-situ’

10



demonstrates nuclear atypia, loss of polarity and frequent mitosis; however it is still
confined to the basement membrane and are present in 30% to 50% of pancreas

with invasive ductal carcinoma[35-36].

NORMAL PaniM-14 PaniN-1B PanliM-3 INVASIVE
= CARCINOMA

| Telomere shortening | | Inactivation of p16 Inactivation of p53
SMAD4
| Mutations of K-RAS | BACA2

Figure 19-13 Progression model for the development of pancreziter. It is postulated that telomere-shortenargl
mutations of the oncogeri€-RAS occur at early stages, that inactivation of tii®& tumor suppressor gene occurs at
intermediate stages, and the inactivation of §68 SMAD4 (DPC4), and BRCA2 tumor suppressor genes occur at late
stages. It is important to note that while theraigeneral temporal sequence of changes, the atationuof multiple
mutations is more important than their occurremce specific orderAdapted from Wilentz RE, lacobuzio-Donahue CA, et

al: Loss of expression of DPC4 in pancreatic intraepithelial neoplasia: evidence that DPC4 inactivation occurs late in
neoplastic progression.Cancer Res 2000; 60:2002.)

Taken from Robbins and Cotran Pathologic Basis of Desease, 7"Ed. 2004[37].

The initial symptoms of PDAC are quite nonspecific. Symptoms are primarily caused
due to mass effect of the tumor, rather than disruption of pancreatic endocrine and
exocrine functions and depend on the size and localization. Most pancreatic
carcinomas occur at the head of the pancreas and the characteristic sign is
obstructive jaundice. The patients usually notice darkening of urine, lightening of
stools, pruritus and changes in skin pigmentation. Weight loss is a characteristic
feature of pancreatic cancer and may be due to cancer-related anorexia, or
pancreatic insufficiency, resulting in malabsorption and steatorrhea. Another
classical symptom is pain. Typically, it is epigastric in location with back radiation

and range from dull ache to severe pain. Back pain usually indicates the advanced
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disease with retroperitoneal invasion of the nerve plexus by tumor.

Surgical resection is the treatment of choice, but it is only an option in 15%-20% of
the patients[38-39]. Even in this case the median survival time is not more than 11 -
18 months[40-42]. Local recurrence with or without distant metastasis develops in
41% and distant metastasis in 49% of patients[43]. Chemotherapy and radiotherapy
is offered for the patients who are not surgical candidates, however PDAC has a

high resistance to therapy and the treatment often fails[5, 44].

2.2. ABUNDANT DENSE FIBROTIC STROMA AS ONE OF THE M AIN
MORHPOLOGICAL COMPONENTS OF PDAC

One of the characteristic histopathologic features of PDAC is replacement of normal
pancreatic parenchyma with dense fibrotic stroma surrounding the cancer cells,
known as desmoplasia[45]. Fibrosis is the outcome of persistent tissue destruction
triggered by mediator-activated transformation of resident fibroblasts to
myofibroblasts followed by synthesis and accumulation of extracellular matrix (ECM)
components[46-47].  Fibroblasts in pancreatic cancer are now recognized as
pancreatic stellate cells (PSCs) - key players in pancreatic fibrogenesis[48-50]. In the
normal pancreas PSCs are quiescent, comprise approximately 4% of pancreatic cell
population and are identified by the presence of vitamin-A containing droplets in their
cytoplasms[50-51]. Release of growth factors and cytokines in response to
pancreatic injury results in transformation of PSCs from quiescent into a-SMA-
expressing activated myofibroblasts that proliferate, migrate and synthesize
excessive ECM proteins, including collagen type 1, collagen type 3 and
fibronectin[50-52]. Potent activators of PSCs are paracrine factors released by

inflammatory cells, platelets and cancer cells themselves[48, 53]. Activated PSCs
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can also produce autocrine factors (PDGF, TGFB,;, IL-1, IL-6) sustaining their
activated phenotype[52, 54-55]. The interactive relationship between cancer cells
and stellate cells form complex tumor-stroma structure, which largely affects the
overall progression of PDAC[52, 56]. ECM influences growth, survival, differentiation
and motility of cancer cells[45]. Cancer cells themselves create tumor supportive
microenvironment by production of stroma-modulating growth factors and alteration
of adjacent stroma[45, 56].

Pancreatic cancers are hypoxic and hypovascular[57]. Several studies have
revealed that hypoxia increases PSCs activity and secretion of PSC-specific ECM
protein periostin, as well as collagen type 1 and fibronectin[45, 58-59]. On the other
hand, PSCs can be considered as the inducers of tissue hypoxia, due to abnormal
production and deposition of ECM proteins[59]. Accumulated stromal proteins can
compress blood vessels or form physical barrier interfering the oxygen delivery[59].
Hypoxia and fibrosis commonly occur together and are associated with poor
prognosis, resistance to chemotherapy, radiotherapy and increased metastatic

potential[60-61].

2.3. NEUROPATHIC CHANGES IN PANCREATIC CANCER AND I TS CLINICAL
SIGNIFICANCE

The pancreas has an abundant nerve supply, composed of various myelinated or
unmyelinated nerve fibers and aggregates of neural cell bodies known as
intrapancreatic ganglia[62]. Innervation of pancreas consists with both, intrinsic and
extrinsic neural components. The intrapancreatic ganglia are randomly scattered in
the organ parenchyma and comprises intrinsic components of pancreatic nerve

supply[62]. An extrinsic component is composed of neurons lying outside the
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digestive tract and belongs to sympathetic and parasympathetic autonomic nervous
system. The parasympathetic fibers are the branches of vagus nerve and reach the
pancreas directly, or passing across the preaortic chain of sympathetic ganglia[62].
The sympathetic fibers are composed of postganglionic fibers, coming from celiac
ganglionic plexus, superior mesenteric plexus and hepatic plexus. The autonomic
nervous system regulates the secretory functions of pancreas, constriction and
relaxation of the blood vessels and excretory ducts[63]. Pancreas has a sensory
nerve supply, as well, classified as afferent system involved in signal transmission to
the central nervous system[62].

The nerves are usually involved when pathologic changes occur in an organ. In
pancreatic cancer involvement of the nerves clinically is demonstrated as a severe
abdominal pain, the most distressing symptom of the disease. Pain is reported by
75%-80% of patients at the initial evaluation[64]. The typical pain in locally advanced
disease is dull, constant, mid-epigastric in location, with middle or lower back
irradiation and may be aggravated by eating or lying flat. Night-time pain often
becomes predominant complaint for most of the patients. About one-fifth of patients
may not have pain at the time of initial examination, but all the PDAC patients
experience pain at some point of the clinical course.

Multiple studies have been conducted to improve understanding the pathophysiology
of pain in pancreatic cancer, but the exact mechanism of pain generation remains
unclear.

Earlier, the origin of pain in PDAC was considered to be visceral[65-68]. In this case
pain is generated by stimulation of pain receptors by infiltration, compression,
extension or stretching of abdominal viscera. More recently, there is increased

evidence that pain in pancreatic cancer is neuropathic in origin[69]. Neuropathic pain
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is caused by injury of peripheral or visceral nerves, rather than stimulation of pain
receptors and is a result of nerve compression by tumor, or direct infiltration of
nerves by cancer- or inflammatory cells[70]. Once the nerves are damaged, a
minimal tissue injury can precipitate the severe pain[70]. Neuropathic pain is a
chronic pain state; it is usually severe, deep, aching and is described as electrical,
burning or shooting[70]. This type of pain is not self-limited and is not easy to
treat[71].

Pancreatic cancer cells are in close contact with intrapancreatic nerves. Perineural
invasion is a histopathologic characteristic of PDAC. Infiltration of the intrapancreatic
nerves by cancer cells eventually leads to the extrapancreatic nerve plexus invasion,
leading to retropancreatic cancer extension, precluding curative resection and
promoting local reccurence after tumor resection[72].

Intrapancreatic nerves in PDAC undergo neuropathic morphologic alterations,
demonstrated as pathologic enlargement of the nerve fibers, leading to the pain[73].
Nerves in chronic pancreatitis (CP) and PDAC are characterized by neural
plasticity[73]. Both diseases create a special intrapancreatic microenvironment by
inflammation and secretion of certain neurotrophic factors. This intrapancreatic
microenvironment stimulates the nerves to undergo neuroplastic changes leading to
the enlargement of a single nerve fiber[74]. The analysis of pancreatic nerves in
tissues removed from the patients with chronic pancreatitis revealed that the mean
diameter of nerves in the patients with CP was significantly greater in comparison to
controls[75]. These neuropathic changes are typical feature of PDAC and CP and

was not detected in other disorders of pancreas[76].
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2.4. STRUCTURE OF PIGMENT EPITHELIUM-DERIVED FACTOR

Pigment Epithelium-Derived Factor (PEDF) is a 50-kDa glycoprotein and
noninhibitory member of the serine protease inhibitor gene family[77-78]. The gene
encoding the human PEDF is localized to chromosome 17pl13.3, spans
approximately 16kb and contains eight small exons and seven introns, with the
largest intron 4kb in length[79]. The transcription factors regulating PEDF expression
are not yet identified[79]. PEDF is expressed continuously in different cell types. Its
expression is modified during diseases and regulated by senescence of the cells[79].
PEDF shares sequence homology with the other members of serpin superfamiliy of
serine protease inhibitors, but lacks sequence for the serpin reactive center region
and does not demonstrate antiprotease activity[77]. The gene contains an open
reading frame encoding a 418 amino-acid protein[79]. N-terminal portion, residues 1-
19, contains a leader sequence responsible for protein secretion from the cell[80].
Near the C-terminal portion, residues 365-390, forms the reactive center loop of
protein[78].

Generation of the crystal structure of PEDF allowed 3-D structural analysis of the
protein[79, 81]. With exception of 15 residues at the N-terminal and 8 residues in the
reactive center loop, all the molecule backbone is well ordered[81]. N- and C-termini
of the reactive center loop are well defined, but central 8 residues have no electron
density[81]. PEDF structure includes 3 beta sheets and 10 alpha helices, what
reveals the very asymmetric charge distribution across the whole protein[81]. Highly
acidic region is located around the N-terminal part of the molecule at the opposite
side from the highly basic region[81]. Different regions of the molecule are involved

in the various biological activities of PEDF[82]. 34-mer fragments (residues 24-57)
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produce angioinhibitory signals, whereas 44-mer fragment with residues 58-101 is

responsible for the neurotrophic properties of PEDF [82].

Fig. 3. Surface charge distribution analysis of PEDF revesiiking asymmetric charge distribution that nbidgje of
physiological significance L&ft) GRASP (35) representations are display&ight) Ribbon diagrams of PEDF oriented in
the same way as the respective surface chargeadiagwith basic (blue) and acidic (red) side chpmesented as ball-and-
stick (scale, 215 kTye to 115 kTye) (The basic region that covers parts of hD, hE,, sl s2A is displayed. This is the
putative heparin-binding site. The view is rotat@d°clockwise about the vertical axis relative ig.FL. (0) The acidic
region consists of side chains from the extremensinus, hA, s6B, hG, and hH. The view is rotatetd@flnterclockwise
about the vertical axis relative to Fig. 1.

Taken from Crystal structure of human PEDF, a potent anti-angiogenic and neurite growth-promoting
factor. (Simonovic et al. 2001)[81].

2.5. EXPRESSION AND BIOLOGICAL FUNCTIONS OF PEDF
PEDF was originally isolated from conditioned medium of cultured human fetal

retinal pigment epithelium cells, inducing neuronal differentiation in human Y-79
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retinoblastoma cells in vitro[83-85]. PEDF is found in almost all tissues with the
highest expression being observed in the fetal and adult liver, adult testis, ovaries,
placenta and the pancreas[86]. Its expression is significantly reduced in senescent
cells[79, 87-89]. The most studied attributes of PEDF are its neuroprotective,
neuroproliferative, and anti-angiogenic functions. As observed in the retina, PEDF
strongly stimulates the growth of neural derived cells while it actively suppresses
endothelial growth. Beyond its function in the retina, PEDF is known to exert
neurotrophic properties in several other neural cells, such as Y79 cells[83-84],
cerebellar granule cells[90], glial cells[91] and motor neurons[92-93].

In contrast, PEDF inhibits endothelial cell growth and neovascularization by induction
of apoptosis, whereas the existing vasculature remains intact[94]. PEDF is more
potent than any other known inhibitor of angiogenesis such as endostatin,
angiostatin and thrombospondin-1[94]. PEDF can also block angiogenic effects of
VEGF, FGF and IL-8[94]. At the protein level, the amount of PEDF produced
positively correlates with oxygen concentration[94].

PEDF knock-out mice exhibit not only retinal and nervous system abnormalities but
also strong hypervascularization and epithelial hyperplasia in the pancreas and
prostate[95]. In humans, PEDF expression in pancreatic ductal adenocarcinoma
cells (PDAC) positively correlates with a favorable survival and negatively correlates
with the presence of liver metastasis[96]. Similarly, PEDF over-expressing
pancreatic tumors in mice were smaller than the controls and intratumoral injection of

lentivirus vector encoding PEDF caused a significant inhibition of tumor growth[97].
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2.6. AIM OF THE STUDY

In this study, we evaluated the effects of PEDF expression of cancer cells on
intrapancreatic neuropathy, pancreatic stellate cell activity and fibrosis. Our results
show that while the nerve caliber in the diseased pancreas increases, there is a
significant loss of the fine innervation seen in the periacinar spaces accompanying
the periacinar fibrosis. Since this distortion of normal pancreatic architecture is
accompanied by stromal activation in the periacinar spaces, we also analyzed the

effects of PEDF on pancreatic stellate cells in terms of activity and fibrogenesis.
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3. MATERIALS AND METHODS

3.1. MATERIALS

3.1.1. Laboratory Equipment

Analytic balance Mettler-Toledo, Inc. Columbus, USA

Balance Scaltec Instruments, GmbH. Goéttingen,
Germany

Bio-Photometer Eppendorf AG, Hamburg, Germany

Cell culture hood Thermo Fisher Scientific Inc. Langenselbold,
Germany

Centrifuges:

Heraeus Multifuge 3SR Thermo Fisher Scientific Inc.Langenselbold,
Germany

Centrifuge 5415R Eppendorf AG, Hamburg, Germany

CO; Incubator Thermo Fisher Scientific Inc. Langenselbold,
Germany

Computer Hardware Fujitsu SIEMENS, Miunchen, Germany

DNA/RNA UV Cleaner Box Lab4You, Berlin, Germany

Electrophoresis/Electroblotting systems Invitrogen, Karlsruhe, Germany

Embedding machine Leica, Bensheim, Germany

Freezer -20°C Liebherr, Ochsenhausen, Germany

Freerer -80 °C Thermo Fisher Scientific Inc. Langenselbold,
Germany

Hypoxia chamber Billups-Rothenberg inc. Del Mar, CA, USA

Ice machine Scotsman, Milan, Italy

20



Liquid nitrogen tank

Magnetic stirrer: lka-Combimag RET

Microplate ELISA-reader

Microscopes:

Inverted Microscope

Light Microscope
Microtome

Microwave owen
NanoPhotometer

PH-meter

Power-Supply

QT-PCR: LightCycler Instrument
Refrigerator 4 °C

Roller mixer

Scanner

Thermomixer

Tissue embedding machine
Tissue processor

Vortex

Water bath 37C

Water Distillator

X-ray film cassette

Taylor-Wharton, Husum, Germany
Jahnke & Kunkel , Staufen i. B., Germany
Thermo Electron GmbH, Karlsruhe,

Germany

Carl Zeiss, Jena, Germany

Carl Zeiss, Jena, Germany

Leica, Bensheim, Germany

Siemens, Miinchen, Germany

Implen, Minchen, Germany

WTW GmbH, Weilheim, Germany
Biometra, Goettingen, Germany

Roche, Mannheim, Germany

Liebherr, Ochsenhausen, Germany
Progen Scientific, London, UK

Canon, Tokyo, Japan

Eppendorf, Wesseling, Berzdorf, Germany
Leica, Bensheim, Germany

Leica, Bensheim, Germany

IKA Works, Inc. Wilmington, NY
Lauda-Konigshofen, Lauda, Germany
Millipre, Schwallbach, Germany

Eastman Kodak Company, Rochester, NY,

USA
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3.1.2. Consumables

Cell culture dishes 35-3003 20mm
Cell culture dishes 75cm3

6-well plates

24-well plates

96-well plates

Cell Scraper BD®

Cotton swabs

Cover slips

Disposable Scalpel

Eppendorf® 1,5ml Tubes

Falcon® Ro6hrchen 15ml pp-test tubes

Falcon® Réhrchen 50ml pp-test tubes

Gel blotting Paper

Glass slides

Negative film, Hyperfiim®
Nitrocellulose-transfer membrane
Parafilm

Sterile needle

Pipet tips

Teflon-coated slides

3.1.3. Chemicals
0.25% trypsin/EDTA

10% Tris-HCI gels

BD Bioscience, Heidelberg, Germany

BD Bioscience, Heidelberg, Germany

BD Bioscience, Heidelberg, Germany

BD Bioscience, Heidelberg, Germany

BD Bioscience, Heidelberg, Germany
Bioscience, Heidelberg, Germany

NOBA, Wetter, Germany

Marienfeld, Lauda-Kdnigshofen, Germany
Feather, Fukushima, Japan

Eppendorf AG, Hamburg, Germany

BD Bioscience, Heidelberg, Germany

BD Bioscience, Heidelberg, Germany
Whatman, Sanford, ME, USA

Menzel, Braunschweig, Germany
Amersham, Buckinghamshire, UK
Bio-Rad, Hercules, CA, USA

Pechiney plastic packaging, Chicago, USA
BD Bioscience, Heidelberg, Germany
Biozym, Oldendorf, Germany

Erie Scientific Co, Portsmouth, NH

Invitrogen GmbH, Karlsruhe, Germany

Bio-Rad, Hercules, CA, USA
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2-Mercaptoethanol
3-(4,5-methylthiazol-2-yl)-2,
5-diphenyltetrazolium bromide
Acetic acid

Acrylamide/Bis solution
Agarose

Ammonium per sulfate (APS)
Amphotericin-B

B-27 serum-free supplement
Bovine Pituitary Extract (BPE)
BCA Protein Assay Kit

Bovine Serum Albumin
Bromophenol blue

DetachKit

Dimethylsulfoxid

DMEM

ECL® detection reagent
Endothelial cell growth medium
Envision antibody diluent
Epidermal Growth Factor (EGF)
Ethanol

Ethidium bromid

Fetal Calf Serum

Glycerol

Glycin

Sigma-Aldrich, Taufkirchen, Germany

Sigma-Aldrich, Taufkirchen, Germany
Merck Biosciences, Schwalbach, Germany
Bio-Rad, Hercules, CA, USA

Invitrogen GmbH, Karlsruhe, Germany
Sigma-Aldrich, Taufkirchen, Germany
PAA, Pasching, Austria

Invitrogen GmbH, Karlsruhe, Germany
Invitrogen GmbH, Karlsruhe, Germany
Thermo Scientific, Rockford, Illinois, USA
Roth, Karlsruhe, Germany

Sigma-Aldrich, Taufkirchen, Germany
Promocell, Heidelberg, Germany
Sigma-Aldrich, Taufkirchen, Germany
Invitrogen GmbH, Karlsruhe, Germany
Amersham Biosciences, Freiburg, Germany
Promocell, Heidelberg, Germany

Dako GmbH, Hamburg, Germany
Invitrogen GmbH, Karlsruhe, Germany
Roth, Karlsruhe, Germany

Sigma-Aldrich, Taufkirchen, Germany
PAN Biotech, Aidenbach, Germany

Merck Biosciences, Schwalbach, Germany

Roche diagnostics, Mannheim, Germany
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Haematoxylin

HiPerFect transfection reagent
Hydrogen peroxide

Ham’'s F12 medium

Histowax

Humidified chamber

Hydrogen peroxide
Isopropanol

Keratinocyte-SFM

Laurylsulfat (SDS)

LightCycler 480 DNA SYBR Green |
Master kit

Liquid nitrogen

Liquid DAB & chromogen substrate
Methanol

Molecular weight marker

NacCl

Neurobasal medium
Nitrocellulose membranes
Paraformaldehyde

PBS pH 7.4

PCR amplification kit
Penicillin-Streptomycin
Potassium chloride (KCI)

Premount® — Mounting Medium

Merck Biosciences, Schwalbach, Germany
Qiagen, Hilden, Germany

Roth, Karlsruhe, Germany

Invitrogen GmbH, Karlsruhe, Germany
Leica, Bensheim, Germany

TeleChem International Inc., USA

Roth, Karlsruhe, Germany

Roth, Karlsruhe, Germany

Invitrogen GmbH, Karlsruhe, Germany

Roth, Karlsruhe, Germany

Roche diagnostics, Mannheim, Germany
TMG Sol Group, Gersthofen, Germany
Dako GmbH, Hamburg, Germany
Roth, Karlsruhe, Germany
Fermentas, Life Sciences, Ontario, Canada
Fluka Chemie, Buchs, Switzerland
Invitrogen GmbH, Karlsruhe, Germany
Bio-Rad, Hercules, CA, USA
Fischer, Kehl, Germany
Invitrogen GmbH, Karlsruhe, Germany
Roche diagnostics, Mannheim, Germany
Invitrogen GmbH, Karlsruhe, Germany
Merck Biosciences, Schwalbach, Germany

Fischer, Kehl, Germany
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Proteinase K
Proteaseinhibitor Cocktail
QuantiTect Rev. Transcription Kit
RNAse-DNAse-free water
RPMI 1640 Medium
Roticlear®

RNeasy Mini Kit

Sodium borate

Sodium chloride

Sodium citrate

Sodium phosphate
SupplementMix

TEMED

Toluidin blue

Tris Base

Triton-X-100

Trypan blue solution

Tween 20

3.1.4. Buffers and Solutions

Immunohistochemistry:

10 X Tris buffered saline (TBS)
Tris base
NacCl

H.O

Sigma-Aldrich, Taufkirchen, Germany
Roche diagnostics, Mannheim, Germany
Qiagen, Hilden, Germany

Invitrogen GmbH, Karlsruhe, Germany
Invitrogen GmbH, Karlsruhe, Germany
Roth, Karlsruhe, Germany

Qiagen, Hilden, Germany

Merck Biosciences, Schwalbach, Germany
Merck Biosciences, Schwalbach, Germany
Merck Biosciences, Schwalbach, Germany
Merck Biosciences, Schwalbach, Germany
Promocell, Heidelberg, Germany
Sigma-Aldrich, Taufkirchen, Germany
Merck Biosciences, Schwalbach, Germany
Merck Biosciences, Schwalbach, Germany
Merck Biosciences, Schwalbach, Germany
Sigma-Aldrich, Taufkirchen, Germany

Merck Biosciences, Schwalbach, Germany

12.1¢
85¢g

800 ml
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pH to 7.4 with 5M HCI

add H,O to 1000 ml

1 X TBS/0.1% BSA

10XTBS 100ml
BSA 19
add H,O to 1000 ml

1 X TBS/0.1% BSA/0.05%Tween 20

1XTBS/0.1% BSA 1000ml

Tween 20 500 pl
1 X TBS/3% BSA

1XTBS 100mi

BSA 39
Peroxidase Block

Methanol 900 pl

WaserstoffPeroxid 100 pl

Protein Extraction and Immunoblotting:

Lysis Buffer
1M Tris-HCI(pH=7.5)0.5ml
5M NacCl 0.3ml

0.5M EDTA(pH=8) 40 pl
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Sample Buffer

20% SDS 500 pl
add H,O to 9ml

Proteinase Inhibitor 1 tablet

1.25M Tris-HCI 100 pl
10% SDS 50 pl
87% Glycerol 95 ul
Mercaptoethanol 25 pl

Bromphenolblue 5 pl

Electrophoresis Buffer

Blotting Buffer

Tris 30.25¢g
Glycin 1449
1%SDS 50ml
add H,O to 1000 mi
Tris 3.03g
Glycin 14.4g
10%SDS 3ml
add H,O to 800 ml
Methanol 200 ml
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Stripping Buffer

Glycin 15¢g
add H,O to 1000 ml
pH to 2.5 with 5M HCI

3.1.5. Recombinant Human (rH) Protein, sSIRNA Molecu les and ELISA-Kit
Recombinant Human PEDF (P232) Leinco Technologies, Inc. St. Louis, Ml
PEDF small interfering RNA (SiRNA)

(am16708) Ambion, Huntingdon, UK

Negative control siRNA (4390843) Ambion, Huntingdon, UK

PEDF ELISA (PED613) kit Bioproducts, Middletown, MD

3.1.6. Antibodies and Negative Controls
Alexa Fluor 488 goat anti-rabbit IgG
(A-11008) Invitrogen GmbH, Karlsruhe, Germany

Alexa Fluor 680 donkey anti-sheep

1gG (A-21102) Invitrogen GmbH, Karlsruhe, Germany

Anti-collagen type-1 (sc-8783) Santa Cruz Biotechnology Santa Cruz, CA,
USA

Anti-GAP43 Ab. (MAB347) Chemicon, Temecula, CA

Anti GAPDH Ab. (sc25778) Santa Cruz Biotechnology Santa Cruz, CA,
USA

Anti-goat secondary Ab. (sc-2056) Santa Cruz Biotechnology Santa Cruz, CA,

USA
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Anti-Hif 1 alpha Ab. (sc-10790) Santa Cruz Biotechnology Santa Cruz, CA,

USA
Anti-human CD31 Ab. (M0823) Dako GmbH, Hamburg, Germany
Anti-human fibronectin (F3648) Sigma-Aldrich Taufkirchen, Germany
Anti-human PEDF Ab. (sc-25594) Santa Cruz Biotechnology Santa Cruz, CA,
USA

Anti-human smooth muscle actin (SMA)

(M0851) Dako GmbH, Hamburg, Germany
anti-Laminin-R Ab. (sc-20979) Santa Cruz Biotechnology Santa Cruz, CA,
USA

Anti-mouse secondary Ab. (NA931V) Amersham Biosciences,
Buckinghamshire,UK

Anti-rabbit secondary Ab. (NA934V) Amersham Biosciences,
Buckinghamshire,UK

anti-PEDF-R Ab. (AF5365) R&D systems, Inc. Minneapolis, USA

Anti-POSTN (RD181045050) Biovendor, Heidelberg, Germany
HRP Labelled Polymer Anti-Mouse

(K4001) Dako GmbH, Hamburg, Germany
HRP Labelled Polymer Anti-Rabbit

(K4003) Dako GmbH, Hamburg, Germany
IgG1 negative controls

(mouse & rabbit) Dako GmbH, Hamburg, Germany

Rabbit anti-Sheep 1gG (61-8620) Invitrogen GmbH, Karlsruhe, Germany
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3.1.7. Biological Material
Collection and usage of biologic materials are described in the appropriate methods

sections.

3.2. METHODS

3.2.1. Pancreatic Tissues and Patient Data

Data on patient survival, tumor stage (UICC 2002) and applied treatments were
analyzed retrospectively from a prospectively registered data base. Tissue samples
were collected from patients following pancreatic resection for PDAC at the
University of Bern, Switzerland, and the University of Heidelberg, Germany. All
patients were informed and written consent was obtained. The studies were
approved by the Ethics Committees of the University of Bern and the University of
Heidelberg. Normal pancreatic tissue samples were obtained at the University of
Bern through an organ donor procurement program whenever there was no suitable
recipient for pancreas transplantation. All samples were confirmed histologically.
Freshly removed tissues were fixed in 4% paraformaldehyde solution for 12 to 24
hours and then paraffin embedded for histological analysis. In addition, a portion of
the tissue samples were either snap frozen in liquid nitrogen immediately upon
surgical removal and stored at -80° C for protein extraction or preserved in RNA-later

(Ambion Europe Ltd., Huntingdon, Ambridgeshire, UK) for future RNA extraction.

3.2.2. Pancreatic Cancer Cell Lines

Pancreatic cancer cell lines Aspc-1, Bxpc-3, Capan-1, Colo-357, Miapaca-2, Panc-1,

SU86.86, and T3M4 were used. Cells were either purchased from ATCC (Rockuville,
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MD, USA) or received as a kind gift of Dr. R. S. Metzgar (Durham, NC, USA). The
cells were routinely grown in complete medium (RPMI 1640 supplemented with 10%
FCS, 100 U/mL penicillin, and 100pg/mL streptomycin) at 37<C in a humid chamber,

saturated with 5% CO..

3.2.3. Human Primary Stellate Cell Isolation and Cu lture

Human PSC isolation and culture were performed as described by Bachem et al.[51]
according to the following protocol: Pancreatic tissue was obtained during surgery
from patients with PDAC. For the isolation of PSC, histologically fibrotic areas of the
pancreas were utilized for outgrowth. Small tissue blocks were cut (0.5-1mm?) using
a razor blade and were seeded in 10cm? uncoated Petri dishes in the presence of
20% FCS in a 1:1 (vol/vol) mixture of Dulbecco’s modified Eagle medium with Ham’s
F12 medium, penicillin 1%, streptomycin 1% and amphotericin 1% (SM-20%). Tissue
blocks were cultured at 37C in a 5% CO ;-air humidified atmosphere. After reaching
confluency, cells were subcultured by trypsinization. Passage-2 is a 1:2 division of
these cells into two new T75 cm2 flasks. When passage-2 cells reached confluency,
they were aliquoted and frozen. For experiments, aliquots of PSCs were thawed in
SM and grown to 70% confluency in 75 cm? culture flasks (accepted as passage 2).

Cell populations between passage 3 and 6 were used for experiments.

3.2.4. Human Umbilical Vein Endothelial Cell Cultur e

Human Umbilical Vein Endothelial cells (HUVECS) were purchased from Promocell
(Heidelberg, Germany) and cultivated in endothelial cell growth medium
supplemented with SupplementMix, at 37<C in a humid chamber, saturated with 5%

COs.
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3.2.5. Mouse Neuroblastoma Cell Culture
Mouse neuroblastoma cells (N2a) were received as a kind gift of Prof. Karl-Herbert

Schafer (Zweibricken, Germany). The cells were grown in Dulbecco’s modified
Eagle’s medium supplemented with penicillin, streptomycin, and 10% FCS, at 37C

in a humid chamber, saturated with 5% CO..

3.2.6. Human Schwann Cell Culture

Human Schwann cells (HSCs) were purchased from ScienCell Research
Laboratories (Carlsbad, CA) and cultivated in Neurobasal medium in combination
with B-27 serum-free supplement, at 37T in a humid chamber, saturated with 5%

CO:s.

3.2.7. Immortalized Human Pancreatic Duct Epithelia | Cell Culture

Immortalized Human Pancreatic Duct Epithelial cells (HPDE) were a kind gift from
Prof. M.S. Tsao from Ontario Cancer Institute (Toronto, Canada). The cells were
grown in Keratinocyte-SFM supplemented with Epidermal Growth Factor (EGF),
Bovine Pituitary Extract (BPE) and antibiotics, at 37C in a humid chamber,

saturated with 5% CO,. The medium was replaced every two to three days.

3.2.8. Expression Analyses

3.2.8.1. Immunohistochemistry

Two sequential 3 pm thick formalin fixed, paraffin-embedded tissue sections were
placed on the same slide, de-paraffinized and re-hydrated gradually. One section
was used for analysis while the other was used as the negative control. Antigen

retrieval was performed by boiling the slides in 10 mM citrate buffer two times for 10
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min. Peroxidase activity was quenched with a 3% H,O, solution in 30% methanol.
DakoCytomation antibody diluent was used to dilute both the primary antibody and
the appropriate negative-control. After an overnight incubation at 4'C, slides were
washed with Tris buffer supplemented with 0.05% Tween-20 (TBS-T) for 2 times,
and exposed to the HRPO-linked secondary antibody for 60 min at room
temperature. Color reaction was carried out by incubation for 1 min with liquid
DAB+substrate and counter-staining by Mayer's hematoxylin solution and mounted.
Staining with CD31 and GAP43 was carried out without counterstaining to yield
better quantification of microvessel- and nerve-densities, respectively. A Zeiss
Axiocam ICc 3 system was used for microphotography. Antibody dilutions are shown

in Table 1.

3.2.8.2. Immunofluorescence Analysis

PSCs were seeded on Teflon-coated slides at a density of 5000/well in 100ul SM
10%. Twenty-four hours later, cells were fixed with 4% paraformaldehyde,
permeabilized with 0.1% Triton X-100, and incubated with primary antibodies
overnight at 4C. The secondary antibodies and 4,6 -diamidino-2-phenylindole

(DAPI) were used appropriately. Antibody dilutions are shown in Table 1.

3.2.8.3. Immunoblot Analysis

For the immunoblot analyses, cells were grown on 6-WPs. Cells were washed twice
with ice-cold PBS. Cell culture monolayers were homogenized and lysed with 0.1 ml
buffer containing Tris-HCI (pH: 7.5), 150 mM NaCl, 2 mM EDTA, 1% SDS, and one
tablet of complete mini-EDTA-free protease inhibitor cocktail (per 10 ml of the

buffer). The cells were scraped off from the dish. The cell extracts were
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homogenized by passing through a syringe G27 needle 10 times. The crude
homogenate was then centrifuged at 14,000 g in a precooled centrifuge for 15
minutes. The supernatant was immediately transferred to fresh tubes and aliquoted.
The sample aliquots were stored at -20°C or used for Western blotting analysis
immediately. Protein concentration was determined by BCA protein assay. The cell
extract (5 pl) was diluted in 100ul of BCA reagent mixture according to the
manufacturer’s instructions, and incubated at 37C for 30 min. The OD was
measured with the ELISA reader at 570 nm and calculated with reference to a BSA
standard curve (0-2 mg/ml). Samples containing 20 pg of the protein extract were
size-fractioned by 10% SDS-PAGE and transferred onto nitrocellulose membranes
by the application of 30 V for 75 minutes. Blots were blocked with 20ml TBS-T plus
5% non-fat milk for 20 min., incubated with the primary antibodies overnight at 4° C,
washed with TBS-T, and incubated with the appropriate secondary antibodies for two
hour at room temperature. After washing with TBS-T, antibody detection was
performed using the enhanced chemoilluminescence (ECL) reaction system. Each
membrane was stripped and reblotted consecutively with GAPDH to verify equal
loading. To detect secreted proteins in the supernatants (SN), cells were grown until
100% confluency in 6-WPs and thereafter kept in serum free SM for 24 hours. After
collection of the supernatant, cells were counted by trypan blue to exclude the effect
of increased cell number (x10%) on the protein level of SN. Fifteen pug protein were
size fractioned in the presence of sample buffer without boiling. Antibodies were

diluted as specified in Table 1.
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IMMUNOHISTOCHEMISTRY  IMMUNOFLUORESCENCE IMMUNOBLOTTING
ANTIBODY [ PRIMARY | SECONDARY | PRIMARY | SECONDARY | PRIMARY | SECONDARY
PEDF 1:1000 RtU
CD31 1:50 RtU
GAP-43 1:4000 RtU
Laminin-R 1:100 RtU 1:100 1:200 ---
PNPLA2 1:25 1:1000 1:25 1:200 -
POSTN 1:4000 RtU - 1:3000 1:3000
coL1 - - 1:1000 1:2500
Fibronectin 1:1500 RtU 1:15000 1:10000
a-SMA 1:10000 1:5000
HIF 1 a 1:1000 1:2000
GAPDH 1:10000 1:10000

Table 1. Antibody Dilutions for Immunohistochemistry, Immunofluorescence and Immunoblotting

Analyses. RtU: ready to use.

3.2.8.4. Real-time Light Cycler® Quantitative Polym erase Chain Reaction

Total cellular RNA isolation and RNA extraction from normal and PDAC tissues and
from the pancreatic cancer and Immortalized Human Pancreatic Duct Epithelial cells
was performed using the RNeasy Mini Kit according to the manufacturer’s
instructions: The frozen tissue was homogenized and disrupted using 600ul RLT
buffer. The lysate was passed at least 5 times through a blunt 20-gauge needle fitted
to an RNase-free syringe and centrifuged for 3 minutes at full speed. The
supernatant was removed and transferred into a new microcentrifuge tube. Cells
were grown as monolayers on 6-WPs. After complete aspiration of the medium,

350ul RLT buffer was added to the cell-culture dish. The lysates were collected with

a rubber policeman. Then each lysate was placed into a microcentrifuge tubes,
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mixed well to ensure that no cell clumps are visible and were passed through a blunt
gauge needle fitted to the RNase-free syringe at least 5 times. The following steps
were common for RNA isolation from the tissues and from the cells: 1 volume of 70%
ethanol was added to the homogenized lysates, and mixed well by pipetting, without
centrifuging. 700 pl of the sample, including any precipitate that may have formed,
was transferred to an RNeasy spin column placed in a 2 ml collection tube and was
centrifuged for 15 seconds at 28000xg. The flow-through was discarded. 700 pl of
RW1 Buffer was added to the RNeasy spin column and centrifuged for 15 seconds
at 28000xg again. The flow-through was discarded. Then, 500 ul of RPE Buffer was
added to the RNeasy spin column, centrifuged again for 15 seconds and flow-
through was discarded. After, 500 ul of RPE Buffer was added and the columns were
centrifuged for 2 min at 28000xg to wash the spin column membrane. The flow-
through was discarded. Next, the RNeasy spin columns were placed into a new 2 ml
collection tubes and centrifuged at full speed for 1 min. The RNeasy spin columns
were placed into a new 1.5 ml collection tube, 30-50 pl RNase-free water was added
directly to the spin column membrane and centrifuged for 1 min at 28000%g to elude
the RNA. This step was repeated using the elute that formed before. The isolated
RNA was stored at -80°C.

cDNA was synthesized from total RNA by reverse transcription using the QuantiTect
Reverse transcription kit according to the following protocol: The concentration of
RNA was measured by NanoPhotometer. The genomic DNA elimination reaction
components were prepared with gDNA Wipeout Buffer 2 ul, variable amount of
template RNA and RNase-free water and incubated for 2 minutes at 42<T.
Immediately after incubation the tubes were placed on ice. Next, the reverse-

transcription master mix was prepared with Quantiscript Reverse Transcriptase 1 pl,
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Quantiscript RT Buffer 4 ul, RT Primer Mix 1 pl and entire genomic DNA elimination
reaction product 14 ul (from the former step). The mixed components were incubated
first for 15 minutes at 42 and then for 3 min at 95T to inactivate Quantiscript
Reverse Transcriptase. Prepared cDNA samples were stored at -20°C.
Real-Time PCR was performed with the LightCycler 480 DNA SYBR Green | Master
kit. The samples were prepared with SYBR Green master mix 10 pl, primer mix 2 pl,
PCR-Grade water 3 pl and cDNA 5 pl.

The primer sets were designed for PEDF (forward 5-TCT CAA ACT TCG GCT ATG
ACC TGT-3', reverse 5-AGA GCC CGG TGA ATG ATG GAT TCT-3). The target
concentration was expressed as a ratio relative to the expression of the reference

gene (B-actin) in the same sample and normalized to the calibrator sample.

3.2.9. PEDF Stimulation of PSCs

Sister clones of PSCs were grown in 6-well plates to 80% confluence. Cells were
starved with serum-free medium (SFM) for 24h. Fresh SFM containing 0, 2 or 4 nM
recombinant human PEDF was added to the cells. After 72h cell lysates and

matching supernatants were collected. All experiments were repeated three times.

3.2.10. Induction of Hypoxia

Pancreatic cancer and HPDE cells were incubated in the modular chamber under a
hypoxic gas mixture (89.25% N, 10% CO,, 0.75%0,) for 12, 16 and 48h at 37<C.
The sister clones of the hypoxic cells were incubated under normoxic conditions for
the same time periods, at 37C in a humid chamber, saturated with 5% CO,. All

experiments were repeated three times.
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3.2.11. siRNA Transfection

MiaPaCa-2 and Pancl cells were seeded in 6-well plates in duplicates at the density
of 2.5 x 10° cells/well in 2.5 ml of complete medium. Twenty-four hours later, when
the cells reached 70% confluence, the old medium was replaced with 2.3ml
RPMI1640, containing 10% FCS. Next, the cells were transfected with 10 nM
specific PEDF siRNA or negative control siRNA. The following solutions were mixed
and kept at RT for 10 minutes, before adding onto cells: 1.2ul PEDF siRNA (10nM),
or the same volume of the negative control siRNA + 24ul HiPerFect transfection
reagent + 74.8 pl SM-0%. After the 10 minutes the mixture was added drop-wise
onto the cells.

For mRNA analysis cells were harvested at 24h. For ELISA, the medium was
changed to SFM at 48 hours after transfection and at 96 hours the supernatants was

collected. All experiments were repeated three times.

3.2.12. ELISA

Twenty four hour supernatants from normoxic and hypoxic pancreatic cancer and
HPDE cell lines and 96h supernatants from siRNA transfected cancer cells were
collected, centrifuged immediately, aliquoted, frozen and stored at -80<C until use.
For quantification of PEDF, a commercially available ELISA kit was used according
to the manufacturer’s instructions. Briefly, the microwells were pre-coated with a
polyclonal antibody specific for full-length recombinant human PEDF antigen. Just
before starting the experiment, the PEDF antigen standards were lyophilized in 1,5ml
Eppendorf tubes, by adding 500ul of Assay Diluent. A series of six standards was
prepared, by further dilution of the PEDF antigen standard stock solution. Next, the

microwells were washed 5 times with 200ul of 1X Wash Buffer. 100ul of PEDF
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antigen standards and the cell culture supernatants were added to the microplate
wells and incubated for 1 hour at 37C. The samples were aspirated; the wells were
washed 5 times with 200ul of 1X Wash Buffer and 100ul of reconstituted PEDF
Detector Antibody was added to the each well. The microplate was incubated for 1
hour at 37C. The samples were aspirated again; the wells were washed 5 times
with 200ul of 1X Wash Buffer and 100ul of Streptavidin Peroxidase Working Solution
was added to the each well. The microplate was incubated for 30 minutes at 37<C.
Next, the samples were aspirated; the wells were washed, 100ul of pre-warmed to
room temperature TMB Substrate was added to each well and incubated for 20
minutes at room temperature. A blue color develops in wells containing PEDF
antigen. Colorimetric reaction was stopped by adding 100ul of stop solution into each
well. The color changes from blue to yellow. The optical density was measured at
450 nm using a Microplate ELISA-reader. Each experiment was repeated at least

three times.

3.2.13. 3-(4, 5-methylthiazol-2-yl)-2, 5-diphenyl-t etrazolium-bromide Assay

To assess cell proliferation, the MTT (3-(4, 5-methylthiazol-2-yl)-2, 5-diphenyl-
tetrazolium-bromide) test was used. Human Umbilical Vein Endothelial Cells
(HUVECSs), mouse neuroblastoma cells (N2a) and human Schwann cells (HSCs)
were seeded in triplicates at a density of 5000 cells/well in 96-well plates in a volume
of 100 pl in endothelial cell growth medium, Dulbecco’s modified Eagle’s medium
and in Neurobasal medium, respectively. Twelve hours later, the original medium
was changed to the 100 ul of siRNA-transfected MiaPaCa-2 or Pancl supernatants.
Negative control siRNA-transfected samples were used as control. After 24 or 48h of

incubation, 20ul/well MTT (5mg/ml) was added for 4h. Formazan crystals were
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solubilized with 100ul acidic isopropanol. Optical density was measured at 570nm.
The read-outs were corrected for the individual day-O growth. All experiments were

repeated three times.

3.2.14. Quantitative Image Analysis

An automated image analysis system was used on tissue sections without
counterstaining to quantify the specific staining. The slides were scanned with the
Nikon coolscan V at 4000 dots per inch. The digital images were analyzed in single
color for the total surface area (in pixels) versus the stained area. The upper and the
lower input levels were overlapped to create black or white images without an
intermediate zone. The ideal sensitivity of detection was achieved when the point of
overlap corresponded to the vertex of the initial exponential phase of the histogram

curve. Results were expressed as percent of the whole scanned section[59, 98].

3.2.15. Densitometry

Immunoblots were scanned using the Canon 9900F (Tokyo, Japan) scanner.
Densitometric analyses were performed using the ImageJ program provided by the
NIH. Optic densities from independent experiments were corrected for the individual

background noise and the matching equal loading densities (for the cell lysates).

3.2.16. Statistics
Graphs were created and statistical analyses were performed using the GraphPad
Prism 5 software (GraphPad, San Diego, CA). Kaplan-Meier and Log-Rank analyses

were used to compare the survival status of the patients. Mann Whitney-U test,
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paired t test and Chi-square tests were used for non-categorical and categorical data

comparisons. The level of statistical significance was set at 5%.
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4. RESULTS

4.1. Assessment of PEDF Expression in Pancreatic Ti  ssues

Quantitative real-time polymerase chain reaction (QRT-PCR) was performed to
evaluate PEDF mRNA expression in bulk tissues of the normal pancreas and PDAC.
There was no statistically significant difference between normal pancreatic (n=19)

and PDAC (n=20) samples (Figure 1).
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Figure 1 Expression of PEDF in Normal Pancreas and PDAC. Expression of PEDF mRNA was
analyzed in normal pancreas (n=19) and PDAC (n=20). Real-Time PCR was performed with the
LightCycler 480 DNA SYBR Green | Master kit. The target concentration was expressed as a ratio
relative to the expression of the reference gene (B-actin) in the same sample and normalized to the

calibrator sample.

4.2. Localization of PEDF in Pancreatic Tissues

To detect the site specific expression of PEDF protein in pancreatic tissues,
immunohistochemical analysis with an anti-PEDF antibody was performed. In the
normal pancreas, weak to moderate PEDF immunoreactivity was detected in the

cytoplasm of most of the acinar and ductal cells.
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Figure 2 The Localization of PEDF in Normal Pancrea s by IHC. Immunohistochemical analysis
was performed using using paraffin-embedded tissues sections of normal pancreas. The staining
with anti-PEDF antibody revealed weak to moderate immunoreactivity in the cytoplasm of most of the
acinar and ductal cells (2A, 50X; 2B, 200X). Islets displayed strong immunoreactivity to PEDF (2A,

red arrows). Negative control is shown as inset.

Some acinar cells displayed stronger PEDF expression (Figure 2A, 2B). Strong

immunoreactivity was also detected in the cytoplasm of the islets (Figure 2A).

Figure 3 The Localization of PEDF in the Diseased P ancreas by IHC. Immunohistochemical
analysis of pancreatic tissues was performed using anti-PEDF antibody, with hematoxylin

counterstaining. The normal and degenerating acini, metaplastic ductal cells and tubular complexes
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seen within the activated stroma in chronic pancreatitis like changes around the cancer were intensely

stained (3A, 50X; 3B, 200X). Negative control is shown as inset.

The normal and degenerating acini, hyperplastic ductal cells and tubular complexes
seen within the activated stroma in chronic pancreatitis like changes around the

cancer were intensely stained (Figure 3A, 3B).
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Figure 4 The Localization of PEDF in PDAC by IHC.  3um thick consecutive sections of PDAC
(n=55) were immunostained using anti-PEDF antibody with hematoxylin counterstaining.
Inflammatory cells and several PanIN lesions exhibited strong immunoreactivity for PEDF (4A, 50X;
4B, 100X; 4E, 100X). Various levels of diffuse cytoplasmic staining were detected in the cancer cells
of the all evaluated PDAC specimens (4C, 100X; 4D, 100X; 4F, 100X). Negative controls are shown

as insets.

Similarly, several PanIN lesions and most of the inflammatory cells of the cancer
tissue exhibited strong immunoreactivity for PEDF (Figure 4A, 4B, 4E). The normal
ductal cells in the hypoxic peritumoral areas also displayed increased expression of
PEDF compared to the ducts of the normal pancreas. None of the samples displayed
PEDF staining of pancreatic stellate cells.

Various levels of diffuse cytoplasmic staining were detected in the cancer cells of the
all evaluated PDAC specimens (Figure 4C, 4D, 4F). Among 55 PDAC sections, 85%
showed weak to moderate immunoreactivity whereas 15% showed strong

immunoreactivity for PEDF.

4.3. Correlation of PEDF Expression in Cancer Cells  and Patient Survival

Fifty-five patients with known survival data were divided in into two groups according
to their PEDF immunoreactivity. Briefly, the expression scores were calculated by
multiplying the values of staining intensity (1 = no staining, 2 = weak/moderate, 3 =
strong) with stained area (1 = <33% of the cancer cells, 2 = 33-66% of the cells, 3 =
>66% of cancer cells). The survival analysis of these patients revealed a statistically
significant correlation between high PEDF expression and longer survival of PDAC
patients (p=0.043). The median survival of the patients with low PEDF expression
(n=47) was 17 months, whereas 22 months in the patients with high PEDF

expression (n=8, Hazard Ratio= 2.634, 95% CI of ratio = 1.021 — 4.855) (Figure 5).

45



100- —i— PEDF-HIGH
— ==l PEDF-LOW
©
2 75+ P=0.043
£
7] e
2 5 H.lgh.22 Mon‘ths )
e
8
E o5 Low: 17 Months

c Ll L L] L]

0 12 24 36 48

Months

Figure 5 Correlation of PEDF Expression in Cancer C  ells with Survival of the Patients . 55
PDAC patients with known survival data were divided in into two groups according to their PEDF
immunoreactivity. Kaplan-Meier survival analysis was performed to compare patient survival status
between high and low PEDF expression.

4.4. Correlation of PEDF Expression with Microvesse |- and Neural-Density in
Pancreatic Cancer

Microscopically there was a reduction of the microvessel density in pancreatic
cancer, whereas the number of the hypertrophic nerves dramatically increased

(Figure 6A, 6B).
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Figure 6 Correlation of PEDF Expression in Cancer C ells with Microvessel Densitiy and
Intrapancreatic Neuropathy. Immunohistochemical analysis was performed using paraffin-
embedded tissues sections of PDAC. The sections were stained with anti-CD31 antibody for
endothelial cells (6A) and anti-GAP-43 antibody for intra-pancreatic nerves (6B). IHC revealed the
scarcity of the MVD (6A) (red arrows) and increased neuropathy (6B).

Considering the PEDF’s known antiangiogenic and neurotrophic activities and higher
focal expression in cancer, we analyzed the correlation between the PEDF
expression of cancer cells and microvessel- / neural-densities of respective
specimens. Endothelial cells were detected by immunohistochemistry using an anti-

CD31 antibody that showed no cross reactivity with other cells (Figure 6A, 8A, 8C,
8E).
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Figure 7 Microvessel- and Nerve Density in the nor mal pancreas and PDAC.

Immunohistochemical analysis was performed using paraffin-embedded tissues sections of normal
pancreas (n=20) and PDAC (n=55). The sections were stained with anti-CD31 (7A) and anti-GAP-43
antibodies for (7B) without hematoxylin counterstaining to yield better quantification of microvessel-
and nerve-densities, respectively. An automated image analysis system was used on tissue sections

to quantify the specific staining. Results were expressed as percent of the whole scanned section.
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Twenty four patients (44%) exhibited low PEDF and a high MVD (more than the
median MVD), while 23 patients (42%) showed a low MVD and low PEDF
expression. Four cases (7%) displayed high expression of PEDF and a low MVD,
whereas the other 4 patients (7%) exhibited high MVD and high PEDF expression.
Although there was a significant decrease (33%, p<0.0001) in the MVD in PDAC
compared to the normal pancreas (Figure 6A, 7A, 8A, 8C, 8E), no statistically
significant association between PEDF expression and the MVD was found (p=0.96)

(Table 2).
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Table 2 Correlation of PEDF Expression with Microve  ssel- and Nerve Densitiy in PDAC. Chi-
square analysis was performed for statistical analysis of PEDF, CD31 and GAP43 expressions of 55
PDAC patients. No statistically significant association between PEDF expression and MVD was found
(p=0.9556). In contrast, a positive correlation was detected between high PEDF expression and

increased nerve density (p=0.0251).
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Similarly, a nerve specific anti-GAP-43 antibody that did not cross-react with any

other structure was used to assess the nerve-density (Figure 6B, 8B, 8D, 8F).

Figure 8 Reduction of Microvessel- and Nerve-densit  ies on the Activated Stoma of Pancreatic
Cancer. Immunohistochemical analysis was performed using paraffin-embedded tissues sections of
normal pancreas (8A, 8B) and normal tissue around PDAC where stromal activity begins (8C, 8D, 8E,
8F). The sections were probed with anti-CD31 antibody for endothelial cells (8A, 8C, 8E) and anti-
GAP-43 antibodies for intra-pancreatic nerves (8B, 8D, 8F). Original magnifications 400X.
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Although several hypertrophic nerves were seen in PDAC (Figure 6B, 8D, 8F),
overall nerve density of the normal pancreas was significantly higher than that of
PDAC (20%, p=0.048) (Figure 7B).

This reduction of the nerve density and total GAP-43-stained area in PDAC was due
to the loss of the fine nerve fibers seen in the periacinar spaces (Figure 8B, 8D).
There was a positive correlation between high PEDF expression of cancer cells and

increased nerve caliber and neuropathy in PDAC sections (p=0.0251) (Table 2).

4.5. Expression and Localization of PEDF Receptors in Pancreatic Cancer
Tissues and Stellate Cells

Next, the expression of both PEDF receptors, Laminin-R and PNPLA2, was
analyzed in pancreatic tissues by immunohistochemistry. Strong cytoplasmic
staining for Laminin-R was observed in all cancer cells, PanIN lesions and tubular
complexes (Figure 9A). In consecutive sections, the same structures showed a
weaker immunoreactivity for PNPLA2 (Figure 9B). Moderate expression of both
proteins was detected in inflammatory cells in PDAC tissues. Intrapancreatic nerves
displayed moderate and weak staining for Laminin-R and PNPLA2, respectively

(Figure 9A, 9B).




Figure 9 Expression of PEDF Receptors in PDAC.  Immunohistochemical analysis of PDAC tissues
was performed using anti-Laminin-R and anti-PNPLA2 antibodies with hematoxylin counterstaining.
Strong cytoplasmic staining for Laminin-R and weak to moderate immunoreactivity for PNPLA2 was
revealed in the cancer cells (9A, 9B). Intrapancreatic nerves displayed moderate staining and weak
for PNPLA2 (9A, 9B). Negative controls are shown as insets. Original magnifications 100X.

PSC were strongly positive for Laminin-R (Figure 10A). PNPLA2 expression was

generally weaker where some PSC remained immunonegative (Figure 10B).

Figure 10 Expression of PEDF Receptors in PSCs.  Immunohistochemical analysis was performed
using anti-Laminin-R and anti-PNPLA2 antibodies with hematoxylin counterstaining. PSCs exhibited
strong to moderate immunopositivity for Laminin-R (10A) and staining for PNPLA2 (10B). Negative

controls are shown as insets. Original magnifications 100X.

Concordantly, immunofluorescence analysis of cultured human primary PSC showed
strong positivity for Laminin-R (Figure 11A), and weaker immunopositivity for

PNPLA2, where more than half of the cells remained non-stained (Figure 11B).
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Figure 11 Expression of PEDF Receptors in PSCs.  PSCs were seeded on Teflon-coated slides at
a density of 5000/well in 100ul SM 10%. Twenty-four hours later, cells were fixed with 4%
paraformaldehyde, permeabilized with 0.1% Triton X-100, and incubated with anti-Laminin-R and anti-
PNPLA2 antibodies overnight at 4C. The secondary a ntibodies and DAPI were used appropriately.
Immunofluorescence analysis revealed strong expression of Laminin-R (11A) whereas moderate

expression of PNPLA2 was detected only in some PSCs (11B). Original magnifications 200X.

4.6. Effects of PEDF on Pancreatic Stellate Cell Ac tivity and Extracellular
Matrix Protein Production

Early activation of PSC occurs in the activated stroma between the normal
parenchyma and the cancerous areas[59]. This PSC activity leads to the deposition

of extracellular matrix proteins in the periacinar spaces (Figure 12A, 12B).
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Figure 12 Periacinar Fibrosis on the Activated Stro ma around the Pancreatic Cancer.
Immunohistochemical analysis was performed using paraffin-embedded tissues sections of normal
normal tissue around PDAC where stromal activity begins. Anti-periostin antibody was used to detect

the early activation of PSC in the periacinar spaces (12A, 400X) and anti-fibronectin antibody for
extracellular matrix deposition (12B, 400X).

Since there was a significant overexpression of PEDF on the activated front of the

stroma, we analyzed the effect of PEDF on stellate cell activity.
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Figure 13 Effects of recombinant PEDF on Pancreatic Stellate Cells. Sister clones of PSCs were
grown in 6-well plates to 80% confluence. After 24h, fresh SF-LGM containing 0, 2 or 4 nM
recombinant human PEDF was added. Immunoblot analysis was performed as described in Materials
and Methods section. Probing of the 72h treated cell lysates for a-SMA (13A) and collagen-type la
(13D) and the matching SNs for POSTN (13B), fibronectin (13C) and collagen-type la (13E). The
densitometry analyses are presented as percent change compared with control. Error bars show the

SEM of three experiments.

Treatment of PSC with 2nM and 4nM recombinant PEDF protein (rPEDF) increased
the a-SMA expression, 91% and 275%, respectively (p=0.0063) (Figure 13A). To
assess the stimulatory effect of PEDF on extracellular matrix (ECM) protein
synthesis and secretion, the amounts of periostin, collagen-type la and fibronectin
was assessed in the matching supernatants. Immunoblot analysis revealed a 390%
increase in periostin- and 253% increase in fibronectin expression when treated with
2 nM rPEDF. Cells treated with 4nM rPEDF displayed a 1140% and 561% increase
of periostin (p<0.0001) and fibronectin (p<0.0001) expression in PSC supernatants,
respectively (Figure 13B and 13C). Although there was a 155% (2 nM) and 338% (4
nM) increase in collagen-type la expression in the cell lysates (p<0.0001) (Figure
13D), there was a dose dependent reduction in the amount of collagen secreted in

the supernatants (Figure 13E).

4.7. Regulation of PEDF Expression in Pancreatic Ca ncer and Immortalized
Duct Cell lines by Oxygen

It is known that an aberrant deposition of ECM in the periacinar spaces of the normal
acini leads to reduced MVD and hypoxia in PDAC [59]. Therefore, the effect of
hypoxia on eight pancreatic cancer cell lines and immortalized human pancreatic

duct epithelial (HPDE) cells was assessed. The hypoxic state of the cells was
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verified by immunoblotting the cell lysates for Hypoxia-Inducible Factor-1 a (Figure

14).
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Figure 14 Verification of hypoxia. BxPc-3 (B), T3M4 (T), MiaPaCa-2 (M), SU86.86 (S) cell
monolayers were incubated in the modular chamber under a hypoxic gas mixture for 16h at 37<C. The
sister clones of the hypoxic (H) cells were incubated under normoxic (N) conditions for the same
period of time, at 37<C in a humid chamber, saturat ed with 5% CO,. Cells were lysed with lysis buffer
for immunoblot analysis. Samples containing 20 pg of the protein extract were size-fractioned by 10%
SDS-PAGE and transferred onto nitrocellulose membranes by the application of 30 V for 75 minutes.
Blots were blocked with 20ml TBS-T plus 5% non-fat milk for 20 min., incubated with the anti-
Hypoxia-Inducible Factor-1 a (HIF-1 a) antibody overnight at 4° C, washed with TBS-T, and incubated
with the appropriate secondary antibodies for two hour at room temperature. After washing with TBS-
T, antibody detection was performed using the enhanced chemoilluminescence (ECL) reaction

system. Equal loading was verified with GAPDH by stripping and reblotting the membrane.

Hypoxia induced the PEDF mRNA expression in seven out of eight pancreatic
cancer cell lines and in HPDE cells (Figure 15). However, at the protein level, there
was a paradoxical reduction of PEDF protein detected in the supernatants of the
matching cells (Figure 16). For example the increase of PEDF mRNA in hypoxic
Pancl was 1040% (p=0.0065), whereas PEDF protein was 41% (p=0.0044) less in

the supernatant of the same cell line, compared with the normoxic controls.
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Figure 15 Effect of Hypoxia on PEDF Expression of P ancreatic Cancer- and Pancreatic Ductal-
Cells. The cells were maintained in the modular chamber under a hypoxic gas mixture (89.25% N,
10% CO,, 0.75%0,) for 12h at 37C. QRT-PCR analysis was performed with the LightCycler 480
DNA SYBR Green | Master kit. The target concentration was expressed relative to the concentration
of the reference gene (B-actin) in the same sample and normalized to the calibrator sample. Error
bars show the SEM of three experiments.
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Figure 16 Effect of Hypoxia on PEDF Expression of P ancreatic Cancer- and Pancreatic Ductal-
Cells. The cells were maintained in the modular chamber under a hypoxic gas mixture (89.25% N,

10% CO,, 0.75%0,) for 24h at 37°C. Commercial ELISA kit was used to measure PEDF protein in
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normoxic and hypoxic supernatants, according to the manufacturer’s instructions. Error bars show the
SEM of three experiments.

4.8. The Effect of Pancreatic Cancer Cell Supernata nts with and without PEDF-
silencing on Endothelial Cell Growth

Pancreatic cancer cells exert a dominantly antiangiogenic effect on endothelial cells
[59]. To evaluate the contribution of PEDF secretion on the antiangiogenic attributes
of pancreatic cancer cells, we tested the growth of human umbilical vein endothelial
cells (HUVECS) treated with pancreatic cancer cell supernatants after silencing

PEDF in cancer cells by siRNA transfection.
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Figure 17 Effect of PEDF siRNA on Pancreatic Cancer  Cells. MiaPaCa-2 and Pancl cells were
seeded in 6-well plates (2.5 x 10° cells/well) in 2.5 ml of complete medium. 24h later, 10 nM specific
PEDF siRNA or negative control sSiRNA was added. After 24h, total cellular RNA was isolated. QRT-
PCR analysis (17A) was performed with the LightCycler 480 DNA SYBR Green | Master kit. The
target concentration was expressed relative to the concentration of the reference gene (B-actin) in the
same sample and normalized to the calibrator sample. (17B) Commercial ELISA kit was used to
measure PEDF protein in the cancer cell supernatants, collected 96h after transfection, according to

the manufacturer’s instructions. Error bars show the SEM of three experiments.
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QRT-PCR analysis demonstrated a significant decrease of the PEDF mRNA in
MiaPaCa-2 (99.52%) (p<0.0001) and Pancl (96.12%) (p=0.0010) cell-lines, when
compared with negative control siRNA transfected cells (Figure 17A). The PEDF-
silenced MiaPaCa-2 (76.5%, p=0.0002) and Pancl (63.7%, p=0.0007) also
displayed less PEDF protein in their supernatants compared with controls (Figure
17B).

Compared to controls, there was a 21% and 27% reduced inhibition of HUVEC
growth when treated with PEDF silenced supernatants of MiaPaCa-2 (p=0.0067) and

Pancl (ns) cells respectively (Figure 18).
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Figure 18 Effect of PEDF Secreted by Cancer Cells 0 n Endothelial Cell Proliferation. = HUVECs
were seeded at a density of 5000 cells/well in 96-well plates. 12h later, 100 ul of siRNA-transfected
MiaPaCa-2 and Pancl supernatants was added. Negative control siRNA transfected supernatants

were used as control. After 48 hours, 20ul/well MTT (5mg/ml) was added for 4h. Formazan products
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were solubilized with 100ul acidic isopropanol. Optical density was measured at 570nm. Error bars
show the SEM of three experiments.

4.9. The Effect of Pancreatic Cancer Cell Supernata nts with and without PEDF-
silencing on Nerve Cell Proliferation

For evaluation of the neuroproliferative effect of PEDF, mouse neuroblastoma cells
(N2a) and human Schwann cells were treated with the supernatants of MiaPaCa-2
and Pancl cells. Compared with controls, there was a 20% and 25% decrease of
N2a cell proliferation when treated with the PEDF-silenced supernatants of

MiaPaCa-2 (p=0.0184) and Pancl (ns) respectively (Figure 19).
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Figure 19 Effect of PEDF Secreted by Cancer Cells 0 n Neural Cell Proliferation. NZ2a cells were
seeded at a density of 5000 cells/well in 96-well plates. Twelve hours later, cells were treated with
100 pl of siRNA-transfected MiaPaCa-2 and Pancl supernatants. Negative control siRNA transfected

supernatants were used as control. After 48 hours of incubation, 20ul/well MTT (5mg/ml) was added
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for 4 hours. Formazan products were solubilized with 100ul acidic isopropanol. Optical density was
measured at 570nm. Error bars show the SEM of three experiments.

There was no significant effect of PEDF-silencing in cancer cells on the growth of

human Schwann cells (Figure 20).
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Figure 20 Effect of PEDF Secreted by Cancer Cells o n Human Schwann Cell Proliferation.

Human Schwann cells were seeded at a density of 5000 cells/well in 96-well plates. After 12h the
cells were treated with 100 pl of siRNA-transfected MiaPaCa-2 and Pancl supernatants. Negative
control siRNA transfected supernatants were used as control. After 48 hours of incubation, 20ul/well

MTT (5mg/ml) was added for 4 hours. Formazan products were solubilized with 100ul acidic
isopropanol. Optical density was measured at 570nm.
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5. DISCUSSION

Pancreatic ductal adenocarcinoma is a lethal disease, characterized by a hypoxic
and fibrotic stroma with intrapancreatic neuropathy, aggressive invasion of
surrounding tissues, and resistance to oncological therapy. Fibrosis is a
consequence of stellate cell over-activity [50-51]. Early activation of stellate cells
occurs in the periacinar spaces and leads to the reduction of the microvessel density
of the normal pancreas [59]. Masamune et al has shown that hypoxia is a strong
activator of stellate cells [58]. Therefore hypoxia and fibrosis forms a vicious-cycle
and eventually lead to the loss of the normal parenchyma, creating the barren
microenvironment of pancreatic cancer. Stromal activity also impacts significantly on
tumor behaviour -even more than the lymph-node status of the cancer [57, 59, 72,
98-100].

Pigment Epithelium-Derived Factor (PEDF) is the most potent natural inhibitor of
angiogenesis [94]. In pancreatic cancer, high PEDF expression correlates with a
better survival [96]. Uehara et al. argue that higher expression of PEDF in
pancreatic cancer leads to a reduction in the MVD of the tumor, which decreases
metastatic spread to the liver, thereby contributing to a better survival of patients
[96]. In line with this, our results show a similar correlation between higher PEDF
expression and longer patient survival. Moreover, silencing of PEDF in pancreatic
cancer cells results in lesser inhibition of endothelial cell growth in vitro, showing the
contribution of PEDF on the antiangiogenic attributes of pancreatic cancer cells.
Nevertheless even after silencing of PEDF, pancreatic cancer cells still remain
antiangiogenic, confirming the presence of other antiangiogenic factors like

endostatin and angiostatin produced by pancreatic cancer cell lines [59, 101].
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PEDF is also a potent neurotrophic factor. It has been documented that the
biological activities of PEDF is mediated by high affinity interaction of PEDF and its
receptors, Laminin receptor and Patatin-like phospholipase domain-containing
protein 2 (PNPLA2) [102-103]. Our experiments revealed the expression of the both
PEDF receptors by intrapancreatic nerves and since neuropathic changes are
commonly seen in pancreatic cancer, we assessed the correlation of PEDF
expression and intrapancreatic nerve density and morphology. In comparison to the
normal pancreas, there was a significant reduction of nerve density in terms of the
number of nerves seen per area. The fine innervation of the normal acini was almost
completely lost in the periacinar fibrosis seen in the activated stroma of pancreatic
cancer. This loss of fine innervation was so extensive that, although the
pathologically hypertrophic nerves seen in pancreatic cancer are several times
bigger than the normal nerves, the total GAP34 positive area of the tumors was 20%
less than the average of GAP43 staining of the normal pancreas. GAP-43 is
expressed by Schwann-cell precursors and nonmyelinating Schwann cells[104-105].
Following nerve injury, adult myelinating Schwann cells also begin to express GAP-
43.

This observation may at first glance seem to contradict several reports in the
literature where the investigators reported increased neural density and hypertrophy
in chronic pancreatitis and pancreatic cancer[73, 106]. However, it should be
considered that in our study, the detected decreased nerve density was mainly due
to loss of fine parenchymal “terminal nerve fibers”. Possibly, the selected neural
markers in other studies like protein gene product 9.5 [72-73, 106] did not allow the
visualization of such parenchymal terminal nerve fibers as opposed to the current

study. Therefore, increased neural hypertrophy -a common feature of pancreatic
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ductal adenocarcinoma- should not be perceived as “increased nerve fiber density”
and not be confused with the concomitant loss of intraparenchymal terminal nerve
fibers. Hence, PEDF may exert its neurotrophic role in the compensatory induction of
neural hypertrophy as a response to such a loss of intraparenchymal terminal nerve
fibers.

By immunohistochemistry, it was clearly visible that there was a stronger expression
of PEDF in the activated stroma of the pancreas where chronic pancreatitis-like
changes form an umbra around the tumor. In these regions, strongest expression of
PEDF was consistently found in the tubular complexes, degenerating acini and
inflammatory cells. We have previously shown that early activation of stellate cells
occurs in the periacinar spaces, and hypoxia forms a vicious cycle with fibrosis [59].
Since PSC express both PEDF receptors, we analyzed the effects of PEDF on
pancreatic stellate cells in terms of their activity and fibrogenesis. Our experiments
demonstrated first time that PEDF induces PSC over activation in a dose-dependent
manner. Treatment of cultured primary human pancreatic stellate cells with
recombinant PEDF resulted in increased a-SMA expression and increased secretion
of periostin, collagen-type la and fibronectin. PEDF has strong affinity also for
collagen type 1 [107], which is the main component of the stroma in PDAC [45, 47,
108]. PEDF becomes immobilized by binding to collagen [107, 109]. This focal
accumulation of PEDF in the stroma inhibits neoangiogenesis while triggering
stellate cell activity and fibrosis. Therefore, it is likely that the fine innervation of the
acini is lost secondary to periacinar fibrosis, reduction of capillary perfusion and
ensuing hypoxia [59].

On the other hand, chronic inflammation and neurotrophic factors like PEDF, glial

cell line-derived-neurotrophic factor (GDNF) family of ligands (GNDF, Artemin,
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Neurturin, Persephin) and, nerve growth factor secreted by inflammatory- and cancer
cells are believed to cause intrapancreatic neuropathy seen in chronic pancreatitis
and pancreatic ductal adenocarcinoma [73, 110-113]. Therefore, we assessed the
influence of high versus lower PEDF expression of cancer cells on neuropathy.
There was a statistically significant correlation between higher PEDF expression of
cancer cells and enlarged nerves seen in PDAC. Intrapancreatic nerve invasion is a
typical feature of pancreatic cancer. Most of the data in the literature so far focuses
on secretion of chemoattractants by the nerves that leads to the perineural invasion
by cancer cells [110-113] Considering the plasticity and remodelling of nerves in
pancreatic cancer [114], it is equally possible that secretion of the neurotrophic
protein PEDF by cancer cells may lead to the sprouting of the nerves towards cancer
structures, thereby contributing to the neuro-cancer interaction with an alternative
mechanism. At the functional level, PEDF seems to exert its effect on neural cells
since primary human Schwann-cells were indifferent to PEDF in vitro whereas PEDF
increased the proliferation of N2a mouse neuroblastoma cells. This observation is in
line with other reports showing that PEDF is a neurotrophic factor, promoting
neuronal differentiation and long-term survival maintenance of differentiated neurons
in human Y-79 retinoblastoma cells [83-84] and cerebellar granule cells [90]. PEDF
has also been reported to protect rat motor neurons against glutamate-induced
neurotoxicity[92] and to reduce motor neuron death and prevent atrophy of surviving
neurons completely in neonatal mice with axotomized sciatic nerves [115].

It remains still unclear what the reason was for the site-specific upregulation of PEDF
on the activated stroma of the PDAC. Although hypoxia strongly induced PEDF
MRNA in cancer cells, it was not possible to detect a similar increase in the protein

expression. To exclude the possibility of a counteracting mechanism developed in
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the pancreatic cancer cells, we also treated immortalized ductal pancreatic cells with
hypoxia. Similarly, the 132-fold increase in the PEDF mRNA was not reflected to the
protein expression.

In conclusion, focal increased expression of PEDF in pancreatic ductal
adenocarcinoma is partly responsible for tissue hypoxia by suppression of
angiogenesis. Besides its anti-angiogenic effects, PEDF was identified to exert
fibrogenic effects by activating pancreatic stellate cells and promoting extracellular
matrix protein production. It is likely that the cumulative effect of fibrosis and hypoxia
in the periacinar spaces overwhelms the neuroprotective effects of PEDF on the fine
nerve fibers seen around the normal acini. However, it would be an oversimplification
to reduce the neuropathy only to higher or lower expression of PEDF in pancreatic
cancer. It is known that other neurotrophic factors like glial cell line-derived-
neurotrophic factor (GDNF) family of ligands and, nerve growth factor secreted by
inflammatory- and cancer cells lead to intrapancreatic neuropathy seen in chronic
pancreatitis and pancreatic ductal adenocarcinoma [73, 110-113]. Since PEDF is
also a potent neurotrophic and neuroproliferative factor, increased focal expression
of PEDF in some of the pancreatic cancer patients correlates also with

intrapancreatic neuropathy.
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6. SUMMARY

PEDF is the most potent endogenous anti-angiogenic factor with neuroprotective
and neuroproliferative functions. Its expression is documented in normal pancreas
and in PDAC. Increased expression of PEDF in pancreatic ductal adenocarcinoma
significantly correlated with better patient survival and increased PSC activity.
Activated pancreatic stellate cells are the main producers of extracellular matrix
proteins; hence PEDF exerts fibrogenic effects and thereby is contributed to the
desmoplasia of pancreatic cancer. The periacinar fibrosis leads to the degeneration
of the fine acinar innervations, seen in normal pancreas and results in increased
intrapancreatic neuropathy correlated with increased focal expression of PEDF in
some of the pancreatic cancer patients. Besides its fibrogenic, neurotrophic and
neuroproliferative effects, expression of PEDF is partly responsible for tissue hypoxia

by suppression of angiogenesis in pancreatic cancer.
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