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Abstract

Pancreatic cancer has a considerably poor prognosis
with a 5-year survival probability of less than 5% when
all stages are combined. Pancreatic cancer is charac-
terized by its dense stroma, which is involved in the
critical interplay with the tumor cells throughout tumor
progression and furthermore, creates a barrier restrict-
ing efficient penetration of therapeutics. Alterations in a
large number of genes are reflected by a limited num-
ber of signaling pathways, which are potential targets.
Understanding more about the molecular basis of this
devastating cancer type regarding tumor microenviron-
ment, distinct subpopulations of cells, epithelial-to-mes-
enchymal transition and inflammation will lead to the
development of various targeted therapies for control-
ling tumor growth and metastasis. In this complex sce-
nario of pancreatic cancer, especially members of the
“small integrin binding ligand N-linked glycoproteins”
(SIBLINGSs) and “secreted protein acidic and rich in
cysteine” (SPARC) families have emerged due to their
prominent roles in properties including proliferation, dif-
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ferentiation, apoptosis, adhesion, migration, angiogen-
esis, wound repair and regulation of extracellular matrix
remodeling. SIBLINGs consist of five members, which
include osteopontin (OPN), bone sialoprotein, den-
tin matrix protein 1, dentin sialophosphoprotein and
matrix extracellular phosphoglycoprotein. The SPARC
family of modular extracellular proteins is comprised
of SPARC/osteonectin (ON) and SPARC-like 1 (hevin);
secreted modular calcium binding proteins; testicans
and follistatin-like protein. In this review, we especially
focus on OPN and ON, elaborating on their special and
growing importance in pancreatic cancer diagnosis and
prognosis.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
Key words: Pancreatic cancer; Microenvironment; Sig-
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Core tip: In this article we review the evidence that the
protein families “small integrin binding ligand N-linked
glycoproteins” (SIBLINGs) and “secreted protein acidic
and rich in cysteine” (SPARC) modulate functions like
proliferation, differentiation, apoptosis, adhesion, mi-
gration, angiogenesis, wound repair, and regulation of
extracellular matrix remodeling. Moreover they play sig-
nificant roles throughout each stage of pancreatic can-
cer formation and progression. We discuss, with special
reference to osteopontin and osteonectin, how SIBLING
and SPARC proteins have attracted growing importance
as diagnostic and prognostic tools and discuss their fas-
cinating potential as therapeutic targets.
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INTRODUCTION

Pancreatic cancer, the fourth leading cause of cancer-
related mortality, has a considerably poor prognosis, as
reflected by a median survival of 5-8 mo and a 5-year
survival probability of less than 5% when all stages are
combined"?. At the time of diagnosis, metastasis has
already occurred in most of the patients. Early diagnosis
may enable tumor resection; however relapse is still likely
due to recurrence at the primary tumor site and distant
metastasis. This is affirmed by the observation that the
average survival time after neoadjuvant therapy and sur-
gery in patients whose tumor was resectable before neo-
adjuvant therapy was similar to that of patients treated
with chemotherapy and/or radiotherapy after surgery
(23.3 and 20.5 mo, respectively)”.

Recent advances in understanding the molecular basis
of pancreatic cancer development and progression are
expected to provide novel therapeutic opportunities. In
this regard, the genomic diversity, tumor microenviron-
ment, distinct populations of cancer stem cells (CSCs)
resistant to chemo- and radiotherapies, and adaptation
of cancer cells to the hypoxic conditions as well as to
nutritional deficiency represent potential therapeutic chal-
lengesm.

Pancreatic cancer is characterized by its dense and
desmoplastic stroma which is critical for tumor progres-
sion and metastasis. Tumor stroma creates a barrier re-
stricting efficient penetration of chemotherapeutics and
targeted therapies™”. Furthermore, the stroma and the
tumor itself express various proteins, which have proven
to be prognostic biomarkers and potential therapeutic
targets, as well”. These cytokines secreted by pancreatic
cancer cells, especially members of the small integrin
binding ligand N-linked glycoprotein (SIBLING) and se-
creted protein acidic and rich in cysteine (SPARC) fami-
lies are likely to draw a lot of interest for their prominent
roles in pancreatic cancer growth.

SIBLINGs are a family of non-collagenous proteins
consisting of five members, which include osteopontin
(OPN), bone sialoprotein (BSP), dentin matrix protein
(DMP1), dentin sialophosphoprotein (DSPP), and matrix
extracellular phosphoglycoprotein (MEPE) (Table 1).
The SIBLING family of proteins is principally located
in bone and dentin and its members take patt in extracel-
lular matrix (ECM) formation and mineralization’. OPN
is highly expressed in primary pancreatic cancer” ", SIB-
LINGsS are involved in tumor progression and metastasis
by interacting with several integrins and with CD44 to
mediate cellular signaling"'?,

The SPARC family of modular extracellular proteins
can phylogenetically be classified into four groups (Table
1), all of which contain the extracellular calcium-binding
(EC) and follistatin-like (FS) domains (Table 1): (1) Os-
teonectin (ON) and SPARC-like 1 (hevin); (2) Secreted
modular calcium binding proteins (SMOC) 1 and 2; (3)
Testican 1, 2 and 3; and (4) Follistatin-like protein”"”.
ON is overexpressed in pancreatic cancer stroma”. Low
or absent stromal expression of ON was correlated with
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longer survival rates'”. ON is involved in remodeling of
ECM, morphogenesis, wound repair, and cell prolifera-
tion. The other SPARC family member hevin is down-
regulated in pancreatic cancer, especially in the late stages
and was suggested to function as a tumor suppressor and
angiogenesis regulator! ™',

In this review, we elaborate on the role of SIBLING
and SPARC family members in pancreatic cancer pro-
gression and metastasis with specific emphasis on OPN
and ON. We start by describing their signaling pathways,
then elaborate on the critical interplay between tumor
cells and their microenvironment, and outline the cut-
rently available targeted therapies in pancreatic cancer. In
the following part, we discuss the impact of SIBLING
and SPARC family proteins in pancreatic cancer, includ-
ing their distribution, interference with signaling path-
ways, pro- and anti-tumorigenic effects, biomatker roles,
and fascinating potential as therapeutic targets.

SIGNALING PATHWAYS IN PANCREATIC
CANCER

Pancreatic ductal adenocarcinoma (PDAC) is the most
common type of pancreatic cancer. The development
and progression of PDAC is mediated by the complex
crosstalk between the tumor cells and the stromal com-

ponents, involving various alterations in signaling path-
ways"”. The first comprehensive genetic analysis of 24
pancreatic tumors revealed alterations of a large number
of genes (63 per tumor). A more recent detailed analysis
of 99 tumors identified 26 mutations per patient (range
1-116) as well as substantial heterogeneity with 2016 non-
silent mutations and 1628 copy-number variations in 99
patients, affirming the previous findings and furthermore
pointing out the potential involvement of axon guid-
ance genes in pancreatic cancer progressionmj. However,
dysregulation was limited to 12 core signaling pathways
which therefore seem to be more preferable targets as
compared to mutated genes™. These core pathways,
which were genetically altered in most pancreatic cancers,
include genes like KRAS and other monomeric GTPases,
genes for apoptosis, DNA damage control, regulation
of G1/S phase transition, Hedgehog, c-Jun N-terminal
kinase, TGF-B, Wnt/Notch, genes for invasion, homo-
philic cell adhesion and integtrin signa]jng[zz].

PANCREATIC CANCER
MICROENVIRONMENT

Critical interplay between the tumor cells and the
microenvironment

The abundant stroma of pancreatic cancer, which has
been termed desmoplasia, is composed of acellular (ECM,
soluble proteins like cytokines and growth factors) and
cellular [fibroblasts, myofibroblasts, pancteatic stellate
cells (PSCs), vascular and immune cells] components'™.
The abundant infiltrating inflammatory cells are particu-
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Table 1 Small integrin binding ligand N-linked glycoproteins and secreted protein acidic and rich in cysteine gene families and their

members”~'* %!

Gene family Member (Aliases)

Small integrin binding ligand N-linked glyco- Osteopontin (OPN)/secreted phosphoprotein 1 (SPP1)

proteins (SIBLING) Bone sialoprotein I (BSP)

Dentin matrix protein 1 (DMP1)
Dentin sialophosphoprotein (DSPP)
Matrix extracellular phosphoglycoprotein (MEPE)
Secreted protein acidic and rich in cysteine SPARC [osteonectin (ON)]/basement-membrane protein 40 (BM-40)

(SPARC) Hevin (SPARCLI; QR1)

Secreted modular calcium binding proteins 1 and 2 (SMOC1 and SMOC?2)
Testican 1, 2 and 3/sparc/ osteonectin, cwev and kazal-like domains proteoglycan 1, 2 and 3

(SPOCK1, 2 and 3)

Follistatin-like protein (FSTL-1)/ TGF-beta-simulated clone-36/ follistatin-like (TSC-36/Flik)/fol-
listatin-related protein (FRP)/TGF-f inducible protein

larly polymorphonuclear neutrophils, macrophages, and
lymphocytes. These immune cells are rich sources of
various factors promoting tumor growth and EMT as-
so[czgazfd with enhanced migration capacity and metasta-
sisT .

The desmoplastic response is regulated throughout
cancer initiation and progression stages by dynamic para-
crine and autocrine signaling interactions between tumor
and host stromal cells””. PSCs, the key players in desmo-
plastic reaction, are star shaped cells residing in periacinar,
periductal and perivascular regions of the pancreas.
During malignant transformation, PSCs are transformed
from a quiescent state into an activated (myofibroblast-
like) phenotype which expresses a-smooth muscle actin
and ECM proteins and acquires the capacity to prolifer-
ate, migrate, contract, phagocytose, and promote tissue
repair’”’. Pancreatic cancer cells recruit PSCs to their im-
mediate vicinity, while PSCs inhibit apoptosis and stimu-
late survival of cancer cells*****. Human PSCs (hPSCs)
have the capability to intravasate/extravasate, thus ac-
company cancer cells to distant metastatic sites”™. The
premalignant and malignant cells secrete many paracrine
factors like transforming growth factor-beta (TGF-f),
platelet derived growth factor (PDGF), vascular endo-
thelial growth factor (VEGE), hepatocyte growth factor
(HGPF), sonic hedgehog (SHH), epidermal growth factor
(EGF), fibroblast growth factors (FGFs) and insulin-
like growth factors (IGFs), which activate PSCs, which in
turn secrete more ECM proteins, matrix metalloproteases
(MMPs), PDGFE, FGFE, TGF-f, IGF1, small leucine-rich
proteoglycans, periostin, colla%fszn I, EGF and heparin

sulfate proteoglycans (Figure 1) I

Targeted therapies in pancreatic cancer

Currently approved chemotherapeutic drugs for pancreat-
ic cancer are pyrimidine analogs (fluorouracil, capecitabi-
ne, gemcitabine), platinum analogs (oxaliplatine), taxanes
(paclitaxel and docetaxel), campthotecin analog irinotecan
and mitomycine C™". The growing need for novel agents
was met by understanding the molecular basis of pancre-
atic cancer which paved the way to modulate aberrant sig-
naling pathways. EMT, a process whereby epithelial cells
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acquire mesenchymal characteristics which are associated
with increased invasiveness, angiogenesis, resistance to
chemotherapy and formation of CSCs, has also emerged
as an immensely attractive targetm]. Suppression of tu-
mor promoting inflammation presents another potential
target. Inflammation is observed at the eatly stages of
PDAC which progtesses vz an interplay between KRAS
mutations and chemokines/cytokines. Upregulated on-
cogenic and inflammatory pathways intersect in the tran-
scription factors STAT3 and NF-xB, designating them
as excellent therapeutic targetsm. In the light of these
findings, recent research has focused on molecular targets
like epidermal growth factor receptor (EGFR), VEGE,
IGF-1R, mammalian target of rapamycin (mTOR), mi-
togen activated protein kinase (MEK), cyclooxygenase 2
(COX-2) or proteasome”™ ., In addition, targeting c-MET
ot Alk-4/7 up-regulated in CSCs or pathways mediating
EMT (Notch, Wnt, Hedhehog, Src and TGF-f) or tran-
scription factors (Zeb1) emerge as viable stratcgiesm].

The role of EGFR, which is an overexpressed onco-
gene in 43%-69% of PDAC, is well established in pancre-
atic cancer progressionm. EGEFR belongs to the receptor
tyrosine kinase (RTK) subfamily ErbB/EGFR and regu-
lates downstream signaling pathways including the PI3K/
AKT, RAS/MAPK, PLCy/PKC and STATSs pathways. A
nuclear EGFR complex has also been reported in pan-
creatic cancer cell lines, Panc-1 and Colo-357 cells, but it’
s not yet definitively identified as a true oncogene[as]. Sev-
eral monoclonal antibodies (mAbs) namely cetuximab,
matuzumab, panitumumab, and nimotuzumab which can
bind to the extracellular domain of membrane-bound
EGEFR ate under investigation. Smaller molecules like et-
lotinib and gefitinib can inhibit EGFR tyrosine kinase by
competetive blockade of ATP binding. Today, etlotinib is
the only targeted therapy which is approved as first line
therapy in combination with gemcitabine for locally ad-
vanced or metastatic pancreatic cancer™”). Human EGF
receptor-2 (HER-2) is a commonly expressed oncogene
in pancreatic cancer. Anti-HER-2 therapies include mAbs
like transtuzumab and pertuzumab, and tyrosine kinase
inhibitors (TKIs) like lapatinib™.

VEGEF is another overexpressed oncogene in 93% of
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Tumor cells

PDGF, TGFB, VEGF, HGF,
SHH, EGF, FGF, IGF

proteoglycans, periostin, collagen I,

PDGF, EGF, FGF, TGFB, IGF1,

ECM proteins, MMPs

Figure 1 Critical interplay between the pancreatic cancer cells and the microenvironment. TGF-3: Transforming growth factor-beta; VEGF: Vascular endothelial
growth factor; HGF: Hepatocyte growth factor; SHH: Sonic hedgehog; EGF: Epidermal growth factor; FGF: Fibroblast growth factor; IGF: Insulin-like growth factor;

MMP: Matrix metalloprotease; PDGF: Platelet derived growth factor.

PDAC. Since overexpression of VEGF and its recep-
tors are involved in angiogenic and mitogenic promotion
of tumor growth, targeting this pathway with bevaci-
zumab has been evaluated for the treatment of advanced
pancreatic cancer combined with other chemotherapeutic
regimens™). An alternative strategy for targeting the
VEGF pathway has also been tested using anti-VEGF
TKIs sorafenib, axitinib and vatalanib™.

Other molecularly targeted therapies under investiga-
tion are farnesyltransferase inhibitors (tipifarnib), TGF-3
signaling inhibitors (TGF-B2 inhibitor AP 12009, dual
TGF-B type I /I receptor kinase selective inhibitor
LY210976, TBR-I inhibitor .Y364947 and selective ki-
nase inhibitor SD-093), IGF-1R kinase inhibitors (NVP-
AEW541 and BMS-754807), MMP inhibitors (marimastat
and tanomastat), hedgehog signaling inhibitors (cyclo-
pamine, saridegib and vismodegib), mTOR inhibitors
(everolimus, temsirolimus, sirolimus), MEK1/2-ATP-
uncompetitive inhibitors (selumetinib), COX-2 inhibitors
(celecoxib), 26S proteasome inhibitors (bortezomib),
NF-kB inhibitors (curcumin), integrin 531 inhibitors
(volociximab), and a claudin-4 inhibitor (clostridium pet-
fringens enterotoxin).

Pancreatic cancer development and progression is
regulated by the interaction between various aforemen-
tioned pathways; hence targeting multiple pathways seems
to be a novel therapeutic approach to interfere with this
cross talk”>*,

However, two very recent reviews on targeted thera-
pies indicate a poor outcome in phase III trials in spite of
numerous promising results from preclinical studies and
phase T /11 trials™”!. This insurmountable intrinsic and
acquited resistance to the investigated therapeutics delin-
eates the critical interplay between tumor cells and tumor
microenvironment”, anticipating the need to identify ad-
ditional targets as well as novel agents and to specifically
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34,50,51
target the tumor stroma™™*!,

IMPACT OF SIBLING AND SPARC

FAMILIES
Expression of SIBLING and SPARC family members

has been associated with pancreatic cancer progression.
These cytokines, secreted by pancreatic tumor stromal
cells, interfere with various pathways and their expression

. . . . 5255
is associated with survival rates” .

Distribution

SIBLING: OPN is strongly expressed in tumor-associ-
ated macrophages especially at the invasive edge of the
52037 "in the cytoplasm of tumor cells® " and
ECM of pancreatic cancer cell lines™. BSP is weakly to
moderately detectable in islet and ductal cells of normal
pancreatic tissues, and in the tubular complexes of PDAC
and pancreatic cancer cell lines™.

tumor

SPARC: ON is expressed at high levels by pancreatic
acinar and islet cells of normal human tissues'**”. In
chronic pancreatic inflammation, ON expression in aci-
nar cells is transiently up-regulated but then lost at the fi-
nal stages, which may favor acinar-to-ductal metaplasial“]
The majority of pancreatic cancer cells and cell lines are
ON negative[54’55’62’64’65]. Lack of ON expression in these
cell lines was related to epigenetic silencing by aberrant
methylation'™. The aberrant ON methylation status was
not different between sporadic and familial pancreatic
cancers™. Low-to-absent ON expression levels in some
pancreatic cancer cell lines was also associated with over-
expression of runt-related transcription factor-2'"" and
fibroblast growth factor receptorl-llc (FGFR1-M¢)" "
ON was overexpressed in stromal fibrocytes and endo-
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Figure 2 Structural domains of osteopontin. Purple circles: Matrix binding domains; pink hexagons: Calcium binding sites; Red pentagon: Heparin binding site.
There are three integrin binding sequences: (1) Arginine-glycine-aspartic acid (RGD); (2) Serine-valine-valine-tyrosine-glutamate-leucine-arginine (SVVYGLR); and (3)
ELVTDFPTDLPAT. MMP cleavage sites (G'*-L'"®"; A%"-Y? D*-L*") are shown by red arrows. The thrombin cleavage site (R™-S'®) is shown by blue arrow.
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Figure 3 Structural domains of osteonectin. The N-terminal is a highly acidic, calcium binding domain (low affinity). The follistatin-like domain is rich in cysteine
residues. The C-terminal is an extracellular calcium-binding domain (high affinity).

thelial cells of benign and malignant tissues, especially
adjacent to the neoplastic epithelium but also in the distal
stroma”>* " Hevin mRNA was expressed specifi-
cally within angioendothelium but not in adjacent tumor
epithelium and stroma of invasive pancreatic cancer'”.

Interference with signaling pathways in cancer
progression

SIBLING and SPARC proteins modulate many functions
of healthy tissues, including cell proliferation, differentia-
tion, apoptosis, adhesion, migration, angiogenesis, wound
repair, and regulation of ECM remodeling. Mounting
evidence suggested their significant functions in various
cell-matrix interactions throughout each stage of cancer
progression, which include, but are not limited to inte-
grin linked kinase (ILK)/PI3K/Akt, Ras/Raf/MEK/
ERK1/2/AP-1 and NF-kB as major signaling path-

[11,13,71]
ways .

OPN: OPN is a flexible protein in solution. This capabil-
ity of OPN allows its binding, »ia Arg-Gly-Asp (RGD)
motif-dependent and independent interactions, to dif-
ferent proteins like cell surface receptors, matrix metal-
loproteinases and ECM proteinsm. OPN was shown to
promote proliferation, invasion, angiogenesis, and me-
tastasis in different types of malignant tumors’ . OPN
interacts mainly with various o (ovB1, avfs, ovBs and
owfPe) integrin receptors via the RGD sequence and with
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CD44v6 and v7-containing isoforms viz the C-terminal
fragment with a calcium binding site (Figure 2). Binding
of OPN to integrin and CD44 initiates a downstream
signaling cascade through the PI3K/Akt signaling path-
way leading to NF-kB mediated cell proliferation and
survival”"”, An OPN/ integrin complex, through the
Ras/Raf/MEK/ERK pathway, activates AP-1 dependent
gene expression, hence plasmin and MMP-9 mediated
ECM degradation and tumor invasion”". VEGF-induced
OPN and integrin expression supports neovasculariza-
tion processes by promoting endothelial cell migration
and vascular lumen formation, activating monocytes to
release pro-angiogenic cytokines and preventing endothe-
lial cell apoptosism].

ON: ON has three structural domains (Figure 3), each of
which initiates differential processes in cancer progres-
sion. The N-terminal, highly acidic low affinity-calcium
binding domain inhibits cell migration and chemotaxis,
decreases fibronectin and thrombospondin-1 but increas-
es plasminogen activator inhibitor-1 (PAI-1). The cys-
teine rich follistatin-like domain promotes de-adhesion,
angiogenesis and proliferation and the high affinity-EC-
binding domain inhibits migration, proliferation and ad-
hesion, induces MMPs and regulates cell-matrix interac-
tions””™. Tumors overexpressing the N-terminal domain
of ON were used as model to show that this domain
has chemosensitizing properties. In fact, the N-terminal
domain of ON caused a significantly greater reduction in
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Figure 4 Protumorigenic role of osteopontin in pancreatic cancer development and progression. Osteopontin (OPN) expression in pancreatic cancer cell lines
is associated with increased in vitro proliferation and enhanced growth and metastasis in vivo, which are reversed by OPN knockdown, OPN RNAi and anti-OPN anti-
body. Exposure to cigarette smoke (including nicotine) and hepatocytes induce OPN expression.

cell viability than ON itself and this effect was related to
enhancing the apoptotic cascade iz activation of caspase
8[79]

ON has a divergent effect in different cancer types.
ON may be linked with a highly aggressive phenotype
in some tumors, but it may function as a tumor suppres-
sor in others™. This modulator effect, cither positive or
negative, on cell growth and migration was suggested
to depend on the amount secreted by the tumor" . The
microenvironment also determines whether ON will act
as a de-adhesive or adhesive proteinlgzl. ON influences
integrin signaling by reducing surface localization of inte-
grin subunits and by directly interacting with ILK and it
induces ILK/FAK/ Akt activation to promote EMT, anti-
apoptosis and cell migrationm’m. Macrophage-derived
ON is also involved in integrin-mediated metastasis’ .
ON can bind directly to collagens I -Vl and growth fac-
tors (VEGF-A, PDGF-AA and PDGF-BB) or modulate
cell surface receptors of basic fibroblast growth factor
and TGF_B[13,77,78,84,85]

Prominent roles in pancreatic cancer progression:
experimental evidence

OPN: OPN has a pro-tumorigenic role and favors the
metastatic growth of pancreatic cancer (Figure 4). OPN
mRNA expression in human PDAC cell lines was sig-
nificantly related to their growth in the liver of nude rats.
Similarly, OPN knockdown was associated with reduced
proliferation in rat pancreatic adenocarcinoma (AsML)
. OPN expression in AsML cells following explan-
tation from the liver decreased gradually in time when

cells

grown in vitro for up to five weeks. However, co-culture
of AsML cells and of human Suit2-007 PDAC cells with
hepatocytes stimulated OPN expression. This two com-
partmental metastasis model clearly demonstrated the
cross talk between PDAC cells and hepatocytes™, Com-

parison of OPN expression in two human pancreatic
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cell lines showed that OPN was eleven-fold up-regulated
in cells of the highly liver metastatic cell line HPC-3H4,
as compared to parental HPC-3 cells. In the same study,
OPN RNAIi and anti-OPN antibody treatment inhibited
liver metastasis of pancreatic cancer cell line™. OPN was
likely to play a role in the initial growth of PDAC cells in
the liver while MMP-1 and EGF-1 were required for the
maintenance of growthlssj.

OPN was demonstrated to be a downstream media-
tor of nicotine in pancreatic cancer. Smoking and experi-
mental exposure to cigarette smoke or nicotine stimulated
OPN mRNA and protein expression in PDAC™. Nico-
tine exposure selectively induced splice variant OPNc
and alpha7-nicotine acetylcholine receptor (a7-nAChR)
expressionpo]. Nicotine-induced OPN mRNA expression
in pancreatic cancer cell lines was inhibited by a nicotinic
acetylcholine receptor antagonist, a tyrosine kinase inhibi-
tor or an ERK1/2 activation inhibitor, which implied that
OPN was expressed by a nAChR-ERK1/2-dependent
pathway™. OPN siRNA or antibody treatment inhibited
nicotine enhanced expression of MMP-9 and VEGE"".,

ON: ON is a multifaceted protein with controversial
functions of its structural domains. ON exhibited differ-
ential effects in pancreatic cancer models and displayed
antitumorigenic as well as tumorigenic potential (Figure
5). The experimental models used providing differential
environmental conditions as well as cancer cell line spe-
cific properties seem to contribute to its complex behav-
iof.

The antitumorigenic potential of ON in pancreatic
cancer was demonstrated by 7 vivo and 7n vitro studies.
An inverse relation exists between ON expression and
growth of pancreatic cell lines in the liver of nude rats™.
ON expressing human Suit2-007 and rat AsML cells
were investigated iz vitro to elucidate the antiproliferative
role of ON. Knockdown of ON mRNA by an antisense
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Proliferation
Migration
Colony formation
Xenograft formation

Figure 5 Pro- and anti-tumorigenic roles of osteonectin in pancreatic cancer development and progression. Osteonectin (ON) is a multifaceted protein with
controversial functions of its structural domains. ON is anti-tumorigenic and inhibits proliferation, migration, colony and xenograft formation as well as invasiveness.
Facilitation of pericyte migration by ON contributes to inhibition of tumor spread. However, ON is also pro-tumorigenic and induces invasiveness.

oligonucleotide (ASO) in Suit2-007 cells was associated
with increased proliferation as compared to a nonsense
control. Accordingly, human recombinant ON decreased
proliferation of AsML and Suit2-007 cells in a time and
concentration dependent manner™. In other studies,
exogenous ON also caused dose-dependent inhibition
of proliferation in PDAC cell lines™* and this effect
was independent of endogenous ON expression, ON-
induced growth arrest was associated with increased
p21 expression, which induces a G1 cell cycle block!™.
Furthermore, inhibition of endogenous ON by small
hairpin RNA resulted in enhanced cell proliferation, mi-
gration, colony formation and xenograft formation'™.
The mechanism by which ON might promote apoptosis
was investigated in the chemotherapy resistant pancre-
atic cell line MiaPaca/CPT, which showed that caspase
8-Bcl2 interaction was abolished following ON exposure
and restored by treatment with ON antibodies”. The
anti-tumorigenic effect of ON was confirmed by 7 vivo
studies, e.g., ON expression reduced tumor invasiveness
as shown in an orthotopic murine model of pancreatic
adenocarcinoma. ON-null mice had larger and more in-
vasive tumors with reduced MMP-9 expression, ECM de-
position, and microvessel density as compared to the wild
typcm]. However, reduced vessel density in ON-null mice
was not accompanied with altered levels of VEGF and
TGF-B1. Tumor spread in ON-null mice was explained
by reduced ECM deposition (with less mature and/or
collagen fibrils), decreased pericyte recruitment, disrupted
vascular basement membrane and reduced apoptosism’()‘”.
The interaction of ON with pericytes was investigated in
an in vitro model utilizing primary peticytes isolated from
ON positive or null mice pancreatic tissues or 10T1/2
cells which can differentiate into mesenchymal lineages. It
was proposed that ON could facilitate pericyte migration
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by preventing interaction of endoglin, a TGF-f1 acces-
sory receptor with o integrins'”. Accordingly, aberrant
TGF-B1 activation in ON-null mice led to significant tu-
mor progression”

However, ON also displayed tumorigenic potential.
For example, ON treatment increased the invasive capac-
ity of pancreatic adenocarcinoma cell lines 7z vitro. Spe-
cifically, the invasive capacity of the ON expressing hu-
man metastatic cell line Colo-357 was increased 14 fold
in response to ON exposure. Down-regulation of ON
expression by ASO reduced the in vitro invasiveness of
Panc-1 cells™, Exogenous ON-induced invasiveness was
observed in monoculture of Panc-1 cells as well as their
co-culture with hPSCs™. Direct MMP-2 induction by ex-
ogenous ON was suggested to account for promotion of
tumor invasion in PDAC'",

Biomarker role for pancreatic cancer

A compendium of potential biomarkers for pancreatic
cancer was developed, which includes 2516 genes. It was
reported that 441 genes were overexpressed (defined
as an at least two-fold increase or if shown by multiple
methods) both at mRNA and protein levels. OPN was
listed by more than four studies and therefore was among
the best potential biomarker candidates for pancreatic
cancer, deserving focused validation"” in line with its
proven value as a clinical tumor progression marker for
several forms of cancer’’. In the same compendium,
among 266 genes overexpressed in cancer cells as well as
in stroma, only 5 were expressed only in stroma. ON is
among the small number of molecules which are overex-
pressed only in stroma' .

OPN: The diagnostic and prognostic impact of OPN
expression was highlighted by various studies. Using
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quantitative reverse transcription-polymerase chain reac-
tion (QRT-PCR), OPN expression was shown to increase
by 13.1 fold in the parenchyma adjacent to infiltrating
cancer relative to normal pancreatic parenchyma, whereas
this increase remained at 5.3 fold in the parenchyma adja-
cent to chronic pancreatitis. Therefore OPN was identi-
fied as a helpful predictor of pancreatic cancer lesions".
A recent study on surgical specimens from patients with
PDAC demonstrated stronger immunostaining for OPN
expression with advanced gradesm]

Serum OPN levels were also significantly elevated in
pancreatic cancer patients as compared to healthy control
subjects[s’m()’mﬂ. A pilot study evaluated 12 blood bio-
marker candidates for detection of pancreatic cancer and
demonstrated that macrophage migration inhibition fac-
tor and OPN blood tests (with 100% and 95% sensitivity,
respectively) were almost perfect to distinguish pancreatic
cancer cases from healthy individuals"". Specifically, the
OPN splice variants OPNb and OPNc were increased
in pancreatic cancer when compared to non-cancer con-
trols, as assessed by RT-PCR blood test”. OPN¢, which
supported anchorage independence, was suggested to be
the most potent OPN isoform for the pro-metastatic be-
havior, hence a candidate marker for invasive PDAC!"".

Serum OPN levels in advanced stages Il and IV were
higher than in eatly stages [ and II, indicating that OPN
may be a useful diagnostic marker to distinguish resect-
able cases and to predict survival rates""". Cytoplasmic
OPN expression was not correlated with average tumor
size, tumor stage, and nodal status”", The improved
survival when OPN was expressed in the cytoplasm (17.1
mo »s5 11.6 mo) was linked to a relatively small size (< 2
cm) of OPN positive tumors. Therefore, it was suggested
that OPN expression might be lost as tumors grow and
turn into an aggressive phenotypem.

ON: In experimental models based on pancreatic cell
lines, both, an antitumorigenic and tumorigenic potential
of ON was demonstrated, and studies in humans showed
that stromal expression of ON is particularly important
for the prognosis of these patients. The ON expres-
sion pattern was investigated by immunohistochemical
analysis in 299 primary PDAC resection specimens from
patients who underwent pancreatico-duodenectomy.
ON expression by stromal fibroblasts was found to be a
strong matker of poor prognosis. Median survival in ON
(+) patients was decreased by 50% (15 mo) as compared
to ON (-) patients (30 mo)*Y. Immunohistochemical
analysis in 58 biopsy specimens from patients with locally
advanced pancreatic cancer showed an inverse correla-
tion between stromal ON expression and overall survival
(OS). Therefore ON expression in non-resectable tumor
stroma was strongly indicative of a poor prognosislssj. In
another trial, stromal ON expression on 5-year survival
rate was evaluated. It was shown that the 5-year survival
rate in patients with a low ON mRNA level was better
(23%) as compared to those with high ON mRNA level.
However, no significant correlation was found between
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stromal ON mRNA overexpression and depth of tumor
invasion, lymph node metastasis, stage, histopathological
tumor grade, lymphatic invasion, vascular invasion or sur-
gical margin, 09", A recent prospective randomized
phase Il study including 160 patients treated with cura-
tively intended resection and receiving adjuvant treatment
with gemcitabine, demonstrated that disease-free and
overall survival decreased with strong ON expression. In
contrast to previous reports, this finding was not only re-
lated to the peritumoral stroma (strong »s not strong DFS
9.0 mo »s 12.6 mo and OS 19.8 mo »s 26.6 mo) but also
to the cytoplasmic ON expression of adenocarcinoma
cells (positive #5 negative DFS 7.4 mo »5 12.1 mo and OS
14.1 mo »s 25.6 mo)“%]. ON expression was shown to be
a predictive marker independent of CA19-9 levels!"™.
Altered methylation patterns of ON gene transcrip-
tional regulation region were suggested for use as a
tumorigenesis marker for early detection of pancreatic
cancer. In a small scale study comprising 40 cases of pan-
creatic cancer and the adjacent normal tissues, 6 chronic
pancreatitis tissues, and 6 acute pancreatic tissues, all were
analyzed by bisulfite-specific PCR based sequencing. As a
result, aberrant hyper-methylation of CpG region 1 and,
especially, CpG region 2 might be an early step in pancre-
atic cancer development and progression and differenti-
ate malignant tissues from healthy and chronic pancreati-

s 108
tis tissues' .

Hevin: Hevin mRNA and protein levels were found to
be high in bulk PDAC and pancreatic neoplasms[m’m’w].
However, its expression is related to the vascular content
of a given lesion. Higher percentages of Hevin posi-
tive vessels were detected in chronic pancreatitis (32%0)
and benign and borderline pancreatic tumors (40%) as
compared to PDAC (15%). Down-regulation of Hevin is
observed in the late stages of pancreatic cancer progres-

. 18]
SlOIl[ ].

Therapeutic targeting in pancreatic cancer

SIBLING and SPARC family members are matricellular
proteins, which modulate many critical cellular processes
like proliferation, migration, and angiogenesis. For this
reason, they represent potential therapeutic targets for ei-
ther stromal depletion or blockade of signaling pathways
involved in pancreatic cancer progression.

Inhibition of metastasis: Since down-regulation of
OPN reduces pancreatic cancer cell invasion, OPN has
been suggested as a therapeutic target to inhibit metasta-
sis"™,

Stromal depletion: ON and gp60 are functionally and
immunologically related albumin binding proteins, which
mediate trans-endothelial transportation of albumin via
activation of caveolin-1 and formation of caveoli "%,
This function renders ON a promising target for stromal
depletion of pancreatic tumors. Promising results were
obtained by a new nanoparticle albumin-bound formula-
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tion of paclitaxel, namely nab-paclitaxel. Nab-paclitaxel is
transported to malignant tissues by albumin, where it is
sequestered by ON. Approximately 10-fold endothelial
binding and 4-fold transport across the endothelial cell
monolayer was achieved by nab-paclitaxel as compared
to conventional paclitaxel[“”. The combination of gem-
citabine plus #ab-paclitaxel was evaluated in 36 patients
with previously untreated advanced pancreatic cancer.
Median OS increased significantly in the group with high
ON expression when compared to the low-ON group
(17.8 mo »s 8.1 mo). Improved survival was correlated
with ON overexpression in the stroma but not in the
tumor. In the same study, the intratumoral gemcitabine
concentration was increased nearly 3-fold in mice hat-
boring PANC265 xenografts, derived from 11 chemo-
therapy-naive patients, when nab-paclitaxel was added to
gemcitabine treatment. Nab-paclitaxel alone and in com-
bination with gemcitabine caused depletion of desmo-
plastic stroma with resultant vasodilation, which together
helped to achieve an increased gemcitabine penetration

. 107
into the tumor, hence a better response[ ],

Improvement of oncolytic activity: Tumor-associated
ON positive stromal cells were proposed as potential
targets to improve the oncolytic efficacy of condition-
ally replicative adenoviruses (CRAd). ON positive
transformed human microendothelial (HMEC-1) cells
enhanced the oncolytic activity of CRAd, Ad(I)-F512-
TK, on the ON-negative pancreatic cancer cell line MIA
PaCa-2 7n vivo. Similarly, the 7z vitro oncolytic activity of
CRAd increased when MIA PaCa-2 cells were incubated
in [I;I}]\/[EC—l and fibroblast (WI-38) conditioned me-
dia" .

Modulation of pericyte migration: Modulation of
pericyte recruitment may present a potential therapeu-
tic strategy for increasing the effectiveness of an anti-
angiogenic tumor therapy[gs]. For example, PDGF-BB
overexpression in subcutaneous or orthotopic pancreatic
tumors in mice was accompanied with high pericyte con-
tent and decreased tumor growth. Therefore, increasing
the pericyte content of the tumor microenvironment or
targeting PDGFR signaling in tumor associated PDGFR"
pericytes with kinase inhibitors yielded promising results
in experimental pancreatic cancer models" ", Likewise,
ON is involved in pericyte modulation. ON was shown
to promote pericyte migration by inhibiting endoglin-
dependent TGF-B1 activity in pancreatic cancer””. In
parallel with this finding, losartan, which diminishes
TGF-B1 activation, was able to slow pancreatic tumor
progression[%]. Further studies will elaborate how pericyte
modulation can be improved zia ON targeting”,

CONCLUSION

Experimental and clinical evidence denote the emerging
role of the SIBLING and SPARC family of proteins in
pancreatic cancer formation, progression, and metastasis.
The differential expression of these proteins in healthy
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and tumor tissues and correlation of their serum or tu-
mor expression levels with survival rates has shown that
they can be useful diagnostic and prognostic biomarkers.
ON seems to be a promising target for stromal deple-
tion and anti-angiogenic therapy of pancreatic tumors.
Future studies and development of novel agents target-
ing SIBLING and SPARC family of proteins may help to
improve therapeutic response in pancreatic cancer.
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