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2. ABBREVIATIONS

bFGF = basic fibroblast growth factor

BSA = bovine serum albumin
CEA = carcinoembryonic antigen
EGF = epidermal growth factor

ELISA = enzyme-linked immunosorbent assay
FGFR = fibroblast growth factor receptor
FiRE = FGF-2 inducible response element
GAG = glycosaminoglycan

HGF = hepatocyte growth factor

HSPG = heparan sulphate proteoglycan
NSCLC = non-small cell lung cancer

PBS = phosphate-buffered saline
PDGF = platelet derived growth factor
PDZ = PSD-95, Dlg, ZO-1

PG = proteoglycan

PSA = prostate-spesific antigen

RT = room temperature

SCC = squamous cell carcinoma
SCLC = small cell lung cancer

TGF-B = transforming growth factor 3



3. ABSTRACT

The syndecans are a family of transmembrane heparan sulphate proteoglycans (HSPGs)
present on most cell types. With the lipid-linked glypicans, syndecans are the major source
of heparan sulphates on the cell surface. Syndecan-1 is the most studied and best charac-
terized member of the syndecan family. It mediates basic fibroblast growth factor (bFGF)
binding and activity. Expression of syndecan-1 is down-regulated in many cell transforma-
tion models. The extracellular syndecan-1 domains can be shed from the cell surface in a
highly regulated process called ectodomain shedding, giving rise to soluble syndecan-1 that
can be measured from the serum.

Tissue expression of syndecan-1 is associated with a favourable outcome in several types of
human squamous cell carcinomas (SCCs) when assessed with immunohistochemistry. We
found low syndecan-1 expression to be associated with unfavourable overall survival in a
univariate analysis in a series of 175 patients diagnosed with SCC of the head and neck (study
I; P=0.001), in another series of 116 patients who had SCC of the lung (study II; P=0.026),
and in a third series consisting of 44 patients with logoregional SCC of the larynx or the
hypopharynx (study V; P=0.027). Syndecan-1 expression was generally higher in well dif-
ferentiated head and neck and lung cancers than in moderately or poorly differentiated cancer
(studies I and IT). Syndecan-1 expression was an independent prognostic factor in a multivari-
ate survival analysis that contained the histological grade as a covariate in SCC of the head
and neck (P=0.016; relative risk, RR 1.9; 95% confidence interval, CI, 1.2-3.1, study I).

The influence of soluble serum syndecan-1 concentration on outcome was evaluated in a
series of 134 patients diagnosed with small cell lung cancer (SCLC, studies III and IV), in
another series of 138 patients diagnosed with non-small cell lung cancer (NSCLC, study
III), and in a third series consisting of 44 patients with SCC of the head and neck (study
V). A high serum syndecan-1 level turned out to be an independent prognostic factor both
in NSCLC (P=0.011, RR 1.8, 95% CI 1.1-3.1, study III) and in SCLC (P=0.044, RR 1.68,
95% CI 1.02-2.77, study IV). A high serum bFGF level was associated with poor prognosis
in NSCLC in a multivariate survival analysis (study III, P=0.056, RR 1.6, 95% CI 1.0-2.7),
and in SCC of the head and neck in a univariate survival analysis (study V, P=0.043). Pa-
tients with head and neck cancer whose serum syndecan-1 level decreased more than 10%
from the pretreatment level had a more favourable survival than those whose serum levels
remained stable or increased (study V, P=0.0069). Recurrent head and neck cancer was
found to be associated with elevated serum syndecan-1 levels as compared to the levels
measured 3 months after the completion of the primary treatment (study V). This finding
suggests that a part of serum soluble syndecan-1 originates from the tumour tissue.



4. INTRODUCTION

Heparan sulphate proteoglycans (HSPGs) are widely distributed in mammalian tissues and
they participate in a variety of normal tissue functions. HSPGs are essential for normal tis-
sue growth and development. Their expression is regulated during organ development and
altered in various pathophysiological processes including cancer. The syndecans are a fam-
ily of transmembrane HSPGs, which, together with the lipid-linked glypicans, are the major
source of heparan sulphate on cell surfaces (reviewed by Bernfield et al., 1999).

The syndecan family consists of 4 members (syndecan-1, syndecan-2, syndecan-3, and
syndecan-4) encoded by four different genes. Each member has its own tissue distribution
(reviewed by Bernfield et al., 1992); syndecan-1 is expressed mostly by epithelial cells. Its
expression is altered in malignant tumours and decreases as an in situ carcinoma progresses
to an invasive carcinoma (reviewed by Sanderson, 2001, and by Sasisekharan et al., 2002).
Basic fibroblast growth factor (bFGF) is a heparin-binding molecule that binds to synde-
cans and remains biologically active when immobilized in the cell matrix via the heparan
sulphate chains of syndecan (Salmivirta et al., 1992a).

In clinical series syndecan-1 expression, as detected by immunohistochemistry, has been
found to be associated with a poor histological grade of cancer differentiation in a few types
of human cancer, and a low syndecan-1 expression in cancer tissue has been associated with
poor outcome in head and neck cancer, mesothelioma, gastric cancer, cholangiocarcinoma,
and NSCLC (Inki et al., 1994a; Pulkkinen et al., 1997; Kumar-Singh et al., 1998; Wiksten
et al., 2000; Harada et al., 2003; Shah et al., 2004). The extracellular syndecan-1 domain
can be shed from the cell surface into the extracellular fluid by ectodomain shedding (Kim
et al., 1994; Fitzgerald et al., 2000). The serum syndecan-1 concentrations found in healthy
individuals are, however, low (Seidel et al., 2000a). A high soluble serum syndecan-1 con-
centration has been found to have adverse prognostic value in multiple myeloma (Seidel et
al., 2000a)
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S. REVIEW OF THE LITERATURE

5.1. Cell surface heparan sulphate proteoglycans

Proteoglycans (PGs) are ubiquitous molecules that carry sulphated carbohydrate side chains
called glycosaminoglycans (GAG). PGs consist of a diverse group of proteins that are
grouped together mainly because they contain GAG. There are four main types of GAGs:
heparin/heparan sulphate, chondroitin sulphate/dermatan sulphate, keratan sulphate, and
hyaluronic acid (reviewed by Ruoslahti, 1988; and by Kjellen and Lindahl, 1991). HSPGs
are composed of a core protein with at least one covalently bound GAG chain (reviewed by
Kjellen and Lindahl, 1991). These chains contain regions with a high level of sulfation and
epimerization, sequences with alternating N-sulfation and N-acetylation, and unmodified
domains which are mostly N-acetylated and contain little sulphate (reviewed by Tumova
et al, 2000).

According to their predominant cellular location, PGs can also be classified as cell sur-
face PGs (e.g. syndecans, glypicans, betaglycan, CD44), extracellular matrix PGs (e.g.
perlecan), and intracellular granule proteoglycans (e.g. serglycin, reviewed by Kjellen and
Lindahl 1991). Two major groups of cell surface PGs are the transmembrane syndecans
(reviewed by Bernfield et al., 1992; and by Carey, 1997) and glycosylphosphatidylinositol-
anchored glypicans (David et al., 1990). CD44E, which is a splice variant of the matrix
receptor CD44 with a single HS chain and betaglycan, can act as a ”part time” PG (Brown
etal., 1991; Lopez-Casillas et al., 1991). These proteins may bear heparan sulphate chains
in some proportion or under some conditions.

Cell surface HSPGs bind extracellular proteins and form signaling complexes with recep-
tors. HSPGs immobilize proteins at the cell surface and mediate protein internalization.
HSPGs have a role in cell adhesion and migration. These processes may involve intact
PG and require both heparan sulphate-ligand-binding and direct or indirect interactions of
the core protein with cytoskeletal and/or signaling molecules (reviewed by Tumova et al.,
2000). The cell surface HSPGs bind to various ligands such as growth factors, cytokines,
cells, extracellular matrix components and microbes (reviewed by Bernfield et al., 1999;
and by Tumova et al., 2000).

The cell surface HSPGs can also act as coreceptors for soluble growth factors (reviewed
by Sasisekharan et al., 1997; by Faham, 1998; by Gallagher, 2001; and by Mohammadi
et al., 2005). Growth factors that bind to heparan sulphate or heparin include the family
of FGFs (reviewed by Gallagher, 2001; and by Wu et al., 2003), hepatocyte growth factor
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(HGF) (Lyon and Gallagher, 1994), platelet-derived growth factor (PDGF) (Feyzi et al.,
1997), heparin-binding epidermal growth factor (EGF)-like growth factor (Higashiyama et
al., 1993), and vascular endothelial growth factor (Neufeld et al., 1999). In addition, y-in-
terferon (Lortat-Jacob et al., 1995) and various chemokines (McFadden and Kelvin, 1997)
bind to HSPGs. HSPGs and heparin are known to prevent blood coagulation by interfering
with thrombin processing fibrinogen to fibrin (Conrad, 1998; Bourin and Lindahl, 1993)
and to be involved in lipid metabolism (Fuki et al., 1997; Rosenberg et al., 1997). HSPGs
also participate in the catabolism of proteins implicated in Alzheimer’s disease (Donahue et
al., 1999) and are implicated in the binding of various pathogens and mediating their inva-
sion into host cells (reviewed by Rostand and Esko, 1997; Sawitzky, 1996). Some of the
cell surface HSPGs (e.g. syndecans and glypicans) undergo regulated proteolytic cleavage
near the plasma membrane and release their ectodomains as soluble intercellular regulators
resulting in soluble PGs that probably retain all the binding propeties of their parent mol-
ecules (reviewed by Bernfield et al., 1999).

5.2. The syndecan family

Syndecans are type I transmembrane proteins that share distinctive structural features (re-
viewed by Bernfield et al., 1992; by David, 1993; and by Carey, 1997). They have diverse
functions ranging from participation in cell-cell adhesion, regulation of cell signaling by
growth factors, and organization of cell-matrix adhesions. There are four genes in the verte-
brate syndecan family that each encode one type of syndecan, i.e. syndecan-1 (“syndecan”,
CD138), syndecan-2 (fibroglycan), syndecan-3 (N-syndecan) and syndecan-4 (ryudocan,
amphiglycan).

The ectodomain of all syndecan core proteins has 3 to 5 putative GAG attachment sites
near the N-terminus that are usually heparan sulphate substituted, although some members
can be substituted with chondroitin or dermatan sulphate. In addition, syndecan-1 and -3
proteins have 2 or 3 putative membrane-proximal GAG attachment sites. The transmem-
brane domains of syndecans are highly homologous. Within the small cytoplasmic domains
there are 2 regions of high sequence conservation (the conserved regions C1 and C2) split
by an interventing sequence (V region) that is specific to individual syndecans (reviewed
by Woods and Couchman, 1998, by Woods, 2001, and by Beauvais and Rapraeger, 2004).
These highly conserved domains bind to a number of cytoplasmic and cytoskeletal proteins

(reviewed by Zimmermann and David, 1999).
All syndecans have a COOH-terminal FYA sequence in C2 that can interact with the PDZ

domains of several protein (post-synaptic density 95, PSD-95; discs large, DIg; and zonula

occludens-1, ZO-1 domains). The first PDZ protein shown to interact with syndecans was
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syntenin (Asundi et al., 1995; Grootjans et al., 1997 & 2000; Zimmermann et al., 2001).
Other PDZ domain proteins that bind the syndecans include CASK/Lin-2 (Cohen et al.,
1998; Hsueh et al., 1998), synbindin (Ethell et al., 2000), and synectin (Gao et al., 2000).
The C1 region interacts with the members of src/cortactin signaling pathway (syndecan-3,
reviewed by Couchman et al., 2001, by Woods and Couchman, 2000 and by Tumova et
al., 2000), ezrin (syndecan-2, Granes et al., 2000), and syndesmos (syndecan-4, Baciu et
al., 2000). The V regions of syndecans are conserved between species but differ between
syndecans 1 to 4 (Oh et al., 1998; reviewed by Beauvais and Rapraeger, 2004). Structure
of syndecan-1 is shown in Figure 1.

Core protein

A /
Core protein GAG
/ 104-9 B-B4

B-B4

GAG

104-9

Cell surface

®&——> proteolytic cleavage site - ectodomain N transmembrane

domain
- cytoplasmic domain

Figure 1. Schematised structure of syndecan-1 at the cell surface and the shed syndecan-
1 ectodomain. A) The 310-amino-acid long core protein of human syndecan-1 consists of 3
domains: short cytoplasmic domain, transmembrane domain and extracellular domain (ecto-
domain). The ectodomain contains 5 possible GAG attachement sites, which are at positions
37,45, 47, 206 and 216 (Mali et al., 1990). The epitope of B-B4 has been localized between
amino acids 90-93 and the epitope of 104—9 between amino acids 88—110. B) Syndecan-1 can
be cleaved from the cell surface near the plasma membrane and released into the extracellular
space in a process known as shedding.
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Virtually all cell types express at least one form of syndecan, but most express multiple
syndecans. Syndecan expression is highly regulated and distinctive patterns of syndecan
expression characterize individual cell types, tissues and development stages. In general,
syndecan-1 is the major syndecan in epithelial cells, syndecan-2 in fibroblasts, syndecan-3
in neuronal tissues and interestingly, syndecan-4 is present in a range of cell types including
fibroblasts, epithelial, and smooth muscle cells (reviewed by Bernfield et al., 1992, and by
Woods, 2001).

5.3. Syndecan-1

5.3.1. A short history of syndecan-1

Syndecan-1 is the most studied member of the syndecan family. It was originally isolated
from a mouse mammary epithelial cell line (Rapraeger and Bernfield, 1983), and was later
identified as a developmentally regulated type-I-transmembrane protein that binds to the
extracellular matrix components surrounding epithelial cells (Rapraeger and Bernfield,
1983; Koda and Bernfield, 1984; Saunders and Bernfield, 1988). The protein was named
as syndecan from the Greek word syndein (to bind together) as it was thought to link the
cytoskeleton to the interstitial matrix (Saunders et al., 1989). Syndecan-1 was found to be
a hybrid PG, containing both heparan sulphate and chondroitin sulphate chains attached to
the protein core (Rapraeger et al., 1985), but later it was found that syndecan-1 may also
carry heparan sulphate alone (Sanderson et al., 1989; Salmivirta et al., 1991). Saunders
et al. cloned and sequenced full-length syndecan-1 cDNA using a library of mammary
epithelial cells, and assessed the expression of its mRNA in various tissues (1989). The
311-amino acid core protein was found to have a unique sequence that contained several
structural features consistent with its role as a matrix anchor and as an acceptor of two
distinct types of GAG chains. Human syndecan-1 gene was mapped to chromosome 2p23
(Ala-Kapee et al., 1990).

5.3.2. Tissue expression of syndecan-1

In the developing mouse syndecan-1 expression is detected initially at the 4-cell stage (Suth-
erland et al., 1991). After gastrulation, highest expression is found in the ectoderm and in
the endoderm that differentiate into syndecan-1 positive epithelial stuctures found in adults
(Hayashi et al., 1987; Sutherland et al., 1991). Syndecan-1 expression is found in various
developing epithelia such as the epidermis, and the mammary epithelium (Trautman et al.,
1991). During embryonic development syndecan-1 is also expressed in the mesenchyme
at sites of epithelial-mesenchymal interactions e.g. in the developing teeth (Thesleff et al.,
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1988; Vainio et al., 1991), the kidney (Vainio et al., 1992), the lung (Brauker et al., 1991),
the hair follicles (Trautman et al., 1991), and the limb (Solursh et al., 1990).

In anormal adult syndecan-1 is abundantly expressed on epithelial tissues, where the strong-
est expression is found in the stratified epithelia at the cell-cell contacts between epidermal
keratinocytes (Hayashi et al., 1987; Inki et al., 1991). In keratinocytes, syndecan-1 is local-
ized at the cell surface, predominantly in the suprabasal cell layers, whereas the basal cell
layer shows only weak expression. Fibroblasts (Elenius et al., 1992) and endothelial cells
(Elenius et al., 1991; Kojima et al., 1992) express small amounts of syndecan-1. Syndecan-
1 is also present on pre-B cells (Sanderson et al., 1989), plasma cells (Hayashi et al., 1987),
myeloma cells (Ridley et al., 1993; Wijdenes et al., 1996), and Leydig cells (Hayashi et
al., 1987). Expression of syndecan-1 on B-cells is regulated by interleukin-6 (Sneed et al.,
1994; Gotte et al., 2002; Gotte, 2003), and it is lost in pre-B-cells immediately before the
mature B-cells are released into the circulation (Sanderson et al., 1989).

In the process of wound healing syndecan-1 is transiently decreased in keratinocytes mi-
grating into the wound, whereas it is increased in the keratinocytes proliferating at the
wound margin and in endothelial cells within the granulation tissue, while syndecan-4 is
induced on the fibroblasts that form granulation tissue (Elenius et al., 1991; Gallo et al.,
1996). A reduction of syndecan-1 immunostaining has been found in the reparative epitheli-
um in inflammatory bowel disease (Day et al., 1999a), and the loss of syndecan-1 may lead
to impaired binding of bFGF and a reduced rate of ulcer healing (Day and Forbes, 1999b).
Tanabe and coworkers (1999) studied syndecan-1 expression in gastric mucosal ulcers, and
found enhanced expression in elongated regenerative foveolar cells at the healing ulcer
margins and within the early scar tissues. Balloon catheter induced vascular wall injury
increases syndecan-1 expression in carotic artery smooth muscle cells (Cizmeci-Smith et
al., 1997a; Wang et al., 1997).

Expression of syndecan-1 decreases in cellular transformation models. When syndecan-1
was transfected into S115 mouse mammary tumour cells, the re-expression of syndecan-1 re-
stored the epithelial morphology of the S115 cells (Leppa et al., 1992). Conversely inhibition
of syndecan-1 expression in NMuMG cells caused them to become mesenchyme-like (Kato
et al., 1995). Liu and coworkers (1997) irradiated the mouse skin, which resulted in loss of
syndecan-1 expression. Syndecan-1 expression is downregulated or lost in a number of epi-
thelial cancers, and in premalignant lesions of the uterine cervix and the oral mucosa. Such a
loss may be an early genetic event contributing to tumour progression (Inki et al., 1992, Inki
et al., 1994b & 1994c; Hirabayashi et al., 1998; Nakanishi et al., 1999; Rintala et al., 1999;
Soukka et al., 2000; Sanderson, 2001; Numa et al., 2002). In premalignant areas of stratified
epithelia syndecan-1 is lost from the basally located, atypical cell layers (Inki et al., 1991).
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5.3.3. Regulation of syndecan-1 expression

Syndecan-1, like other members of the syndecan family, is expressed in a distinct cell-, tis-
sue-, and development-specific pattern (Kim et al., 1994). Expression of syndecan-1 is also
modified in pathological conditions. The molecular mechanisms that are responsible for the
regulation of syndecan-1 expression are under active investigation.

Expression of syndecan-1 can be induced in cultured cells by treatment with various growth
factors and cytokines. bFGF alone (Jaakkola et al., 1997) or in a combination with trans-
forming growth factor § (TGF-P) increased syndecan-1 expression in 3T3 cells (Elenius et
al., 1992). In vascular smooth muscle cells PDGF or angiotensin II stimulated syndecan-1
expression (Cizmeci-Smith et al., 1993). PDGF and TGF-p increased syndecan-1 expres-
sion in human periodontal fibroblasts and osteoblasts, while IL-1b decreased the expres-
sion (Worapamorn et al., 2002). Gallo and coworkers (1994) showed induced syndecan-1
expression in cultured mouse mesenchymal cells during wound repair using a proline-rich
antimicrobial peptide (PR-39) that is released by inflammatory cells entering the skin. In
endothelial cells, in turn, syndecan-1 expression was decreased by tumour necrosis factor-o
(Kainulainen et al., 1996).

In general, levels of syndecan-1 synthesis correlate with syndecan mRNA levels, which
suggests that its regulation is mainly controlled at transcriptional level. The upstream
sequences of the syndecan-1 gene have promoter activity and contain TATA and CAAT
boxes as well as a variety of other potential binding sites for transcription factors, in-
cluding Sp1, NF-kappa B, MyoD, and Antennapedia (Hinkes et al., 1993; Vihinen et al.,
1996). Syndecan-1 expression is down-regulated during myogenesis. It is modulated by
bFGF and TGF-f, which when added together induced syndecan-1 expression. Retinoic
acid, an inducer of myogenesis, inhibited syndecan-1 expression and abolished the ef-
fect of the growth factors via a proximal promoter region (Larrain et al., 1997). The
DNA-binding protein encoded by Wilms’ tumour suppressor gene wt 1 has been found
to function as a transcriptional activator of syndecan-1 expression (Cook et al., 1997).
A far upstream enhancer FGF-2 inducible response element (FiRE) on the syndecan-1
gene was shown to mediate syndecan-1 induction by FGFs in fibroblasts and by EGF in
keratinocytes, but not vice versa (Jaakkola et al., 1997; Jaakkola et al.,1998a). During
wound healing the activation of FiRE is seen in the migrating keratinocytes and might be
responsible for the induced syndecan-1 expression in these cells (Jaakkola et al., 1998b);
syndecan-1 expression is increased up to 20-fold in keratinocytes during wound healing
(Elenius et al., 1991). Syndecan-1 induction during wound healing may be enhanced by
syndecan-inducing antimicrobial peptides released into the wound from inflammatory
cells (Gallo et al., 1996).
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Syndecan-1 expression may also be regulated post-transcriptionally. Syndecan-1 expres-
sion was strongly induced in stratifying keratinocytes (Sanderson et al., 1992a) and in mes-
enchymal cells condensing during kidney formation (Vainio et al., 1989a), but no simulta-
neous change in the mRNA levels was found. Similarly, thioglycollate-elicited peritoneal
mouse macrophages contain 9-fold more syndecan-1 mRNA than untreated macrophages,
but this mRNA is not translated into the syndecan-1 core protein unless the cells are treat-
ed with agents that raise the intracellular cAMP levels (Yeaman and Rapraeger, 1993).
Post-translationally regulated syndecan-1 expression also occurs (Sanderson and Bernfield,
1988). Shedding of the extracellular domain of syndecan-1 from the cell surface provides
an additional potential level for functional control (Jalkanen et al., 1987).

5.3.4. Shedding of syndecan-1 and soluble syndecan-1

A small proportion of membrane-anchored proteins undergo regulated endogenous proteo-
lytic cleavage resulting in release of their ectodomains as soluble intercellular regulators in
the process of ectodomain shedding (Hooper et al., 1997; Werb and Yan, 1998). Shedding
liberates these ectodomains as soluble molecules and at the same time their concentration at
the cell surface decreases. The released fragments retain the ability to bind the same extra-
cellular ligands as the heparan sulphate chains at the cell surface, and they can compete for
the same ligands as their cell surface counterparts. Since syndecan-1 shedding is regulated
in normal cells by physiological mediators, shedding is likely a response to specific devel-
opmental and pathophysiological cues (Fitzgerald et al., 2000).

The syndecan-1 core protein is cleaved on the cell surface at the extracellular juxtam-
embrane site (Figure 1), and the proteolytic activity responsible for accelerated shedding
differs from that involved in constitutive shedding of syndecan ectodomains (Fitzgerald
et al., 2000). The intact ectodomains of each mammalian syndecan and the Drosophila
syndecan are constitutively shed into the conditioned media of cultured cells (Kim et al.,
1994; Spring et al., 1994) as part of normal cell surface turnover (Yanagishita and Hascall,
1992; Yamagata et al, 1993; Yanagishita, 1998), but the syndecan-1 concentrations found
in sera of healthy individuals are low (Seidel et al., 2000a). Shed syndecan-1 ectodomains
are found in fluids that accumulate following tissue injury and inflammation (Subramarian
et al., 1997, Kato et al., 1998). Presence of excessive amounts of soluble syndecan-1 ecto-
domain in a wound modulates the function of proteases and inhibits growth factor action,
which may delay skin wound repair (Elenius et al., 2004). High levels of soluble synde-
can-1 are also found in sera and bone marrow aspirates of patients with multiple myeloma
(Seidel et al., 2000a). Of note, in vivo soluble syndecan-1 promotes growth of myeloma
tumours (Yang et al., 2002).

17



Shedding is a highly regulated process and can be induced by various agents, of which the
phorbol esters are the best characterized agonists (Hooper at al., 1997; Subramanian et al.,
1997). Shedding of syndecan-1 can be enhanced by direct proteolytic cleavage (e.g. by
thrombin, plasmin, elastase or matrix metalloproteinases; Subramanian et al., 1997; Buc-
zek-Thomas and Nugent, 1999; Endo et al., 2003), and by cellular stress (mechanical, heat
shock, or hyperosmolarity) involving stress-activated protein kinase pathways (Fitzgerald
et al., 2000), and by growth factors (Subramanian et al., 1997; Kato et al., 1998). Ectodo-
main shedding is inhibited by the tissue inhibitor metalloproteinase 3 (TIMP), but not by
TIMP- 1 or -2 (Fitzgerald et al., 2000).

5.3.5. Functions of syndecan-1 and its association with bFGF

Earlier studies in cell culture conditions have shown that syndecan-1 binds various matrix
proteins via its heparan sulphate chains, e.g. type I, 111, and V collagens (Koda et al., 1985),
fibronectin (Saunders and Bernfield, 1988), thrombospondin (Sun et al., 1989), tenascin
(Salmivirta et al., 1991), amphoterin (Salmivirta et al., 1992b), and laminin (Salmivirta
et al., 1994). Syndecan-1 polarizes to the basolateral surfaces of cultured epithelial cells
(Rapraeger et al., 1986) and of simple epithelia (Hayashi et al., 1987), and localizes during
early embryogenesis to the intial sites of extracellular matrix accumulation (Sutherland at
al., 1991). During tooth development syndecan-1 colocalizes with tenascin (Vainio et al.,
1989b). It is expressed on the developing B-cells only when they are in contact with the
extracellular matrix (Sanderson et al., 1989), and later it binds B-cells to type I collagen
(Sanderson et al., 1992b).

Syndecan-1 has potential ability to regulate cytoskeletal organization and to associate with
the actin cytoskeleton (reviewed by Carey, 1997; and by Yoneda and Couchman, 2003). For
example, syndecan-1-expressing Raji lymphoid cells (a human lymphoblastoid cell line)
bind avidly and spread rapidly when they attach to extracellular matrix ligands that con-
tain heparan sulphate-binding domains (Lebakken et al., 2000; McQuade and Rapraeger,
2003). Transfection of syndecan-1 into COS-7 cells stimulates cell migration (Adams et al.,
2001). Ectopic expression of syndecan-1 in Schwann cells, which normally do not express
syndecan-1, results in enhanced migration of the cells on fibronectin and laminin-coated
substrata, and in a striking reorganization of Schwann cell microfilaments (Carey et al.,
1994).

Syndecans have been suggested to play a role in cell-cell adhesion based on the finding that
several well-characterized cell-adhesion molecules bind to heparan sulphate (reviewed by
Carey, 1997). Certain myeloma cell lines have lost the ability to synthesize syndecan-1, and
the loss of syndecan-1 expression correlates with their inability to adhere to one another

18



(Sanderson et al., 1992b). Stable transfection of these cells with syndecan-1 cDNA restores
the cell-to-cell adhesion activity (Stanley et al., 1995). In contrast, Raji cells do not undergo
cell-cell adhesion following their transfection with syndecan-1 (Rapraeger, 1993).

Syndecan-1 expression is needed for maintenance of a differentiated epithelial phenotype.
It affects the organization of the actin cytoskeleton and the expression of E-cadherin, which
is reponsible for epithelial intercellular adhesions (Kato et al., 1995). When endogenous
syndecan-1 expression is suppressed by transfection of antisense cDNA, the cell morphol-
ogy changes markedly (Kato et al., 1995). This dramatic change is accompanied by a loss of
E-cadherin expression. In malignant tumour cells where E-cadherin expression was down-
regulated by using specific antisense RNAs, syndecan-1 expression was suppressed, and
transfection of E-cadherin cDNA resulted in the upregulation of syndecan-1 expression in
association with an epithelial phenotype and decreased invasiveness (Leppai et al., 1996).
Epithelial cells that have lost syndecan-1 expression grow readily in soft agar, indicating
that they have lost their characteristic anchorage-dependent growth (Kato et al., 1995), and
addition of purified syndecan-1 ectodomain inhibites the growth of carcinoma cells in vitro
(Mali et al., 1994).

Cell surface syndecan-1 inhibits invasion of tumour cells into 3-dimensional gel composed
of type I collagen. This inhibition is dependent on the syndecan-1 heparan sulphate chains,
although a role for the syndecan-1 ectodomain core protein has also been shown. The anti-
invasive effect of syndecan-1 is dramatically reduced by deletion of an ectodomain region
located close to the plasma membrane, and that this domain is functionally specific, be-
cause its deletion did not affect syndecan-1-mediated cell binding to collagen or cell migra-
tion (Langford et al., 2005).

Syndecan-1 functions have also been studied in vivo, which support in vitro studies. Stud-
ies in syndecan-1-knockout mice revealed an essential role for syndecan-1 in mediating
cell proliferation and in regulation of integrin expression during wound healing (Stepp et
al., 2002). Healing problems in these mice were thought to result primarily from defects in
fibroblast migration, but Stepp et al. showed in 2002 that the delayed healing resulted from
impaired keratinocyte function. This suggests that syndecan-1 has a role as a regulator of
gene transcription in keratinocytes and in keratinocyte activation after injury (Stepp et al.,
2002). In contrast, the role of syndecan-1 in tumour formation appears to be more complex
as syndecan-1 does not prevent but supplements Wnt-1-induced mammary tumourigenesis
in mice (Alexander at al., 2000) and promotes formation of metastases in a mouse lung
SCC model (Hirabayashi et al., 1998).
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Many growth factors bind to heparin or heparan sulphate, including the FGF family mem-
bers (Nugent and lozzo, 2000; Ornitz and Itoh, 2001). Over 20 mammalian FGFs have been
characterized to date, but bFGF remains the most studied member of the family. Members
of each of the FGF subclass are capable of binding to one or more of 4 different FGF re-
ceptors (FGFR1-4). Binding of FGFs to heparan sulphate is needed for signal transmission
through the FGF high-affinity receptors (Rapraeger et al., 1991; Yayon et al., 1991). It has
been challenging to determine the role of syndecan-1 in bFGF receptor signaling. It was
first found that enhanced syndecan-1 expression in cultured cells strongly inhibited bFGF-
induced cell proliferation (Mali et al., 1993). Later, purified preparations of soluble synde-
can-1 were found to inhibit bFGF-receptor binding in cell free assays (Avierez et al., 1994).
Finally, syndecan-1 expression was shown to stimulate FGFR-1 signaling (Steinfeld et al.,
1996) and to mediate bFGF binding and activity (Filla et al., 1998). A strong influence of
syndecan-1 expression on cell responsiveness to bFGF has been shown in in vitro models,
where syndecan-1 expression has resulted in a several-fold increase in cell sensitivity to
bFGF (Larrain et al., 1998). Syndecans have been implicated as modulators of the bFGF
receptor-binding affinity, giving rise to decreased bFGF binding as a response to increased
cell density in a culture (Richardson et al., 1999). Expression of syndecan-1 core protein in
breast carcinoma tissue correlates well with the bFGF receptor complex formation in sifu,
suggesting that in breast carcinomas bFGF receptor binding is influenced by the syndecan-
1 core protein levels (Mundhenke et al., 2002). Soluble syndecan-1 ectodomains found in
inflammatory fluids appear to act as inhibitors of bFGF activity (Kato et al., 1998).

Syndecan-1 modulates hepatocyte growth factor (HGF) activity in myeloma. Purified solu-
ble syndecan-1 can displace HGF from myeloma cell surface suggesting that soluble syn-
decan-1 may act as a carrier of HGF in vivo (Seidel et al., 2000b). Soluble syndecan-1
promotes growth of myeloma tumours in vivo, and both in in vitro and in vivo studies the

syndecan-1 ectodomain promotes dissemination of myeloma cells (Yang et al., 2002).

Syndecan-1 also binds extracellular ligands that are neither growth factors nor cell adhesion
molecules. These include lipoprotein metabolism proteins. Syndecan-1 may mediate LDL
receptor-independent clearance of lipoproteins via binding to lipoprotein lipase, an enzyme
involved in triglyceride catabolism (Fuki et al., 1997). Another class of enzymes that may
be regulated by heparin/heparan sulphate is certain serine proteases and their inhibitors
(serpins). Studies on the binding activity of antithrombin III (AT III), a serpin that inhibits
thrombin and other coagulation proteases, revealed that thrombin increased synthesis of
syndecan-1 that in turn exhibited high-affinity AT III binding (Cizmeci-Smith and Carey,
1997b). Syndecan-1 has also been found to mediate the invasion of a host by pathogenic
cells such as Neisseria gonorrhoeae (Freissler et al., 2000).
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It has been suggested that syndecan-1 expression may prevent bone destruction, since syn-
decan-1 has been found to increase osteoblast development and inhibit osteoclast formation
(Dhodapkar et al., 1998).

5.3.6. Clinical significance of syndecan-1

Based on the studies carried out in vitro and in experimental models, it can be anticipated
that syndecan-1 expression may influence the clinical behaviour of human cancer. HSPGs
regulate several aspects of cancer progression including tumorigenesis and metastasis (re-
viewed by Blackhall et al., 2001; and by Sasisekharan et al., 2002), and in squamous
cell carcinomas syndecan-1 expression appears to be associated with maintenance of the
differentiated morphology of cancer and inhibition of cancer invasiveness. Expression of
syndecan-1 is sometimes downregulated in tumours, in premalignant lesions, and as an in
situ carcinoma processes to an invasive carcinoma (Inki and Jalkanen, 1996; Nakanishi et
al., 1999; Rintala et al., 1999; Soukka et al., 2000; Sanderson , 2001). However, in some
experimental models syndecan-1 has promoted tumorigenesis and formation of metastases
(Hirabayashi et al., 1998; Alexander et al., 2000).

5.3.6.1. Lung cancer

Several human lung cancer cell lines express syndecan-1 (Nackaerts et al., 1997; Toy-
oshima et al., 2001; Nanki et al., 2001, Matsunaga et al., 2002). Nackaerts and coworkers
found all 3 squamous cell lung cancer cell lines tested to be positive for syndecan-1, and
2 of the 3 adenocarcinoma cell lines investigated also showed marked expression. Similar
results were reported by Toyoshima and coworkers, who detected syndecan-1 mRNA in
both NSCLC and SCLC cell lines. In the study carried out by Nanki and coworkers (2001),
syndecan-1 expression was stronger in NSCLC than in SCLC cell lines. In mouse cell lines
derived from SCC, increased syndecan-1 expression was associated with the rate of cell
proliferation and it was reported to promote formation of metastases (Hirabayashi et al.,
1998). Syndecan-1 gene transcripts were present in lung cancer tissue and in the peripheral
blood of lung cancer patients, which might support the authors’ hypothesis that isolation of
syndecan-1 mRNA from the blood may aid in early detection and staging of lung cancer,
and follow-up of lung cancer patients (Matsunaga et al., 2002).

Lung tumours have been found to express syndecan-1. In general, NSCLCs stain more of-
ten positively for syndecan-1 than SCLCs, SCCs of the lung express more often syndecan-1
than adenocarcinomas of the lung, and poorly differentiated tumours express markedly less
syndecan-1 than better differentiated ones (Nackaerts et al., 1997; Toyoshima et al., 2001).
Linnerth et al. (2005) found that syndecan-1 levels were elevated both in murine and human
lung adenocarcinomas and SCCs. Importantly, the high syndecan-1 levels could already be
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detected in small and node-negative lung tumours suggesting that syndecan-1 could serve
as an early marker for lung tumour development. In line with the studies presented in this
theses, one recent study comprising a series of 78 NSCLC patients found tumour tissue
syndecan-1 expression to be associated with favourable survival, and tumour syndecan-
1 expression turned out to be an independent prognostic factor in a multivariate survival
analysis (Shah et al., 2004).

Syndecan-1 is strongly expressed in the epithelial type of mesothelioma and patients with
strong syndecan-1 positive tumours have longer survival than those whose tumours show
weak or negative staining for syndecan-1 (Kumar-Singh et al., 1998). Syndecan-1 expres-
sion has been studied as a marker for distinguishing adenocarcinoma from epitheloid me-
sothelioma. Adenocarcinoma cells were found to produce more mRNA for syndecan-1,
whereas cells derived from the mesothelium expressed WT1, biglycan, and larger amounts
of syndecan-2 (Dobra et al., 2000; Gulyas and Hjerpe, 2003).

5.3.6.2. Head and neck carcinoma

Syndecan-1 expression is enhanced during normal differentiation of cultured human ke-
ratinocytes derived from the oral mucosa, while malignant transformation of keratinocytes
is associated with suppression of syndecan-1 expression (Inki et al., 1994b). In premalig-
nant lesions, such as dysplastic oral epithelium, syndecan-1 expression is downregulated
compared to normal oral squamous cell epithelium (Soukka et al., 2000). When paraffin-
embedded or frozen tissues of SCC of the head and neck is used as the starting material,
strong immunoreactivity for syndecan-1 has been found to be associated with a higher his-
tological grade of differentiation (Inki et al., 1994a; Pulkkinen et al., 1997; Mikami et al.,
2001; Klatka, 2002); strong syndecan-1 expression is more common in well or moderately
differentiated carcinomas than in poorly differentiated ones.

There are few data available on the prognostic value of syndecan-1 expression in SCC of
the head and neck. In the first study reported that addressed the question of syndecan-1 as
a prognostic factor in invasive SCCs of the head and neck, Inki and her coworkers (1994a)
found that patients with a syndecan-1-positive tumour had higher overall and recurrence-
free survival rates than patients who had tumours showing weak or negative staining for
syndecan-1 in a small series consisting of 29 patients. Similar results were later found in 2
studies that involved 100 and 48 patients with SCC of the larynx (Pulkkinen et al., 1997;
Klatka, 2002). There are no data available on the prognostic value of soluble syndecan-1 in
SCC of the head and neck.
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5.3.6.3. Other malignancies

Several studies have addressed the role of syndecan-1 expression in other malignancies
than cancers of the lung or the head and neck. The most studied single tumour type is B-cell
lymphoid malignancies (reviewed by Sanderson and Borset, 2002). Syndecan-1 was de-
tected on human myeloma cells by Western blotting in 1993 (Ridley et al., 1993), and it was
subsequently identified on the myeloma cell surface by flow cytometry using a monoclonal
antibody (Wijdenes et al., 1996). Syndecan-1 can also be found on the myeloma cells that
circulate in the blood (Witzig et al., 1998; Bayer-Garner et al., 2001). Syndecan-1 has been
considered to be a reliable and sensitive marker for plasmocytoma independent of cyto-
logical differentiation (Bayer-Garner et al., 2003). Syndecan-1 is expressed by many lym-
phomas. It is expressed on the Reed-Sternberg cells from patients with classic Hodgkin’s
disease, but not on the Reed-Sternberg cells present in the nodular lymphocyte predominant
Hodgkin’s disease (Carbone et al., 1997). It is currently somewhat controversial whether
syndecan-1 is expressed on malignant cells of B-cell chronic lymphocytic leukemia (B-
CLL). Syndecan-1 has been detected by polymerase chain reaction and immunostaining
in the majority of B-CLL cases examined (Sebestyen et al., 1997; Sebestyen et al., 1999;
Sutcliffe et al., 2000), but one study found only 1 of the 39 B-CLL cases examined to stain
positively for syndecan-1 (Witzig et al., 1998).

Most myeloma cells in culture shed syndecan-1 ectodomain, which in turn induces apop-
tosis and inhibits the growth of the myeloma cells (Dhodapkar et al., 1998). In myeloma
patients the levels of serum syndecan-1 ectodomain are elevated as compared to controls,
and high serum syndecan-1 concentrations are associated with higher levels of marrow
plasmocytosis, high serum [ -microglobulin and paraprotein levels, and a large tumour
mass (Dhodapkar et al., 1997). High serum levels of syndecan-1 have been reported to be
a strong indicator of poor outcome and an independent prognostic marker in multiple my-
eloma (Seidel et al., 2000a; Aref et al., 2003; Kyrtsonis et al., 2004).

Studies based on immunohistochemistry and targeting on several types of human cancers
including carcinoma of the breast (Stanley et al., 1999), uterine cervix (Inki et al., 1994c;
Rintala et al., 1999), and colon and rectum (Day et al., 1999¢), and basal cell and squamous
cell skin carcinomas (Bayer-Garner et al., 1999; Bayer-Garner et al., 2000; Bayer-Garner
et al., 2001; Mukunyadzi et al., 2002) suggest that syndecan-1 expression is dimished in
malignant lesions as compared to premalignant and benign ones. In infiltrating ductal breast
carcinoma staining for syndecan-1 is decreased as compared with the ductal epithelium
of the normal breast and stromal-epithelial breast neoplasms. Unexpectedly, in carcinoma
samples strong staining for syndecan-1 is present both within the connective tissue and on
stromal cell surfaces, whereas syndecan-1 expression is absent in the stroma of the normal
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breast and stromal-epithelial neoplasms (Stanley et al., 1999). Recently, two studies have
concluded tumour syndecan-1 expression to be associated with a poor outcome in breast
cancer (Barbareschi et al., 2003; Leivonen et al., 2004).

In primary invasive cervical carcinoma syndecan-1 expression was found to be associated
with the histological differentiation grade and presence of squamous histology, but not with
the clinical outcome (Rintala et al., 1999). In hepatocellular and colorectal carcinoma loss
of syndecan-1 expression was associated with a low grade of differentiatiation and presence
of metastases (Levy et al., 1996; Matsumoto et al., 1997; Fujiya et al., 2001). In contrast to
the previous tumour types, in pancreatic cancer tissues syndecan-1 expression was found to
be present at moderate to high levels in the majority of the cancer cells located within the
tumour mass or in the metastatic lesions, while the expression remained low or moderate
in the samples containing histologically normal pancreas and chronic pancreatis (Conejo et
al., 2000). Similar results were obtained when Zellweger and coworkers (2005) evaluated
the expression of syndecan-1 in advanced prostate carcinoma. They found marked synde-
can-1 overexpression in hormone-refractory prostate cancer and metastatic tissue compared
to localized prostate cancer. Among 551 patients with prostate carcinoma syndecan-1 over-
expression was found to predict early recurrence and to be associated with poor tumour-
specific survival, a high Gleason grade, high Ki-67 expression, and Bcl-2 overexpression
(Zellweger et al., 2003).

Syndecan-1 expression has also been studied by immunohistochemistry in soft tissue tu-
mours, but no correlation with the phenotype was found (Orosz and Kopper, 2001).

High syndecan-1 expression has been found to correlate with a favourable outcome in
patients with gastric cancer in a univariate survival analysis, especially in the subgroup of
patients with stage I disease (Wiksten et al., 2000). Interestingly, patients with positive syn-
decan-1 expression in extracellular matrix had a worse outcome than patients with synde-
can-1-negative stroma (Wiksten et al., 2001). Unlike the normal squamous cell epithelium,
the normal ovary does not express syndecan-1, and tumour stroma syndecan-1 expression

was reported to be associated with poor survival in ovarian adenocarcinoma (Davies et al.,
2004).
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6. AIMS OF THE STUDY

The aims of the present thesis were:

e To investigate the expression and prognostic significance of syndecan-1 in head and
neck cancer and in lung cancer (LILIILV)

e To investigate the presence and prognostic significance of serum syndecan-1 and
bFGF in patients with lung cancer or head and neck cancer (IIL,IV,V)

e To study the effect of treatment on serum syndecan-1 levels (V)
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7. MATERIALS AND METHODS

7.1. Patients, tissue and serum samples

Study I. We collected the clinicopathological data of 265 patients with histologically diag-
nosed SCC of the head and neck. Ninety patients were excluded because of insufficient data
or non-available paraffin-embedded tissue leaving 175 patients in the analysis. The patients
were treated with surgery and post-operative split-course irradiation in Helsinki University
Central Hospital in the period 1975 to 1990. The minimum follow-up time of the patients
after the diagnosis was 2 years. The prognostic significance of syndecan-1 expression was
studied using paraffin-embedded tissue samples (TABLE 1).

Study I1. The series consisted of 116 patients with operable primary NSCLC squamous cell
histological type treated with radical surgery in the Helsinki University Central Hospital in
the period 1982 to 1992. Clinical data were collected and paraffin-embedded tumour sam-
ples stored for analysis. Expression of syndecan-1 was studied using the paraffin-embedded
tissue samples (TABLE 1). The minimum follow-up time of the patients still alive was 12
months.

Study III. The series consisted of 207 patients with lung cancer who had had a serum
sample collected and stored before cancer treatment. The patients were treated at the De-
partment of Internal Medicine, Oulu University Hospital, in the period 1990 to 1992. We
excluded cases where no diagnostic biopsy sample was available (n=16) and those with
histologically unclassified lung cancer (n=7), which left 184 patients in the analysis. Forty-
six patients had SCLC, and the rest of the patients had NSCLC (adenocarcinoma, n=44;
SCC, n=82; large cell carcinoma, n=9; adenosquamous cell carcinoma; n=3). The median
follow-up time of the patients still alive was 8.1 years. Syndecan-1 expression was studied
in formalin-fixed paraffin-embedded tumour tissue (TABLE 1). The prognostic significance
of serum syndecan-1 and serum bFGF was studied from the sera taken prior to the treatment
(TABLE 2). The serum samples had been stored at —20°C.

Study IV. The series consisted of 88 patients with SCLC who were treated at the Depart-
ment of Internal Medicine, Helsinki University Central Hospital, in 1990 to 1999. The
patients participated in 2 randomized clinical trials, of which one was a multicenter trial
to assess the therapeutic value of interferon in the treatment of SCLC (Ruotsalainen et al.,
1999; Ruotsalainen et al., 2000). The total number of patients in these trials was 304, and
those study participants who had a frozen pretreatment serum sample available and who
had been treated at the Helsinki University Central Hospital entered the present study.
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Serum syndecan-1 concentrations were determined from sera taken prior to initiation of
chemotherapy (TABLE 2). The sera had been stored at —70°C. Serum samples taken both
prior to and after the treatment were available in 7 patients (TABLE 2).

Study V. The study includes 54 patients with SCC of the head and neck who had serum
samples collected before, during, and after treatment, and who were treated at the Turku
University Central Hospital in 1997 to 2000. Ten patients were excluded because of insuffi-
cient clinicopathological data. The series consisted of 42 patients with laryngeal carcinoma
and 2 with hypopharynx carcinoma. Thirty-four patients received radiotherapy; 15 were
treated with preoperative hyperfractionated radiotherapy (1.6 Gy twice a day, 5 days a
week, to a total dose of 62 to 68 Gy) followed by surgery. Nineteen patients received radio-
therapy to the primary site to a total dose of 70 Gy given in 35 fractions, and when needed
the neck was irradiated to a total dose of 50 Gy in 25 fractions excluding the spinal cord
after 40 Gy. Nine of the patients had surgery only (7 had laser cordectomy, 1 total laryngec-
tomia, 1 hemilaryngectomia). One patient died before any cancer treatment was given. The
minimum follow-up time was 13 months for the patients still alive. Syndecan-1 expression
was studied in 27 available paraffin embedded tumour samples (TABLE 1). Serum synde-
can-1 and bFGF levels were measured from the samples taken before any cancer treatment
took place, and from samples collected 3 months after initiation of cancer treatment. Serum
syndecan-1 levels were also measured at the beginning and at the end of a radiotherapy
course, at the time of disease progression, and after a second cancer treatment whenever a
serum sample was available (TABLE 2).

TABLE 1. Tissue samples examined

Tumour type N Study
Squamous cell carcinoma of the head and neck 175 I
e Larynx 51

e Tongue 50

e Oral cavity 44

¢ Tonsil 15

e Hypopharynx 15

Squamous cell lung cancer 116 II
Lung cancer 45 I
e Squamous cell carcinoma 36

e Adenocarcinoma 6

e Small cell lung cancer 3

Squamous cell carcinoma of the head and neck 27 A%
e Larynx (vocal cord carcinoma excluded) 18

e Vocal cord 9
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TABLE 2. Serum samples analysed for syndecan-1 concentration

Tumour type N Study
Lung cancer 111
NSCLC 138
SCLC 46
Controls 100
Small cell lung cancer, prior to therapy 88 v
Small cell lung cancer, following therapy 7
Controls 110
SCC of the head and neck v
Pretreatment sera 44
Beginning of radiotherapy 44
End of radiotherapy 10
Post-treatment sera 41
At disease progression 9
After second cancer therapy 4

7.2. Control subjects (studies III and IV)

Serum syndecan-1 levels were measured in 100 (III) and in 110 (IV) male subjects who
took part in a randomised Finnish population-based prostate cancer screening trial in 1996-
1998 (Méittinen et al., 2001). Prostate-specific antigen (PSA) was first measured from the
sera, and syndecan-1 was assessed from the frozen left-over sera stored for one to 2 months.
The median age of the controls was 64 (range, 58 to 71).

7.3. Immunohistochemical staining of tissue samples
(studies L, II, IIL, and V)

Syndecan-1 expression was studied by immunohistochemistry using a mouse monoclonal
antibody B-B4 generated against extracellular domain of human syndecan-1 (Serotec, Ox-
ford, UK; I-111, V) (Wijdenes et al., 1996) or a rat monoclonal antibody 104-9 (I, I, Figure
1) directed against human syndecan-1 core protein aminoacid residues 88 to 110 (Pulk-
kinen et al., 1997; Gattei et al., 1999). The epitope of B-B4 has been localized between the
amino acids 90 and 93 (Dore et al., 1998). Five um paraffin sections were first mounted on
Vectabond-coated slides. The slides were kept at +37° °C for 24 hours, and after that de-
paraffinised and dehydrated. They were then incubated with 2% normal goat serum in 1%
bovine serum albumin (BSA; Sigma, St. Louis, MO, USA) for 20 minutes at room tempera-
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ture (RT) followed by B-B4 or 104-9 antibody in 0.3% BSA overnight at RT at a concentra-
tion of 1:200 (B-B4, I-III), 1:150 (B-B4, V) or 1:100 (104-9). After washing twice with
phosphate-buffered saline (PBS), the slides were incubated with Vectastain biotinylated
anti-mouse IgG (Vector Laboratories, Burlingame, CA, USA) when B-B4 was used, and
with biotinylated anti-rat IgG (Vector Laboratories) when 104-9 was used in 0.3% BSA
for 30 minutes at RT. After washing twice with PBS, avidin DH-biotinylated horserad-
ish peroxidase mixture was applied according to the manufacturer’s instructions (Vector
Laboratories, Burlingame, CA, USA) for one hour at RT. After incubation, the slides were
washed twice with PBS. For colour reaction the slides were incubated with 0.02% 3-amino-
9-ethylcarbazole (in N,N-dimethylformamide) and 0.1% hydrogen peroxidase in 0.05 M
acetate buffer, pH 5.0 for 20 minutes at RT, and counterstained in Mayer’s haematoxylin
before mounting for microscopic examination. Histologically normal human skin was used
as a positive control, and similarly stained duplicate sections where the primary antibody
was omitted and replaced by PBS were used as negative controls.

Immunoreactivity for syndecan-1 was classified by assessing visually the percentage of
syndecan-1 positive tumour cells of all tumour cells in the field (I, II, V). First, the per-
centage of syndecan-1-positive tumour cells of all tumour cells was calculated from 3-5
representative microscope fields per slide (Olympus Optical Company, Tokyo, Japan, x10
objective, diameter 2.6 mm, area 5.3 mm?). All selected fields contained at least 100 cancer
cells, and necrotic areas and those with marked inflammation were excluded. The immuno-
reactivity for syndecan-1 was also classified with regard to the intensity of staining (III, V)
and cellular localization of staining (V). Staining intensity was classified either as absent
(-), weak (+), moderate (++), or strong (+++). Cellular localization of staining was assessed
as diffuse cytoplasmic staining, staining of cell-cell contact sites, or both. Assessment of

syndecan-1 expression was performed without knowledge of the clinical or survival data.

7.4. Enzyme-linked immunosorbent assay (ELISA)

Peripheral venous blood samples were collected in sterile test tubes, centrifuged at 3,000 G
for 10 minutes, and then stored at —20°C (III) or at —70°C (IV,V).

7.4.1. Serum syndecan-1 immunoassay (I11-V)

Serum syndecan-1 concentrations were determined using human syndecan-1 ELISA (Dia-
clone Research, Besancon, France) according to the manufacturer’s instructions. The sys-
tem uses a biotinylated monoclonal B-B4 antibody raised against human syndecan-1. The
detection steps include streptavidin-horseradish peroxidase and tetramethylbenzidine as
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chromogens. For each analysis 50 pl of serum was used. All analyses and calibrations were
carried out in duplicate. The calibrations on each microtitre plate included recombinant
human syndecan-1 standards. Optical densities were determined using a microtiter plate
reader (Multiscan RC type 351, Labsystems, Helsinki) at 405 nm. The blank was subtracted
from the duplicate readings for each standard and sample. The serum concentrations are re-
ported as ng/mL. Syndecan-1 serum levels were determined without knowledge of the sur-
vival or other clinical data. No loss of syndecan-1 immunoreactivity was observed when 9
samples were subjected to either 3 or 8 freeze-thaw cycles (P=0.89; Friedman test, III). No
significant difference in serum syndecan-1 concentrations was found when cancer patient
serum samples stored at —20°C for 4 to 6 years (n=22) and samples stored for 7 to 10 years
(n=66) were compared, suggesting that there is no major loss of syndecan-1 immunoreac-
tivity during long-term storage as compared with shorter storage (P=0.18; Mann-Whitney
test, data not shown) (III).

7.4.2. Serum bFGF immunoassay (111, V)

Serum bFGF concentrations were determined as serum bFGF immunoreactivity using a
quantitative sandwich enzyme immunoassay technique (Quantikine High Sensitivity Hu-
man FGF basic Immunoassay; R&D Systems, Minneapolis, MN, USA). The system uses a
solid-phase monoclonal and an enzyme-linked polyclonal antibody raised against recombi-
nant human bFGF. For each analysis, 100 pL of serum was used. All analyses and calibra-
tions were performed as duplicate. The calibrations on each microtiter plate were deter-
mined using a microtiter plate reader (Multiscan RC type 351; Labsystems, Helsinki) at 490
nm. The blank was subtracted from the duplicate readings for each standard and sample.
The concentrations are reported as pg/mL. Serum bFGF levels were determined without
any knowledge of the survival or other clinical data. No association was found between
serum bFGF concentrations and the duration of storage in serum samples stored at —20°C
for 11 to 17 years (Salven et al., 1999).

7.4.3. Serum carcinoembryonic antigen (CEA) immunoassay (III)

CEA was quantitated in serum using an immunofluorometric assay (AutoDELFIA; Wal-
lac, Turku). The detection limit of the assay is 0.2 ng/mL. The upper reference limit is 5
ng/mL.
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7.5. Statistical methods

Statistical analyses were performed using a BMDP computer program (BMDP Statistical
Software; University of California Press, Los Angeles, CA, USA; I-III) or a StatView 4.02
computer program (Abacus Concepts Inc., Berkeley, CA, USA; IV and V). Cumulative
survival was estimated with the product-limit method. The log-rank test was used for com-
parison of survival between groups. The Brookmeyer-Crowley confidence intervals were
computed for the median survival times. Frequency tables were analysed with the X test.
Comparison of non-normal distributions was done by computing the Spearman’s correla-
tion coefficient, and non-normally distributed parameters between 2 groups were compared
with the Mann-Whitney test. The relative importance of different variables on survival was
studied using a Cox multivariate proportional hazards model.
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8. RESULTS

8.1. Expression of syndecan-1 in carcinomas of the head and neck
and the lung (I, I1, IIL, V)

In these studies a total of 363 tumour samples were immunostained using a monoclonal
B-B4 anti-syndecan-1 antibody, and 291 of the samples were stained with another anti-
body, 109—4. A majority (n=354) of the tumours were of the squamous cell type, 6 were
adenocarcinomas, and 3 cases were small cell carcinomas (TABLE 1). Most of the tumours
showed positive staining for syndecan-1. When the B-B4 antibody was used, from 72% to
94% of the tumours stained positively for syndecan-1, and when the 104-9 antibody was
used, 98% (I) and 94% (II) of the samples stained positively. The staining characteristics
are shown in (TABLE 3).

The cutoff percentage values in survival analyses varied in each study probably due to the
type of antibody used to stain the tissue samples and the variations between tumour types
and series. Our policy was to use more reproducible cut-offs such as the median, and the
tertiles or quartiles instead of “optimal” percentage values that might have produced smaller
P values. When the B-B4 antibody was used, the cutoff percentage values chosen were 50%
(median, study I, head and neck carcinomas), 10% (median, study II, lung carcinomas), and
10% (lowest tertile, study V, head and neck carcinomas). In study III on lung carcinomas
the syndecan-1 immunoreactivity was also classified with regard to the staining intensity
as —, +, ++, or +++. Since antibody 104-9 stained a higher proportion of the samples, the
cutoff values chosen were also higher, 80% (lowest quartile, I) and 83% (median, II).

8.1.1. Association between syndecan-1 expression and survival

Strong syndecan-1 expression was associated with favourable overall survival in patients
with head and neck cancer (I and V) and among those diagnosed with lung cancer of the
squamous cell type (II) (TABLE 3). The 2-year survival rates associated with cancers
with a high and a low syndecan-1 expression were 72% vs. 50% (P=0.001), 84% vs. 63%
(P=0.026), and 89% vs. 50% (P=0.027) in studies I, II, and V, respectively. When antibody
104-9 was used for detection of syndecan-1, a similar result was found among patients
with head and neck carcinoma in study I (66% vs. 47%, P=0.02), but not among patients
with lung cancer in study II (P=0.60). When the largest subgroup of patients examined in
study I, the laryngeal carcinoma patients, were analysed separately for survival, we found
high syndecan-1 expression as detected with the B-B4 antibody to be associated with
more favourable prognosis (P=0.04). In study I syndecan-1 expression was an independent
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TABLE 3. Syndecan-1 expression in cancer tissue

B-B4 immunostaining

Median value
Cutoff value in survival analyses

Squamous cell head and neck cancer Study I
No. of patients 175
Positive for syndecan-1(N/%) 165/94%

50% (range, 0—100%)
50%

Median value
Cutoff value in survival analyses

Prognostic factor in univariate analysis® yes: P=0.001
Prognostic factor in multivariate analysis® yes: P=0.016
Squamous cell lung cancer Study II

No. of patients 116

Positive for syndecan-1 (N/%) 83/72%

10% (range, 0-70%)
10%

Median value
Cutoff value in survival analyses

Prognostic factor in univariate analysis® yes: P=0.026
Prognostic factor in multivariate analysis no
Non-small cell lung cancer Study III
No. of patients 45

Positive for syndecan-1 (N/%) 34/76%
Scoring scale for expression —[H/HH A+
Prognostic factor in univariate analysis no
Squamous cell head and neck cancer Study V

No. of patients 27

Positive staining for syndecan-1 (N/%) 22/89%

15% (range, 0-95%)
10% (lowest tertile)

Median value
Cutoff value in survival analyses

Prognostic factor in univariate analysis® yes: P=0.027
104-9 immunostaining

Squamous cell head and neck cancer Study I

No. of patients 175

Positive for syndecan-1 (N/%) 172/98%

100% (range, 0—100%)
80% (lowest quartile)

Median value
Prognostic factor in univariate analysis

Prognostic factor in univariate analysis® yes: P=0.02
Prognostic factor in multivariate analysis® yes: P=0.03
Squamous cell lung cancer Study 11
No. of patients 116
Positive for syndecan-1 (N/%) 109/94%

83% (range, 0—100%)
no

“High (>cut-off value) syndecan-1 expression associated with favourable overall survival.
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prognostic factor in multivariate analysis when antibody B-B4 was used (RR 1.9, 95% CI
1.2-3.1), and also when antibody 104-9 was used (RR 1.7, 95% CI 1.1-2.6).

8.1.2. Correlation of syndecan-1 expression with other clinicopathological
variables

In study I head and neck cancer cells were more often positive for syndecan-1 (B-B4)
when cancer was well- or moderately differentiated than when it was poorly differentiated
(P<0.0001). Strong syndecan-1 expression was also associated with a low clinical stage
(stage 1-2 vs. 3—4, P<0.0001), lack of lymph node metastases (NO vs. N1-3; P=0.00006),
and a small primary tumour size (T1-2 vs. 3-4, P=0.02). When this series was stained with
antibody 104-9, low syndecan-1 expression (<80%) was strongly associated with a low
histological grade (P<0.0001) and also with the male gender (P=0.03). No other statistically
significant associations were found between syndecan-1 expression and clinicopathological
factors in this study.

In study II high syndecan-1 expression (>10%, as detected with the B-B4 antibody) was
strongly associated with high histological differentiation of lung cancer (Gr. I vs. Gr. Il vs.
Gr. III, P=0.001). A similar result was obtained when staining was done using antibody
104-9 (P<0.0001). Patients who were older than the median age (62 years) at the time of
the diagnosis of lung cancer had tumours with strong syndecan-1 expression more often
than those who were younger (P=0.016). No significant association between syndecan-1
expression and the primary lung tumor size, nodal status or stage was found, although
smaller tumours tended to be more often syndecan-1 positive in B-B4 staining (T1 vs.
T2-4, P=0.08). In study III patients who had lung cancer with low syndecan-1 expression
(= or +) had lower serum bFGF levels than patients who had lung cancer with a stronger
syndecan-1 expression (++ or +++; median, 1.2 pg/mL; vs. median, 3.6 pg/mL, respec-
tively, P=0.018). In study V, which comprised a small series of patients who had laryngeal
cancer, no significant associations between syndecan-1 expression in tissue samples and the
clinicopathological factors examined were found, possibly due to the low statistical power
and the type of cancer studied.
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8.2. Soluble syndecan-1 (I1L, IV, V)

The median pretreatment serum syndecan-1 levels in the cancer patients of studies III to
V ranged from 41 ng/mL to136 ng/mL. In studies III and IV the lung cancer patients had
statistically higher pretreatment serum syndecan-1 levels as compared to the controls who
had medium levels of 16 ng/mL (range, from 0 ng/mL to 213 ng/mL) and 17 ng/mL (0-308
ng/mL), respectively (P<0.0001, in both cases).

8.2.1. Serum syndecan-1 as a prognostic factor in carcinomas of the head
and neck and the lung

In study III that consisted of a series of 184 lung cancer patients, high serum syndecan-1
levels were associated with poor outcome (TABLE 4). When the median serum syndecan-1
ectodomain concentration (41 ng/mL) was taken as the cutoff value, patients with higher
than the median serum level had a median survival time of 6 months as compared with 11
months in patients who had serum levels lower than the median (P=0.003). When the high-
est tertile level was used as the cutoff value, the median survival time of the patients with
a higher serum level than the cutoff value was only 4 months as compared to 11 months
among the rest of the patients (P=0.0001). These findings remained similar when the medi-
an or upper tertile serum syndecan-1 levels were used as cutoff values among the subsets of
patients with NSCLC or SCLC (TABLE 4). In study IV high serum syndecan-1 levels cor-
related with favourable overall survival when the levels corresponding to the upper tertile
(212 ng/mL) or upper quartile (283 ng/mL) were chosen as the cutoff levels (TABLE 4). In
study V that comprised 44 patients with squamous cell head and neck cancer, pretreatment
serum syndecan-1 level did not correlate significantly with overall survival, but patients
whose serum syndecan-1 decreased >10% from the pretreatment level had more favourable
survival than those whose levels remained stable or increased (P=0.0069). In multivariate
analyses the pretreatment serum syndecan-1 level turned out to be an independent prognos-
tic factor both in NSCLC (study III, P=0.011, RR 1.8, 95% CI 1.1-3.1) and in SCLC (study
IV, P=0.044, RR 1.68, 95% CI 1.02-2.77).
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TABLE 4. Association of pretreatment serum syndecan-1 level with overall

survival in univariate analyses

Lung cancer, local and metastatic N 1-yr survival 5-yr survival P
(Study III) % %
Lung cancer, all

<41 ng/mL (median) 94 48 18

>41 ng/mL 90 33 10 0.003

<59 ng/mL (upper tertile) 123 49 19

>59 ng/mL 61 25 7 0.0001
NSCLC

<40 ng/mL (median) 69 54 23

>40 ng/mL 69 36 13 0.0085

<54 ng/mL (upper tertile) 92 51 22

>54 ng/mL 46 33 11 0.0038
NSCLC (squamous cell)

<40 ng/mL (median) 43 58 23

>40 ng/mL 39 44 18 0.11

<54 ng/mL (upper tertile) 55 58 24

>54 ng/mL 27 37 15 0.029
NSCLC (adenocarcinoma)

<38 ng/ml (median) 23 48 22

>38 ng/mL 21 19 5 0.0067

<53 ng/mL (upper tertile) 30 43 20

>53 ng/mL 14 14 0 0.0021
SCLC

<44 ng/mL (median) 23 30 4

>44 ng/mL 23 26 4 0.29

<84 ng/mL (upper tertile) 31 35 3

>84 ng/mL 15 13 7 0.041
Small cell lung cancer, mostly N 1-yr survival 2-yr survival P
metastatic (Study IV) % %
SCLC, all

<136 ng/mL (median) 45 51 20

>136 ng/mL 43 44 16 0.44

<212 ng/mL (upper tertile) 59 58 25

>212 ng/mL 29 38 3 0.0034

<283 ng/mL (upper quartile) 66 56 22

>283 ng/mL 22 36 3 0.0046
Head and neck cancer N 1-yr survival 2-yr survival P
(Study V) % %

<75 ng/mL (median) 22 96 75

>75 ng/mL 22 82 73 0.53
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8.2.2. Associations between serum syndecan-1 level and
clinicopathological factors

Patients with a high Karnofsky’s performance status tended to have lower pretreatment se-
rum syndecan-1 values than those with a low performance status (studies III and IV; K<70
vs. K>70, P=0.0011; K<70 vs. >70, P=0.021; respectively). In study III high pretreatment
serum syndecan-1 level was also associated with a large lung cancer mass (stage II1IB or
stage IV disease, P=0.0004). A weak positive association was found between serum synde-
can-1 and bFGF levels (P=0.044, Spearman correlation coefficient). No such association
was found between the serum syndecan-1 levels and gender, age at diagnosis, histological
grade, histological type, or serum CEA levels at the time of lung cancer diagnosis. In study
IV patients with high serum syndecan-1 level had frequently higher than normal pretreat-
ment serum lactate dehydrogenase (LDH) levels (P=0.0024). In study V head and neck
carcinoma patients with a high pretreatment serum syndecan-1 level tended to have a high
pretreatment bFGF serum level (P=0.077; Spearman correlation coefficient).

8.3. Clinical significance of serum bFGF level in carcinomas of the
head and neck and the lung (II1, V)

The median pretreatment bFGF level in lung cancer patients was 2.2 pg/mL (range, from 0
to 62.6 pg/mL, study III), and there was no significant difference in the serum bFGF levels
between patients with NSCLC and those with SCLC (median 2.3 pg/mL; range, from 0
to 62.6 pg/mL vs. median 1.8 pg/mL; range, from 0 to 8.6 pg/mL, respectively; P=0.32).
These levels are similar to the levels found in the sera of patients with non-Hodgkin’s lym-
phoma (Salven et al., 2000).

In general, high serum bFGF levels tended to be associated with poor outcome (TABLE
5). When the upper tertile (3.4 pg/mL) was chosen as the cutoff value among lung cancer
patients (study III), patients who had levels higher than the cutoff value had worse outcome
than those with lower serum bFGF levels (P=0.023). The 1- and 5-year survival rates in
these groups were 23% and 7%, and 47% and 14%, respectively. When the associations of
serum bFGF with survival were investigated within histological subtypes of NSCLC, high
bFGF levels were associated with poor outcome in adenocarcinoma (n=30, median level
4.1 pg/mL used as cutoff value, P=0.0031), but not in squamous cell carcinoma (n=61,
P=0.45). No significant association between serum bFGF levels and survival was found
among patients with SCLC (n=27, P=0.74). When the serum bFGF level corresponding to
the highest tertile (3.4 pg/mL) was used as the cutoff value, patients with a poor perform-
ance status and those with NSCLC tended to have high serum levels (P=0.05 and P=0.054,
respectively). NSCLC patients with adenocarcinoma had higher levels than those with sq-
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uamous cell cancer (P=0.027). Gender, age, stage, serum CEA levels, or the histological
grade were not associated with serum bFGF levels. These results need, however, be inter-
preted with caution due to the relatively small numbers of patients in these analyses.

The median serum bFGF level was 4.6 pg/mL (range, from 0.2 to 63.6 pg/mL) among
patients with squamous cell head and neck carcinoma (V). High pretreatment serum bFGF
levels were associated with poor overall survival (P=0.043; TABLE 5) and marginally with
poor disease-free survival in head and neck cancer (P=0.07). Patients with higher than the
median serum bFGF level had an 82% 1-year and a 63% 2-year survival rate as compared
to survival rates of 96% and 86%, respectively, among the subset of patients who had a
serum bFGF level lower than the median. Pretreatment serum bFGF level did not correlate
significantly with any other clinicopathological factor investigated in the series, but the
number of patients available for analysis was relatively small (n=44).
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TABLE 5. Association of serum pretreatment bFGF level with overall survival in uni-

variate analyses

Lung cancer (Study III) N 1-yr 5-yr P
survival % survival %

Lung cancer, all

<2.2 pg/mL (median) 65 46 14

>2.2 pg/mL 61 31 10 0.16

<3.4 pg/mL (upper tertile) 86 47 14

>3.4 pg/mL 43 23 7 0.023
NSCLC

<2.3 pg/mL (median) 51 53 20

>2.3 pg/mL 48 33 10 0.082

<4.1 pg/mL (upper tertile) 66 56 21

>4.1 pg/mL 33 18 3 0.0002
NSCLC, squamous cell carcinoma

<2.1 pg/mL (median) 31 52 19

>2.1 pg/mL 30 43 13 0.43

<2.8 pg/mL (upper tertile) 41 54 22

>2.8 pg/mL 20 35 5 0.15
NSCLC, adenocarcinoma

<4.1 pg/mL (median) 15 60 20

>4.1 pg/mL 15 13 0 0.0031

<5.1 pg/mL (upper tertile) 21 43 14

>5.1 pg/mL 9 22 0 0.12
SCLC

<1.8 pg/mL (median) 14 29 0

>1.8 pg/mL 13 15 0 0.74

<2.9 pg/mL (upper tertile) 18 28 0

>2.9 pg/mL 9 11 0 0.67
Head and neck cancer (Study V) N 1-yr 2-yr P

survival % survival %

SCC of the head and neck

<4.6 pg/mL (median) 22 96 86

>4.6 pg/mL 22 82 63 0.043

<6.3 pg/mL (mean) 31 94 83

>6.3 pg/mL 13 77 53 0.034
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8.4. Effect of treatment on serum syndecan-1 levels in head and
neck carcinoma (V)

Serum syndecan-1 levels decreased after the locoregional treatment of cancer as compared
to the pretreatment levels. The median serum level in samples collected 3 months after the
treatment was 58 ng/mL as compared to the baseline level of 75 ng/mL (n=41, Spearman
rank correlation, P<0.0001). Those patients whose serum syndecan-1 level decreased over
10% (n=26) from the pretreatment level had a better overall survival than patients with
stable or increasing serum syndecan-1 value (n=16, P=0.0069) with 2-year survival rates of
92% and 51%, respectively. Similarly, patients with decreased (>10%) serum syndecan-1
levels also had higher disease-free survival rates than the rest of the patients (P=0.0091).
Although based on a retrospective analysis and a small cohort of patients, these findings
suggest that some serum syndecan-1 may originate from the tumour, and that serum synde-
can-1 deserves to be further evaluated in monitoring of treatment of head and neck cancer.

A transient rise of the serum syndecan-1 levels was found in the serum samples collected
during the second week of the radiotherapy course as compared to the pretreatment lev-
els among patients treated with radiotherapy (n=19, V). Ten of these patients had serum
samples taken prior to, during, and after radiotherapy. Among these patients the median
pretreatment serum syndecan-1 level was 74 ng/mL, 87 ng/mL during the second week of
the radiation therapy course (P=0.0096), and 60 ng/mL 3 months after completion of treat-
ment (P=0.0073 as compared with the baseline). In study V 12 patients relapsed during the
follow-up, and a serum sample taken at progression was available from 9 of these patients.
The median serum syndecan-1 level was 76 ng/mL (range, 23 to 274 ng/mL) at the time of
cancer progression while the median level was 52 ng/mL. when measured 3 months after
treatment of the primary tumour in these 9 cases (P=0.05), which provides further support
to the hypothesis that serum syndecan-1 levels may increase in parallel with head and neck
cancer progression.
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9. DISCUSSION

9.1. Methodological aspects of syndecan-1 immunoassay and
immunohistochemistry

Human syndecan-1 ELISA was used to determine serum syndecan-1 concentrations in
studies III to V (Table 5). All analyses and calibration were carried out similarly in each
study. However, the median serum syndecan-1 values varied between the studies. In study
III that involved 184 lung cancer patients, the median value was 41 ng/mL in the entire
series and was similar in the subgroups of NSCLC and SCLC patients (40 ng/mL and 44 ng/
mL, respectively). In study IV where the study population consisted only of SCLC patients
the median level was higher, 136 ng/mL. The majority of the patients (98%) in study IV had
stage III or IV cancer (stage IV corresponds to overtly metastatic disease), while in study
11 72% of all the NSCLC patients and 82% of the patients with SCLC had stage III or IV
disease. In study V, involving patients with SCC of the head and neck and with relatively a
favourable prognosis, the median level was 75 ng/mL. Thus, patients in each study had dif-
ferent histological types of tumour with different sizes, and variable proportions of patients
with metastatic disease, which may influence median soluble syndecan-1 values.

Little is known about the influence of long-term storage on serum syndecan-1 values. Sera
used in study IIT had been stored at —20°C, while the sera assessed in studies IV and V had
been stored at —70°C. The effect of the storage temperature and duration on syndecan-1
immunoreactivity requires further study. In a series consisting of myeloma patients the
reported median value for serum syndecan-1 was 165 ng/mL (Seidel et al., 2000a), which
is in the same range as the values measured by us in patients with lung cancer or head and
neck cancer. These authors found the median serum syndecan-1 value to be 128 ng/mL,
which is higher than the median value of 17 ng/ml and 18 ng/mL found by us in the control
groups of studies Il and IV. Serum syndecan-1 analyses have thus far been used for a few
research purposes only, and little is known how the serum concentrations might vary with
respect of age, gender, or in different pathological conditions.

We studied syndecan-1 expression in paraffin-embedded tumour samples by immunohisto-
chemistry using both a mouse monoclonal antibody against human syndecan-1 B-B4 (I-111,
V) and a rat monoclonal anti-human syndcan-1 antibody 104-9 (1, II). Although a majority
of tumours showed at least some positive staining with either antibody (72% to 94% with
B-B4 and 94%—-98% with 104-9), detection of syndecan-1 expression was very different
with the 2 antibodies. The median percentage values of positive staining ranged from 10%
to 50% with B-B4 and from 83% to 100% with 104-9 (Table 3).
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9.2. Syndecan-1 expression in tumour samples and its prognostic
value

Head and neck carcinoma

SCCs of the head and neck frequently recur at the locoregional sites, and development of
second primary tumours is not uncommon (Carter, 1991; Dreyfuss and Clark, 1991). The
Tumour-Node-Metastasis (TNM) classification that reflects the tumour volume is probably
still the strongest prognostic factor in SCC of the head and neck, while biological markers
have had relatively little significance in the management of the disease (Carter, 1991). To
this background it is of interest that strong syndecan-1 expression detected by immunohis-
tochemistry has been consistently found to be associated with favourable survival as in a
series comprising 29 patients with SCC of the head and neck (Inki et al., 1994c), in another
series of 98 patients with SCC of larynx (Pulkkinen et al., 1997) as well as in the present
series involving 202 patients with SCC of the head and neck. Syndecan-1 (as detected with
B-B4) expression was associated with favourable overall survival in both univariate (I,V)
and multivariate (I) survival analyses, and expression was also associated with a small pri-
mary tumour size, lack of nodal metastases, and a high histological grade of differentiation
(I). Similar results were obtained also with antibody 104-9 (I).

In contrast with the consensus in most other types of human cancer, the value of histologi-
cal grading as a prognostic factor in SCC of the head and neck is still considered contro-
versial by many. In some studies grading has been found to have prognostic value (e.g. Pera
et al., 1986; Wiernik et al., 1991), while others report no such value (e.g. Bundgaard et al.,
1992). The present findings were somewhat discordant. In study I the histological grade
was a strong prognostic factor in a univariate analysis. No significant association between
grading and survival was found in study V, but this series was small in size and consisted
mainly of small larynx tumours. Histological grading, though it generally predicts outcome
relatively well, is subjective and often difficult to reproduce (Bundgaard et al., 1992). We
found syndecan-1 expression to be strongly associated with histological grade (I); well
differentiated carcinomas more often showed strong syndecan-1 expression than poorly
differentiated ones. Interestingly, in one multivariate analysis syndecan-1 was an independ-
ent prognostic factor while histological grade had no independent value (I). This result sug-
gests that syndecan-1 expression may be a stronger prognostic indicator than histological
grading, but this needs to be confirmed in future studies.

Lung cancer

Expression of syndecan-1 is often altered in cancer, and it has been suggested that loss
of syndecan-1 expression in carcinomas accompanies the malignant phenotype (Inki and
Jalkanen, 1996; Sanderson, 2001) although results at variance with this have also been
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published (Hirabayashi et al., 1998). As in SCC of the head and neck, histological grading
may not be a strong prognostic factor in lung cancer, but several studies show that poor
histological differentiation is an adverse prognostic factor in NSCLC (Lipford et al., 1984;
Takise et al., 1988; Ichinose et al., 1995). Other commonly accepted adverse prognostic
factors in lung cancer include advanced stage and age over 60 at diagnosis, male gender, a
poor performance status, and weight loss, but many other factors may also be of importance
(Nishio et al., 1996; Pastorino et al., 1997; Adachi et al., 1998; Volm et al., 1998; Tanaka et
al., 1999; Junker, 2001; Yuan et al., 2001; Mattern et al., 2002; Jeremic et al., 2003).

Syndecan-1 expression turned out to be a strong prognostic factor in a univariate analysis of
the series of 116 patients with SCC of the lung (IT). As in head and neck cancer, we found a
strong association between syndecan-1 expression and histological grading in lung cancer,
whereas no association was found with the clinical stage. In study III we did not detect an
association between tissue expression of syndecan-1 and survival. However, we were not
able to assess the tissue expression of syndecan-1 in this study in full. The tissue samples
available for analysis in this series were often small in size, and were entirely lacking for a
large proportion of patients creating the possibility of selection bias. The scale of immunos-
taining classification used (—/+/++/+++ instead of percentage of positively staining cells)
was also crude in this study due to the poorer quality of the tissue starting material avail-
able. Since adjuvant therapies are being increasingly used in NSCLC, it is of importance to
discover new prognostic factors and predictive factors for chemotherapy and radiotherapy
efficacy. In general, the present results suggest that high cell surface syndecan-1 expres-
sion is associated with favourable survival in SCC of the lung, and that tissue expression of
syndecan deserves further study as a novel prognostic factor in lung cancer.

9.3. Clinical significance of soluble syndecan-1

The function and prognostic significance of serum syndecan-1 in different types of human
cancers has not been fully investigated. High levels of shed syndecan-1 have been found to
be associated with poor outcome in multiple myeloma (Seidel et al., 2000a; Kyrtsonis et al.,
2004), but no other data is available on the role of soluble syndecan-1 as a prognostic factor.
After evaluating syndecan-1 expression in head and neck and lung carcinomas by immuno-
histochemistry we were interested in investigating whether serum syndecan-1 levels would
be associated with survival in the same carcinomas.

In our series of lung cancer patients a high pretreatment serum syndecan-1 level was as-

sociated with poor overall survival in univariate analyses (III, IV), and had an independent
influence on survival in a multivariate analysis in NSCLC (III) and in SCLC (IV). Patients
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with a poor performance status (III, IV) and in study III those with a large tumour mass
tended to have high syndecan-1 serum levels. Since the performance status tends to de-
crease in parallel with cancer growth, a poor performance status may also in part reflect the
overall tumour volume. In study IV patients with SCLC and a high lactate dehydrogenase
level at diagnosis also frequently had a high syndecan-1 serum level. LDH is a strong ad-
verse prognostic factor in SCLC together with the clinical stage and the performance status
(Stokkel et al., 1998; Yip and Harper, 2000). In the present series it was not significantly as-
sociated with prognosis, suggesting that serum syndecan-1 might be a stronger prognostic
factor in SCLC than the lactate dehydrogenase level.

In study V on SCC of the head and neck, pretreatment serum syndecan-1 levels were not as-
sociated with overall survival, but the size of the series and the limited number of endpoints
prohibits drawing firm conclusions on the prognostic value of pretreatment serum synde-
can-1 levels in head and neck carcinoma. However, serum syndecan-1 levels decreased
following locoregional treatment of cancer and a decrease in the serum levels following
primary cancer treatment turned out to be a prognostic factor; a decrease of 10% or more
from the pretreatment level was associated with a favourable outcome. Measurement of
syndecan-1 levels might thus be helpful in monitoring for treatment response and selection
of patients who might benefit from additional treatments. However, the percent changes in
the syndecan-1 serum levels were not in general large, and the factors affecting the normal
variation of the syndecan-1 levels remain inadequately studied, suggesting that serum syn-
decan-1 levels cannot be recommended at present for monitoring of treatment response in
the clinical setting.

The origin of shed syndecan-1 is not known. Some of the circulating soluble syndecan-1
might have its origin in the tumour tissue, and our results are in line with this hypothesis.
A transient rise in the serum syndecan-1 levels on the second week of radiotherapy is also
compatible with this hypothesis, since soluble syndecan-1 might be released from cancer
cells undergoing apoptosis as a result from radiation therapy. In a recent study on a series of
50 patients diagnosed with multiple myeloma, a significant decrease in the median serum
syndecan-1 levels was found among patients who responded to chemotherapy, whereas no
change took place in patients who did not respond to chemotherapy (Janosi et al., 2004).
Similarly, Aref et al. (2003) concluded, in a study with 25 newly diagnosed myeloma pa-
tients, that soluble syndecan-1 was significantly higher in non-responders to chemotherapy
as compared to responders, and a high level of soluble syndecan-1 was a negative prognos-
tic factor. They also found that cellular and soluble syndecan-1 consentrations correlated
inversely. In one series of 60 patients with SCC of the oral cavity increased syndecan-1
tissue expression in immunohistochemistry after induction chemotherapy predicted good
outcome (Nemeth et al., 2005).
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Many soluble putative tumour markers have been evaluated in SCC of the head and neck,
but despite some promise most markers neither normalize following treatment nor become
elevated at the time of tumour recurrence (Maxim and Veltri, 1986; Mevio et al., 1991;
Kimura et al., 2000; Homer et al., 2002; Tartour et al., 2001; Yazici et al., 2001; Shang et
al.,2002). An example of such a marker is SCC antigen, the levels of which were associated
with disease recurrence in a series of 70 patients with laryngeal cancer (Lachowicz et al.,
1999). Another example is cathepsin L, the serum levels of which were evaluated in a series
of 42 patients with SCC of the head and neck, and the risk of disease recurrence and death
were significantly associated with serum cathepsin L levels (Strojan et al., 2001).

As in SCC of the head and neck, many studies have addressed the clinical value of soluble
serum markers in NSCLC and SCLC. Most studies have focused on pretreatment serum
levels of the marker (Ardizzoni et al., 2001; Buccheri and Ferrigno, 2002; Laack et al.,
2002; Neuner et al., 2002; Pujol et al., 2003; Sasaki et al., 2003), and markers have also
been evaluated for monitoring of treatment efficacy. Perhaps the most extensively evalu-
ated serum marker in lung cancer is carcinoembryonic antigen (CEA), which is commonly
used to assess treatment response. For example, in one series comprising 297 patients with
stage | NSCLC, serum CEA level was found to be a useful predictor of survival, and a per-
sistently high CEA level after treatment was a strong indicator of poor prognosis (Sawabata
et al., 2002). In another study on patients with NSCLC survival rate was higher among
patients who had elevated serum SCC antigen and who became antigen-negative following
resection than among patients who remained antigen-positive (Takeuchi et al., 2003). Stud-
ies where serum syndecan-1 is directly compared to CEA and other existing serum markers
used to monitor lung cancer treatment are now needed.

9.4. Clinical significance of serum bFGF level

Angiogenesis is essential for tumour growth and dissemination (Folkman, 1990). One of
the several growth factors implicated in angiogenesis is bFGF, which is expressed by most
tumours (Folkman and Klagsbrun, 1987; Nanus et al., 1993; Ohta et al., 1995; Riedel et
al., 2000). Elevated serum bFGF levels have been detected in patients with various types of
cancer; in patients with non-Hodgkin’s lymphoma, melanoma, lung cancer and myeloma
elevated serum bFGF levels correlate with poor prognosis (Graeven et al., 1999; Dietz et
al., 2000; Ueno et al., 2001; Ugurel et al., 2001; Brattstrom et al., 2002; Ruotsalainen et
al., 2002; Bentas et al., 2003; Kyrtsonis et al., 2004). In line with most previous studies we
found the pretreatment serum bFGF level to be associated with poor outcome in NSCLC
(IIT) and SCC of the head and neck (V).
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Pretreatment serum bFGF levels did not significantly correlate with the clinical stage, which
is in line with several prior studies (Ueno et al., 2001; Brattstom et al., 2002; Homer et al.,
2002; Ruotsalainen et al., 2002). However, opposing findings have been reported in renal
cell carcinoma, melanoma, and hepatocellular carcinoma, where elevated serum bFGF lev-
els were associated with advanced disease stages and the tumour burden (Dosquet et al.,
1997; Poon et al., 2001; Ugurel et al., 2001). In one study bFGF expression as detected by
immunohistochemistry, was associated with stage in NSCLC (Takanami et al., 1996).

Pretreatment serum bFGF levels had independent prognostic influence in NSCLC in a mul-
tivariate model. In SCC of the head and neck it turned out to be a prognostic factor in
univariate analysis. Although we could not perform multivariate analysis in study V due
to the limited size of the series, the results suggest that pretreatment serum bFGF level is a
prognostic factor both in NSCLC and in SCC of the head and neck.

Serum bFGF levels may decrease after treatment of cancer (George et al., 2002; Ria et
al., 2004), supporting the contention that some of the soluble bFGF originates from the
tumour tissue. Syndecan-1 functions as a co-receptor of the bFGF receptors, and binds
bFGF with less avidity than the light affinity receptors. Presence of increased amounts of
soluble syndecan-1 may be associated with an adverse outcome, because elevated levels of
soluble syndecan-1 may carry larger amounts of bFGF in the blood circulation and deliver
it more effectively to the tumour deposits. The role of syndecan-1 in bFGF signaling is
controversial and the literature reports are conflicting. One study identified syndecans to
inhibit bFGF signaling, whereas in an other study syndecans were found to promote bFGF
signaling (Aviezer et al., 1994; Steinfeld et al., 1996).
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10. SUMMARY AND CONCLUSIONS

The main conclusions of the present study are:

1. Decreased expression of syndecan-1 is associated with low histological grade of
differentiation and poor outcome in SCCs of the head and neck and in lung cancer.
Syndecan-1 is a novel prognostic factor in both cancer types.

2. High serum syndecan-1 levels may be measured in patients with lung cancer or SCC
of the head and neck prior to cancer treatment. In general, high serum levels are as-

sociated with a poor outcome in lung cancer.

3. Patients with squamous cell head and neck cancer whose serum syndecan-1 levels
decrease following cancer treatment may have a more favourable clinical outcome
than patients who have stable or increasing serum syndecan-1 levels in longitudinal
follow-up.

4. High pretreatment serum bFGF level is associated with poor outcome in patients
with NSCLC or SCC of the head and neck.

47



11. ACKNOWLEDGEMENTS

This study was carried out at the Departments of Oncology and Pathology, University of
Helsinki, during the years 1998-2005. I wish to express my sincere gratitude to all those
who made this study possible and who have helped me during this work.

I owe my warmest thanks to my supervisor Professor Heikki Joensuu, M.D., for continuous
encouragement and support throughout this work. I am deeply grateful for his valuable ad-
vise and despite his busy schedules, he has always found time for me. I also thank him and
Professor Eero Saksela, M.D., former head of the Department of Pathology, for providing
me with excellent working facilities.

I wish to thank my second supervisor Docent Pédivi Heikkild, M.D., for her expertise and
inspiring guidance in the world of pathology. I always remember all the funny moments we
shared when [ was working at the Department of Pathology.

Two experts appointed by the Faculty of Medicine, Docent Klaus Elenius, M.D., and Do-
cent Heikki Minn, M.D., reviewed this thesis. I want to thank them for their constructive
criticism and valuable comments. Jan Dabek, M.D., is acknowledged for correction the
English language.

[ am deeply grateful to my friend Docent Sirpa Leppéd, M.D., for helping me to finish this
thesis and for her friendship also outside clinic. My sincere thanks go to my other co-au-
thors: Docent Mikael Kajanti, M.D., for all the help especially in the beginning of this study
and also in clinical work; Professor Markku Jalkanen, M.D., for providing me antibody
104-9; Minna Eriksson, Ph.D., for her assistance and good company in the laboratory; Pro-
fessor Vuokko Kinnula, M.D., Professor Karin Mattson, M.D., Tarja Ruotsalainen, M.D.,
and Riitta Mékitaro, M.D., for providing the serum samples and clinical data in studies I1I
and IV; Henrik Alfthan, Ph.D., for providing control serum samples; and Professor Reidar
Grenman, M.D., for his valuable contribution in study V.

Professor Pekka Virkkunen, M.D., is acknowledged for help in preparing figures in study
I and Professor Seppo Sarna, Ph.D., for statistical consulting. I am very grateful to Petri
Bono, M.D., for helping me in various matters and for numerous conversations.

In addition, I wish to thank all the people who have helped me in the laboratory. I have

enjoyed working with you in an inspiring and friendly atmosphere. Péivi Laurila taught me
all about immunohistochemistry. Marja Ben-Ami, Anna-Maija Gynther, Anitra Ahonen,

48



Elina Korhonen and Péivi Tainola are thanked for their technical assistance. Docent Veli-
Matti Wasenius, Ph.D., had always time to answer my questions; we also had many fruitful

conversations which I have enjoyed.

Riitta Liikanen is acknowledged for her help with practical problems.

I warmly thank all my colleagues and staff of the Department of Oncology for a positive and
stimulating atmosphere to work in. Members of the “Sport Ladies” group are thanked for
their friendship and good company. In particular I want to thank Leena Vehmanen, M.D.,
and Paula Poikonen, M.D., for all the memorable moments we have shared together.

I am deeply grateful to all my friends for their friendship and support. I am very happy to
have you all. My friend Johanna is entitled to a special thanks for being like a sister to me
and also for all the laughter and tears we have shared during the past 30 years!

I wish to thank my parents for all their love and continuous support during my life. My
parents-in-law, Anja and Esa, have always been very supportive and are thanked for tak-
ing such a good care of Maria, Mikko and Erika. Finally, | owe my warmest thanks to my
husband Mika. I am so fortunate to have you! You and our precious children Maria, Mikko
and Erika have shown me what really is important in life.

This study was financially supported by grants from the Cancer Society of Finland, Acad-
emy of Finland, Helsinki University Central Hospital Research Funds, and the Sigrid
Juselius Foundation.

Helsinki, December 2005

Anu Anttonen

49



12. REFERENCES

Adachi M, Taki T, Huang C, Higashiyama M, Doi O, Tsuji T, Miyake M. Reduced integrin a3
expression as a factor of poor prognosis of patients with adenocarcinoma of the lung. J Clin
Oncol 1998; 16: 1060-1067.

Adams JC, Kureishy N, Taylor AL. A role for syndecan-1 in coupling fascin spike formation by
thrombospondin-1. J Cell Biol 2001; 152: 1169-1182.

Ala-Kapee M, Nevanlinna H, Mali M, Jalkanen M, Schroder J. Localization of gene for human
syndecan, an integral membrane proteglycan and matrix receptor, to chromosome 2. Somat
Cell Mol Genet 1990; 16: 501-505.

Alexander CM, Reichsman F, Hinkes MT, Lincecum J, Becker KA, Cumberledge SC, Bernfield
M. Syndecan-1 is required for Wnt-1-induced mammary tumorigenesis in mice. Nat Gen
2000; 25: 329-332.

Ardizzoni A, Caffarata MA, Paganuzzi M, Filiberti R, Marroni P, Neri M, Fontana V, Nicol6 G,
Perdelli L, Stampino CG, Rosso R, Puntoni R. Study of pretreatment serum levels of Her-
2/neu oncoprotein as a prognostic and predictive factor in patients with advanced nonsmall
cell lung carcinoma. Cancer 2001; 92: 1896—-1904.

Aref S, Goda T, El-Sherbiny M. Syndecan-1 in multiple myeloma: relationship to conventional
prognostic factors. Hematology 2003; 8: 221-228.

Asundi VK, Carey DJ. Self-association of N-syndecan (syndecan-3) core protein is mediated by
a novel structural motif in the transmembrane domain and ectodomain flanking region. J
Biol Chem 1995; 270: 26404-26410.

Aviezer D, Levy E, Safran M, Svahn C, Buddecke E, Schmidt A, David G, Vlodavsky I, Yayon
A. Differential structural requirements of heparin and heparan sulfate proteoglycans that
promote binding of basic fibroblast growth factor to its receptor. J Biol Chem 1994; 269:
114-121.

Baciu PC, Saonella S, Lee SH, Denhez F, Leuthardt D, Goetinck PF. Syndesmos, a protein that
interacts with the cytoplasmic domain of syndecan-4, mediates cell spreading and actin
cytosceletal association. J Cell Sci 2000; 113: 315-324.

Barbareschi M, Maisonneuve P, Aldovini D, Cangi MG, Pecciarini L, Angelo Mauri F, Ve-
ronese S, Caffo O, Lucenti A, Palma PD, Galligioni E, Doglioni C. High syndecan-1 ex-
pression in breast carcinoma is related to an aggressive phenotype and to poorer prognosis.
Cancer 2003; 98: 474-483.

50



Bayer-Garner 1B, Dilday B, Sanderson RD, Smoller BR. Syndecan-1 expression is decreased
with increasing aggressiveness of basal cell carcinoma. Am J Dermatopathol 2000; 22:
119-122.

Bayer-Garner IB, Joseph L, Sanderson RD, Smoller BR. Expression of syndecan-1 is a sensitive
marker for cutaneous plasmacytoma. J Cutan Pathol 2003; 30: 18-22.

Bayer-Garner 1B, Sanderson RD, Dhodapkar MV, Owens RB, Wilson CS. Syndecan-1 (cd138)
immunoreactivity in bone marrow biopsies of multiple myeloma: shed syndecan-1 accu-
mulates in fibrotic regions. Mod Pathol 2001; 14: 1052—1058.

Bayer-Garner 1B, Sanderson RD, Smoller BR. Syndecan-1 expression is dimished in acantho-
lytic cutaneous squamous cell carcinoma. J Cutan Pathol 1999; 26: 386-390.

Bayer-Garner IB, Smoller BR. The expression of syndecan-1 is preferentially reduced com-
pared with that of E-cadherin in acantholytic squamous cell carcinoma. J Cutan Pathol
2001; 28: 83-89.

Beauvais DM and Rapraeger AC. Syndecans in tumor cell adhesion and signaling. Reprod Biol
Endocrinol 2004; 2:3.

Bentas W, Beecken W-D, Glienke W, Binder J, Schuldes H. Serum levels of basic fibroblast
growth factor reflect disseminated disease in patients with testicular germ cell tumours.
Urol Res 2003; 30: 390-393.

Bernfield M, Gotte M, Park PW, Reizes O, Fitzgerald ML, Lincecum J, Zako M. Functions of
cell surface heparan sulfate proteoglycans. Annu Rev Biochem 1999; 68: 729-777.

Bernfield M, Kokenyesi R, Kato M, Hinkes MT, Spring J, Gallo RL, Lose EJ. Biology of the
syndecans: a family of transmembrane heparan sulfate proteoglycans. Ann Rev Cell Biol
1992; 8: 365-398.

Blackhall FH, Merry CLR, Davies EJ, Jayson GC. Heparan sulfate proteoglycans and cancer.
Br J Cancer 2001; 85: 1094-1098.

Bourin MC, Lindahl U. Glycosaminoglycans and the regulation of blood coagulation. Biochem
J1993; 289: 313-330.

Brattstrom D, Bergqvist M, Hesselius P, Larsson A, Lamberg K, Wernlund J, Brodin O, Wa-
genius G. Elevated preoperative serum levels of angiogenic cytokines correlate to larger
primary tumours and poorer survival in non-small cell lung cancer patients. Lung Cancer
2002; 37: 57-63.

Brauker JH, Traytman MS, Bernfield M. Syndecan, a cell surface proteoglycan, exhibits a mo-
lecular polymorphism during lung development. Dev Biol 1991; 147: 285-292.

51



Brown TA, Bouchard T, St. John T, Wayner E, Carter WG. Human keratinocytes express a new
CD44-core protein (CD44E) as a heparan sulfate intrinsic membrane proteoglycan with
additional exons. J Cell Biol 1991; 113: 207-221.

Buccheri G, Ferrigno D. Lung tumour markers in oncology practise: a study of TPA and CA125.
Br J Cancer 2002; 87: 1112—-1118.

Buczek-Thomas JA, Nugent MA. Elastase-mediated release of heparan sulfate proteoglycans
from pulmonary fibroblast cultures. A mechanism for basic fibroblast growth factor (bFGF)
release and attenuation of bFGF binding following elastase injury. J Biol Chem 1999; 274:
25167-25172.

Bundgaard T, Sorensen FB, Gaihede M, Sogaard H, Overgaard J. Stereometric, histopathologic,
flow cytometric and clinical parameters in the prognostic evaluation of 74 patients with
intraoral squamous cell carcinomas. Cancer 1992; 70: 1-13.

Carbone A, Gloghini A, Gattei V, Degan M, Improta S, Aldinucci D, Canzonieri V, Perin T,
Volpe R, Gaidano G, Zagonel V, Pinto A. Reed-Sternberg cells of classical Hodgkin’s dis-
ease react with the plasma cell-specific monoclonal antibody B-B4 and express human
syndecan-1. Blood 1997; 89: 3787-3794.

Carey DJ. Syndecans: multifunctional cell-surface co-receptors. Biochem J 1997; 327: 1-16.

Carey DJ, Stahl RC, Cizmeci-Smith G, Asundi VK. Syndecan-1 expressed in Schwann cells
causes morphological transformation and cytosceletal reorganization and associates with
actin during cell spreading. J Cell Biol 1994; 124: 161-170.

Carter RL. Pathology of squamous carcinomas of the head and neck. Curr Opin Oncol 1991; 3:
507-511.

Cizmeci-Smith G, Carey DJ. Thrombin stimulates syndecan-1 promoter activity and expression
of a form of syndecan-1 that binds antithrombin III vascular smooth muscle cells. Arterio-
scler Thromb Vasc Biol 1997b; 17: 2609-2616.

Cizmeci-Smith G, Langan E, Youkey J, Showalter LJ, Carey DJ. Syndecan-4 is a primary-
response gene induced by basic fibroblast growth factor and arterial injury in vascular
smooth muscle cells. Arterioscler Thromb Vasc Biol 1997a; 17: 172—180.

Cizmeci-Smith G, Stahl RC, Showalter LJ, Carey DJ. Differential expression of transmembrane
proteoglycans in vascular smooth muscle cells. J Biol Chem 1993; 5: 18740-18747.

Cohen AR, Woods DF, Marfatia SM, Walther Z, Chishti A, Andersson JM, Wood DF. Human
CASK/Lin-2 binds syndecan-2 and protein 4.1 and localizes to the basolateral membrane
of epithelial cells [published erratum appears in J Cell Biol 1998 Aug 24;142(4):following
1156]. J Cell Biol 1998; 142: 129-138.

52



Conejo JR, Kleff J, Koliopanos A, Matsuda K, Zhu ZW, Goecke H, Bicheng N, Zimmermann A,
Korc M, Friess H, Buchler MW. Syndecan-1 expression is up-regulated in pancreatic but
not in other gastrointestinal cancers. Int J Cancer 2000; 88: 12-20.

Conrad HE. Antithrombin, the prototypic heparin-binding protein. In: Heparin-binding proteins.
Academic press, San Diego, CA 1998: pp. 203-238.

Cook DM, Hinkes MT, Bernfield M, Rausher FL III. Transcriptional activation of the syndecan-
1 promoter by the Wilms’ tumor protein WT1. Oncogene 1997; 13: 1789-1799.

Couchman JR, Chen L, Woods A. Syndecans and cell adhesion. Int Rev Cytol 2001; 207: 113—
150.

David G. Integral membrane heparan sulfate proteoglycans. FASEB J 1993; 7: 1023—1030.

David G, Lories V, Decock B, Marynen P, Cassiman J-J, van den Berghe H. Molecular cloning
of a phosphatidylinositol-anchored membrane heparan sulfate proteoglycan from human
lung fibroblasts. J Cell Biol 1990; 111: 3165-3176.

Davies EJ, Blackhall FH, Shanks JH, David G, McGown, Swindell R, Slade RJ, Martin-Hirsch
P, Gallagher JT, Jayson GC. Distribution and clinical significance of heparan sulfate pro-
teoglycans in ovarian cancer. Clin Cancer Res 2004, 10: 5178-5186.

Day RM, Forbes A. Heparin, cell adhesion, and pathogenesis of inflammatory bowel disease.
Lancet 1999b; 354: 62-65.

Day RM, Hao X, Ilyas M, Daszak P, Talbot IC, Forbes A. Changes in the expression of syndecan-
1 in the colorectal adenoma-carcinoma sequence. Virchows Arch 1999c; 434: 121-125.

Day RM, Ilyas M, Daszak P, Talbot IC, Forbes A. Expression of syndecan-1 in inflammatory
bowel disease and a possible mechanism of heparin therapy. Dic Dis Sci 1999a; 44: 2508—
2515.

Dhodapkar MV, Abe E, Theus A, Lacy M, Langford JK, Barlogie B, Sanderson RD. Syndecan-
1 is a multifunctional regulator of myeloma pathobiology: control of tumor cell survival,
growth, and bone cell differentiation. Blood 1998; 91: 2679-2688.

Dhodapkar MV, Kelly T, Theus A, Athota AB, Barlogie B, Sanderson RD. Elevated levels of
shed syndecan-1 correlate with tumour mass and decreased matrix metalloproteinase-9 ac-
tivity in the serum of patients with multiple myeloma. Br J Haematol 1997; 99: 368-371.

Dietz A, Rudat V, Conradt C, Weidauer H, Ho A, Mochler T. Prognostic relevance of serum

levels of the angiogenic peptide bFGF in advanced carcinoma of the head and neck treated
by primary radiochemotherapy. Head Neck 2000; 22: 666—673.

53



Dobra K, Andang M, Syrokou A, Karamanos HK, Hjerpe A. Differentiation of mesothelioma
cells is influenced by the expression of proteoglycans. Exp Cell Res 2000; 258: 12-22.

Donahue JE, Berzin TM, Rafii MS, Glass DJ, Yancopoulos GD, Fallon JR, Stopa EG. Agrin in
Alzheimer’s disease: altered solubility, and abnormal distribution within microvasculature,
and brain parenchyma. Proc Natl Acad Sci USA 1999; 96: 6468—6472.

Dore JM, Morerd F, Vita N, Wijdenes J. Identification and location on syndecan-1 core pro-
tein of the epitopes of B-B2 and B-B4 monoclonal antibodies. FEBS Letters 1998; 426:
67-70.

Dosquet C, Coudert MC, Lepage E, Cabane J, Richard F. Are angiogenic factors, cytokines, and
soluble adhesion molecules prognostic factors in patients with renal cell carcinoma? Clin
Cancer Res 1997; 3: 2451-2458.

Dreyfuss A, Clark JR. Analysis of prognostic factors in squamous cell carcinomas of the head
and neck. Hematol Oncol Clin N Am 1991; 5: 701-712

Elenius K, Méitta A, Salmivirta M, Jalkanen M. Growth factors induce 3T3 cells to express
bFGF-binding syndecan. J Biol Chem 1992; 25: 6435-6441.

Elenius K, Vainio S, Laato M, Salmivirta M, Thesleff I, Jalkanen M. Induced expression of
syndecan in healing wounds. J Cell Biol 1991; 114: 585-595.

Elenius V, Goétte M, Reizes O, Elenius K, Bernfield M. Inhibition by the soluble syndecan-1
ectodomains delays wound repair in mice overexpressing syndecan-1. J Biol Chem 2004;
279: 41928-41935.

Endo K, Takino T, Miyamori H, Kinsen H, Yoshizaki T, Furukawa M, Sato H. Cleavage of
syndecan-1 by membrane type matrix metalloproteinase-1 stimulates cell migration. J Biol
Chem 2003; 278: 40764-40770.

Ethell IM, Hagihara K, Miura Y, Irie F, Yamaguchi Y. Synbidin, a novel syndecan-2-binding
protein in neuronal dendritic spines [In Process Sitation]. J Cell Biol 2000; 151: 53-68.

Faham S. Diversity does make a difference: fibroblast growth factor-heparin interactions. Curr
Opin Struct Biol 1998; 8: 578-585.

Feyzi E, Lustig F, Fager G, Spillmann D, Lindahl U, Salmivirta M. Characterization of heparin
and heparan sulfate domains binding to the long splice variant of platelet-derived growth

factor A chain. J Biol Chem 1997; 272: 5518-5524.

Filla M, Dam P, Rapraeger AC. The cell surface proteoglycan syndecan-1 mediates fibroblast
growth factor-2 binding and activity. J Cell Physiol 1998; 174: 310-321.

54



Fitzgerald ML, Wang Z, Park PW, Murphy G, Bernfield M. Shedding of syndecan-1 and —4 ect-
odomains is regulated by multiple signaling pathways and mediated by a TIMP-3-sensitive
metalloproteinase. J Cell Biol 2000; 148: 811-824.

Folkman J. What is the evidence that tumours are angiogenesis dependent? J Natl Cancer Inst
1990; 82: 4-6.

Folkman J, Klagsbrun M. Angiogenic factors. Science 1987; 235: 442-447.

Freissler E, Meyer auf der Heyde A, David G, Meyer TF, Dehio C. Syndecan-1 and syndecan-4
can mediate the invasion of OpaHS expressing Neisseria ginorrhoeae into epithelial cells.
Cell Microbiol 2000; 2: 69-82.

Fujiya M, Watari J, Ashida T, Honda M, Tanabe H, Fujiki T, Saitoh Y, Kohgo Y. Reduced ex-
pression of syndecan-1 affects metastatic potential and clinical outcome in patients with
colorectal cancer. Jpn J Cancer Res 2001; 92: 1074-1081.

Fuki IV, Kuhn KM, Lomazov IR, Rothman VL, Tuszynski GP, Ranato I, Swenson TI, Fisher
EA, Williams KJ. Syndecan family of proteoglycans. Novel receptors mediating internal-
ization of atherogenic lipoproteins in vitro. J Clin Invest 1997; 100: 1611-1622.

Gallagher JT. Heparan sulfate: growth control with a restricted sequence menu. J Clin Invest
2001; 108: 357-361.

Gallo RL, Kim C, Kokenyesi R, Adzick NS, Bernfield M. Syndecans-1 and -4 are induced dur-
ing wound repair of neonatal but not fetal skin. J Invest Dermatol 1996; 107: 676—683.

Gallo RL, Ono M, Povsic T, Page C, Eriksson E, Klagsbrun M, Bernfield M. Syndecans, cell
surface heparan sulfate proteoglycans, are induced by a proline-rich antimicrobial peptide
from wounds. Proc Natl Acad Sci USA 1994; 91: 11035-11039.

Gao Y, Li M, Chen W, Simons M. Syntectin, syndecan-4 sytoplasmic domain binding PDZ
protein, inhibits cell migration. J Cell Physiol 2000; 184: 373-379.

Gattei V, Godeas C, Degan M, Maria Rossi F, Aldinucci D, Pinto A. Characterization of anti-
CD138 monoclonal antibodies as tools for investigating the molecular polymorphism of
syndecan-1 in human lymphoma cells. Br J Haematol 1999; 104: 152—162.

George ML, Tutton MG, Abulafi AM, Eccles SA, Swift RI. Plasma basic fibroblast growth
factor levels in colorectal cancer: a clinically useful assay? Clin Exp Metastasis 2002; 19:

735-738.

Granes F, Urena JM, Rocamora N, Vilaro S. Ezrin links syndecan-2 to the cytosceleton. J Cell
Sci 2000; 113: 1267-1276.

55



Graeven U, Andre N, Achilles E, Zornig C, Schmiegel W. Serum levels of vascular endothelial
growth factor and basic fibroblast growth factor in patients with soft-tissue sarcoma. J
Cancer Res Clin Oncol 1999; 125: 577-581.

Grootjans JJ, Reekmans G, Ceulemans H, David G. Syntetin-syndecan binding requires syn-
decan-syntety and the co-operation of both PDZ domains of syntetin. J Biol Chem 2000;
275:19933-19941.

Grootjans JJ, Zimmermann P, Reekmans G, Smets A, Degeest G, Durr J, David G. Syntetin, a
PDZ protein that binds syndecan cytoplasmic domains. Proc Natl Acad Sci USA 1997; 94:
13683-13688.

Gulyas M, Hjerpe A. Proteoglycans and WT1 as markers for distinguishing adenocarcinoma,
epithelioid mesothelioma, and benign mesothelium. J Pathol 2003; 199: 479-487.

Gotte M. Syndecans in inflammation. FASEB J 2003; 17: 575-591.

Gotte M, Joussen AM, Klein C, Andre P, Wagner DD, Kirchhof B, Hinkes MT, Adamis AP,
Bernfield M. Role of syndecan-1 in leukocyte-endothelial interactions in the ocular vascu-
lature. Invest Ophthalm Vis Sci 2002; 43: 1135-1141.

Harada K, Masuda S, Hirano M, Nakanuma Y. Reduced expression of syndecan-1 correlates
with histologic dedifferentiation, lymph node metastasis, and poor prognosis in intrahe-
patic cholangiocarcinoma. Hum Pathol 2003; 34: 857-863.

Hayashi K, Hayashi M, Jalkanen M, Firestone JH, Trelstad RL, Bernfield M. Immunocyto-
chemistry of cell surface heparan sulfate proteoglycan in mouse tissue. A light and electron
microscopic study. J Histochem Cytochem 1987; 35: 1079—1088.

Higashiyama S, Abraham JA, Klgsbrun M. Heparin-binding EGF-like growth factor stimula-
tion of smooth muscle cell migration: dependence on interactions with cell surface heparan
sulfate. J Cell Biol 1993; 122: 933-940.

Hinkes MT, Goldberger OA, Neumann PE, Kokenyesi R, Bernfield M. Organization and pro-
moter activity of the mouse syndecan-1 gene. J Biol Chem 1993; 268: 11440—11448.

Hirabayashi K, Numa F, Suminami Y, Murakami A, Murakami T, Kato H. Altered proliferative
and metastatic potential associated with increased expression of syndecan-1. Tumor Biol
1998; 19: 454—-463.

Homer JJ, Greenman J, Stafford ND. Circulating angiogenic cytocines as tumour markers and
prognostic factors in head and neck squamous cell carcinoma. Clin Otolaryngol 2002; 27:

32-37.

Hooper NM, Karran EH, Turner AJ. Membrane protein secretases. Biochem J 1997; 321: 265—
279.

56



Hsueh YP, Yang FC, Kharazia V, Naisbitt S, Cohen AR, Weinberg RJ, Sheng M. Direct inter-
action of CASK/LIN-2 and syndecan heparan sulfate proteoglycan and their overlapping
distribution in neuronal synapses. J Cell Biol 1998; 142: 139-151.

Ichinose Y, Yano T, Asoh H, Yokoyama H, Yoshino I, Katsuda Y. Prognostic factors obtained by
a pathological examination in completely resected non-small-cell lung cancer. An analysis
in each pathologic stage. J Thorac Cardiovasc Surg 1995; 110: 601-605.

Inki P, Jalkanen M. The role of syndecan-1 in malignancies. Ann Med 1996; 28: 63—67.

Inki P, Joensuu H, Grenman R, Klemi P, Jalkanen M. Association between syndecan-1 expres-
sion and clinical outcome in squamous cell carcinoma of the head and neck. Br J Cancer
1994c; 70: 319-323.

Inki P, Kujari H, Jalkanen M. Syndecan in carcinomas produced from transformed epithelial
cells in nude mice. Lab Invest 1992; 66: 314-323.

Inki P, Larjava H, Haapasalmi K, Miettinen HM, Grenman R, Jalkanen M. Expression of synde-
can-1 is induced by differentiation and suppressed by malignant transformation of human
keratinocytes. Eur J Cell Biol 1994a; 63: 43-51.

Inki P, Stenback F, Grenman S, Jalkanen M. Immunohistochemical localization of syndecan-1
in normal and pathological human uterine cervix. J Pathol 1994b; 172: 349-355.

Inki P, Stenbéck F, Talve L, Jalkanen M. Immunohistochemical localization of syndecan in
mouse skin tumours induced by UV irradiation. Am J Pathol 1991; 139: 1333—1340.

Jaakkola P, Kontusaari S, Kauppi T, Maitta A, Jalkanen M. Wound reepithelialization acti-
vates a growth factor responsive enhancer in migrating keratinocytes. FASEB J 1998b; 12:
959-969.

Jaakkola P, Méitta A, Jalkanen M. The activation and composition of FiRE (an FGF-induc-
ible response element) differ in a cell type- and growth factor-specific manner. Oncogene
1998a; 17: 1279-86.

Jaakkola P, Vihinen T, Maattd A, Jalkanen M. Activation of an enhancer on the syndecan-1 gene
is restricted to fibroblast growth factor family members in mesenchymal cells. Mol Cell
Biol 1997; 17: 3210-3219.

Jalkanen M, Rapraeger A, Saunders S, Bernfield M. Cell surface proteoglycan of mouse mam-
mary epithelial cells is shed by cleavage of Its matrix-binding ectodomain from its mem-
brane-associated domain. J Cell Biol 1987; 105: 3087-3096.

Janosi J, Sebestyen A, Mikala G, Nemeth J, Kiss Z, Valyi-Nagy 1. Soluble syndecan-1 levels

in different plasma cell dyscrasias and in different stages of multiple myeloma. Haemato-
logica 2004; 89: 370.

57



Jeremic B, Milicic B, Dagovic A, Aleksandrovic J, Nikolic N. Pretreatment clinical prognostic
factors in patients with stage IV non-small cell lung cancer (NSCLC) treated with chemo-
therapy. J Cancer Res Clin Oncol 2003; 129: 114-122.

Junker K. Prognostic factors in stage I/II non-small cell lung cancer. Lung Cancer 2001; 33:
S17-S24.

Kainulainen V, Nelimarkka L, Jarveldinen H, Laato M, Jalkanen M, Elenius K. Suppression of
syndecan-1 expression in endothelial cells by tumor necrosis factor-a. J Biol Chem 1996;
271: 18759-18766.

Kato M, Saunders S, Nguyen H, Bernfield M. Loss of cell surface syndecan-1 causes epithelia
to transform into anchorage-independent mesenchyme-like cells. Mol Biol Cell 1995; 6:
559-576.

Kato M, Wang H, Kainulainen V, Fitzgerald M, Ledbetter S, Ornitz D, Bernfield M. Physiologi-
cal degradation converts the soluble syndecan-1 ectodomain from an inhibitor to a potent
activator of FGF-2. Nat Med 1998; 4: 691-697.

Kim CW, Goldberger OA, Gallo RL, Bernfield M. Members of the syndecan family of heparan
sulfate proteoglycans are expressed in distinct cell-, tissue-, and development-specific pat-
terns. Mol Biol Cell 1994; 5: 797-805.

Kimura Y, Fujieda S, Takabayashi T, Tanaka T, Sugimoto C, Saito H. Convential tumor markers
are prognostic indicators in patients with head and neck squamous cell carcinoma. Cancer
Lett 2000; 155: 163—168.

Kjellen L, Lindahl U. Proteoglycans: structures and interactions. Annu Rev Biochem 1991; 60:
443-475.

Klatka J. Syndecan-1 expression in laryngeal cancer. Eur Arch Otorhinolaryngol 2002; 259:
115-118.

Koda JE, Bernfield MR. Heparan sulfate proteoglycans from mouse mammary epithelial cells.
Basal extracellular proteoglycan binds specifically to native type I collagen. J Biol Chem
1984; 259: 11763-11770.

Koda JE, Rapraeger A, Bernfield M. Heparan sulfate proteoglycans from mouse mammary epi-
thelial cells. Cell surface proteoglycans as a receptor for interstitial collagens. J Biol Chem
1985; 260: 8157-8162.

Kojima T, Shworak NW, Rosenberg RD. Molecular cloning and expression of two distinct
cDNA-encoding heparan sulfate proteoglycan core proteins from a rat endothelial cell line.
J Biol Chem 1992; 267: 4870—4877.

58



Kumar-Singh S, Jacobs W, Dhaene K, Weyn B, Bogers J, Weyler J, Van Marck E. Syndecan-1
expression in malignant mesothelioma: correlation with cell differentiation, WT1 expres-
sion, and clinical outcome. J Pathol 1998; 186: 300-305.

Kyrtsonis MC, Vassilakopoulos TP, Siakantaris MP, Kokoris SI, Gribabis DA, Dimopoulou
MN, Angelopoulou MK, Pangalis GA. Serum syndecan-1, basic fibroblast growth factor
and osteoprotegerin in myeloma patients at diagnosis and during the course of the disease.
Eur J Haematol 2004; 72: 252-258.

Laack E, Kohler A, Kugler C, Dierlamm T, Knuffmann C, Vohwinkel G, Niestroy A, Dahlmann
N, Peters A, Berger J, Fiedler W, Hossfeld DK. Pretreatment serum levels of matrix metal-

loproteinase-9 and vascular endothelial growth factor in non-small-cell lung cancer. Ann
Oncol 2002; 13: 1550—-1557.

Lachowicz MA, Hassmann-Poznanska E, Kozlowski MD, Rzewnicki I. Squamous cell carci-
noma antigen in patients with cancer of the larynx. Clin Otolaryngol 1999; 24: 270-273.

Langford JK, Yang Y, Kieber-Emmons T, Sanderson R. Identification of an invasion regulatory
domain within the core protein of syndecan-1. J Biol Chem 2005; 280: 3467-3473.

Larrain J, Cizmeci-Smith G, Troncoso V, Stahl R, Carey D, Brandan E. Syndecan-1 expres-
sion in down-regulated during myoblast terminal differentiation. J Biol Chem 1997; 272:
18418-18424.

Lebakken CS, McQuade KJ, Rapracger AC. Syndecan-1 signals independently of betal integ-
rins during Raji cell spreading. Exp Cell Res 2000; 259: 315-325.

Leivonen M, Lundin J, Nordling S, von Bogulawski K, Haglund C. Prognostic value of synde-
can-1 expression in breast cancer. Oncology 2004; 67: 11-18.

Leppé S, Mali M, Miettinen H, Jalkanen M. Syndecan expression regulates cell morphology
and growth of mouse mammary epithelial tumor cells. Proc Natl Acad Sci USA 1992; 89:
932-936.

Leppd S, Vleminckx K, Van Roy F, Jalkanen M. Syndecan-1 expression in mammary epithelial
tumor cells is E-cadherin-dependent. J Cell Sci 1996; 109: 1393—-1403.

Levy P, Munier A, Baron-Delage S, Di Gioia Y, Gespach C, Capeau J, Cherqui G. Syndecan-1
alterations during the tumorigenic progression of human colonic Caco-2 cells induced by

human Ha-ras or polyoma middle T oncogenes. Br J Cancer 1996; 74: 423-431.

Linnerth N, Sirbovan K, Moorehead R. Use of a transgenic mouse model to identify markers
of human lung tumours. Int J Cancer 2005; 114: 977-982.

59



Lipford EH III, Eggleston J, Lillemoe K, Sears D, Moore G, Baker R. Prognostic factors in
surgically resected limited-stage, non-small-cell carcinoma of the lung. Am J Surg Pathol
1984; 8: 375-365.

Liu K, Kasper M, Bierhaus A, Langer S, Peterson I, Muller M, Trott KR. Differential expression
of CD44 and CD44v10 proteins and syndecan in normal and irradiated mouse epidermis.
Histochem Clee Biol 1997; 107: 159-167.

Lopez-Casillas F, Cheifetz S, Doody J, Andres JL, Lane WS, Massague J. Structure and ex-
pression of the membrane proteoglycan betaglycan, a component of the TGF-f3 receptor
system. Cell 1991; 67: 785-795.

Lortat-Jacob H, Turnbull JE, Grimaud JA. Molecular organization of the interferon gamma-
binding domain of heparan sulphate. Biochem J 1995; 310: 497-505.

Lyon M, Gallagher JT. Hepatocyte growth factor/scatter factor: a heparan sulfate-binding pleio-
tropic growth factor. Biochem Soc Trans 1994; 22: 365-370.

Mali M, Andtfolk H, Miettinen HM, Jalkanen M. Suppression of tumor cell growth by synde-
can-1 ectodomain. J Biol Chem 1994; 269: 27795-27798.

Mali M, Elenius K, Miettinen HM, Jalkanen M. Inhibition of basic fibroblast growth factor-
induced growth promotion by overexpression of syndecan-1. J Biol Chem 1993; 268:
24215-24222.

Mali M, Jaakkola P, Arvilommi A-M, Jalkanen M. Sequence of human syndecan indicates a
novel gene family of integral membrane proteoglycans. J Biol Chem 1990; 265: 6884—
6889.

Matsumoto A, Ono M, Fujimoto Y, Gallo R, Bernfield M, Kohgo Y. Reduced expression of
syndecan-1 in human hepatocellular carcinoma with high metastatic potential. Int J Cancer
(Pred Oncol) 1997; 74: 482-491.

Matsunaga H, Hangai N, Aso Y, Okano K, Kawamura M, Kobayashi K, Kambara H, Hoger JH,
Mitsuhashi M. Application of differential display to identify for lung cancer detection in
preipheral blood. Int J Cancer 2002; 100: 592—-599.

Mattern J, Koomégi R, Volm M. Characteristics of long-term survivors of untreated lung cancer.
Lung Cancer 2002; 36: 277-282.

Maxim PE, Veltri RW. Serum ferritin as a tumor marker in patients with squamous cell carci-
noma of the head and neck. Cancer 1986; 57: 305-311.

McFadden G, Kelvin D. New strategies for chemokine inhibition and modulation. You take the
high road and I'll take the low road. Biochem Pharm 1997; 54: 1271-1280.

60



McQuade KJ and Rapraeger AC. Syndecan-1 transmembrane and extracellular domains have
unique and distinct roles in cell spreading. J Biol Chem 2003; 278: 46607-46615.

Mevio E, Benazzo M, Galioto P, Fornasari G, Cisternino M, Fraietta L. Use of serum markers in
the diagnosis and management of laryngeal cancer. Clin Otolaryngol 1991; 16: 90-92.

Mikami S, Ohashi K, Usui Y, Nemoto T, Katsube K, Yanagishita M, Nakajima M, Nakamura K,
Koike M. Loss of syndecan-1 and increased expression of heparanase in invasive esopha-
geal carcinomas. Jpn J Cancer Res 2001; 92: 1062—-1072.

Mukunyadzi P, Sanderson RD, Fan C-Y, Smoller BR. The level of syndecan-1 expression is a
distinguishing feature in behavior between keratoacanthoma and invasive cutaneous squa-
mous cell carcinoma. Mod Pathol 2002; 15: 45-49.

Mohammadi M, Olsen SK, Goetz R. A protein canyon in the FGF-FGF receptor dimer selects
from an a la carte menu of heparan sulfate motifs. Curr Opin Struct Biol 2005; 15:1-11.

Mundhenke C, Meyer K, Drew S, Friedl A. Heparan sulfate proteoglycans as regulators of
fibroblast growth factor-2 receptor binding in breast carcinomas. Am J Pathol 2002; 160:
185-194.

Maittanen L, Auvinen A, Stenman UH, Tammela T, Rannikko S, Aro J, Juusela H, Hakama M.
Three-year results of the Finnish prostata cancer screening trial. J Natl Cancer Inst 2001;
93:552-553.

Nackaerts K, Verbeken E, Deneffe G, Vanderschueren B, Demedts M, David G. Heparan sulfate
proteoglycan expression in human lung-cancer cells. Int J Cancer (Pred Oncol) 1997; 74:
335-345.

Nakanishi K, Yoshioka N, Oka K, Hakura A. Reduction of syndecan-1 mRNA in cervical-carci-
noma cells is involved with the 3’untranslated region. Int J Cancer 1999; 80: 527-532.

Nanki N, Fujita J, Yang Y, Bandoh S, Yamaji Y, Ishida T. Expression of oncofetal fibronectin and
syndecan-1 mRNA in 18 human lung cancer cell lines. Tumor Biol 2001; 22: 390-396.

Nanus DM, Schmitz-Driger BJ, Motzer RJ, Lee AC, Vlamis V, Cordon-Cardo C, Albino AP,
Reuter VE. Expression of basic fibroblast growth factor in human renal tumours: correla-
tion with poor survival. J Natl Cancer Inst 1993; 85: 1597-1599.

Nemeth Z, Szigeti K, Mathe M, Szabo G, Valich N, Suba Z. Effect of induction chemotherapy
on changes of laminin and syndecan expression in oral squamous cell carcinomas: a pro-
spective, randomized, clinicopathologic and immunohistochemical study. J Craniofac Surg
2005; 16: 205-212.

61



Neufeld G, Cohen T, Gengrinovitch S, Poltorak Z. Vascular endothelial growth factor (VEGF)
and its receptors. FASEB J 1999; 13: 2-22.

Neuner A, Schindel M, Wildenberg U, Muley T, Lahm H, Fischer JR. Prognostic significance of
cytokine modulation in non-small cell lung cancer. Int J Cancer 2002; 101: 287-292.

Nishio M, Koshikawa T, Kuroishi T, Suyama M, Uchida K, Takagi Y, Washimi O, Sugiura T,
Ariyoshi Y, Takahashi T, Ueda R, Takahashi T. Prognostic significance of abnormal p53
accumulation in primary, resected non-small-cell lung cancers. J Clin Oncol 1996; 14:
497-502.

Nugent MA, lozzo RV. Fibroblast growth factor-2. Int J Biochem Cell Biol 2000; 32: 115-120.

Numa F, Hirabayashi K, Kawasaki K, Sakaguchi Y, Sugino N, Suehiro Y, Suminami Y, Hi-
rakawa H, Umayahara K, Nawata S, Ogata H, Kato H. Syndecan-1 expression in cancer of
uterine cervix: association with lymph node metastasis. Int J Oncol 2002; 20: 39-43.

Oh ES, Woods A, Lim ST, Theibert AW, Couchman JR. Syndecan-4 proteoglycan cytoplasmic
domain and phosphatidylinositol 4,5-bisphospate coordinately regulate protein kinase C
activity. J Biol Chem 1998; 273: 10624—10629.

Ohta T, Yamamoto M, Numata M, Iseki S, Tsukioka Y, Miyashita T, Kayahara M, Nagakawa T,
Miyazaki I, Nishikawa K, Yoshitake Y. Expression of basic fibroblast growth factor and its
receptor in human pancreatic carcinomas. Br J Cancer 1995; 72: 824-831.

Ornitz DM, Itoh N. Fibroblast growth factors. Gen Biol 2001; 2: 3005.1-3005.12.

Orosz Z, Kopper L. Syndecan-1 expression in different soft tissue tumours. Anticancer Res
2001; 21: 733-738.

Pastorino U, Andreola S, Tagliabue E, Pezzella F, Incarbone M, Sozzi G, Buyse M, Menard
S, Pierotti M, Rilke F. Immunocytochemical markers in stage I lung cancer: relevance to
prognosis. J Clin Oncol 1997; 15: 2858-2865.

Pera E, Moreno A, Galino L. Prognostic factors in laryngeal carcinoma. Cancer 1986; 58: 928—
934.

Poon R, Ng I, Lau C, Yu W-C, Fan S-T, Wong J. Correlation of serum basic fibroblast growth
factor levels with clinicopathologic features and postoperative recurrence in hepatocellular
carcinoma. Am J Surg 2001; 182: 298-304.

Pujol JL, Quantin X, Jacot W, Boher JM, Grenier J, Lamy PJ. Neuroendocrine and cytokeratin

serum markers as prognostic determinants of small cell lung cancer. Lung Cancer 2003;
39: 131-138.

62



Pulkkinen JO, Penttinen M, Jalkanen M, Klemi P, Grénman R. Syndecan-1: a prognostic marker
in laryngeal cancer. Acta Otolaryngol (Stockh) 1997; 117: 312-315.

Rapraeger AC. The coordinated regulation of heparan sulftate, syndecans and cell behavior.
Curr Opin Cell Biol 1993; 5: 844-853.

Rapraeger AC, Bernfield MR. Heparan sulfate proteoglycans from mouse mammary epithelial
cells. A putative membrane proteglycan associates quantitatively with lipid vesicles. J Biol
Chem 1983; 258: 3632-3636.

Rapraeger A, Jalkanen M, Bernfield M. Cell surface proteoglycan associates with the cytosce-
leton at the basolateral cell surface of mouse mammary epithelial cells. J Cell Biol 1986;
103: 2683-2696.

Rapraeger AC, Jalkanen M, Endo E, Koda J, Bernfield M. The cell surface proteoglycan
from mouse mammary epithelial cells bears chondroitin sulfate and heparan sulfate gly-
cosaminoglycans. J Biol Chem 1985; 260: 11046—11052.

Rapraeger AC, Krufka A, Olwin BB. Requirement of heparan sulfate for bFGF-mediated fi-
broblast growth and myoblast differentiation. Science 1991; 252: 1705-1708.

Ria R, Portaluri M, Russo F, Cirulli T, Di Pietro G, bambace S, Cucci F, Romano T, Vacca A,
Dammacco F. Serum levels of angiogenic cytokines decrease after antineoplastic radio-
therapy. Cancer Lett 2004; 216: 103—107.

Richardson TP, Trinkaus-Randall V, Nugent MA. Regulation of basic fibroblast growth factor
binding and activity by cell density and heparan sulfate. J Biol Chem 1999; 274: 13534—
13540.

Ridley RC, Xiao H, Hata H, Woodliff J, Epstein J, Sanderson RD. Expression of syndecan regu-
lates human myeloma plasma cell adhesion to type I collagen. Blood 1993; 81: 767—774.

Riedel F, Gotte K, Bergler W, Rojas W, Hérmann K. Expression of basic fibroblast growth
factor protein and its down-regulation by interferons in head and neck cancer. Head Neck
2000; 22: 183—189.

Rintala M, Inki P, Klemi P, Jalkanen M, Grenman S. Association of syndecan-1 with tumor
grade and histology in primary invasive cervical carcinoma. Gynecol Oncol 1999; 57:
372-378.

Rosenberg RD, Shworak NW, Liu J, Schwartz JJ, Zhang L. Heparan sulfate proteoglycans of

the cardiovascular system: specific structures emerge but how is synthesis regulated? J Clin
Invest 1997; 99: 2062-2070.

63



Rostand KS, Esko JD. Microbial adherence to and invasion through proteoglycans. Infect Im-
munol 1997; 65: 1-8.

Ruoslahti E. Structure and biology of proteoglycans.Ann Rev Cell Biol 1988; 4: 229-255.

Ruotsalainen T, Halme M, Isokangas OP, Pyrhonen S, Méntyld M, Pekonen M, Sarna S, Joen-
suu H, Mattson K. Interferon-o and 13-cis-retionic acid as maintenance therapy after high-
dose feasibility study. Anticancer Drugs 2000; 11: 101-108.

Ruotsalainen T, Halme M, Tamminen K, Szopinski J, Niiranen A, Pyrhonen S, Riska H, Maas-
ilta P, Jekunen A, Mintyld M, Joensuu H, Sarna S, Cantell K, Mattson K. Concominant
chemotherapy and interferon-alpha for small cell lung cancer: a randomized multicentre
phase 111 trial. J Interferon Cytokine Res 1999; 19: 253-259.

Ruotsalainen T, Joensuu H, Mattson K, Salven P. High pretreatment serum concentration of
basic fibroblast growth factor is a predictor of poor prognosis in small cell lung cancer.
Cancer Epidemiol Biomarkers Prev 2002; 11: 1492-1495.

Salmivirta M, Elenius K, Vainio S, Hofer U, Chiquet-Erismann R, Thesleff I, Jalkanen M.
Syndecan from embryonic tooth mesenchyme binds tenascin. J Biol Chem 1991; 266:
7733-7739.

Salmivirta M, Heino J, Jalkanen M. Basic fibroblast growth factor-syndecan complex at cell
surface of immobilized to matrix promotes cell growth. J Biol Chem 1992a; 267: 17606—
17610.

Salmivirta M, Mali M, Heino J, Hermonen J, Jalkanen M. A novel laminin-binding form of syn-
decan-1 (cell surface proteoglycan) produced by syndecan-1 cDNA-transfected NIH-3T3
cells. Exp Cell Res 1994; 215: 180-188.

Salmivirta M, Rauvala H, Elenius K, Jalkanen M. Neurite growth-promoting protein
(amphoterin,p30) binds syndecan. Exp Cell Res 1992b; 200: 444-451.

Salven P, Orpana A, Teerenhovi L, Joensuu H. Simultaneous elevation in the serum concentra-
tions of the angiogenic growth factors VEGF and bFGF is an independent predictor of poor
prognosis in non-Hodgkins lymphoma: a single institution study of 200 patients. Blood
2000; 96: 3712-3718.

Salven P, Teerenhovi L, Joensuu H. A high pretreatment serum basic fibroblast growth factor
concentration is an independent predictor of poor prognosis in non-Hodgkin’s lymphoma.

Blood 1999; 94: 3334-3339.

Sanderson RD. Heparan sulfate proteoglycans in invasion and metastasis. Semin Cell Dev Biol
2001; 12: 89-98.

64



Sanderson RD, Bernfield M. Molecular polymorphism of a cell surface proteoglycan: distinct
stucture on simple and stratified epithelia. Proc Natl Acad Sci USA 1988; 85: 9562-9566.

Sanderson RD, Borset M. Syndecan-1 in B lymphoid malignancies. Ann Hematol 2002; 81:
125-135.

Sanderson RD, Hinkes MT, Bernfield M. Syndecan-1, a cell-surface proteoglycan, changes in
size and abundance when keratinocytes stratify. J Invest Dermatol 1992a; 99: 390-396.

Sanderson RD, Lalor P, Bernfield M. B lymphocytes express and lose syndecan at specific
stages of differentiation. Cell Regul 1989; 1: 27-35.

Sanderson RD, Sneed TB, Young LA, Sullivan GL, Lander AD. Adhesion of B lymphoid (MPC-
11) cells to type I collagen is mediated by the integral membrane proteoglycan, syndecan.
J Immunol 1992b; 148: 3902-3911.

Sasaki H, Yukiue H, Mizuno K, Sekimura A, Konishi A, Yano M, Kaji M, Fukai I, Yamakawa
Y, Fuji Y. Elevated serum epidermal growth factor receptor level is correlated with lymph
node metastasis in lung cancer. Int J Clin Oncol 2003; 8: 79-82.

Sasisekharan R, Ernst S, Venkataraman G. On the regulation of fibroblast growth factor activity
by heparin-like glycosaminoglycans. Angiogenesis 1997; 1: 45-54.

Sasisekharan R, Shriver Z, Venkataraman G, Narayanasami U. Roles of heparan-sulfate glycos-
aminoglycans in cancer. Nat Rev Cancer 2002; 2. 521-528.

Saunders S, Bernfield M. Cell surface proteoglycan bind mouse mammary eputhelial cells to fi-
bronectin and behaves as a receptor on interstitial matrix. J Cell Biol 1988; 106: 423-430.

Saunders S, Jalkanen M, O’Farrell S, Bernfield M. Molecular cloning of syndecan, an integral
membrane proteoglycan. J Cell Biol 1989; 108: 1547—-1556.

Sawabata N, Ohta M, Takeda S, Hirano H, Okumura Y, Asada H, Maeda H. Ann Thorac Surg
2002; 74: 174-179.

Sawitzky D. Protein-glycosaminoglycan interactions: infectiological aspects. Med Microbiol
Immunol 1996; 184: 155-161.

Sebestyen A, Berczi L, Mihalik R, Paku S, Matolcsy A, Kopper L. Syndecan-1 (CD138) expres-
sion in human non-Hodgkin lymphomas. Br J Haematol 1999; 104: 412-419.

Sebestyen A, Kovalszky I, Mihalik R, Gallai M, Bocsi J, Laszlo E, benedek S, Sreter L, Kopper

L. Expression of syndecan-1 in human B cell chronic lymphocytic leukaemia. Eur J Cancer
1997, 33: 2273-2277.

65



Seidel C, Borset M, Hjertner O, Cao D, Abildgaard N, Hjorth-Hansen H, Sanderson RD, Waage
A, Sundan A. High levels of soluble syndecan-1 in myeloma-derived bone marrow: modu-
lation of hepatocyte growth factor activity. Blood 2000b; 96: 3139-3146.

Seidel C, Sundan A, Hjorth M, Turesson I, Dahl IMS, Abildgaard N, Waage A, Borset M. Serum
syndecan-1: a new independent prognostic marker in multiple myeloma. Blood 2000a; 95:
388-392.

Shah L, Walter KL, Borczuk AC, Kawut SM, Sonett JR, Gorenstein L, Ginsburg ME, Steinglass
KM, Powell CA. Expression of syndecan-1 and expression of epidermal growth factor
receptor are associated with survival in patients with nonsmall cell lung carcinoma. Cancer
2004; 101: 1632-1638.

Shang ZJ, Li JR, Li ZB. Circulating levels of vascular endothelial growth factor in patients with
oral squamous cell carcinoma. Int J Oral Maxillofac Surg 2002; 31: 495-498.

Sneed TB, Stanley DJ, Young LA, Sanderson RD. Interleukin-6 regulates expression of the syn-
decan-1 proteoglycan on B lymhoid cells. Cell Immunol 1994; 153: 456-467.

Solursh M, Reiter RS, Jensen KL, Kato M, Bernfield M. Transient expression of a cell surface
heparan sulfate proteoglycan (syndecan) during limb development. Dev Biol 1990; 140:
83-92.

Soukka T, Pohjola J, Inki P, Happonen R-P. Reduction of syndecan-1 expression is associated
with dysplastic oral epithelium. J Oral Pathol Med 2000; 29: 308-313.

Spring J, Paine-Saunders SE, Hynes RO, Bernfield M. Drosophilia syndecan: Conservation of a
cell surface heparan sulfate proteoglycan. Proc Natl Acad Sci USA 1994; 91: 3334-3338.

Stanley MJ, Liebersbach BF, Liu W, Anhalt DJ, Sanderson RD. Heparan sulfate-mediated cell
aggregation. Syndecans-1 and —4 mediate intercellular adhesion following their transfec-
tion into human B lymphoid cells. J Biol Chem 1995; 270: 5077-5083.

Stanley MJ, Stanley MW, Sanderson RD, Zera R. Syndecan-1 expression is induced in the
stroma of infiltrating breast carcinoma. Am J Clin Pathol 1999; 112: 377-383.

Steinfeld R, Van Den Berghe H, David G. Stimulation of fibroblast growth factor receptor-1
occupancy and signalling by cell surface-associated syndecans and glypican. J Cell Biol
1996; 133: 405-416.

Stepp MA, Gibson HE, Gala PH, Iglesia DDS, Pajoohesh-Ganji A, Pal-Ghosh S, Brown M,
Aquino C, Schwartz AM, Goldberger O, Hinkes MT, Bernfield M. Defects in keratinocyte
activation during wound healing in the syndecan-1-deficient mouse. J Cell Sci 2002; 115:
4517-4531.

66



Stokkel MPM, van Eck-Smit BLF, Zwinderman AH, Willems LNA, Pauwels EKJ. Pretreatment
serum lactate dehydrogenase as additional staging parameter in patients with small-cell
lung carcinoma. J Cancer Res Clin Oncol 1998; 124: 215-219.

Strojan P, Budihna M, Smid L, Svetic B, Vrhovec I, Skrk J. Cathepsin B and L and stefin A and
B levels as serum tumor markers in squamous cell carcinoma of the head and neck. Neo-
plasma 2001; 48: 66-71.

Subramaniam SV, Fitzgerald ML, Bernfield M. Regulated shedding of syndecan-1 and -4 ect-
odomains by thrombin and growth factor receptor activation. J Biol Chem 1997; 272:
14713-14720.

Sun X, Mosher DF, Rapraeger A. Heparan sulfate-mediated binding of epithelial cell surface
proteoglycan to thrombospondin. J Biol Chem 1989; 264: 2885-2889.

Sutcliffe M, Oscier D, Wright DH. Syndecan-1 (CD138) expression in human non-Hodgkin’s
lymphomas. Br J Haematol 2000; 110: 239-240.

Sutherland AE, Sanderson RD, Mayes M, Seibert M, Calarco PG, Bernfield M, Damsky CH.
Expression of syndecan, a putative low affinity fibroblast growth factor receptor, in the
early mouse embryo. Development 1991; 113: 339-351.

Takanami I, Tanaka F, Hashizume T, Kikuchi K, Yamamoto Y, Yamamoto T, Koidra S. The basic
fibroblast growth factor and its receptor in pulmonary adenocarcinomas: an investigation
of their expression as prognostic markers. Eur J Cancer 1996; 32A: 1504—-1509.

Takeuchi S, Nonaka M, kadokura M, Takaba T. Prognostic significance of serum squamous cell
carcinoma antigen in surgically treated lung cancer. Ann Thorac Cardiovasc Surg 2003; 9:
98-104.

Takise A, Kodama T, Shimosato Y, Watanabe S, Suemasu K. Histopathologic prognostic factors
in adenocarcinomas of the peripheral lung less than 2 cm in diameter. Cancer 1988; 61:
2083-2088.

Tanabe H, Yokota K, Kohgo Y. Localization of syndecan-1 in human gastric mucosa associated
with ulceration. J Pathol 1999; 187: 338-344.

Tanaka F, Kawano Y, Li M, Takata T, Miyhara R, Yanagihara K, Ohtake Y, Fuuse T, Wada H.
Prognostic significance of apoptotic index in completely resected non-small-cell lung can-
cer. J Clin Oncol 1999; 17: 2728-2736.

Tartour E, Mosseri V, Jouffroy T, Deneux L, Jaulerry C, Brunin F, Fridman WH, Rodriguez J.

Serum soluble interleukin-2 receptor concentrations as an independent prognostic marker
in head and neck cancer. Lancet 2001; 357: 1263—-1264.

67



Thesleff I, Jalkanen M, Vainio S, Bernfield M. Cell surface proteoglycan expression correlates
with epithelial-mesenchymal interaction during tooth morphogenesis. Dev Biol 1988; 129:
565-572.

Toyoshima E, Ohsaki Y, Nishigaki Y, Fujimoto Y, Kohgo Y, Kikuchi K. Expression of syndecan-
1 is common in human lung cancers independent of expression of epidermal growth factor
receptor. Lung Cancer 2001; 31: 193-202.

Trautman MS, Kimelman J, Bernfield M. Developmental expression of syndecan, an integral
membrane proteoglycan, correlates with cell differentiation. Development 1991; 111:
213-220.

Tumova S, Woods A, Couchman JR. Heparan sulfate proteoglycans on the cell surface: versatile
coordinators of cellular functions. Int J Biochem Cell Biol 2000; 32: 269-288.

Ueno K, Inoue Y, Kawaguchi T, Hosoe S, Kawahara M. Increased serum levels of basic fibrob-
last growth factor in lung cancer patients: relevance to response of therapy and prognosis.
Lung Cancer 2001; 31: 213-219.

Ugurel S, Rappl G, Tilgen W, Reinhold U. Increased serum concentration of angiogenic fac-
tors in malignant melanoma correlates with tumour progression and survival. J Clin Oncol
2001; 19: 577-583.

Vainio S, Jalkanen M, Bernfield M, Saxen L. Transient expression of syndecan mesenchymal
cell aggregates of the embryonic kidney. Devl Biol 1992; 221-232.

Vainio S, Jalkanen M, Thesleff I. Syndecan and tenascin expression is induced by epitheli-
al-mesenchymal interactions in embryonic tooth mesenchyme. J Cell Biol 1989b; 108:
1945-1954.

Vainio S, Jalkanen M, Vaahtokari A, Sahlberg C, Mali M, Bernfield M, Thesleff I. Expression of
syndecan gene is induced early, is transient, and correlates with changes in mesenchymal
cell proliferation during tooth organogenesis. Devl Biol 1991; 147: 322-333.

Vainio S, Lehtonen E, Jalkanen M, Bernfield M, Saxen L. Epithelial-mesenchymal interactions
regulate the stage-specific expression of a cell surface proteoglycan, syndecan, in the de-

veloping kidney. Dev Biol 1989a; 134: 382-391.

Vihinen T, Mééttd A, Jaakkola P, Auvinen P, Jalkanen M. Functional characterization of mouse
syndecan-1 gene. J Biol Chem 1996; 27: 12532-12541.

Volm M, Rittgen W, Drigns P. Prognostic value of ERBB-1,VEGF, cyclin A, FOS, JUN, and
MYC in patients with squamous cell lung carcinomas. Br J Cancer 1998; 77: 663-669.

68



Wang H, Moore S, Alavi MZ. Expression of syndecan-1 in rabbit neointima following de-endo-
thelialization by a balloon catheter. Atherosclerosis 1997; 131: 141-147.

Werb Z, Yan Y. A cellular striptease act. Science 1998; 282: 1279-1280.

Wiernik G, Millard PR, Haybittle JL. The predictive value of histological classification into
degrees of differentiation of squamous cell carcinoma of the larynx and hypopharynx com-
pared with the survival of patients. Histopathology 1991; 19: 411-417.

Wijdenes J, Vooijs W, Clement C, Post J, Morard F, Vita N, Laurent P, Sun RX, Klein B, Dore
JM. A plasmocyte selective monoclonal antibody (B-B4) recognize syndecan-1. Br J Hae-
matol 1996; 92: 318-323.

Wiksten J-P, Lundin J, Nordling S, Kokkola A, Haglund C. A prognostic value of syndecan-1 in
gastric cancer. Anticancer Res 2000; 20: 4905-4908.

Wiksten J-P, Lundin J, Nordling S, Lundin M, Kokkola A, von Boguslawski K, Haglund C. Epi-
thelial and stromal syndecan-1 expression as predictor of outcome in patients with gastric
cancer. Int J Cancer 2001 (Pred Oncol) 2001; 95: 1-6.

Witzig TE, Kimlinger T, Stenson M, Therneau T. Syndecan-1 expression on malignant cells
from the blood and marrow of patients with plasma cell proliferative disorders and B-cell
chronic lymphocytic leukemia. Leuk Lymphoma 1998; 31: 167-175.

Woods A. Syndecans: transmembrane modulators of adhesion and matrix assembly. J Clin In-
vest 2001; 107: 935-941.

Woods A, Couchman JR. Syndecans: syndergistic activators of cell adhesion. Trends Cell Biol
1998; 8: 189-192.

Woods A, Couchman JR. Integrin modulation by lateral association. J Biol Chem 2000; 275:
24233-24236.

Worapamorn W, Tam SP, Li H, Haase HR, Bartold PM. Cytokine regulation of syndecan-1 and
-2 gene expression in human periodontal fibroblasts and osteoblasts. J Periodont Res 2002;
37:273-278.

Wu ZL, Zhang L, Yabe T, Kuberan B, Beeler DL, Love A, Rosenberg RD. The involvement of
heparan sulfate (HS) in FGF1/HS/FGFR1 signaling complex. J Biol Chem 2003; 278:
17121-17129.

Yamagata M, Saga S, Kato M, Bernfield M, Kimata K. Selective distributions of proteo-

glycans and their ligands in pericellular matrix of cultured fibroblasts. Implications for
their roles in cell-substratum adhesion. J Cell Sci 1993; 106: 55-65.

69



Yang Y, Yaccoby S, Liu W, Langford JK, Pumphrey CY, Theus A, Epstein J, Sanderson RD.
Soluble syndecan-1 promotes growth of myeloma tumors in vivo. Blood 2002; 100:
610-617.

Yanagishita M. Cellular catabolism of heparan sulfate proteoglycans. TIG (Trens Genet)
1998; 10: 57-63.

Yanagishita M, Hascall VC. Cell surface heparan sulfate proteoglycans. J Biol Chem 1992;
267: 9451-9454.

Yayon A, Klagsbrun M, Esko JD, Leder P, Ornitz DM. Cell surface, heparin-like molucules
are required for binding of basic fibroblast growth factor to its high affinity receptor.
Cell 1991; 64: 841-848.

Yazici H, Altun M, Hafiz G, Dalay N. Serum and tissue c-erb B2, bcl-2, and mutant p53
oncoprotein levels in nasopharyngeal cancer. Cancer Invest 2001; 19: 773-778.

Yeaman C, Rapraeger AC. Post-transcriptional regulation of syndecan-1 expression by
cAMP in peritoneal macrophages. J Cell Biol 1993; 122: 941-950.

Yip D, Harper PG. Predictive and prognostic factors in small cell lung cancer: current sta-
tus. Lung Cancer 2000; 28: 173-185.

Yoneda A, Couchman JR. Regulation of cytoskeletal organization by syndecan transmem-
brane proteoglycans. Matrix Biol 2003; 22: 25-33.

Yuan A, Yu CJ, Kuo SH, Chen WJ, Lin FY, Luh KT, Yang PC, Lee YC. Vascular endothe-
lial growth factor 189 mRNA isoform expression specifically correlates with tumor
angiogenesis, patient survival, and postoperative relapse in non-small-cell lung cancer.
J Clin Oncol 2001; 19: 432-441.

Zellweger T, Ninck C, Bloch M, Mirlacher M, Koivisto PA, Helin HJ, Mihatsch MJ, Gas-
ser TC, Bubendorf L. Expression patterns of potential therapeutic targets in prostate
cancer. Int J Cancer 2005; 113: 619-628.

Zellweger T, Ninck C, Mirlacher M, Annefeld M, Glass AG, Gasser T, Mihatsch MJ, Gle-

mann EP, Bubendorf L. Tissue microarray analysis reveals prognostic significance of
syndecan-1 expression in prostate cancer. Prostate 2003; 55: 20-29.

70



Zimmermann P, David G. The syndecans, tuners of transmembrane signaling. FASEB J
1999; 13 (suppl.): S91-S100.

Zimmermann P, Tomatis D, Rosas M, Grootjans J, Leenaerts I, Degeest G, Reekmans G,
Coomans C, David G. Characterization of syntetin, a syndecan-binding PDZ protein,
as a component of cell adhesion sites and microfilaments. Mol Biol Cell 2001; 13:
339-350.

71






	TABLE OF CONTENTS
	1. LIST OF ORIGINAL PUBLICATIONS
	2. ABBREVIATIONS
	3. ABSTRACT
	4. INTRODUCTION
	5. REVIEW OF THE LITERATURE
	6. AIMS OF THE STUDY
	7. MATERIALS AND METHODS
	8. RESULTS
	9. DISCUSSION
	10. SUMMARY AND CONCLUSIONS
	11. ACKNOWLEDGEMENTS
	12. REFERENCES


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF0059006c0069006f0070006900730074006f007000610069006e006f006e00200064006900670069006e002000640069007300740069006c006c00650072002d00610073006500740075006b007300650074002e0020004b00e40079007400e40020006e00e40069007400e40020006b00610069006b0069006c006c006500200064006900670069006e0020007400f60069006c006c00650021>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




