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Pancreatic Ductal Adenocarcinoma (PDAC) is a fatal disease with poor prognosis because pa-tients rarely express
symptoms in initial stages, which prevents early detection and diagnosis. Syndecans, a subfamily of proteoglycans,
are involved in many physiological processes includ-ing cell proliferation, adhesion, and migration. Syndecans are
physiologically found in many cell types and their interactions with other macromolecules enhance many pathways.
In particu-lar, extracellular matrix components, growth factors, and integrins collect the majority of syndecans
associations acting as biochemical, physical, and mechanical transducers. Syndecans are transmembrane
glycoproteins, but occasionally their extracellular domain can be released from the cell surface by the action of
matrix metalloproteinases, converting them into soluble molecules that are capable of binding distant molecules

such as extracellular matrix (ECM) components, growth factor receptors, and integrins from other cells.

pancreatic ductal adenocarcinoma syndecans proteoglycans tumor progression

angiogenesis

| 1. Introduction

The pancreas is an organ that functions as part of the gastrointestinal system. Even though it is primarily an
exocrine gland, it also has an endocrine function. The endocrine pancreas is constituted of pancreatic islets, which
produce and secrete insulin and glucagon hormones (among others), to regulate blood glucose levels and glucose
intake by cells. The exocrine pancreas instead is constituted by the pancreatic duct and acinar cells. It is in charge
of producing enzymes such as proteases, lipases, and amylases that are released into the duodenum to support
nutrient digestion. Pancreatic dysfunction can lead to digestion problems as well as dysregulation of blood glucose
homeostasis due to different diseases including diabetes mellitus, chronic and acute pancreatitis, and hereditary
pancreatitis. Moreover, the most relevant for patient’'s survival is, without doubt, pancreatic cancer in the form of
pancreatic ductal adenocarcinoma (PDAC). PDAC accounts for more than 90% of all pancreatic malignancies and
is usually diagnosed at very advanced stages due to the lack of efficient screening tests present for early detection
as well as due to its asymptomatic nature at early stages. Moreover, some of its symptoms, like abdominal pain,
jaundice, and dark urine are not specific to this disease, which makes it even more difficult to diagnose . The
cause of pancreatic cancer remains unknown, but a few authors have recently expressed that some of the risk
factors of developing PDAC are cigarette smoking, a diet based on a high intake of fat and meat, diabetes, alcohol
abuse, and family history [&. There are three precursors from which PDAC originates Bl namely intraductal

papillary mucinous neoplasm (IPMN), mucinous cystic neoplasm (MCN) and pancreatic intraepithelial neoplasm
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(PanIN), the last one being the most common precursor lesion of pancreatic cancer. PanINs are non-invasive
epithelial neoplasms usually located at the head of the pancreas. PanINs can be divided into PanIN-1, PanIN-2,
and PanIN-3, depending on its stage. These neoplasms are considered to be the first steps before PDAC
development and each one is associated with specific mutations. For example, PanIN-1 is characterized by
alterations in Epithelial Growth Factor Receptor (EGFR) signaling and KRAS mutations, while PanIN-2 and -3 are
characterized by the inactivation of tumor suppressor genes like CDKN2A, SMAD4, and TP53 4.

As mentioned above, KRAS mutation is one of the first events in PanIN progression into PDAC. Constitutive
activation of mutant KRas promotes plasticity of neoplastic cells and tumor development. Moreover, KRas activates
signaling events such as MAPK and PI3K/Akt pathways, which regulate genes involved in cell proliferation,
migration, survival/apoptosis, and metastasis 4. These signaling pathways are normally activated through different
cellular receptors such as tyrosine kinase receptors (TKRS), a receptor family which participates in a wide range of
cellular processes, like cell proliferation, growth, and invasion 2. Most of these biochemical pathways, such as cell
proliferation, survival and metastasis, are possible because of the extracellular matrix (ECM). The ECM is a three-
dimensional network of fibrous proteins, glycoproteins, proteoglycans, and polysaccharides with different
biochemical and physical properties synthesized and secreted by stromal cells, mainly fibroblasts. Furthermore, the
ECM provides structural and biochemical support for organs and tissues, epithelial cell layers as basal membrane,
and individual cells as a substrate for migration 2, The ECM, as well as cell-cell contact and diverse signaling
molecules, serves as an information exchanger between cells forming a tissue. These interactions provide the
necessary information to preserve cellular differentiation and thus create complex tissue structures. During the
early stages of tumorigenesis, the ECM suffers a remodeling that supports tumor initiation and proliferation. This
remodeling is caused mainly by enzymes called matrix metalloproteinases (MMP), overexpressed in most human

cancers, which hydrolyze the ECM proteins [,

Pancreatic cancer is characterized by a desmoplastic reaction, in which the deposition of abundant amounts of
ECM by stromal pancreatic stellate cells (PSCs) exert biochemical and mechanical effects on PDAC cells &, The
degree of stromal reaction predicts an aggressive phenotype, and it has been related to chemotherapeutic
resistance. In fact, the accumulation of ECM components in PDAC is so high that the stroma accounts for more
than 90% of the total tumor mass 9. For this reason, the pancreatic cancer stroma has attracted the attention of
many researchers in terms of targeting the ECM for the development of new PDAC treatments. However, special
care should be taken to avoid the depletion of the entire ECM, as this could have dramatic consequences 19, The
degradation of the ECM components and the basal membrane implies the destruction of a physical barrier, which
would allow stromal invasion by cancer cells as well as the migration of endothelial cells into the matrix, resulting in
neovascularization. Moreover, during the ECM degradation, different growth factors may be released, a fact that

would support the proliferation of cancer cells and tumor growth.

Another important component of the ECM which also plays a significant role in cancer cells are the proteoglycans
(PGs). PGs are not only restricted to extracellular locations but are also present in cell membranes, acting as
receptors to transduce extracellular signals. They are involved in functions like tissue repair and the development

and maintenance of homeostatic intracellular processes. The PGs are constituted by core proteins where
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glycosaminoglycans (GAGs) are covalently attached. There are different types of GAGs but the most important

ones are heparan sulfate (HS) and hyaluronan or hyaluronic acid (HA).

Heparan sulfate may be the most complex GAG identified until now, because of modifications and sulfations. As
mentioned above, HS can be attached to a proteoglycan, forming heparan sulfate proteoglycans (HSPGs) and
both are crucial for cancer initiation and progression. Importantly, HSPGs are able to modulate the interaction
between growth factors and TKRs as well as the intracellular transport of extracellular vesicles carrying proteins
and nucleic acids implicated in the development of cancer 1112l Different studies sustain the importance of these
HSPGs in the development and physiology of the organisms, affecting metabolism, transport, and information
transfer (22, The major HSPGs present on the cell surface are syndecans and glypicans. Syndecans are a group of
four members classified as “full-time” HSPGs because their function is restricted to the HS chains attached to the

PG core protein [14],

| 2. Syndecan Structure and Interactions

Syndecans are type | glycoproteins encoded by the genes SDC1, SDC2, SDC3, and SDC4, which are expressed
throughout the body, participating in different functions and pathways (Table 1) 15, Syndecan structure can be
divided into three differentiated domains, the ectodomain (the N-terminal polypeptide where GAGs are attached), a

single transmembrane domain, and the C-terminal cytoplasmic domain (Figure 1a).

Table 1. Syndecans location and principal functions as transmembrane receptors.

Syndecan Main Location Function

Cooperates with several integrins
(avB3, avps, a2p1, a3p1, and
a634) through the core protein.
Plays roles in matrix remodeling,
Syndecan-1 Epithelial and plasma cells [2€! cell adhesion and spreading,
migration, and cytoskeleton
rearrangements L7, Present in
breast L8II13 prostate 29,

colorectal 21, and pancreatic (22
(23]

Syndecan-2 Mesenchymal cells [24] Important regulator of
angiogenesis [22/28], present in

some cancers such as PDAC 21
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and colon cancer 28], Regulates
actin cytoskeleton organization,
especially in lung cancer 22

Important for brain development
as well as in feeding behaviors (is

) upregulated in the hypothalamus
Brain, nervous system, and

Syndecan-3 in response to food deprivation]
cartilage [2YE1 _ _
(321 plays roles in rheumatoid
arthritis disease [23l, angiogenesis
[34] and HIV-1 infection 32!
Plays roles in cell mechanics 28
and induces focal adhesion
Syndecan-4 Most tissues 81571 .
formation 22 and cytoskeleton
organization [2041]
(a) ] (b}
- ay Hlpﬂl‘ﬂl'l sulfate chains Interaction with E‘.Zl"il'l. C 1
™ Interaction with ECM Src and cortactin
Core protein interaction domain
Interaction with integrins
= Interaction with PIP;,

Transmembrane domain PKCa and a-actinin

Syndecan dimerization

Cytoplasmatic domain
Interaction with actin cytaskeleton Interaction with FDZ
protein domains

Figure 1. Syndecan structure. (a) Schematic representation of syndecan domains and their functions; (b) Close-up
of the syndecan cytoplasmatic domain showing the constants (C1/C2) and the variable (V) regions and their
potential interactions. The interaction between the variable region with a-actinin links syndecans to the

cytoskeleton.

The ectodomain is important for cell-cell and cell-matrix interactions via attached GAGs, and introduces variances

between syndecan types, unlike the other two domains that are highly conserved. In particular, heparan sulfate
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(HS) and chondroitin sulfate (CS) are the GAGs present in syndecan-1 and syndecan-3, while for syndecan-2 and
syndecan-4, there are exclusively HS chains (42 As GAGs are able to bind ECM molecules, syndecans, which
interact with the cytoskeleton through its cytoplasmatic domain, may promote mechanical cellular responses 43!,
Moreover, syndecans cooperate with specific integrins through the core protein to mediate cell adhesion 24145, For
example, syndecan-1 cooperates with several integrins (avp3, avp5, a2pl, a3pl, and a6p4) 871 while

syndecan-2 interacts with b1 integrins 48],

The transmembrane domain is necessary for the dimerization of core proteins into homodimers, which are
essential for activating cascade signals 2. The cytoplasmic domain is directly linked to the cytoskeleton,
interacting with several kinases, and promoting different cellular functions B9, |t is divided into three subdomains
(Figure 2b), two constant regions (C1 and C2) separated by a variable region (V), which is unique for every
syndecan. The C1 region, the membrane-proximal domain, is associated with cytoskeletal interactions and
endocytosis B, For example, in syndecan-2, the C1 region interacts with ezrin, an actin-associated cytoskeletal
protein. Since C1 is a conserved region, the possibility exists that other syndecans could also be able to generate
this interaction 2., In syndecan-3, C1 binds to Src kinase and one of its substrates, cortactin, initiating neurite
outgrowth 3. On the other hand, the C2 region, the membrane-distal domain, interacts with PDZ binding proteins
(synbindin, synectin, and syntenin) B2, In particular, the interaction between syndecans and their adaptor protein
syntenin is crucial for the biogenesis and loading of exosomes, a type of secreted vesicle involved in
physiopathological processes such as cardiovascular diseases, neurodegeneration, and tumor progression.
Exosomes secreted by cancer cells can contribute to tumor progression by fostering angiogenesis and the

migration of tumor cells 241,

(a) Yenslon (b) (c)
ﬁ‘ Syndecan-1/Syndecan-4 —

EGFR
possesseend pedea0eePONeD

pascsassnanad X E-E-R L FE-1.2-7-1.1

F-actin

Coll mmaschaeical
adaptataom i feoe

Figure 2. Syndecan functions and interactions. (a) Syndecan-4 cooperates with Epithelial Growth Factor Receptor
(EGFR) and B1-integrin to tune cell mechanics in response to tension (b) Syndecan-1 and syndecan-4 interact with
HER-2 and EGFR respectively, and with a6b4 and a3bl to promote cell motility and survival (¢) Syndecan-1

interaction with insulin-like growth factor-1 receptor (IGF1-R) activates talin, which in turn activates avp3 and avf35
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integrins, leading to cell proliferation, migration, and survival. These interactions can be blocked with the synstatin

peptide.

The V region is where most intracellular interactions between syndecans and other molecules take place. In
syndecan-4, this region binds to phosphatidylinositol (4,5)-bisphosphate (PIP,) and its binding promotes the
activation of PKCa [B2I58], Moreover, recent studies demonstrated that the V region motif (KKXXXKK) acts as a
scaffold for PKCa, regulating its localization, activity, and stability B7. This binding also triggers the activation of
RhoA and RhoGTPases, and through syndecan-4 cooperation, it promotes focal adhesion formation 58, The
syndecan-4-PKCa interaction might be regulated by the phosphorylation of Ser183 residue . This phosphorylation
decreases the affinity of syndecan-4 to PIP, and consequently to PKCa, which in turn decreases and prevents cell
migration. However, this phosphorylation promotes an alternative binding of a-actinin to the V region B2 which
creates a direct linkage between syndecan-4 and the actin cytoskeleton. It has been demonstrated that interactions
between the V region and a-actinin and/or PKCa are necessary for signal mechanotransduction and mechanical
adaptation to force. Deletion of a-actinin and PKCa binding sites has been associated with defects in cytoskeletal

organization, stress fiber assembly, and the inhibition of myofibroblast differentiation.

It is well known that syndecans interact with other membrane receptors, acting as co-receptors. They are able to
associate with integrins, growth factor receptors (GFRSs), as well as adhesion, invasion, angiogenic and migration
promoters, and extracellular matrix glycoproteins and collagens 9. An important aspect of this co-receptor
behavior is the interaction with growth factors (GFs) and their respective GFRs. For example, Vascular Endothelial
Growth Factor (VEGF) plays a key role in blood vessel formation and maintenance during development.
Syndecans are believed to act as Vascular Endothelial Growth Factor Receptor (VEGFR) co-receptors by binding
to its ligand and increasing its local concentration in the cell plasmatic membrane, facilitating their binding to
VEGFR 81, Indeed, in the absence of the HS chains that are present in syndecans, the VEGF would not be able to
find some of its membrane receptors. Syndecans also promote ligand-receptor binding in the case of Fibroblast
Growth Factor (FGF) and its receptor, where the O-sulfation pattern of the HS chains seems to be crucial for its
binding capacity to FGF [62163]

The Epithelial Growth Factor Receptor (EGFR) also interacts with the ectodomain of syndecans. In particular,
Chronopoulos et al. demonstrated that when inhibiting the EGFR with Gefitinib, pancreatic stellate cells (PSC)
were unable to react to external tension applied to syndecan-4, preventing adaptive cell stiffening and also force-
induced PI3K activation. They concluded that syndecan-4, in cooperation with EGFR and -1 integrin, tunes cell
mechanics in response to localized tension via kindlin-2 and RhoA in a PI3K-dependent manner (Figure 2a). In
another work, Wang et al. 4! described, using HaCaT and MCF10A epithelial cell lines, that syndecan-1 and
syndecan-4 directly interact with HER-2 and EGFR, respectively, and also capture a3bl integrin. This ternary
complex interacts with a6b4 integrin via its cytoplasmatic link with the syndecan, leading to activation and
downstream signaling that promote motility and survival (Figure 2b) 841, Other described interactions include the
association between syndecan-1, the insulin-like growth factor-1 receptor (IGF1-R) and avB3 or av5 in both
human mammary carcinoma cells and endothelial cells undergoing angiogenesis. This mechanism requires

syndecan-1 clustering or engaging with matrix ligands. When captured by syndecan-1, IGF1-R suffers
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autophosphorylation and activation. This initiates an inside-out signaling that activates talin, which in turn promotes
integrin activation. This pathway can be competitively blocked by the Synstatin (SSTNg»,_119), @ short peptide that

displaces IGF1-R and integrins from syndecan-1, preventing its activation [2E6€l67] (Figure 2c).

Other examples include the cooperation between neuronal Thy-1, syndecan-4, and anb3 integrin in astrocyte cells
to activate PKCa and in consequence, the RhoA pathway. This response was inhibited when SDC4 expression
was silenced or a syndecan-4 mutant lacking the intracellular domain was overexpressed (68 Syndecan-4 and
a5b1 integrin also cooperates to activate PKCa in melanoma cells 84, Moreover, the Thy-1-integrin linkage is
relevant in melanoma invasion, myocyte transmigration through endothelial cells, and host defense mechanisms.
In fact, the triple cooperation between Thy-1, syndecan-4, and a5bl integrin is responsible for mediating the

contractility response to mechanosignals in melanoma cells 2,

Finally, the interaction of syndecans with integrins can also be in an indirect way via intermediate receptors. For
example, syndecan-2 has been described to interact with the protein tyrosine phosphatase receptor CD148 to
promote Src and PI3K signaling, which in turn regulate b1 integrin-mediated adhesion processes, like angiogenesis

and inflammation.

| 3. Syndecans in Cancer

In addition to playing many roles in development and signaling under physiological conditions, syndecans are also
important in the progression of some malignancies. Their expression levels increase during cancer progression
and therefore they can be considered good candidates for possible prognostic markers. For example, syndecan-1,
also known as CD138, has been described to be present in multiple myeloma [, breast , colorectal, and
pancreatic carcinomas, among others. In highly metastatic breast cancer, syndecan-1 levels are higher than in
those with low metastatic character, suggesting that syndecan-1 could be a remarkable biomarker for metastatic
breast cancers. In particular, syndecan-1 promotes tumorigenesis via the Wnt pathway. Generation of SDC1-null
transgenic mice, crossed with Wntl-expressing mice in the mammary gland, showed that Wntl-induced
hyperplasia was reduced by 70% and that the Wnt pathway was inhibited (Table 2). Syndecan-1 also promotes cell
proliferation, adhesion, and angiogenesis in mouse embryonic fibroblasts (MEFs). When co-cultured with highly
invasive carcinoma cells, those MEFs that were SDC1** enhanced the growth of carcinoma cells by 40%
compared with SDC1~~ MEFs 22, Syndecan-1 has also been used as a target for multiple myeloma treatment. In
particular, Indatuximab ravtansine (BT062), an antibody-drug conjugate that binds to syndecan-1, has recently
been successfully used in clinical trials in patients with relapsed multiple myeloma, stabilizing or improving disease
in almost 80% of patients 2,

Syndecan-2 is associated with breast cancer's metastatic ability (angiogenesis and neovascularization),
morphology, and invasion index, in part by regulating RhoGTPases 4. It is a survival predictor for head and neck
cancer 2 and is also associated with colorectal cancer, in which it has implications in the migratory behavior of

highly metastatic tumor cells.
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Syndecan-3 enhances epithelial-to-mesenchymal transition (EMT) in metastatic prostate cancer, suggesting that its
attenuation, and consequently its signaling pathways, could lead to a better therapeutic outcome in prostate cancer

[781 As other syndecans, syndecan-3 has a role in angiogenesis, with a high expression in tumoral stromal vessels
[z7]

Finally, syndecan-4 is known to be expressed in breast cancer, regulating cell adhesion and spreading and also
interacting with GFRs. For example, the estradiol-estrogen receptor complex initiates the growth and progression
of hormone-dependent breast cancer, and it seems that syndecan-4 participates in this pathway as a mediator
factor, being activated by the Insulin-like Growth Factor Receptor (IGFR) 8. In addition, the expression levels of
SDC4 in human breast cancer links with the FGF2R complex formation, indicating that syndecan-4 regulates this

FGF2R complex formation in human breast cancer 22,

3.1. Syndecans in PDAC

3.1.1. Syndecan-1

Pancreatic ductal adenocarcinoma is one of the most lethal human pathologies, mainly because of its late
detection and metastatic capacity 8. It is the only gastrointestinal pathology showing syndecan-1 upregulation.
This overexpression correlates with cell proliferation, differentiation, and invasion for the development of PDAC.
The stroma of PDAC has increased levels of syndecan-1 compared to a normal stroma. Indeed, the shift of
syndecan-1 expression from the epithelium to the stroma is a poor prognostic factor in PDAC [105]. It has also
been suggested that syndecan-1 performs different functions depending on its location: epithelial syndecan-1
promotes an epithelial morphology while stromal syndecan promotes tumorigenesis 1, Heparanase (HPA) is an
endoglycosidase able to specifically degrade the HS chains of syndecan-1. It promotes tumor progression and
metastasis by enhancing the synthesis and shedding of syndecan-1. HPA is overexpressed in pancreatic cancer
[82] and its expression has been correlated with cancer cell invasion and lymph node metastasis in PDAC patients
[83I84] Moreover, HPA modulates the response of pancreatic cancer to radiotherapy. In particular, ionizing radiation
(IR) upregulates HPA expression, promoting the invasive ability of pancreatic cancer cells in vitro and in orthotopic
tumors in vivo. This could be one explanation not only for tumor resistance to radiotherapy but also for its effect in
enhancing tumor dissemination. Combined treatment with an HPA inhibitor and IR attenuated spreading in
orthotopic pancreatic tumors in mice 3. The HPA/syndecan-1 axis promotes the upregulation of FGF2, which in
turn activates the PI3K/Akt pathway and EMT in cultured pancreatic cancer cell lines B8, At the same time, FGF2
also promotes syndecan-1 shedding via MMP7 in Panc-1 cells B2, Moreover, syndecan-1 shedding in this cell line
is enhanced by treatment with the chemotherapeutic drugs bortezomib and doxorubicin 8. Increased levels of
shed syndecan-1 have been reported in some cancers such as breast and prostate and have been correlated with
poor prognosis in patients with lung cancer B9 and myeloma. To our knowledge, there are no in vivo studies
reporting the shedding of syndecan-1 in pancreatic cancer. However, the fact that HPA, FGF2, and MMP7 are all
upregulated in PDAC tissue samples 2981 makes it reasonable to assume that syndecan-1 shedding could also
be happening during pancreatic cancer progression. This is further supported by the fact that in pancreatic cancer,

epithelial syndecan-1 is produced by the epithelial cancer cells, but the origin of the stromal syndecan is unknown.

https://encyclopedia.pub/entry/7637 8/20



Syndecans and Pancreatic Ductal Adenocarcinoma | Encyclopedia.pub

This stromal syndecan-1 could be produced by mesenchymal cells or could be shed from epithelial cells into the
tumor stroma. It is possible that the release of syndecan-1 to the stromal compartment contributes to the

pancreatic malignant phenotype by binding to growth factors that support cell proliferation, as happens in breast
cancer 22193,

The KRAS mutation is the most frequent mutation in PDAC and is believed to be an initiating step for pancreatic
carcinogenesis. It seems that 95% of late-stage pancreatic cancers present with a mutated and highly
overexpressed KRAS. Interestingly, syndecan-1 has been described to cooperate with KRas to induce the
malignant phenotype. In particular, a recent study demonstrates that syndecan-1 expression serves as a KRas
effector, inducing macropinocytosis in PDAC. Macropinocytosis is a type of endocytosis, which involves the non-
specific intake of extracellular material, like soluble molecules, nutrients, and antigens. The study demonstrated
that in low-glutamine medium, upregulated KRas cells decreased proliferative capacity. In the presence of albumin
as a substitute of glutamine, cell proliferation was rescued as albumin was incorporated into the cell by
macropinocytosis. SDC1 knock-out cells reduced albumin intake capacity and consequently, reduced cell
proliferation in low-glutamine conditions. Thus, this new study reveals that syndecan-1 plays a crucial role in
macropinocytosis in KRAS-driven pancreatic cancer. In another study, the authors investigated whether there was
an association between SDC1 and KRAS expression and patient survival. They found that patients carrying KRAS
somatic mutations had a higher SDC1 mRNA expression than those without mutations, and that this gene
signature elevated mortality24 . Both studies suggest that targeting KRAS and SDC1 in combination could improve

patient outcomes(24!,

3.1.2. Syndecan-2

Syndecan-2 also plays a significant role in pancreatic cancer, working as an invasive-associated gene that, as well
as syndecan-1, cooperates with KRas to induce the invasive phenotype. Oliveira et al. reported high syndecan-2
expression levels in various pancreatic cancer cell lines, like T3M4, Panc-1, and SU8686. When SDC2 was
silenced by iRNA, migrating and invading cells were reduced significantly, although cell growth was not. In a similar
way, some of the KRas/MAPK signaling pathway components, like phosphorylated Src and phosphorylated ERK,
were also reduced when reducing SDC2 expression levels. Therefore, they demonstrated that syndecan-2 is an
important mediator in PDAC and that it cooperates with KRas to increase malignancy and perineural invasion. The
upregulation of syndecan-2 indirectly interferes with the KRas/MAPK signaling pathway enhancing the mutated
KRAS gene upregulation and in consequence, the Ras protein GTP-phosphorylation. In particular, p120-GAP and
RACK1 proteins compete for the binding to the syndecan-2 cytoplasmatic domain 22, RACK1 plays an important
role regulating the phosphorylation of Src and preventing it when Src is associated to syndecan-2. However, when
p120-GAP, instead of RACK1, binds to syndecan-2, Src is phosphorylated using this binding as a switch signal [221,
When phosphorylated, Src interacts with several receptors, G-proteins, signal transducers, and transcription
molecules, resulting in biological functions involving cell proliferation, growth, and differentiation 8. The early
steps for p120-GAP binding to syndecan-2 are related to the KRAS mutation. It has been demonstrated that in
pancreatic cancer cell lines with wild-type KRAS, RACK1 and syndecan-2 are interacting. Alternatively, p120-GAP

binds to syndecan-2 in those cell lines with mutated KRAS [27] (Figure 4). This study shows the importance of
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syndecan-2 in pancreatic ductal adenocarcinoma and its cooperation with oncogenic KRAS gene to aggravate this
malignant phenotype. Even though syndecan-1 and -2 participate in the regulation of different processes in PDAC,
both enhance KRas signaling. This fact opens a new window in PDAC treatment, as syndecan targeting could

downregulate the KRas/MAPK pathway.

(@) Normal cell (WT KRAS) (b) PDAC cell (mutated KRAS)

Syndecan-2 Syndecan-2

(1212 L 1]l L] 20900000000 90008000 00900000001

S
— | @@

Cell proliferation,
spreading and
invasion

Figure 4. Syndecan-2 and KRas cooperate to induce an invasive phenotype in pancreatic cancer cells. (@) In
normal cells, RACK1 binding to syndecan-2 prevents Src activation and free p120-GAP inhibits Ras signaling
triggered by TKRs (b) In pancreatic ductal adenocarcinoma (PDAC) cells, p120-GAP binding to syndecan-2
activates Src and free RACK1 enhances TKR-mediated Ras activation, promoting cell proliferation, spreading, and

invasion.

3.1.3. Syndecan-3 and -4

Syndecan-3 is also increased in PDAC and its expression has been positively correlated with tumor size in an
orthotopic mice model 7. It is associated with Midkine (MK), a type of neurotrophic factor that triggers different
responses, like neurite outgrowth, neuronal survival, carcinogenesis, and tumor progression. It has been shown

that the interaction between MK and syndecan-3 generates perineural invasion and poor prognosis 28,
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Less is known about the presence and role of syndecan-4 in the pancreas. It has been detected in pancreatic islet
B-cells of mice, rats, and humans, and also in the pancreatic B-cell line MIN6 200 |mportantly, syndecan-4
expression was found to be negative in other pancreatic islet cells as well as in exocrine cells, suggesting its
specific role in the regulation of insulin secretion in B-cells. Moreover, SDC4 mRNA expression in B-cells is
transiently upregulated by IL-1f via the Src-STAT3 pathway 2. The presence and/or dysregulation of syndecan-4
has not been specifically described in PDAC and it does not seem to be relevant. However, even if not described in
pancreatic duct epithelial cells, it is present in activated cultured pancreatic stellate cells (PSCs). PSCs are
responsible for producing the desmoplastic stroma in which cancer cells are embedded, and therefore, for
promoting PDAC progression 194, Syndecan-4 has been involved in focal adhesions (FAs) formation through the
binding and activation of PKCa 192, The absence of syndecan-4 not only generates smaller FAs, but also shows
an impaired actin-cytoskeleton and defective smooth muscle actin incorporation 198 Chronopoulos et al.
demonstrated that applying an apical force to induce a syndecan-4 response in PSCs generates an increase in
talin-1 and kindlin-2 basal accumulation. These are both focal adhesion proteins that bind the integrin cytoplasmic
domain, recruit cytoskeletal, and signaling proteins involved in mechanotransduction, and enhance the integrin
activation for ECM binding™24. However, this recruitment requires PI3K action. Localized force on syndecan-4
triggers PI3K activation, which enriches talin-1 and kindlin-2 concentration inducing a cell-global response, even at
distal sites from the force application point. A direct link between the presence of syndecan-4 in PSCs and
pancreatic cancer progression has not been described yet. However, considering the function of syndecan-4 in
regulating focal adhesion formation and cytoskeleton organization, and since pancreatic cancer tissue can be
several folds stiffer than its healthy counterpart [LOSI[106]107] it would be interesting to study the role of syndecan-4

in modulating the mechanical response to the increased tissue stiffness.
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