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Abstract: Glypicans (GPCs) are a family of proteoglycans that are bound to the cell surface by a glycosyl-
phosphatidylinositol anchor. Six glypicans have been found in the mammalian genome (GPC1 to GPC6). Glypicans can 
be released from the cell surface by a lipase called Notum, and most of them are subjected to endoproteolytic cleavage 
by furin-like convertases. In vivo evidence published so far indicates that the main function of membrane-attached 
glypicans is to regulate the signaling of Wnts, Hedgehogs, fibroblast growth factors and bone morphogenetic proteins 
(BMPs). Surprisingly, the regulatory activity of glypicans in the Wnt, Hedgehog and BMP signaling pathways is only 
partially dependent on the heparan sulfate chains. It is obvious that our knowledge of glypican functions is still very 
limited despite the recent advances. A better understanding of these functions will make a significant contribution to the 
study of signaling pathways that play a very important role in developmental morphogenesis and several human 
diseases, including cancer. 
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INTRODUCTION 

Glypicans (GPC) are a family of heparin sulfate 
proteoglycans which are bound to cell membrane via a 
glycosyl-phosphatidylinositol (GPI) anchor [1]. GPC 
can reveal from the cell membrane by a lipase called 
Notum. It is involved in regulating different signaling 
pathways consisting of Wnt, Hedgehogs, fibroblast 
growth factors, and bone morphogenetic proteins [2, 3]. 

The glypican-mediated regulation of signaling 
occurs at the level of the interaction between the ligand 
and receptor, and glypicans can have either a 
stimulatory or inhibitory effect on signaling activity. The 
mammalian genome includes six glypicans (GPC1 to 
GPC6), and ortholog genes have been identified 
across Metazoans, including two in Drosophila (Dally 
and Dlp) [4]. Glypicans do not display domains with 
obvious homology to characterized domains found in 
other proteins, suggesting that these proteoglycans 
have unique functions. Although the sequence identity 
between mammalian glypicans could be as low as 
25%, the three dimensional structure seems to be 
similar across the family [5]. Another feature shared by 
all glypicans is the position of the insertion sites for the 
GAG chains. These sites are located close to the C-
terminus, suggesting that the GAG chains could 
mediate the interaction of these proteoglycans with 
other cell membrane proteins. The number of GAG 
insertion sites in each glypican, however, varies across 
the family (from 2 sites in GPC3, to 5 sites in GPC5). 
The functional implications of this variation are still not 
understood. In general, Glypicans display HS chains,  
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but GPC5 produced by rhabdomyosarcoma (RMS) 
cells also exhibits CS chains [6]. 

Due to their HS chain composition and their 
localization on the cell surface, they can regulate the 
cellular response to many heparin-binding growth 
factors, adhesion molecules and ECM components [7]. 
Glypicans are present in the cytoplasm and can be 
secreted to the ECM through the action of notum, a 
lipase that breaks the GPI anchors releasing the 
glypicans [8]. The alterations in this molecule have 
been identified in different congenital malformations 
and cancer [7]. 

In odontogenic tumors (OTs), glypican-1 is present 
in fibroblasts, in epithelial and tumor cells and also in 
its secreted form in the ECM. The immunoexpression 
in the fibroblasts is higher in those nearest to the tumor 
cells, suggesting that they might participate in the 
storage of heparin-depending growth factors, which are 
released by the heparanase at the beginning of 
infiltration and invasion processes and induce 
mitogenic stimulation of cancer cells. The intracellular 
presence of glypican-1 might be related to its capacity 
to act as a receptor for extracellular ligands such as 
growth factors [7]. 

The other member of the glypican family that has 
been studied in OTs is glypican‑3, which seems to 
contribute in OT invasiveness and could be considered 
as a marker to distinguish aggressive from 
nonaggressive lesions [9]. 

The expression of Glypicans in head and neck 
tumors still needs to be explored more as only two 
studies have been recognized from the literature 
search. Thus, the aim of this review is to make readers 
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understand the structure,function and mechanism of 
action of Glypican, so that it can be further incorporated 
in the studies and for better prognosis of the tumor. 

MECHANISM OF ACTION 

Depending on the biological context, glypicans can 
either stimulate or inhibit signaling activity. In the case 
of the stimulation of Wnt signaling, it has been 
proposed that the stimulatory mechanism is based on 
the ability of glypicans to facilitate and/or stabilize the 
interaction of Wnts with their signaling receptors, the 
Frizzled proteins. This hypothesis is based on the 
finding that glypicans can bind to Wnts and to Frizzleds 
[9] and that transfection of glypicans increases the 
Wnt-binding capacity of the transfected cells [9]. In the 
case of Hhs, it has been recently reported that GPC3 
inhibits their signaling during development by 
competing with Patched, the Hh receptor, for Hh 
binding [11]. The binding of Hh to GPC3 triggers its 
endocytosis and degradation. On the other hand, it has 
been shown that the Drosophila glypican Dally-like 
protein stimulates Hh signaling, although the 
mechanism of this stimulatory activity remains 
unknown [12]. 

Because the HS chains have a strong negative 
charge, HS proteoglycans can interact in a rather 
promiscuous way with proteins that display positively 
charged domains. On this basis it was originally 
thought that the HS chains were essential for glypican 
activity. Indeed, this seems to be the case for the 
glypican-induced stimulation of FGF activity [13]. 
However, recent experimental evidence has 
demonstrated that the HS chains are only partially 
required for the regulatory activity of glypicans in Hh, 
Wnt and BMP signaling [11,13]. Furthermore, Hh has 
been shown to bind to the core protein of GPC3 with 
high affinity [11]. 

CHARACTERISTIC STRUCTURAL FEATURES 

The three-dimensional structure of glypicans is 
highly conserved across the family, as the localization 
of 14 cysteine residues is preserved in all family 
members [14]. A weak identity between a fragment that 
extends approximately from residue 200 to residue 300 
of glypicans and the cysteine-rich domain of Frizzled 
proteins has been reported [15]. Whether this has 
functional implications is still unknown, however 
another interesting structural feature shared by all 
glypicans is the insertion sites for the heparan sulfate 
(HS) chains, which are located close to the carboxyl 

terminus. This places the HS chains close to the cell 
surface, suggesting that these chains could mediate 
the interaction of glypicans with other cell-surface 
molecules, including growth factor receptors. 

CONCLUSION 

One of the main issues that requires attention in the 
near future is the cellular and molecular basis of the 
context specificity that characterizes glypican activity. A 
further important topic of investigation will be the role of 
glypicans in morphogen gradient formation. We still do 
not understand the precise role of these proteins in 
regulating morphogen movement. Furthermore, 
whether glypicans are involved in this process in 
mammals remains to be investigated. It is obvious that 
our knowledge of glypican functions is still very limited 
despite the recent advances. A better understanding of 
these functions will make a significant contribution to 
the study of signaling pathways that play a very 
important role in developmental morphogenesis and 
several human diseases, including cancer. 
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