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A mia figlia 

 

“Lo studio e la ricerca della verità e della bellezza rappresentano una sfera di attività in cui è 

permesso di rimanere bambini per tutta la vita.”  

Albert Einstein
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ABSTRACT 

The name glypican identifies a family of Heparan Sulfate Proteoglycans (HSPGs) that are linked 

to the cell surface of the plasma membrane through a covalent glycosyl-phosphatidylinositol (GPI) 

linkage. To date, six family members (Glypican-1 to Glypican-6) have been identified in 

mammals. By virtue of their polyhedric nature and their ability to interact with both ligands and 

receptors, glypicans (GPCs) are thought to govern numerous physiological and pathological 

processes, spanning from early embryonic development to tumor invasion and metastasis. 

However the exact mechanism by which GPCs regulate tumor growth and progression is still 

unclear. GPC5 (Glypican-5) increases the proliferation of rhabdomyosarcoma cells through 

potentianting the effect of FGF2, HGF and Wnt1A and through its ability to promote Hedgehog 

signaling. On the contrary GPC5 may act as a potential tumor suppressor in lung cancer by 

inhibiting Wnt/β-catenin signaling. Thus, depending on the biologic context, GPC5 can either 

stimulate or inhibit cell signaling activity, regulating cancer development through a complex 

pathway network. To clarify the molecular bases for the apparently antithetic role of GPC5 in 

tumour formation and progression GPC5 expression levels are manipulated in osteosarcoma and 

melanoma and the cells are comparatively assayed for migration, proliferation and anchorage-

independent growth. Diversities in gene expression are defined by DNA microarray. Signal 

transduction pathways are examined by global phosphoproteomics. In vivo tumorigenesis is 

evaluated in nude, NOD-SCID, GPC5
(-/-)

, TRAMP and crossed TRAMP-GPC5
(-/-)

 mice. Ectopic 

expression of GPC5 fairly consistently decreased cellular functions in osteosarcoma cells but 

increased them in melanoma cells. Tumour growth in immunodeficient mice showed the same 

trend. Gene expression profiling did not disclose differences in established tumorigenesis gene 

patterns. GPC5-hampered tumour growth in xenogenic settings was associated with a raise in 

EGF/IGF-dependent and down-regulation of cytokine-induced signallings. Homozygous TRAMP-

GPC5
(-/-)

 developed smaller tumours and survived longer than TRAMP-GPC5
(+/+)

 mice. The 

results provide further evidence for an antithetic role of GPC5 in tumorigenesis and highlight cell 

context-dependent molecular mechanisms sustaining this role. The aim of my research is 

understand how GPC5 controls different aspects of cancer biology and provide the preliminary 

evidence that it could represent a new potential prognostic/predictive markers in different tumors.  
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1.1 Glypican family 

Glypicans (GPCs) are heparan sulphate proteoglycan that are linked to the cell surface of the 

plasma membrane through a covalent glycosyl-phosphatidylinositol (GPI) anchor (1,2). To date six 

GPCs have been identified in mammals (GPC1 to 6) (3,4,5,6,7), two in Drosophila (Dally and 

Dally-Like) (8,9) and one in zebrafish (Knypek) (10). All GPCs have a core protein similar in size 

(60-70 kDa) and share an N-terminal secretory signal sequence, a globular domain containing a 

characteristic pattern of 14 conserved cysteine residues, a domain with the GAG-attachment sites, 

and a hydrophobic domain in the C-terminal region required for the insertion of the GPI anchor 

(figure 1) (11,12,13). 

 

Figure 1: General schematic structure of glypican core proteins.  

 

The GAG chains added to the GPC core proteins are of the HS type. The C-terminal positions of the 

attachment sites in GPC suggest that these HS-chains are deployed close to the cell surface. 

Heparan sulphate chains are linear polysaccharides consisting of alternating glucosamine and uronic 

acid residues formed by of more 50 disaccharide units in length (14,15). These polymers are 

initially assembled as a simple polymer of D-N-acetylglucosamine and D-glucuronic acid. 

Subsequently the polymer is variously N-deacetylated and N-sulfated, glucuronic acid epimerized 
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to iduronic acid and O-sulfated. The biosynthesis of HS and their assembly to core protein of GPCs 

occur mainly in the Golgi apparatus and involves a complex set of enzyme reactions. In addition, a 

series of cytoplasmic enzymes is needed to catalyse nucleotide sugar (UDP-Xyl, UDP-Gal, UDP-

GlcA, UDP-GlcNac) and nucleotide sulphate (PAPS) formation, and multiple membrane 

transporters to import the nucleotides from the cytosol to the lumen of the Golgi apparatus (16,17). 

The process begins with the synthesis of linker region on a serine residue of the protein backbone, 

step in common with chondroitin sulphate (CS) and dermatan sulphate (DS) biosynthesis; after the 

formation of this common linkage structure there is the addition of fifth sugar (chain initiation); 

then the synthesis continues with the addition of disaccharide units and following polymerization, 

the growing GAG chain is subjected to a number of modifications that are specific of HS chain 

(Figure 2). These modifications are believed to be crucial for the biological functions of GAGs, 

which may include structural support of the ECM, control of cell–cell signalling and differentiation, 

among others (14, 15,18). 

 

 

Figure 2: Enzymatic modification of Hs chains 
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The degree of amino acid sequence homology within the mammalian GPCs family further warrants 

the separation of its members into two distinct groups. One group, which includes GPC1, GPC2, 

GPC4 and GPC6, displays 35–63% sequence similarity between its members. The other group is 

comprised of GPC3 and GPC5, which are 54% similar. The similarities between members of the 

two groups is only 17–25%. Within the first subfamily, glypicans 4 and 6 are relatively closely 

related (64% identity) and glypicans 1 and 2 form a more divergent clade (11). In addition to the 

similarities in protein sequences, one of the typical element is the GPI anchor, which significance 

has not been clearly defined (Figure 3).  

 

Figure 3: Schematic representation of the glypicans. The glypican core protein locates completely in extracellular or luminal 

compartments. Numerous disulfide bridges organize the core protein as a highly compact globular domain. The protein is covalently 

linked to the plasmamembrane at its carboxyterminus, via a GPI anchor. The glycan component of the GPI anchor consists of a 

trimannose-glucosamine core. Adapted from: De Cat B and David G. Developmental role of glypicans. Cell & Developmental 

Biology. 2001. 

The GPI anchor is thought to be associate with specific membrane microdomains on the apical 

surfaces of polarized cells; this location suggests a role of the anchor in the turnover of cell surface 

components by rapid endocytosis, regulating in this way the receptor-mediated uptake of molecules 

from extracellular environment. Endocytosis can broadly be divided into clathrin-dependent and -

independent internalization, of which the latter can be further classified into caveolin-mediated 

endocytosis and caveolin-independent pathways involving lipid rafts (19,20,21,22). Studies of 

morphogen signalling regulation in Drosophila and mice show the role of GPC endocytosis in the 

regulation of Hedgehog (Hh). Interestingly, while one Drosophila glypican, Dally-like acts 

positively in Hh signalling, the mouse GPC3 is a negative regulator. This difference seems to be 

dependent on whether GPCs promote the internalization of Hh alone, or as a complex with its 

receptor, Patched (Ptc) (23). Indeed GPC3, by its core protein, binds to Shh with high affinity with 

the consequent reduction of Hh available for binding to Ptc. The internalization of the GPC3–Hh 
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complex is mediated by the low-density-lipoprotein receptor-related protein-1 (LRP1), and this 

endocytosis is necessary for the Hh-inhibitory activity of GPC3. GPC3 binds through its HS chains 

to LRP1, and that this interaction causes the removal of GPC3 from the lipid rafts domains. Thus, a 

clathrin-mediated endocytic mechanism for GPC3 is consistent with its localization. Interestingly, it 

has also been shown that the non-glycanated GPC3 is mostly localized in lipid rafts (24,25). Like 

Dally-like in Drosophila, the human GPC5, localized in the primary cilia, interacts with Ptc through 

its HS chains and stimulates Shh signaling by increasing the binding of Hh to its signaling receptor 

Ptc. A mutant GPC5 that cannot be glycanated does not interact with Ptc, it is not localized at the 

cilium, and it does not stimulate Hh signaling (26). Glypicans GAG chains modifications could 

have an impact in determining with which other cell membrane proteins each glypican is able to 

interact with, and which internalization route is used for its endocytosis. The recycling of GPC1 in 

human bladder carcinoma cells is mediated by caveolin-1-containing endosomes and it depends on 

a series of sequential modifications and cleavages of its side chains (27). Caveolin-1 acts not as a 

determinant of caveolae invagination and internalization but rather as a regulator that stabilizes 

caveolae at the plasma membrane and reduces the endocytic potential of caveolae/raft domains (28). 

GPCs can be localized on the apical surfaces of polarized cells, but a significant amounts of 

glypicans can be found outside lipid rafts, and at the basolateral membranes of polarized cells (29). 

Experimental evidences show that GPC4 is localized to both membrane microdomains and this 

affects its ability to regulate distinct Wnt pathways: the β-catenin-dependent pathway is initiated 

through receptor endocytosis in lipid raft and the independent pathway is activated through receptor 

endocytosis in non-lipid raft microdomains (30). Another possible function of the GPI anchor may 

relate to the shed of GPCs into the extracellular environment from the cell surface by the action of 

proteases or lipases. Notum, an alpha/beta-hydrolase cleaves GPI anchor protein in mammalian and 

acts as a Wnt-signalling antagonist (31). By contrast, for Hh signalling, Notum appears to promote 

internalization of Hh together with GPCs and its Patched receptor and to activate signalling at a 

higher level (32,33).  This regulated shedding of ligand-bound glypican provides a mechanism to 

use the ligand binding activity of the GPCs to promote or inhibit signalling in a context dependent 

manner (34). 

 

1.2 Glypicans function during development 

Work performed in Drosophila and Zebrafish has clearly indicated that GPCs play a very important 

role in development. After their discovery in Drosophila, their role during development has been 

extensively studied. Dally and Dally-Like have been associated with the modulation of major 

developmental signaling pathways, like Wingless (Wg) (35), Hedgehog (36,37), fibroblast growth 
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factor  (38) and bone morphogenetic proteins (39,40). Another pathway, JAK/STAT, that controls 

many development events in Drosophila, including multiple functions in the ovary, seems to be 

regulate by GPCs. Mutations in Dally and Dally-Like, or in the heparan sulfate biosyntethic 

enzymes result in disruption of JAK/STAT signalling and loss or abnormal formation of the stalk 

(41). So, the main knowledges regarding the function of GPCs were obtained from the study of 

mutant organisms. Mutants embryo of Dally in Drosophila shows defects in several adult tissues, 

including the eye, antenna, wing, genitalia, and sensory organs in the wing and notum (1,42). The 

molecular basis of these phenotypes can be identified in the ability of Dally to modulate signalling 

mediated by Wnt and TGF-β families of growth factors. Dally regulates both the distribution and 

cellular responses to Decapentaplegic (Dpp), a Drosophila homologue of bone morphogenetic 

protein 4 (BMP4), by disrupting receptor-mediated internalization and degradation of the Dpp–

receptor complex (39). This interaction causes in particular the abnormalities in the eye, genitals 

and antenna (43) while the wing defects have been associated with reduced Wg signalling (44,45). 

It had also been shown that Dally-Like plays a role in the extracellular distribution of Wg (46) and 

the inhibition of its expression causes abnormalities in the cuticles of wings. Like-wise the loss-of-

function of knypek, the GPC4 orthologue in zebrafish, leads to a shortening of the anterior-posterior 

(A-P) axis and causes severe forebrain defects including an impaired separation of the eye fields 

(10). Very similar defects in anterior-posterior axis formation due to impaired non-canonical Wnt 

signaling were observed in Xenopus (47). However, the downregulation of knypek leads to a 

reduction of FGF activity, causing the loss of dorsal forebrain markers by increased cell death (48). 

These studies suggest a role of knypek as a positive FGF signalling regulator during brain 

development in Xenopus. GPCs seems also to have a role in the regulation of Hedgehog signalling 

pathway that plays a significant function in embryonic morphogenesis. Indeed, in Drosophila Dally-

Like interacts physically with Hh and Ptc and act as a positive modulator of Hh signalling 

(36,37,38, 49), such as GPC6, its more closely related glypican, whereas Dally and its less closely 

related glypican, GPC3, exhibit trans-dominant negative activities (50). Thus, in both vertebrate and 

invertebrate development, one could envision a system in which an intricate balance of activating 

and inhibitory glypicans modulates the ultimate readout of Hh pathway response in different tissues 

and at different times during development through effects on ligand movement, turnover, or 

activity. Mutations of GPC3 in humans cause the Simpson-Golabi-Behmel syndrome (SGBS), a 

rare X-linked disorder characterized by pre- and postnatal overgrowth of multiple tissues and 

organs, and multiple visceral and skeletal abnormalities, heart defects, renal dysplasia and urinary 

tract malformations. It has been suggested that the overgrowth found in the SGBS patients is due, at 

least in part, to hyper-activation of Hh signalling caused by the loss of functional GPC3(51). Even 
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though GPC5 is member of the same evolutionary conserved subfamily than GPC3, in contrast to 

GPC3, it increases Hh signalling (26,52). More recently, GPC5 was also shown to act in Shh signal 

reception in cerebellar granule precursor cells, where Hh signalling promotes cell proliferation (53). 

Another glypican, GPC1, acts as a Shh co-receptor and controls the switch between Hh-mediated 

attraction and repulsion of spinal cord axons during development (54). Very recently the group of 

Dr. Filmus showed that GPC6 interacts with Hh through its core protein, and with Ptc1 through its 

GAG chains, increasing the interaction of the receptor and ligand and so promoting the growth of 

developing long bones (55). Studies on embryonic kidney explants from GPC3-null mice 

demonstrate that GPC3 modulates the response to BMP2, BMP7, and FGF7 during kidney 

development (1). GPC3 deficiency abrogates the inhibitory activity of BMP2 on branching 

morphogenesis, while converting BMP7-induced inhibition to stimulation, and enhancing the 

stimulatory effects of FGF7 (56) The ability of GPC3, and probably of the other GPCs, to regulate 

several signalling pathways could be simply due to their ability to play a double role, because they 

can act both stimulating proliferation or suppressing the function of signals produced in relation to 

tissue or cellular context. Glypicans appears to be expressed in spatial-temporal manner within 

developing tissue also through the passage from embryonic to adult (Table 1). 

Name Expression in embryo Expression in adult 

glypican-1 
Bone, bone marrow, muscle 

epidermis, kidney 
Most tissues 

glypican-2 Nervous system Not detected 

glypican-3 Most tissues 
Ovary, mammary gland, 

mesothelium, lung, kidney 

glypican-4 Brain, kidney, lung Most tissues 

glypican-5 Brain, lung, liver, kidney, limb Brain 

glypican-6 
Many tissues, including liver 

and kidney 

Many tissues including 

ovary,kidney,liver,intestine 

 
Table 1: Differential expression of glypicans during mammalian development From: Jorge Filmus. Glycobiology 2001 11: 19R-23R 

Given the ability of GPCs to regulate the activity of growth and survival factors it is not surprising 

the association between changes in their expression with tumor progression, which will be 

discussed below.  
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1.3 Role of Glypicans in cancer context  

This surprising family reveals a broad involvement in several physiological and pathological 

processes. For the reason that glypicans can modulate the intracellular signaling regulating the 

activity of growth and signal factors in cell adhesion, migration and invasion, it can be expected 

their implication in tumor onset, progression and metastasis formation. Most research involving the 

relationship between glypicans and cancer has focused on glypican-1, glypican-3 and glypican-5, 

but recently it has been demonstrated a role in cancer also for GPC2 and GPC6. GPC1 plays a 

crucial role in the formation and development of breast and pancreatic carcinomas. It is also highly 

expressed in human gliomas, where it enhances FGF2 signalling and mitogenesis (57), and in 

oesophageal squamous cell carcinoma, where it is associated with resistence to chemotherapy and 

with poor prognosis (58). Interestingly, in neuroendocrine neoplasias derived from the large bowel, 

GPC1 expression has been shown to be intense in well differentiated tumors, but far less in poorly 

differentiated, a feature that seems to be shared with other neuroendocrine tumors, independently of 

their topography (59). GPC1 is strongly expressed in human breast cancers but low in normal breast 

tissues. Since that GPC1 synthesis is decreased in the more poorly differentiated breast cancer cells 

by comparison with the more well-differentiated cells, GPC1 may have the potential to contribute to 

the growth advantage of breast cancer cells in patients with a more advanced stage of this disease. 

GPC1 modulates a mitogenic response in breast cancer cells by enhancing the interaction of 

heparin-binding growth factors (HBGFs), as FGF2 and HGF, with their high affinity receptors. 

Treatment of breast tumor cells with phospholipase C, that cleaves glypicans from the surface, 

abrogates the response to HB-EGF and FGF2, suggesting that GPC1 acts as a cell surface 

component in this context (60). A recent finding is that α3 chains of type V collagen regulate breast 

tumor growth by enhancing GPC1 to act as a co-receptor for FGF2. α3(V) ablation results in 

reduced cell proliferation, Ras/Erk signaling, and cell cycle progression, all properties stimulated by 

GPC1. Instead GPC1 knockdown results in in markedly reduced α3(V) levels in mammary tumor 

cell-associated ECM. Thus, GPC1 contributes to stabilization or deposition of α3(V)-containing 

ECM, while α3(V)-containing ECM stimulates tumor cell growth by engaging cell surface GPC1 

(61). GPC1 shows similar effects in human pancreatic cancer where is strongly expressed and plays 

an essential role in regulating growth-factor responsiveness in pancreatic carcinoma cells. GPC1 is 

required for the efficient binding of several heparin-binding growth factors, including FGF2, 

vascular endothelial growth factor (VEGF), placental growth factor (PlGF), and transforming 

growth factor-β (TGF-β) to their respective receptors, thereby modulating their mitogenic and 

angiogenic effects (62,63,64).
 
GPC1 is also shed into the tumor microenvironment by the pancreatic 

cancer cells and probably it enhances the storage of growth factors, influencing tumor growth and 
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metastasis through its signalling within the tumor microenvironment and between cancer cells 

(62,63,64,65). A similar effect has been shown in a in vivo experiment in which GPC1
–/–

 mice were 

crossed with athymic mice to create a homogeneous population of athymic mice that either 

expressed or was deficient for GPC1; after that, human cancer cells were introduced into the 

pancreas. Mice devoid of GPC1 has developed dramatically smaller pancreatic tumors that were 

less angiogenic and less metastatic than mice with normal levels of GPC1, providing supporting 

evidence for the importance of both cancer cell–derived and host-derived GPC1 in stimulating 

tumor growth and metastasis (65). It has been shown that exosomes, lipid-bilayer-enclosed-

extracellular vescicles, positives for Glypican-1 are expressed in serum of patients with pancreatic 

cancer since very early stages but not in benign pancreatic disease. Thus, GPC1 can be considered 

as a biomarker for early detection of pancreatic cancer and a target for cancer therapy and for the 

prevention of cancer metastasis (66,67). Exosomes positives for Glypican-1 have been identified 

also from blood and urines of patients with prostate cancer and it is now being studied if GPC1 may 

represent a clinically relevant biomarker for prostate cancer diagnosis (68). Within the context of 

human malignancies GPC3 has been studied most extensively within the glypican family members 

and it appears to act differently in relation to tumor types. GPC3 expression is downregulated in 

malignant mesothelioma, in lung, gastric, breast and ovarian cancer, revealing a potential tumor 

suppressor gene role. The loss of expression of GPC3 is due, at least in part, to hypermethylation of 

the GPC3 promoter (69,70,71,72,73,74). Conversely GPC3 expression is upregulated in 

hepatocarcinoma (75,76), germ cell tumor (77) and lung squamous cell carcinoma (78). GPC3 is 

highly expressed in embryonic liver and intestine, while it is silenced in the corrisponding normal 

adult tissues, suggesting that GPC3 in this context acts as an oncofetal protein (77,79). Thus, 

depending on the tissue, GPC3 displays a very different pattern of expression during tumor 

progression. In cancers originated from tissue that are GPC3 positive in adult, the expression of 

GPC3 is reduced during tumor progression. On the other hand, in tumor originated from tissue that 

express GPC3 in the embryo, GPC3 expression tends to reappear on malignant transformation. 

These tissue-specific differences are due to the ability of GPC3 to regulate different growth factors 

or the same growth factor in different ways, in each tissue. GPC3 stimulates in vivo and in vitro 

growth of hepatocellular carcinoma cells (HCC) (Figure 4) by increasing autocrine or paracrine 

canonical Wnt signaling (80). GPC3, by its core protein only, interacts with Wnts (80), while binds 

Frizzled directly through the GAG chains (81), indicating that this glypican stimulates the formation 

of signaling complex between Wnt and its receptor. In addition, SULF2, an enzyme with 6-O-

desulfatase activity in mammalian cells, acts as an oncogenic protein in HCC at least in part by 

increasing Wnt3a and GPC3 expression and activating the canonical Wnt pathway, thus promoting 
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growth of HCC cell lines in vitro and in vivo. This indicates that sulfation of HS may play an 

essential role in regulating Wnt activation (82). Moreover, SULF2 activates FGF signalling and the 

downstream AKT/mitogen-activated protein kinase pathway, with consequent promotion of HCC 

cell proliferation and migration in vitro, resulting in enhancement of HCC tumor growth in vivo. 

Knockdown of GPC3 attenuates FGF2 binding in SULF2-expressing HCC cells (83). Other 

evidences support the interaction between GPC3 and Wnt: GPC3 increases the c-Myc expression, a 

typical target of the canonical Wnt signaling pathway (84); soluble GPC3, which is cleaved off the 

cell membrane at the GPI anchor domain, inhibits the in vivo growth of HCC cells by blocking the 

canonical Wnt signaling pathway (85). It has also been demonstrated that GPC3 promotes HCC 

progression and metastasis, in vivo and in vitro, by inducing epithelial–mesenchymal transition 

(EMT) in tumor cells (86,87). The enhanced levels of GPC3 in HCC tumor tissues is tightly 

correlated to the expression of the EMT-associated proteins and tumor vascular invasion. These 

effects of GPC3 are mediated by the ERK signaling pathway activation (88). GPC3 promotes the 

growth of HCC cells by inhibiting TGF-β2 signalling; the suppression GPC3 enhances apoptosis 

via upregulation of TGF-β2 in vivo and in vitro (89). 

 

Figure 4: Schematic overview of possible GPC3-mediating signaling pathway in HCC progression. GPC-3 in hepatocellular 

carcinoma: current perspectives. J Hepatocell Carcinoma. 2016 Nov 8;3:63-67 

 

GPC3 also acts as a negative regulator of BMP-7-induced inhibitory effects in hepatoma cell 

proliferation, by controlling BMP7 transcriptional activation (90). Based on all these results, it has 



17 

 

been proposed that GPC3 could be used as a serum and histochemical marker for hepatocellular 

carcinoma. High levels GPC3 is also detected in the sera of melanoma patients, especially in early 

stage (91), and in urothelial carcinomas, in particular in high grade tumors (92). These results 

suggest apparently a novel tumor marker useful for the diagnosis of melanoma and urothelial 

carcinomas. As mentioned above, GPC3, in addition to having a stimulatory activity, may have a 

inhibitory activity on signaling, depending on the cellular context. In murine mammary tumor 

GPC3 induces inhibition of the canonical Wnt pathway, increasing apoptosis, reducing cell 

proliferation and enhancing cell-cell adhesion, as well as it activates non-canonical pathway, 

causing JNK phosphorylation-mediated actin cytoskeleton reorganization and reduction in cell 

migratory capacity (93). GPC3 re-expression in murine adenocarcinoma mammary cells inhibits the 

PI3K/Akt anti-apoptotic pathway and stimulates p38MAPK causing apoptosis of tumor cells (94).  

Advanced in cancer research has revealed the role of two other glypicans: GPC2 and GPC6. GPC2, 

that is important for neuronal cell adhesion and neurite outgrowth, is highly expressed in about half 

of neuroblastoma cases and this high GPC2 expression correlates with poor overall survival 

compared with patients with low GPC2 expression. Neuroblastoma is a childhood cancer that is 

fatal in almost half of patients despite intense multimodality treatment (95,96). GPC6 NFAT-

induced promotes invasive migration through Wnt5A signalling in breast cancer cells (97). All 

these data highlight the importance of glypicans in the cancer onset, progression and metastasis 

formation with a possible useful role in the diagnosis and treatment of well-defined tumors. Several 

studies identifies GPC5 as responsible for cancer’s formation. Depending on the context, GPC5 

may have a stimulatory or inhibitory activity in regulating cell proliferation, division, and survival 

through a complex pathway network, particularly through WNT, Hedgehog (Hh), and FGF 

signaling pathways. For a deeper understanding of the role of GPC5 during tumor development, 

will be reviewed after in detail. 

1.4 Clinical significance of Glypicans 

The capability of gypicans, and in particular of GPC1 and GPC3, to modulate different pathways 

associated with oncogenic transformation, as cell proliferation, migration and invasion makes them 

good candidates for being a prognostic factor or a therapeutic target in different tumor types. As 

described previously GPC1 is strongly expressed in human pancreatic cancer and recently, GPC1-

expressing circulating exosomes are found to be a promising diagnostic tool for pancreatic ductal 

adenocarcinoma (PDAC) (66). PDAC is the most lethal cancer in humans, with a 5-year survival 

rate of <5% and currently presents late with nonspecific clinical symtoms, therefore as many as 

80% of patients have metastasis at the diagnosis (98). Patients with pancreatic tumor exhibit 
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increased serum levels of CA19-9, carcinoembryonic antigen, CA-50 and many others that can 

being used as tumor markers. But they are also increased in patients with benign 

pancreatic/peripancreatic diseases (99). The lack of specific serum biomarkers and retroperitoneal 

position of the pancreas challengers the early detection of pancreatic cancer. Thus, the detection of 

circulating GPC1
+
 exosomes in pancreatic cancer patients can be useful for identifying the early 

disease. The study that identified them, includes 251 pancreatic cancer patients from two different 

cohorts (discovery and validation group), where it is demonstrated that exosomes from cancer 

patients express higher levels of GPC1 than healthy subjects. The percentage of GPC1+ increases 

proportionally with tumor size and correlates with tumor burden. Furthermore, circulating GPC1
+
- 

exosomes of patients harbor K-ras mutations in 65.9% of the cases. Using a Cox multivariate 

regression analysis it has also been demonstrated that the decrease of circulating GPC1
+
 exosomes 

can be considered an independent prognostic marker predictive for disease-specific survival. 

Overall, the study provides good evidence of GPC1 is a good candidate for detection and isolation 

of exosomes in the circulation of screening of patients where pancreatic cancer is suspected. 

Additional data are supported by mice experiments (66). However further studies are needed to 

validate GPC1 as discriminatory biomarker for early detection of pancreatic cancer. GPC1 could 

not be cancer type specific because 75% of breast cancer patients also possess GPC1
+
-exosomes in 

serum. It is also necessary explore GPC1 expression in exosomes isolated from patients suffering 

from related diseases presenting similar symptoms such as hepatobiliary pathologies, obstructive 

diseasecholelithiasis, ampullary cancers, cholangiocarcinomas and pancreatic neuroendocrine 

tumors (67). GPC1 is also highly expressed in oesophageal squamous cell carcinoma (ESCC), that 

is the sixth most common cause of cancer-related death worldwide. IHC analysis of 175 ESCC 

patients showed that 98,8% of specimens are GPC1 positive, with the expression primarily at the 

cell membrane, but there is not a significant association between GPC1 and clinicopathological 

factors. GPC1 is found to be an independent prognostic factor. In addition, GPC1 overexpression is 

associated with resistance to chemotherapy Its inhibition will be a promising therapeutic strategy 

for the treatment of ESCC (58). Moreover, GPC1 has been shown to be a biomarker for prostate 

cancer, identified as the target antigen of the MIL-38 antibody. Prostate cancer is the most 

frequently disgnosed male visceral cancer and the diagnosis test based on measurement of prostate-

specific antigen (PSA) in the blood of patients has poor specificity (33%) resulting in a high number 

of false positive reports. Preliminary data supports GPC1 as an unrelated candidate biomarker with 

improved specificity (79%) over PSA. Furthermore, MIL-38 labelled with alpha emitting 

radioactive isotopes is able to suppress the growth of human prostate cancer subcutaneous 

xenografts in vivo and could be a promise for tissue specific gene therapy strategy (68). In 1997 it 
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has been first reported that mRNA and protein levels of GPC3 are upregulated to a greater extent in 

most HCCs than in normal and cirrhotic liver, or in benign hepatic lesions (100). Since then, the 

diagnostic value of GPC3 in HCC has been studied extensively, and increasing studies have 

confirmed that GPC3 would be a useful serological and immunohistochemical biomarker for HCC 

(101,102,103). The clinicopathological studies with GPC3 IHC reveals that higher expression of 

GPC3 in HCC is correlated to a poor prognosis after curative partial hepatectomy and subsequent 

studies support this trend (104,105). Liver cancer is the fifth most prevalent cancer in the world and 

the third most frequent cause of cancer-related death. Hepatocellular carcinoma is the major form of 

liver cancer, resulting in at least 500000 deaths per year. Liver cancer is usually resistant to most 

chemotherapy drugs (106). That's why it becomes important to identify effective therapeutic 

strategies for treatment of HCC. The fact that GPC3 is expressed by malignant liver cells but not by 

normal or cirrhotic liver suggests that such novel therapeutic approaches for HCC could be 

generated by targeting this protein. Thus, GPC3 has been selected for development of various 

vaccine- and antibody-based therapeutic approaches. The first therapeutic mAb against GPC3 

evaluated in clinical trial is GC33. This humanized mouse antibody recognizes a C-terminal peptide 

of GPC3 and significantly inhibits the growth of GPC3-positive human HCC xenografts in SCID 

mice (107). It acts by inducing antibody-dependent cellular cytotoxicity characterized by the 

presence of cytotoxic infiltrating T-lymphocytes into tumor tissues (108). The phase I study showed 

that GC33 is well tolerated in advanced HCC and the preliminary clinical benefit warrants 

prospective evaluation (109). Now this antibody is evaluated in a phase II clinical trial (110). Using 

both hybridoma and phage display antibody technologies three antibodies have been selected based 

on their affinity, epitope location and anti-tumor activity. YP7, a new humanized mouse anti-GPC3 

antibody, has high affinity and recognizes the C-terminal epitope that overlaps the GC33-binding 

site and displays the capacity of suppressing tumor activity in vivo (111). HN3, a human single-

domain antibody, can also inhibit HCC cell lines and growth of xenograft tumors by binding to the 

GPC3 N-terminal and C-terminal domains. The mechanism of HN3 function is novel and involves 

YAP inactivation and cell cycle-arrest (112) (Figure 5).              

 

 

 

                                                                                      



20 

 

  

Figure 5: Therapeutic antibodies targeting GPC3 for liver cancer treatment. A Diagram illustration of GPC3 structure and the binding 

sites of the current antibodies. B The mechanism of HN3 antibody function. In the absence of HN3, growth factors bind to GPC3 and 

promote cell proliferation. In the presence of HN3, HN3 blocks the binding of growth factors and triggers intracellular signalling, 

leading to inactivation of YAP and inhibition of cell proliferation in HCC. From Glypican-3 antibodies: a new therapeutic target for 

liver cancer. FEBS Lett. 2014; 588(2):377-82 

 

HS20, a human single chain Fv antibody, binds directly to the heparan sulphate chains associated 

with GPC3 and blocks Wnt3a/β-catenin signalling: it has a potent antitumor activity in vivo (113). 

These three antibodies are used to generate a series of recombinant immunotoxins in order to test 

their potential clinical applications.  YP7 and HN3 are fused to a fragment of the Pseudomonas 

exotoxin A (PE38). Interestingly, the immunotoxin based on HN3 has superior anti-tumor activity 

as compared to YP7 both in vitro and in vivo. The increased cell cytotoxicity appeared to be related 

to the inhibition of Wnt/Yap signalling (114). It has been also demonstrated that, when HN3-PE38 

is given in conjunction with sorafenib, there is not observable increase in cytotoxic activity. 

However, when HN3-PE38 is paired with irinotecan to inhibit topoisomerase I, there is a significant 

reduction in tumor size. Thus, immunotoxins could be used as single agents, but also in 

combination with current chemotherapies. HS20 can have the same clinical potential of HN3 

because of its ability to inhibit cell signalling pathways (115,116).  HN3 and YP7 have also been 

conjugate with the photosensitizing phthalocyanine dye, IR700, and after injection they were 

exposed to near-infrared light, a process known as near-infrared photoimmunotherapy (NIR-PIT). 

Also the results of these experiments indicates that HN3 shows more favourable characteristics than 

YP7 as a therapeutic antibody platform for designing molecularly targeted agents against HCC 

(117,118). Another human antibody, MDX-1414, is now under evaluation for preclinical 

development. It was selected for its high affinity, specificity, effector function and internalization 

properties and demonstrates anti-tumor efficacy leading to significant and durable suppression of 

established subcutaneous tumors in a liver cancer xenograft model with no evidence of toxicity 

(110). Moreover, recently, it has been developed a new strategy for the treatment of HCC based on a 

Bispecific T cell engager (BiTE) targeting Glypican 3 (GPC3) and CD3.The GPC3/CD3 BiTE was 
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prepared by fusing the single-chain variable fragment (scFv) of the humanized anti-GPC3 antibody 

(9F2) with the scFv of the anti-CD3 antibody (OKT3).  in the presence of the GPC3/CD3 BiTE, T 

cells could efficiently destroy GPC3-positive human HCC cells in vitro and in vivo (117). 

Experimental models demonstrate the possibility of curing cancer through the active induction of a 

specific immune response to tumor-associated antigens. Thus, GPC3 can be considered an 

immunotherapeutic target for peptide vaccine therapies. GPC3 [144-152] peptide and GPC3[298-

306] peptide induce GPC3-reactive cytotoxic T cells (CTLs) in HLA-A2.1 (HHD) transgenic mice 

without inducing autoimmunity. The inoculation of these CTLs reduced the human HCC tumor 

mass implanted into non-obese diabetic/severe combined immunodeficiency mice. A phase I 

clinical trial of these peptide vaccine, called respectively HLA-A2 and HLA-A24, for HCC is now 

underway (119,120). In another study, stem cell-derived dendritic cells expressing GPC3 can elicit 

protective immunity against mouse B16F10 melanoma, naturally expressing GPC3, and GPC3-

transfectant MCA205 sarcoma. Both CD8+ and CD4+ T cells may contribute to the antitumor 

effect. The dendritic cells (DCs) expressing GPC3 may be useful for cancer therapy (121). 

Interestingly DCs transduced with GPC3 gene and co-cultured with autologous cytokine-induced 

killer cells (CIKs) significantly promotes the autologous CIKs differentiation, as well as anti-tumor 

cytokine interferon-γ secretion, and enhances the cytotoxic activity against GPC3-expressing 

HepG2 cells. In in vivo DCs-GPC3-CIKs exhibits significant HepG2 cell-induced tumor growth 

inhibition in nude mice (122). GPC2 represents a new, recent candidate as a immunotherapeutic 

target for the treatment of Neuroblastoma. Outcomes for children with high-risk neuroblastoma 

remain poor with long-term survival remaining less than 50% despite the dramatic intensification of 

cytotoxic therapy. Neuroblastomas arise from neural crest progenitor cells of the developing 

sympathetic nervous system and thus continue to express biologically critical cell-surface molecules 

not found on more mature tissues, potentially making them amenable to immune-based therapies. 

GPC2 is high expressed on most neuroblastomas, but not detectable at appreciable levels in normal 

childhood tissues and is required for neuroblastoma proliferation. A developed GPC2-directed 

antibody-drug conjugate is seen to be potently cytotoxic to GPC2-expressing neuroblastoma cells. 

These data lay firm groundwork for the development of GPC2-directed immune-based therapies, 

including not only anti-GPC2 antibody drug conjugates (ADCs) but also CAR T cells directed 

toward GPC2 (123). GPC5 is proposed to have a tumor suppressive function in lung cancer (124), 

and breast cancer (125) and to act as an oncogene to promote tumor cell growth in gastric cancer 

(126) and in rhabdomyosarcoma (127). Thus, targeting GPC5 may lead to distinct outcomes: while 

GPC5 antagonists may be useful to treat rhabdomyosarcoma (127) or gastric cancer (126), reagents 

that activate GPC5 may be useful for treating lung adenocarcinoma patients (124) and breast cancer 
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patients (125). GPC5 protein expression is also significantly correlates with the tumorigenesis and 

progression of prostate cancer and can be considered a novel biomarker for the prediction of 

diagnosis and prognosis of prostate cancer (128). 

 

1.5 Glypican-5 in healthy tissues  

GPC5 gene is localized on chromosome 13q32, the same chromosomal band containing GPC6 

gene. In spite of localization, the major homology grade is between GPC3 and GPC5 (84,85% and 

85,66% of similarity respectively between mouse and human nucleotide and amino-acid sequence) 

suggesting a similarity in action and involvement in physiological processes. In particular GPC3 

and GPC5 are similar in C-terminal glycanation domain where the Ser-Gly repeat sequences appear 

split by a cluster of acidic residues that are flanked by cysteines (to form an acidic bulge on the 

protein); this is in contrast of GPC1 and GPC4 that have this Ser-Gly repeat sequences in front of 

this bulge. These glypicans form two sub families that may have arisen from successive gene 

duplications (129). GPC5 is expressed, like other glypicans, in highly tissue-specific manner during 

embryogenesis. In the earliest stage of mouse embryo limb, GPC5 mRNA is localized to highly 

proliferative cells that are in the process of generating differentiated structures and GPC5 

expression becomes restricted when undifferentiated, proliferative mesenchyme of the developing 

limb bud starts to become differentiated skeletal and connective tissue elements. Like this, GPC5 

mRNA expression is localized in highly proliferative cells in kidney; although this observation link 

GPC5 expression with proliferative cells in limb and kidney embryo, glypican-5 function is 

unrelated with proliferation because in the cell layers of the central nervous system of embryo 

where are confined the most neural proliferation, GPC5 expression is missed. In general, GPC5 

expression marks, in the early nervous system, distinct subset of newly generated post-mitotic 

neurons; only in later embryonic and perinatal life does glypican-5 begin to be widely expressed 

throughout the brain. GPC5 was also detected in a number of human fetal tissues, including brain, 

kidney, liver and lung but was not detected in others including heart, thymus and spleen (5). The 

RNA-seq analysis (Figure 6) and the IHC analysis (Figure 7) performed on human normal adult 

tissues and reported in The Human Protein Atlas database confirm a moderate positivity of GPC5 

expression in most of these tissues.    
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1.6 Pattern of expression of Glypican-5 in cancer tissues 

Online databases are useful to obtain many information, also for the expression profiles in tumors. 

The Swedish Human Protein Atlas project uses two different antibodies for the analyse of GPC5 

expression profile (Table 2 and 3). In some cases the two antibodies yielding partly similar staining 

patterns, in others not. Cancer tissue staining screening with MAB2607 antibody shows that GPC5 

have a strong staining in 1.9%, a moderate staining in 25,2% and a weak staining in 23.3% of 

Figure 6: 37 tissues have been analyzed by RNA-seq to estimate the transcript abundance of each protein-coding gene.  mRNA 

sequencing was performed on Illumina HiSeq2000 and 2500 machines (Illumina, San Diego, CA, USA) using the standard Illumina 

RNA-seq protocol with a read length of 2x100 bases. Transcript abundance estimation was performed using Kallisto v0.42.4. RNA-

seq tissue data is reported as mean TPM (transcripts per million), corresponding to mean values of the different individual samples 

from each tissue. Color-coding is based on tissue groups, each consisting of tissues with functional features in common. Data from 

www.proteinatlas.org 

Figure 7: GPC5 protein expression in normal human tissues. Specimens are derived from surgical material and normal is here defined 

as non-neoplastic and morphologically normal. It is not always possible to obtain fully normal tissues and thus several of the tissues 

denoted as normal will include alterations due to inflammation, degeneration and tissue remodeling. In rare tissues, hyperplasia or 

benign proliferations are included as exceptions. It should also be noted that within normal morphology there may exist 

interindividual differences and variations due to primary diseases, age, sex etc. Such differences may also affect protein expression 

and thereby immunohistochemical staining patterns. Data from www.proteinatlas.org 
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cancer tissue analyzed and 49.5% cancer tissue are negative. Malignant tissues exhibited weak to 

moderate immunoreactivity, like head and neck cancer or tyroid cancer. Many cases of gliomas, 

lymphomas, melanomas, lung, renal and liver cancers were weakly positive (Table 2). Cancer tissue 

staining screening with HPA040152 antibody shows that several adenocarcinomas of lung have 

moderate to strong cytoplasmatic immunoreactivity. Few gliomas, breast, cervical and skin cancers 

show weak to moderate positivity. Moderate nuclear staining is shown in few melanomas and 

remaining cancer tissues are weakly stained or generally negative (Table 3). In these analyses it is 

important to consider that the data could be obtained from samples deriving by different protocols, 

conditions and reagents’ settings; the number of samples could change depending on tumor type, 

often with a low number of lesions analyzed, making difficult to draw definitive conclusions 

regarding the level of a protein/mRNA expression. Indeed, samples from cancer are derived from 

surgical material. Due to subgroups and heterogeneity of tumors within each cancer type, included 

cases represent a typical mix of specimens from surgical pathology. The inclusion of tumors is 

based on availability and representativity, however, an effort has been made to include high and low 

grade malignancies where such is applicable. In certain tumor groups, subtypes have been included, 

e.g. breast cancer includes both ductal and lobular cancer, lung cancer includes both squamous cell 

carcinoma and adenocarcinoma and liver cancer includes both hepatocellular and cholangiocellular 

carcinoma etc. Tumor heterogeneity and interindividual differences may be reflected in diverse 

expression of proteins resulting in variable immunohistochemical staining patterns. For each cancer, 

the fraction of samples with protein expression level high, medium, low, or not detected are 

provided by the blue-scale color-coding (as described by the color-coding scale in the box to the 

left). The length of the bar represents the number of patient samples analyzed (max=12 patients). 

 

 

 

 
Table 2. GPC5 protein expression in cancer tissues revealed with MAB2607 (R&D systems). From www.proteinatlas.org 
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In the literature GPC5 is first implicated as possible target for the 13q31-q32 amplification detected 

in lymphoma cell lines where, through CGH (comparative genomic hybridization) analysis, it is 

shown that GPC5 is over-expressed in lymphoma cell lines that have shown amplification, in 

comparison with those that have not, suggesting that the transcriptional activity of this gene is, at 

least to some extent, regulated at the gene-dosage level and it may contribute to development and/or 

progression of  lymphomas (130). GPC5 amplification has been also observed in mantle cell 

lymphoma (MCL, an aggressive non-Hodgkin’s lymphoma) and multiple B-cell lymphomas 

(131,132). Genomic amplification of 13q31-q32 is associated also with rhabdomyosarcomas 

(RMS), the most common soft tissue sarcoma in children; genomic copy number and gene 

expression analyses of rhabdomyosarcomas indicate that GPC5 is the only gene consistently 

expressed and up-regulated in all cases with amplification (133). The single nucleotide 

polymorphism array analyses of 55 RMS samples, including eight RMS-derived cell lines, confirm 

GPC5 expression in more than half of the RMS samples, suggesting that aberrant GPC5 activity 

might play a role in RMS oncogenesis (134). These data are consistent with those obtained from the 

follow study of neuroendocrine tumors (NETs). Analysis of expression of GPC5 at the protein 

level, performed by IHC, reveals that only a small proportion of well-differentiated tumors, that 

displayed a neuroendocrine phenotype, shows a positive reaction, whereas the protein is 

overexpressed by 70% of high grade tumors with epithelial differentiation. GPC5 protein 

expression correlates with tumor grade and with tumor stage but not with patient survival or the 

topography of the tumor (135). Another study also demonstrated that GPC5 is highly expressed in 

SACC-M (high lung-metastatic cell line) and in clinical samples of salivary adenoid cystic 

carcinoma (SACC) cases with lung metastasis. The lung metastasis of SACC-M cells in nude mice 

is decreased after GPC5 silencing, suggesting that GPC5 may contribute to lung metastasis of 

SACC (136). The expression of GPC5 is found higher in gastric cancer (GC) cell lines and protein 

levels are also higher in GC tissues than in adjacent noncancerous tissues. GPC5 is identified as the 

Table 3. GPC5 protein expression in cancer tissues revealed with HPA040152 (Sigma-Aldrich). From: www.proteinatlas.org 
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potential target of miR-217; overexpression of miR-217 impairs GPC5-induced promotion of 

proliferation and invasion in GC cells (126). A genome-wide association study of a single 

nucleotide polymorphisms (SNPs), done with 754 never smokers reveals the involvement of GPC5 

into the development of lung cancer in never smokers. But in this case GPC5 expression is 

significantly lower in tumor tissues than matched normal tissues, thus it seems to act as a tumor 

suppressor gene (137). The expression level of GPC5 is also reduced in both benign and malignant 

breast tumors, compared to adjacent normal tissues. Importantly, the expression level in malignant 

tumors is >5 times lower than that in benign tumors. These findings indicate a crucial role of GPC5 

in breast cancer development and progression (125). Similarly, GPC5 expression in prostate cancer 

tissues is markedly lower than that in normal cases, data obtained by IHC analysis of 160 prostate 

cancer tissues and 60 adjacent normal samples in correlation with clinicopathological parameters 

(128). Overall, GPC5 is expressed on various tumors in a different way, suggesting an antithetic 

role of GPC5 in cancer.  

1.7 Antithetic role of Glypican-5 in cancer. 

The structural-functional complexity of GPCs confers to them the ability to serve as mediators of 

the tumor cells' interaction with the host microenvironment, while directly contribute to the 

organization and dynamic remodeling of this milieu (138). The precise involvement in 

tumorigenesis of Glypican-5 asks further investigations, despite its indisputable importance during 

embryonic development and in the adult organism, and its frequent dysregulation in tumor lesions. 

Particularly challenging is to ascertain how in some cases GPC5 may facilitate tumor progression 

and in others it may inhibit it, implying antithetic functions. In rhabdomyosarcoma GPC5 increases 

proliferation through potentiating the action of three heparin-binding growth factors, FGF2, HGF 

and Wnt1A. The greatest absolute increase in proliferation occurs in response to FGF2, which 

distribution on the cell membrane is also altered by GPC5. HGF is known to have anti-proliferative 

activity in a number of cell lines, so it is unclear with what mechanism GPC5 alters the effects of 

HGF; indeed, GPC5 can increase downstream signalling, but not only inhibiting an anti-

proliferative signal. It is thought that GPC5 promotes interactions between growth factors and their 

ligands and influences growth factor signalling by retaining growth factors either at the cell surface 

or by facilitating internalization (133). Indeed, a novel mechanism by which GPC5 can stimulate 

the proliferation of RMS cells is to facilitate/stabilize the interaction between Hh and Ptc1 (Figure 

8), activating Hh signalling (127). 
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 Figure 8: Schematic overview of possible GPC5-mediating Hh signaling pathway in RMS progression.  

GPC5 binds to both Hh and Ptc1 through its glycosaminoglycan chains. However also the core 

protein is essential for this interaction. One possibility is that the GAG chains have to be displayed 

in a specific relative position in the context  of the Hh–Ptc1 complex for a productive interaction 

and that the core protein of GPC5 plays a critical role in positioning the GAG chains in the context 

of the ligand receptor complex. Another important finding of this study is that GPC5 interacting 

with Ptc1, can localize to cilia. A very little GPC5 mutant form, lacking of GAG chains, can be 

found in cilia, thus the ciliary localization of GPC5 may be the result of its interaction with Ptc1. 

This possibility is also supported the observation that GPC3, which does not interact with Ptc1 

could not be detected in the cilia. GPC5 shows a significant lower affinity for Shh than that of 

GPC3 which, in contrast to the first, inhibits HH signaling. Based on these results, it is reasonable 

to speculate that the lower affinity of GPC5 for Shh may facilitate a productive interaction of this 

growth factor with Ptc1, whereas the high affinity interaction between GPC3 and Shh inhibits the 

engagement of Ptc1 by the ligand (127). If GPC5 stimulates the proliferation of rhabdomyosarcoma 

cells through its ability to promote Hedgehog signaling, at the contrary the down-regulation of 

GPC5 may contribute to the development of lung cancer. Different study seems to support GPC5 to 

be a protective factor from developing lung cancer, acting as a tumor suppressor, but mechanisms 

are open for further investigation (137,139,140,141). It has been hypothesized that GPC5 regulates 

lung cancer development through a complex pathway network, particularly through WNT, Hh, and 

FGF signaling pathways and their interactions (Figure 9). Depending on the context, GPC5 may 

have a stimulatory or inhibitory activity on these pathways. 

 

 

 



28 

 

 

Figure 9: GPC5 gene and its related pathways in lung cancer. From Thorac Oncol., 2011; 6(1):2-5 

GPC5 may bind to Wnt and to the Frizzled receptor in association with the co-receptors LRP5/6. 

Activation of the Frizzled receptor results in subsequent activation of Dishevelled, which through 

an unknown mechanism, inhibits the function of a multi-protein complex Axin/APC/CK-γ/GSK-β, 

blocking phosphorylation of β-catenin and preventing its degradation. Increasing levels of free β-

catenin translocate to the nucleus, complex with the TCF/LEF cofactors and activate target genes. 

In the case of the Hh pathway, it is proposed that GPC5 may inhibit the signaling by competing 

with Patched (the Hh receptor) for Hh binding. When the Hh signaling is lacking, the transcriptional 

activator Gli is bound to a multiprotein complex consisting of Fused (Fu) and the suppressor of Fu 

(SuFu) and will not enter the nucleus. GPC5 may activate the FGF pathway through unknown 

mechanisms (142). Until now only the crosstalk between GPC5 and Wnt pathway has been 

demonstrated (Figure 10). Indeed GPC5, overexpressed in lung cancer cell lines, binds directly to 

Wnt3a, reducing the translocation of β-catenin to the nucleus, which leads to the transcriptional 

downregulation of Wnt target genes resulting in the inhibition of cell proliferation (124,143). 

Furthermore, the inactivation of the canonical Wnt pathway contributes to the subsequent inhibition 

of EMT process and lung adenocarcinoma metastasis, of which the overexpression of GPC5 is 

responsible for. Indeed, in SCID mice, GPC5 suppresses lung cancer migration and accordingly 

alerts EMT related markers, up-regulating E-cadherin and down-regulating Vimentin (143). 
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The role of GPC5 in lung cancer is still controversial. Li et al. (144) found that the high GPC5 

expression levels in non-small cell lung cancer (NSCLC) is associated with respiratory symptoms, 

poor differentiation, vascular invasion, regional lymph node metastasis, higher TNM stage and 

shorter survival time. Yang et al. (145) reported that overexpressing GPC5 in lung cancer cell lines 

significantly suppresses their migration, invasion and proliferation activities in vitro. The 

contradictory results about expression patterns and prognostic effect of GPC5 in lung 

adenocarcinoma reported by Li et al. may be due to the insufficient sample size and difference in 

patients included in the study (124). One most recent work confirms that the low expression of 

GPC5, due to a significant hypermethylation of GPC5 gene promoter, is significantly correlates 

with poor outcome in lung adenocarcinoma (124). In addition to hypermethylation, GPC5 may also 

be inactivated in lung adenocarcinoma cells by miR-620 overexpression (146). Moreover Guo et al. 

shows that GPC5 may act as a tumor suppressor in NSCLC probably diminishing phosphorylation 

of several oncogenic receptor tyrosine kinases, including the ERBB2 and ERBB3, which play 

critical roles in lung tumorigenesis (147).  

 

 

Figure 10: Possible signal network of GPC5 in lung cancer development;  FromThorac Oncol., 6(1):2-5 
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2. MATHERIALS AND METHODS
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2.1 Cell lines 

Human sarcoma cell lines 143B, MG63, SAOS2 and human melanoma cell line A375 and murine 

melanoma cell line B16F10 were provided by CRO Institute (Centre of Oncologic Reference, 

Aviano (PD), Italy). These cell lines, like RD and SJRH30 human rhabdomyosarcoma cells 

obtained from ATCC, were grown in DMEM (Dulbecco’s modified Eagle’s medium, Lonza 

BioWhittaker
®

), low Glucose 1.0 g/L, 25 mM Hepes Buffer. The human lung carcinoma cell line 

A549 was obtained from SIGMA-ALDRICH and maintained in ham’s F12 medium (EuroClone). 

T47D and BT549 breast carcinoma cells provided by Mario Negri Institute for pharmacological 

research (Milano, Italy) and C32 cell line provided by CRO Institute, were grown in RPMI 1640 

medium (EuroClone). All media were supplemented with Penicillin 100 U/ml and Streptomycin 

100 U/ml (Pen/Strep, Lonza BioWhittaker
®

), L-Glutamine 2 mM (L-Glu, Lonza BioWhittaker
®

), 

10% Fetal Bovine Serum (FBS, GIBCO
TM

). 

2.2 Vectors design and transduction 

143B and A375 cells were transfected with pDisplay expression vector containing ORF cDNA of 

glypican-5 Hemagglutinin A (HA)-tagged and pDisplay empty expression vector as control. The 

expression vector pDisplay containing ORF cDNA of GPC5 was gently provided by Guido David 

(University of Leuven-CME) and containing the box for G418 (Geneticin) resistance 

(Geneticin/Neomycin).  
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The transfections were done using Metafectene™ Pro Reagent (Biontex, Germany) in condition 

predetermined to obtain maximum efficiency of transfection; briefly, Solution A (0.8 μg of vector 

DNA in 50 μl medium free of serum and antibiotics) and Solution B (8 μl of Metafectene™ Pro 

transfection reagent in 50 μl medium free of serum and antibiotics) were applied on 60-70% cell 

confluence. After 48 h from the transfection, the cells were seeded at high dilution (6000 cells/100 

mm dish) and cultured in the presence of G418 antibiotic, at concentration of 800 µg/ml for 143B 

and of 700 µg/ml for A375, to perform a resistant clone selection. Each clone was screened by RT-

PCR for presence of GPC5 mRNA. Positive clones were expanded and it was chosen the clone with 

the major level of glypican-5 expression revealed by quantitative Real-Time PCR. To confirm the 

presence of GPC5 on the selected clones, it was detected the cell surface protein expression by 

immunocytochemistry. 

 

2.3 RNA extraction and RT-PCR 

Total RNA from each cell line and from tumoral tissue biopsies were prepared by using alone or in 

combination Trizol® (Life Technology) and RNeasy Plus Mini Kit (Qiagen) according to the 

manufacturer’s instructions and RNA quality was checked by Thermo Scientific NanoDrop
TM

 

Spectrophotometers and 1% agarose RNase free TAE agarose gel electrophoresis. Total RNA (1μg) 

was reverse-transcribed with the QuantiTect
®

 Reverse Transcription Kit (Qiagen) according to the 

manufacturer’s instructions Qualitative RT-PCR was performed at the beginning to check the 

integrity and functionality of the cDNAs, and it was amplified human RLP41 and mouse RPL27 

housekeeping genes mRNA. To verify the presence of GPC5 gene transcript, it was used specific 

primers for human and mouse glypican-5 mRNA. qPCR on 143B GPC5+ clones were done using 

the human RPL41 and human GPC5 primers previously mentioned and by SYBR Green technology 

(Takara Bio Inc., Japan) and all samples were runned on OpticonMJ Real-Time (Bio-Rad 

Laboratories Headquarters, California, US). All primers are listed follows. 

 

Gene Forward Reverse 

hRLP41 GGAGGCCACAGGAGCAGAAA TGTCACAGGTCCAGGGCAGA 

msRPL27 CAAGAAGAAGATCGCCAAGC TCGCTCCTCAAACTTGACCT 

hGPC5(RT) CACTTGTCAGGTTTGGGTGA TGGTTGGAAATGGAATCAAAGC 

hGPC5 (1) TATCCGGTCGTTGGAAGAAC GGTGGTCTTCATTCCATGCT 

hGPC5 (2) CCCAAACCTGACAAGTGGGA TGGCATCCAGTCTGTGATCTTC 

msGPC5 CCGAGGATGGATGCCCGCAC CTTCGCAGCTCTCCACGCCC 
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LUC (A) CTTGGCAATCCGGTACTG CTCGAAGTACTCGGCGTAGG 

LUC (B) AAACGCTTCCACCTACCAGG GCCTCGGGGTTGTTAACGTA 

 

2.4 Immunofluorescence 

Immunocytochemistry was done to reveal the presence of GPC5 protein expression, to determine its 

cellular localization, and to see a possible colocalization. 30.000 cells seeded on each coverslip 

were fixed after 24 hours using 4% paraformaldehyde; coverslips were washed in PBS1X and if 

necessary permeabilized using 0.1% Triton X100. After a blocking passage with NGS 5%, 

coverslips were incubated with primary antibody diluted in a mixture that included 10% NGS and 

PBS1X. After overnight incubation at 4°C with the corresponding primary antibody, cells were 

incubated for 1 hour at room temperature with the secondary appropriate antibody as shown in the 

table below. Nuclei were revealed with a 5 minutes incubation of coverslips with Hoechst 33258 

staining and then the coverslips were mounted with Poly-Mount (Bioscience) and observed 

epifluorescence with microscope Axio Observer Z1 (Carl Zeiss). 

Primary antibody 

 

Secondary antibody Permeabilization 

Ms anti-hu/ms GPC5 IgG2a (R&D 

System) dilution 1:200 

 

Anti-ms IgG Alexa Fluor 488 

(Life Technology) dilution 

1:800 or anti-Mouse IgG2a 

TRITC dilution 1:50 

 

None or 3x5’ RT* in 

PBS1x+0,1% Triton X100 

Phalloidin-TRITC conjugated 

(Sigma Aldrich) dilution 1:1000 

 

none 

PBS+0,1% Triton X100, 30’ 

RT 

 

Rb anti-hu GPC5 IgG HPA044081 

(Sigma Aldrich) dilution 2:100 

Anti-rb IgG Alexa Fluor 488 

(Life Technology) dilution 

1:800 

 

None or 3x5’RT in 

PBS1x+0,1% Triton X100 

Rb anti β-cathenin (RabMAb) 

dilution 1:200 

Anti-rb Alexa Fluor 488 

(Immunological Science) 

dilution 1:200 

PBS+0,5% Triton X100, 15’ 

RT 

Rb anti-Caveolin3 IgG (Abcam) 

dilution 1:20 

Anti-rb TRITC (Abcam) 

dilution 1:500 

3x5’RT in PBS1x+0,1% 

Triton X100 

Rb anti-CENPA IgG (Abcam) Anti-rb TRITC (Abcam) 3x5’RT in PBS1x+0,1% 
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dilution 1:200 dilution 1:500 Triton X100 

*RT: Room Temperature 

To reveal the localization of GPC5 after the treatment with growth factors cells were treated, before 

immunocytochemistry protocol, with different conditioned media: DMEM 10% FBS, DMEM 0% 

FBS, FGF2 (10 ng/ml), HGF (50 ng/ml), WNT1 (20 ng/ml), IGF1 e 2 (50 ng/ml), SHh (50 ng/ml), 

BMP2 (10 ng/ml), BMP4 (10 ng/ml), BMP7 (10 ng/ml), VEGF (10 ng/ml), EGF (10 ng/ml) and 

PDGF (10 ng/ml) were added in DMEM serum free.  

 

2.5 Flow cytometry 

500.000 cells, for each sample, were collected and incubated with 250 ng of direct-PE labeled 

monoclonal antibody anti-human GPC5 (LifeSpan Biosciences) on ice and then washed with 

PBS1X and resuspended in PBS1X for the analysis. As a control, cell in separate tube were treated 

with PE-labeled mouse IgG2A isotype control (clone HOPC-1, SouthernBiotech) antibody. All the 

sample were analyzed on Flow Cytometer (FACSCalibur, Becton Dickinson) with the collaboration 

of Dott.ssa Rosanna Vescovini (Department of Medicine and Surgery, University of Parma, Italy). 

When necessary it has been performed a permeabilization step with 250 μl of Cytofix/Cytoperm 

(BD Biosciences) and two washes with Saponin 0,5% prepared in PBS1x. 

2.6 Western Blotting 

Cell extracts were prepared by lysing the cells on ice in RIPA buffer (Sigma Aldrich), according to 

the manufacturer’s instructions, after collection from a 90mm dish and double washing with 

PBS1X. Protein concentration was measured by Bradford method. Protein extract diluited in 2X 

sample buffer and concentrated media were resolved on 8% SDS-PAGE and transferred with Trans-

Blot Turbo Blotting System (Biorad) to Trans-Blot Turbo PVDF membranes (Biorad). Western blot 

analysis was performed using the following primary antibodies: monoclonal and policlonal anti-

human Glypican-5 (Abcam) used 1:500 in TBS with 0,1% Tween® and 5% skim milk, anti-human 

Glypican-5 (R&D) used 1:500 in TBS with 0.1% Tween® and 5% skim milk, anti-actin (Sigma 

Aldrich) used 1:5000 in TBS with 0.1% Tween
®

 and 1% skim milk as control. After incubation 

with the primary antibody, the blots were washed and incubated for 1 hour with the appropriate 

HRP (horseradish peroxidase)-conjugated secondary antibody; labeled proteins were detected with 

an ECL-Plus detection system (Amersham Pharmacia).  
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2.7 Proliferation assays 

Viable cells in proliferation were determined by CellTiter 96
®

 AQueous One Solution Cell 

Proliferation Reagent (Promega), that contains MTS tetrazolium compound [3-(4,5-dimethylthiazol-

2yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium] and an electron coupling 

reagent PES (phenazine ethosulfate). PES is combined with MTS to a form a stable solution. The 

MTS tetrazolium compound (Owen’s reagent) is reduced by cells into a colored formazan product. 

This conversion is accomplished by NADPH or NADH produced by dehydrogenase enzymes in 

metabolically active cells. For the standard curve cells were seeded in a 96 multiwell plates at 

different concentration: 5x10
3
, 1x10

4
, 2x10

4
, 4x10

4
 and 8x10

4
 cells/well, and incubated for 3 hours 

at 37°C with 20 μl CellTiter 96
®

 AQueous One Solution Reagent. For the experiment cells were 

seeded in quadruplicate in 96-well culture plates at a density of 1x10
4
 cells/well in DMEM with 0% 

of FBS, after a starvation step overnight in 0,5% of FBS, in three independent experiments. At 

various time points, 0, 24 and 48 hours, cells were incubated with 20 μl CellTiter 96
®

 AQueous One 

Solution Reagent, for 3 hours at 37°C, and was recorded the absorbance at 450 nm with Multiscan 

Ex. (Thermo electron corporation). The number of cells is estimated by interpolation of OD with 

the linear regression obtained from the standard curve. To asses if cells were reactive to different 

growth factors, after starvation as previously described the cells were incubated with different 

conditioned media listed follows. Data are expressed as mean ±SE. 

Producer Growth Factor Concentration 

Peprotech Shh 50 ng/ml 

Peprotech BMP2 10 ng/ml 

Peprotech BMP4 10 ng/ml 

Peprotech BMP7 10 ng/ml 

Peprotech FGF2 10 ng/ml 

Peprotech HGF 50 ng/ml 

Peprotech WNT1 25 ng/ml 

SigmaAldrich IGF 50 ng/ml 

 

Proliferation was also assessed using an xCELLigence RTCA DP instrument (Software Package 

2.0, ACEA Biosciences). After a starvation step overnight in 0% of FBS, cells were seeded in 

triplicate at the density of 5x10
3
 in an E-plate 16 (ACEA BioSciences) and treated with different 

growth factors added in DMEM serum free. In addition to those listed above, they have been added: 
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IGF1 and 2 (50 ng/ml), VEGF, EGF and PDGF (10 ng/ml) (Peprotech, New York). Impedance 

readings, expressed as a CI, were started and recorded at 30 minutes intervals for 72 hours.  

2.8 Wound healing assay  

Cells were seeded at density of 10x10
4
 cells/well in DMEM 10% FBS in a 24-well culture plates to 

create a confluence monolayer. After an incubation for 24 hours at 37°C in 5% CO2, was done a 

starvation step in DMEM serum free. Then cell monolayer was scraped forming a straight light with 

a p100 tip. The wells were washed with PBS 1X to remove the debris and smooth the edge of the 

scratch and different conditioned media were added monitoring cells at T0, T24, T48, T72 hours of 

incubation after treatments. The different conditioned media used were: FGF2 (10 ng/ml), HGF (50 

ng/ml), WNT1 (25 ng/ml), IGF1 and 2 (50 ng/ml), SHh (50 ng/ml), BMP2 (10 ng/ml), BMP4 (10 

ng/ml) and BMP7 (10 ng/ml), VEGF, EGF and PDGF (10 ng/ml) added in DMEM serum free, 

DMEM 0% of FBS, DMEM 0.2% of FBS, DMEM 3% of FBS and DMEM 10% of FBS. Cell 

motility was observed and images were collected by JuLI™, Smart fluorescent cell analyzer 

(Digital Bio). The migration analysis was performed using ImageJ ; we have calculated the 

percentage of cutting area covered by the cells at 24, 48 and 72 hours. 

 

2.9 Cell-cell aggregates and colony forming assay  

Anchorage-independent growth and colony formation were assessed by cell cultivation in soft agar, 

using 60 mm Petri plates. Each plate contained 2 ml of 0.8% low-melting agarose in complete 

medium as the bottom layer and 5x10
3
 cells in complete medium containing 0.35% low-melting 

agarose were seeded as top layer. Cultures were maintained under standard culture conditions for 15 

days and the number of colonies was determined by JuLI
TM

, Smart fluorescent cell analyzer (Digital 

Bio). A group of >10 cells was counted as a colony. The data are shown as mean number of 

colonies per field ± SD. The assay was repeated thrice with 3 replicates each time. To verify cell-

cell aggregation capability was performed also a preliminary 3D cell culture experiment. 10
4 

tumor 

cells were plated on 96 well plate, previously coated with a solution of PolyHEMA at the final 

concentration of 5mg/ml (SigmaAldrich), dissolved in 95% ethanol. The aggregates were analyzed 

at 24, 48 and 72 hours of incubation after treatments and images were collected by JuLI™, Smart 

fluorescent cell analyzer (Digital Bio). The experiments were performed in quadruplicate, in three 

independent experiments, with two conditioned media: DMEM 10% of FBS, DMEM 0% of FBS. 
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2.10 Osteosarcoma tumor masses DNA microarray and Phospho-proteomic profiling  

In a previous work of my laboratory 143B GPC5+ cells and control cells had been inoculated 

subcutaneously into nude mice to assay for their growth and dissemination capabilities in vivo. 

Ectopic expression of GPC5 in human osteosarcoma cells decreases the volume of tumor masses 

and vessels formation within the tumor mass.  To perform a global gene expression analysis on 

these masses, it was used 4x44K human whole genome oligo DNA microarray chip (G4122F, 

Agilent Technologies, Palo Alto, CA). Total RNA isolated from three tumor biopsies derived from 

143B-MOCK cells were pooled together for the control (total 990 ng; 300 ng each replicate), while 

total RNA isolated from three tumor biopsies derived from 143B-5+ cells were labeled with either 

Cy3 or Cy5 dye using an Agilent Low RNA Input Fluorescent Linear Amplification Kit (Agilent). 

Fluorescently labeled targets of pooled control (143B-MOCK) were hybridized with each of the 

three proper treated samples (143B-5+ n°1, n°2 and n°3) on the same microarray slide with 60-mer 

probes (pooled control sample Vs. 5+ sample n°1, Vs. 5+ sample n°2 and Vs. 5+ sample n°3).  

Total protein lysates from tumoral tissue specimens obtained from 143B GPC5+ tumoral masses 

respect to the control masses, were prepared immediately after the excision of the mice. All biopsies 

were washed with ice-cold PBS1X three times to remove residual blood contaminants, weighed and 

resuspended  250mg  (wet weight)/1ml of lysis buffer (20mM MOPS, pH 7.0, 2mM EGTA, 5mM 

EDTA, 30mM sodium fluoride, 60mM β-glycerophosphate, pH 7.2, 20mM sodium pyrophosphate, 

1mM sodium orthovanadate, 1mM phenylmethylsulfonylfluoride, 3mM benzamidine, 5μM 

pepstatin A, 10μM leupeptin, 1% Triton X-100, 1mM dithiothreitol) to proceed with the 

homogeneization; the cell lysates were sonicated four times for 10s each with 15s intervals on ice to 

rupture cell membrane and shear chromosomal DNA. After sonication, the homogenates were 

centrifuged at 90.000xg for 30min at 4°C in a Beckman Table Top TL-100ultracentrifuge. The 

supernatants were then transferred to a clean microcentrifuge tube and the protein concentrations 

were measured by Bradford method. Aliquots (150μg each samples) of the whole cell lysates were 

submitted to Kinexus for the 628-antibody microarray analysis (KinetworksTM KAM-1.2PN 300 

Phospho-Ab microarrays by Kinexus Bioinformatic Corporation, Vancouver, Canada). Potential 

signaling pathways induced by compound 1 were analyzed by Ingenuity Pathway Analysis (IPA) 

software using the Kinexus 628-antibody microarray results. The statistically significant up-

regulated or down-regulated pan-specific proteins with their corresponding Swiss-Prot accession 

numbers and ratio changes were uploaded as an Excel spreadsheet file to the IPA server. Compound 

1-mediated signaling pathways were then analyzed by IPA core analysis. 
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2.11 In vivo tumorigenesis 

All animals were housed in the Conventional Animal Facility of the National Institute for Cancer 

Research in Genova, in 12h light/dark cycles, fed ad libitum and monitored for their lifespan. Any 

mouse showing standard signs of illness (e.g. weight loss, ruffled fur, anorexia, abdominal 

distention) was sacrificed. All manipulations were performed in accordance with the Italian and 

European Community guidelines (D.L. 4/3/14 No. 26; 86/609/EEC Directive) and approved by the 

Institute Ethics Committee. For the allograft model, 8 8-wk-old female C57Bl/6j (Jackson 

Laboratories) and 9 mice C57Bl6j/Gpc5
-/-

 (gently provided by Scott Saunders, Washington 

University School of Medicine) were subcutaneously and bilaterally injected with 5x10
5
 B16F10 

cells. Tumor growth was monitored by recording nodule’s volume with a caliper every 3 days after 

first appearance. Volumes were determined using the following formula: dxDxt/2 where d and D 

are the short and long dimensions, and t is thickness of the tumour. When the tumors reached a 

volume of about 0,5 cm
3
, the mice were sacrificed. Nodules were removed, fixed in 10% buffered 

neutral formalin, embedded in paraffin and used for histopathological analysis. To analyze the 

formation of lung metastasis 10 KO and 10 wild type mice were injected intravenously with 5X10
5 

B16F10-Luc
+
 cells, obtained through a stable infection with retroviral vector pLXIN (Clontech, 

Palo Alto, CA,USA) containing Firefly Luciferase full-ORF, in PBS 1X.  

2.12 In vivo bioluminescence imaging 

For the bioluminescence imaging (BLI), mice were anaesthetised by isoflurane inhalation and were 

subsequently intraperitoneally injected with 75 mg/kg of luciferin (Caliper Life Science, Hopkinton, 

MA, USA). The bioluminescence signals were monitored using the IVIS system 2000 series 

(Xenogen Corp., Alameda, CA, USA) consisting of a highly sensitive cooled CCD camera. Two 

kinetic bioluminescent acquisitions were collected between 0 and 20 minutes after luciferin 

injection to confirm the peak photon emission, which was recorded as maximum photon efflux per 

second; imaging times ranged from 1 to 60s, depending on the amount of luciferase activity. Data 

were analyzed using the total photon flux emission (photons s
−1

) in the regions of interest defined 

manually 

2.13 Crossbreed between GPC5 knockout mice and TRAMP mice 

Animals were housed and maintained in the Animal Care Facility of the Ospedale Policlinico San 

Martino of Genova, accordingly to national and European regulations (D.L. 4/3/14 No. 26; 

86/609/EEC Directive). All animal experiments were approved by the internal Ethic Committee and 

received approval by the Italian Ministry of Health. C57black TRAMP transgenic mice were 
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purchased from the Jackson Laboratory (Bar Harbor, ME, USA) and maintained in the animal 

facility as heterozygous line. C57black GPC5 knockout mice, gently provided by Scott Saunders, 

(Washington University School of Medicine), were maintained as homozygous line. Wild type 

C57black mice were purchased from Charles River Laboratories (Calco, CO, Italy).  All mice 

received water and food ad libitum and, when necessary, were sacrificed by CO2 inhalation. 

Homozygous GPC5
-/-

 mice were crossed with heterozygous TRAMP mice to obtain the double 

transgenic line named GT. Positive mice were identified by PCR and all the experiments herein 

described were conducted on males, homozygous for GPC5
-/-

  and heterozygous for TRAMP. All 

animals were monitored daily and euthanized at the endpoints established for each experiment, or 

when showing any sign of suffering (ruffling, hunched back, low mobility, weight loss). At sacrifice 

body weight was registered, the urogenital apparatus (UR), consisting of emptied bladder, urethra, 

seminal vescicles, testis and prostate was excised and weighted. The prostate was then isolated, 

fixed in 10% neutral buffered formalin, embedded in paraffin and processed for histological 

analysis. Bladder was let in place to orient the specimen during paraffin inclusion. 

 

2.14 Data analysis and Statistic 

Statistical analysis on in-vivo experiments were performed with IBM SPSS Statistics Version 20. 

Log Rank for survival analysis, 2x2 contingency table for nodules and immunohistochemistry 

counts. The statistical significance of the results was determined using the non-parametric Mann–

Whitney test ± SEM. Significance was defined as a *=P<0.05 and **=P<0.01. The tumor doubling 

time during the log phase of growth was calculated using the following equation: t = (log2)/slope of 

the log of tumor volume vs. days. 
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3.1 Over-expression of Glypican-5 in 143B human osteosarcoma cell line and in A375 human 

melanoma cell line  

To understand the role and molecular mechanism of GPC5 in tumorigenesis we have compared the  

tumorigenic behavior of two tumor cell lines engineered to express GPC5 in an ectopic manner. By 

taking advantage of the PG patterns previously defined in my lab, we have chosen, as a first, a 

human osteosarcoma cell line, 143B cells, to start to over-express GPC5 because we would like to 

study whether the effects induced by GPC5 in the tumor are the same as those shown in the 

literature for human rhabdomyosarcoma tumor (127). There were generated more than one clone 

expressing GPC5 and we chose the higher expressing one, named 143B GPC5+, that was used for 

in vitro and in vivo assays. 143B cells trasfected with an empty vector (143B mock) were used as 

control. Flow cytometry analysis (Figure 1 A)  with an antibody that specifically recognizes GPC5 

shows two subpopulations with a different level of expression. The M1 marker defines the total 

positive population; the M2 marker defines the population with the lowest expression intensity 

(32%) while M3 defines the population with the highest expression intensity (65%). The expression 

of GPC5 in 143B GPC5+ cells is confirmed by western blot analysis  (Figure 1 B) and 

immunofluorescence staining (Figure 1 C). 

 

 

Figure 1: (A): flow cytometry on 143B GPC5+ cells; (B): western blot detection of GPC5 

expression in 143B GPC5+ and control cells. Positive cells show a high glycanated form of GPC5 

(~100-300 kDa) and a core protein (~63 kDa) (C) immunofluorescence staining of 143B 5+ cells 

and 143B mock cells. The GPC5 distribution on cell membrane corresponds to green spots and 

nuclei are stained with Hoechst (blu). Magnification 63X.  
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Given the increasing interest in my lab for the study of melanoma we have chosen to over-express 

GPC5 in a human melanoma cell line, A375 cells. We have also wanted to verify if GPC5 

expressing cells derived from different tumors show the same behaviour. We have obtained  several 

GPC5 expressing clones and we verified the percentage of positive cells by immunostaining to 

choose the higher expressing one, named A375 GPC5+. Thanks to a collaboration with Daniela 

Zanocco (National Cancer Institute CRO, Aviano) this clone was selected on florescence activated 

cell sorter (NovoCyte, ACEA Biosciences) to enrich GPC5+ subpopulation and to separate it from 

GPC5- subpopulation. A375 cells trasfected with an empty vector (A375 mock) were used as 

control. Flow cytometry analysis after Cell sorting, with an antibody that specifically recognizes 

GPC5, shows a population  with a heterogeneous level of expression defined by marker M1 (76 % 

of positivity) (Figure 2 A). The expression of GPC5 in A375 GPC5+ cells is confirmed by western 

blot analysis  (Figure 2 B) and immunofluorescence staining (Figure 3 C). 

 

 

 

 

 

Figure 2: (A): flow cytometry on A375 GPC5+ cells; (B): western blot detection of GPC5  

expression in A375 GPC5+ and control cells. Positive cells show a high glycanated form of GPC5 

(~100-300 kDa) and a core protein (~63 kDa) (C) immunofluorescence staining of A375 GPC5+ 

cells and A375 MOCK cells. The GPC5 distribution on cell membrane corresponds to green spots 

and nuclei are stained with Hoechst (blu). Magnification 63X. 



43 

 

3.2 Glypican-5 influences cell proliferation in vitro 

To explore the potential role of GPC5 in tumorigenesis, we have examined the effect of GPC5 

expression on cell proliferation. A 3-day growth curve analysis, performed in both, DMEM 0% 

FBS and DMEM 10% FBS, shows that over-expression of GPC5 significantly inhibits the 

proliferation of 143B (Figure 3 A), whereas stimulates the proliferation of A375 cells (Figure 3 B). 

 

 

 Figure 3: (A) Effect of GPC5 over-expression on 143B cell proliferation; (B) Effect of GPC5 over-

expression on A375 cell proliferation. Data are expressed as means ± SD. 
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Moreover GPC5-transfected 143B cells show a decreased ability to growth without any adhesion to 

the substrate (Figure 4 A), while this ability is increased in A375 GPC5-expressing cells (Figure 5 

C). Furthermore,  A375 GPC5
+
 cells produce multicellular spheroids well organized respect to the 

control cell line (Figure 5 D),  while 143B GPC5
+
 cells show the opposite effects (Figure 4 B). 

 

 

 

 

 

 

 

 

 

 

Figure 4: (A) Anchorage-indipendent growth ability of 143B MOCK and 143B GPC5+  cells. It 

was considered a colony an aggregation of more than 10 cells and were counted 10 field in each 

replicate. Data are expressed as means ± SD and graph shows a significant statistically difference 

(* = p<0.05 by Student T test) in the ability to form colonies between 143B MOCK and 143B 

GPC5+ cells.  (C) generation of 3D multicellular tumour spheroids by 143B GPC5+ cells and 

143B MOCK cells  cultured in polyHEMA-coated plates to prevent cell attachement for 72 hours. 
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3.3 The effects of Glypican-5 on cell proliferation in response to different growth factors in 

vitro 

Previous studies of GPC5 in tumorigenesis showed conflicting results. Also our finding shows a 

different tumorigenic behavior between 143B osteosarcoma cell line and A375 melanoma cell line. 

Experimental evidences show that it is possible that glypicans control different kinds of growth 

factors in a tumor- and tissue-specific manner as reported in literature. We can speculate that the 

difference in the proliferation behavior between the two models in study, are due to the ability of 

GPC5 to interact with different growth factors. Thus, we have started to analyze the response of the 

two engineered cellular models to different growth factors. We calculated the percentage of 

proliferation of 143BGPC5+ cells and A375 GPC5+ cells compared to the control cell line, both 

normalized to correspondent cells untreated. In a preliminary analysis 143B GPC5
+
 cell line shows 

Figure 5: (C) Anchorage-indipendent growth ability of A375 MOCK and A375 GPC5+  cells. It 

was considered a colony an aggregation of more than 10 cells and were counted 10 field in each 

replicate. Data are expressed as means ± SD and graph shows a significant statistically difference 

(** = p<0.01 by Student T test) in the ability to form colonies between A375 GPC5+ and A375 

MOCK cells.  (D) Generation of 3D multicellular tumour spheroids by A375 GPC5+ cells and 

A375 MOCK cells,  cultured in polyHEMA-coated plates to prevent cell attachement for 72 hours.  
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a reduced proliferation compared to the control cell line for each tested GFs, except for BMP4 at 72 

hours. In particular  the most considerable reduction in cell proliferation are obtained for: BMP2, 

BMP7, Shh (Figure 6 A) and FGF-2, IGF1 (Figure 6 B).  
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Considering the comparison between 143B GPC5
+
 and 143B MOCK, we observe, in a preliminary 

analysis with xCELLigence instrument,  that GPC5
+
 cells increased its doubling time considerably 

in response to Shh, VEGF, PDGF and BMP4 (Figure 6C). After treatment with GFs we have 

performed also a immunocytochemistry analysis on 143B GPC5+ cells, A375 GPC5+ cells and on 

their respective controls, to detect cellular distribution of GPC5 on cell surface and a possible 

colocalization with  actin cytoskeleton, stained by phalloidin toxin-TRITC conjugated. 143B 

GPC5+ cells show a more organized arrangement of the cytoskeleton compared to the control  in 

particular in response to BMP2, Shh and FGF2 (Figure 7). To better understand this phenomenon  it 

is necessary to perform a confocal microscopy analysis.  

 

Figure 6: Representative trend of 143B GPC5+ cells and control cells proliferation at 24, 48, 72 

hours after the treatment with  (A) Shh, BMP2, BMP4, BMP7 and  (B) HGF, FGF2, IGF and 

Wnt1, obtained with MTS Cell Proliferation Assay. (C) Doubling time analysis based on cell 

index, obtained by xCELLigence RTCA DP instrument. In addition to growth factors listed above, 

they have been added: IGF1 and 2 (50 ng/ml), VEGF, EGF and PDGF (10 ng/ml). All data are 

expressed as means ± SE.  
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The proliferative capability of A375 GPC5+ increases in response to growth factors and in 

particular in response to BMP2 (Figure 8 D) and IGF1, Wnt1 (Figure 8 E). 

Figure 7: Double immunofluorescence analysis using phalloidin-TRITC conjugated (red) to mark 

cytoskeleton and the anti-human/mouse GPC5 antibody (green) on 143B GPC5+ and 143B MOCK 

cells treated with different growth factors to detect cell surface distribution of GPC5. Green: GPC5; 

blue: nuclei; orange: F-actin. Photos were taken through microscope Axio Observer Z1 (Carl Zeiss). 

Magnification 63x. 
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Considering the comparison between A375 GPC5
+
 and A375 MOCK, we observe, in a preliminary 

analysis with xCELLigence instrument,  that GPC5
+
 cells decreases its doubling time considerably 

in response to Wnt1, IGF1 and IGF2 (Figure 8F). The presence of GPC5 on the cell membrane was 

analyzed by immunocytochemistry using anti-GPC5 primary antibody on A375 GPC5+ cells 

treated with the different conditioned  media. Immunostaining with phalloidin-TRITC conjugated 

allow us to relate GPC5 distribution and actin citoskeletal conformation. In general, GPC5 staining 

on A375 GPC5+ cells evidences intensely positive cell membrane areas probably corresponding 

close to or in lipid rafts. In particular GPC5 positive membrane domains seem to localize in 

particular cell extroflections, the filopodia, produced by cell during its movement. A375 GPC5+ 

cells show a more organized arrangement of the cytoskeleton compared to the control  in particular 

Figure 8: Representative trend of A375 GPC5+ cells and control cells proliferation at 24, 48, 72 

hours after the treatment with  (D) Shh, BMP2, BMP4, BMP7 and  (E) HGF, FGF2, IGF and 

Wnt1, obtained with MTS Cell Proliferation Assay. (F) Doubling time analysis based on cell 

index, obtained by xCELLigence RTCA DP instrument. In addition to growth factors listed above, 

they have been added: IGF1 and 2 (50 ng/ml), VEGF, EGF and PDGF (10 ng/ml). All data are 

expressed as means ± SE.  
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in response to Wnt1(Figure 9). To better understand this phenomenon  it is necessary to perform a 

confocal microscopy analysis.  
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To study the possible interaction between GPC5 and the Wnt pathway we have analyzed, by 

immunocytochemistry, a possible colocalization of β-catenin and glypican-5 after Wnt1 treatment 

(Figure 10). Without Wnt1 stimulation β-cathenin staining is cytoplasmatic in both,  A375 MOCK 

and A375 GPC5+, in standard growth conditions. After stimulation with Wnt1 it is revealed a 

Figure 9: Double immunofluorescence analysis using phalloidin-TRITC conjugated (red) to mark 

cytoskeleton and the anti-human/mouse GPC5 antibody (green) on 143B GPC5+ and 143B 

MOCK cells treated with different growth factors to detect cell surface distribution of GPC5. 

Green: GPC5; blue: nuclei; orange: F-actin; yellow: merge. Photos were taken through microscope 

Axio Observer Z1 (Carl Zeiss). Magnification 63x. 
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partial nuclear staining of β-cathenin, suggesting a translocation to the nucleus, and this effect is 

slightly more evident in A375 GPC5+ cells. These results could suggest a possible involvement and 

activation of Wnt1 canonical-pathway: it is necessary to deepen this analysis with a confocal 

microscopy.  

 

 

 

 

 

 

Figure 10: Immunocytochemistry on A375 GPC5+ and control A375 MOCK cells to identify 

distribution and colocalization of β-cathenin and glypican 5 after Wnt1 treatment. Green: beta-

cathenin; blue: nuclei; orange: GPC5; yellow:merge. Photos were taken through microscope Axio 

Observer Z1 (Carl Zeiss). Magnification 63x. 
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3.4 The effects of Glypican-5 on cell motility in response to growth factors 

To assess whether the cancer cell migratory capacity was influenced by growth factors, a migration 

assay was performed in presence of different conditioned media. In general, GPC5 decreases the 

migration ability of 143B GPC5+ in comparison to 143B MOCK, except for the treatment with 

VEGF. In particular 143B GPC5+ cells migrates at a markedly slower rate than the control cells in 

response to BMP7, FGF2, in the lower percentage of serum and in response to IGF1, but only at 72 

hours. There isn’t a significant difference of migration in presence of Wnt1,BMP2,BMP4 SHh, 

IGF2, HGF and in presence of 0,2%, 3% and 10% of FBS (Figure 11).  
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The migratory kinetic analysis showed that in general, GPC5 enhances the migration of A375 

GPC5+
 
cells respect to A375 MOCK cells, except for the treatment with PDGF and EGF.  There 

isn’t a significant difference of migration for most of treatments, except for cells treated with, 

DMEM 3% FBS, IGF1,WNT1, FGF2, but only within the 24 hours and DMEM 10% FBS within 

Figure 11: In vitro scratch assay to determine the migration abilities of 143B GPC5+ 
 
cells in 

comparison to the control in different conditioned media; yellow line marks the cells’ front at 

every time analyzed. Images was taken by JuLI™, Smart fluorescent cell analyzer (Digital Bio). 

Graphs show the migration analysis results for 143B GPC5+ and 143B MOCK cells for all 

conditions of treatment. The migration analysis was performed using ImageJ cell analysis 

software; we have calculated the percentage of cutting area covered by the cells at 24, 48 and 72 

hours. We have performed a multiple experiments with the calculation of SD with a significant 

statistically difference (*=p<0,05, ** =p< 0,01), only for the growth factors that gave us the most 

significant results. All remaining data are expressed as means ±SE. 
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the 48 hours (Figure 12). This last serum condition is optimal to stimulate cell proliferation; at 72 

hours we observe the detaching of A375 MOCK cells because they are over-confluent and it isn’t 

possible, in this case, to analyse the difference between GPC5+ cells and control cells.  
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Figure 12: In vitro scratch assay to determine the migration abilities of A375 GPC5+ 

cells in comparison to the control in different conditioned media; yellow line marks the 

cells’ front at every time analyzed. Images was taken by JuLI™, Smart fluorescent cell 

analyzer (Digital Bio). Graphs show the migration analysis results for A375 GPC5+ and 

A375 MOCK cells for all conditions of treatment. The migration analysis was performed 

using ImageJ cell analysis software; we have calculated the percentage of cutting area 

covered by the cells at 24, 48 and 72 hours. We have performed a multiple experiments 

with the calculation of SD with a significant statistically difference (*=p<0,05, ** =p< 

0,01), only for the growth factors that gave us the most significant results. All remaining 

data are expressed as means ±SE. 
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3.5 The over-expression of Glypican-5 in human osteosarcoma cell line 143B decreases the 

volume of tumor masses and vessels formation within the tumor mass in vivo. 

In a previous work of my laboratory 143B GPC5+ cells and control cells had been inoculated 

subcutaneously into nude mice to assay for their growth and dissemination capabilities in vivo. 

Ectopic expression of GPC5 in human osteosarcoma cells decreases the volume of tumor masses 

(Figure 13 A) and vessels formation (Figure 13 B, C) within the tumor mass. 

  

 

 

 

 
 
A dual color DNA microarray experiment was performed to compare the global gene expression of three 

tumor biopsies derived from 143B MOCK cells pooled together for the control and three tumor biopsies 

derived from 143B GPC5+ cells, also pooled together, to find the differentially expressed genes. Before, 

immunohistochemistry analysis (data not shown) performed with CENPA, an antibody that specifically 

recognizes a component of human nuclei, revealed that, both, GPC5+ and control masses show a limited 

presence of human cells, without any particular difference between the two samples. So, it is necessary to 

expand the numbers of sample and to ensure high-quality biological samples, isolating specific cells of 

tumor tissue to surrounding non-tumor cells by microdissection, to have better results. Microarray 

analysis shows that there are 173 differentially expressed genes between the two tumoral tissue specimens 

and only 26 between the two cells lines-derived samples, analyzed in another chip. Genes derived from 

tumoral masses were analysed with Gorilla (Gene Ontology enRIchment anaLysys and visuaLization tool), a 

Figure 13: (A):growth curves of tumor volumes. The tumor dimensions were measured every 5 

day, and the volume (V) was calculated as V=(d)
2
 x D x 0,52, where d and D are respectively the 

short and long dimensions (cm) of the tumor, measured with a caliper.  (B) Mann-Whitney 

statistical test was applied and values are mean ± SE.(C) Immunofluorescence labelling example 

of anti-CD31 and Dextrane-FITC in vivo staining on 143B GPC5+ induced tumor mass OCT 

section by confocal microscopy;magnification 200x.  
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tool for identifying and visualizing enriched GO terms in ranked lists of genes (Figure 14 A, B, C, D) (Figure 

15).  

 

 

  

 

 

Figure 14 (A): GOrilla analysis output. Genes derived from microarray analysis of tumoral masses 

were ranked according to their differential expression and given as input to GOrilla. The resulting 

enriched GO terms are visualized using a DAG graphical representation with color coding 

reflecting their degree of enrichment. From category “Biological Process” 

 

A 
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B 

Figure 14 (B): GOrilla analysis output. Differentially expressed genes of category “Biological 

process” more significant,  derived from microarray analysis of tumoral masses. 
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D 

Figure 14: (C) GOrilla analysis output. Genes derived from microarray analysis of tumoral masses 

were ranked according to their differential expression and given as input to GOrilla. The resulting 

enriched GO terms are visualized using a DAG graphical representation with color coding 

reflecting their degree of enrichment. From category “Cellular Component”. ( D) Differentially 

expressed genes of category “Cellular Component” more significant,  derived from microarray 

analysis of tumoral masses. 

 

Figure 15: Analysis of genes associated with ontological classes 
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GOrilla analysis of genes derived from microarray analysis of tumoral masses shows that the more 

significant differentially expressed are genes involved in cell-adhesion and cell-migration 

processes, but the degree of  enrichment is not high. These genes must be confirmed and validated. 

Between the 173 differentially expressed genes derived from tumoral masses and the 26 

differentially expressed genes derived from cell lines only 12 are in common (Table 1).  

Genes 

Symbol 
ID_Probe Description 

ANXA10 A_23_P58328 

This gene encodes a member of the annexin family. Members of this calcium-

dependent phospholipid-binding protein family play a role in the regulation of 

cellular growth and in signal transduction pathways. The function of this gene has 

not yet been determined. Diseases associated with ANXA10 include barrett's 

esophagus, and esophageal adenocarcinoma. 

IRX4 A_23_P110837 

This gene encodes a member of the Iroquois homeobox protein family. Homeobox 

genes in this family are involved in pattern formation in the embryo. The gene 

product has been identified as a tumor suppressor in gastric and head and neck 

cancers. An important paralog of this gene is IRX1. 

ARHGAP4 A_23_P159927 
This gene encodes a member of the rhoGAP family of proteins which play a role in 

the regulation of small GTP-binding proteins belonging to the RAS superfamily. 

This gene is localized to the Golgi complex and can redistribute to microtubules. 

PYCARD A_23_P26629 

This gene encodes an adaptor protein that is composed of two protein-protein 

interaction domains. The PYD and CARD domains are members of the six-helix 

bundle death domain-fold superfamily that mediates assembly of large signaling 

complexes  in the inflammatory and apoptotic signaling pathways via the activation 

of caspase. In normal cells, this protein is localized to the cytoplasm. 

PNMA3 A_23_P22422 

The protein encoded by this gene belongs to the paraneoplastic antigen MA (PNMA) 

family, which shares homology with retroviral Gag proteins. The PNMA antigens 

are highly expressed in the brain and also in a range of tumors associated with 

serious neurological phenotypes. 

ARHGEF5 A_23_P93988 

ARHGEF5 (Rho guanine nucleotide exchange factor (GEF) 5) is a protein-coding 

gene. This protein may be involved in the control of cytoskeletal organization. 

Diseases associated with ARHGEF5 include hepatocellular carcinoma, and 

adenocarcinoma, and among its related super-pathways are Ras Pathway and G-

AlphaQ Signaling. 

TM4SF18 A_24_P120251 

An important paralog of this gene is TM4SF4. The protein encoded by this gene is a 

member of the transmembrane 4 superfamily, also known as the tetraspanin family. 

Most of these members are cell-surface proteins. The proteins mediate signal 

transduction events that play a role in the regulation of cell development, activation, 

growth and motility.  Diseases associated with TM4SF4 include polycystic ovary 

syndrome, and burkitt's lymphoma. 

STOX2 A_23_P251364 
An important paralog of this gene is STOX1. The protein encoded by this gene may 

function as a DNA binding protein. Mutations in this gene are associated with pre-

eclampsia/eclampsia 4 (PEE4). 

PDE8B A_24_P197537 

The protein encoded by this gene is a cyclic nucleotide phosphodiesterase (PDE) that 

catalyzes the hydrolysis of the second messenger cAMP. The encoded protein, which 

does not hydrolyze cGMP, is resistant to several PDE inhibitors. Defects in this gene 

are a cause of autosomal dominant striatal degeneration.  Diseases associated with 

PDE8B include striatal degeneration, autosomal dominant, and primary pigmented 

nodular adrenocortical disease, and among its related super-pathways are Signaling 

by GPCR and GABAergic synapse. 

EPCAM A_23_P91081 

This gene encodes a carcinoma-associated antigen and is a member of a family that 

includes at least two type I membrane proteins. This antigen is expressed on most 

normal epithelial cells and gastrointestinal carcinomas and functions as a homotypic 

calcium-independent cell adhesion molecule. The antigen is being used as a target 

for immunotherapy treatment of human carcinomas. Protein encoded by this gene 

plays a role in embryonic stem cells proliferation and differentiation. Up-regulates 

the expression of FABP5, MYC and cyclins A and E 
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DPYSL4 A_23_P331049 

Diseases associated with DPYSL4 include thymoma, and down syndrome, and 

among its related super-pathways are superpathway of pyrimidine ribonucleosides 

degradation and Axon guidance. FUNCTION: Necessary for signaling by class 3 

semaphorins and subsequent remodeling of the cytoskeleton. Plays a role in axon 

guidance, neuronal growth cone collapse and cell migration. 

DMKN A_23_P320261 

Dermokine is a protein-coding gene, and is affiliated with the lncRNA class. 

Diseases associated with DMKN include endotheliitis, and pancreatitis. This gene is 

upregulated in inflammatory diseases, and it was first observed as expressed in the 

differentiated layers of skin. The most interesting aspect of this gene is the 

differential use of promoters and terminators to generate isoforms with unique 

cellular distributions and domain components. Alternatively spliced transcript 

variants encoding different isoforms have been identified for this gene. 

 

 

Total protein lysates from tumoral tissue specimens, obtained from 143BGPC5+ tumoral masses 

respect to the control masses, were prepared to perform a 628-antibody microarray analysis by 

Kinexus: the results of the analysis is semi-quantitative. The strength of the signal is an indication 

of the expression level or phosphorylation state of the target protein found in the tissue lysate, with 

duplicate measurements taken. Kinexus expresses the changes in spot intensity between control and 

treatment samples as the percentage change from control (% CFC) using globally normalized data 

(Figure 16). 

 

 

Table 1: Genes in common between the 173 differentially expressed genes derived from tumoral 

masses and the 26 differentially expressed genes derived from cell lines. 

 

Figure 16: Tumoral masses Kinex antibody microarray results expressed as the percent change 

from control. 
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Genes Symbol Description 

MYPT1 Myosin phosphatase target subunit 1 regulates the contraction and relaxation of vascular smooth 

muscle and maintains blood pressure 

ACK1 This gene encodes a tyrosine kinase that binds Cdc42Hs in its GTP-bound form and inhibits both 

the intrinsic and GTPase-activating protein (GAP)-stimulated GTPase activity of Cdc42Hs. This 

binding is mediated by a unique sequence of 47 amino acids C-terminal to an SH3 domain. The 

protein may be involved in a regulatory mechanism that sustains the GTP-bound active form of 

Cdc42Hs and which is directly linked to a tyrosine phosphorylation signal transduction pathway. 

Huntingtin Huntingtin is a disease gene linked to Huntington's disease, a neurodegenerative disorder 

characterized by loss of striatal neurons. This is thought to be caused by an expanded, unstable 

trinucleotide repeat in the huntingtin gene, which translates as a polyglutamine repeat in the 

protein product. The huntingtin gene is widely expressed and is required for normal 

development. It is expressed as 2 alternatively polyadenylated forms displaying different relative 

abundance in various fetal and adult tissues. 

JNK 1/2/3 The protein encoded by this gene is a member of the MAP kinase family. MAP kinases act as an 

integration point for multiple biochemical signals, and are involved in a wide variety of cellular 

processes such as proliferation, differentiation, transcription regulation and development. This 

kinase is activated by various cell stimuli, and targets specific transcription factors, and thus 

mediates immediate-early gene expression in response to cell stimuli. The activation of this 

kinase by tumor-necrosis factor alpha (TNF-alpha) is found to be required for TNF-alpha 

induced apoptosis. 

KDELR1 Retention of resident soluble proteins in the lumen of the endoplasmic reticulum (ER) is 

achieved in animal cells by their continual retrieval from the cis-Golgi, or a pre-Golgi 

compartment. Sorting of these proteins is dependent on a C-terminal tetrapeptide signal, usually 

lys-asp-glu-leu (KDEL). This process is mediated by a receptor that recognizes, and binds the 

tetrapeptide-containing protein, and returns it to the ER.  

Nek7 NIMA-related kinases controls initiation of mitosis. 

CDK5 This gene encodes a proline-directed serine/threonine kinase that is a member of the cyclin-

dependent kinase family of proteins. Unlike other members of the family, the protein encoded by 

this gene does not directly control cell cycle regulation. Instead the protein, which is 

predominantly expressed at high levels in mammalian postmitotic central nervous system 

neurons, functions in diverse processes such as synaptic plasticity and neuronal migration 

through phosphorylation of proteins required for cytoskeletal organization, endocytosis and 

exocytosis, and apoptosis. 

IGF1R This receptor binds insulin-like growth factor with a high affinity. It has tyrosine kinase activity. 

The insulin-like growth factor I receptor plays a critical role in transformation events. Cleavage 

of the precursor generates alpha and beta subunits. It is highly overexpressed in most malignant 

tissues where it functions as an anti-apoptotic agent by enhancing cell survival. 

ErbB2 (HER2) This gene encodes a member of the epidermal growth factor (EGF) receptor family of receptor 

tyrosine kinases. This protein has no ligand binding domain of its own and therefore cannot bind 

growth factors. However, it does bind tightly to other ligand-bound EGF receptor family 

members to form a heterodimer, stabilizing ligand binding and enhancing kinase-mediated 

activation of downstream signalling pathways, such as those involving mitogen-activated protein 

kinase and phosphatidylinositol-3 kinase Amplification and/or overexpression of this gene has 

been reported in numerous cancers, including breast and ovarian tumors. 

ILK1 This gene encodes a protein with a kinase-like domain and four ankyrin-like repeats. The 

encoded protein associates at the cell membrane with the cytoplasmic domain of beta integrins, 

where it regulates integrin-mediated signal transduction. Activity of this protein is important in 

the epithelial to mesenchymal transition, and over-expression of this gene is implicated in tumor 

growth and metastasis. 

EGFR The protein encoded by this gene is a transmembrane glycoprotein that is a member of the 

protein kinase superfamily. This protein is a receptor for members of the epidermal growth factor 

family. EGFR is a cell surface protein that binds to epidermal growth factor. Binding of the 

protein to a ligand induces receptor dimerization and tyrosine autophosphorylation and leads to 

cell proliferation. Mutations in this gene are associated with lung cancer. 

Tyk2 This gene encodes a member of the tyrosine kinase and, more specifically, the Janus kinases 

(JAKs) protein families. This protein associates with the cytoplasmic domain of type I and type 

II cytokine receptors and promulgate cytokine signals by phosphorylating receptor subunits. It is 

also component of both the type I and type III interferon signaling pathways. 
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GCK This gene encodes a member of the hexokinase family of proteins. Hexokinases phosphorylate 

glucose to produce glucose-6-phosphate, the first step in most glucose metabolism pathways. 

Grp75 This gene encodes a member of the heat shock protein 70 gene family. The encoded protein is 

primarily localized to the mitochondria but is also found in the endoplasmic reticulum, plasma 

membrane and cytoplasmic vesicles. This protein is a heat-shock cognate protein. This protein 

plays a role in cell proliferation, stress response and maintenance of the mitochondria. 

MEK4(MAP2K4) This gene encodes a member of the mitogen-activated protein kinase (MAPK) family. Members 

of this family act as an integration point for multiple biochemical signals and are involved in a 

wide variety of cellular processes such as proliferation, differentiation, transcription regulation, 

and development. They form a three-tiered signaling module composed of MAPKKKs, 

MAPKKs, and MAPKs. This protein is phosphorylated at serine and threonine residues by 

MAPKKKs and subsequently phosphorylates downstream MAPK targets at threonine and 

tyrosine residues. 

KAP The protein encoded by this gene belongs to the dual specificity protein phosphatase family. It 

was identified as a cyclin-dependent kinase inhibitor, and has been shown to interact with, and 

dephosphorylate CDK2 kinase, thus prevent the activation of CDK2 kinase. This gene was 

reported to be deleted, mutated, or overexpressed in several kinds of cancers. 

PDI This gene encodes the beta subunit of prolyl 4-hydroxylase, a highly abundant multifunctional 

enzyme that belongs to the protein disulfide isomerase family. When present as a tetramer 

consisting of two alpha and two beta subunits, this enzyme is involved in hydroxylation of prolyl 

residues in preprocollagen. This enzyme is also a disulfide isomerase containing two thioredoxin 

domains that catalyze the formation, breakage and rearrangement of disulfide bonds. Other 

known functions include its ability to act as a chaperone that inhibits aggregation of misfolded 

proteins in a concentration-dependent manner, its ability to bind thyroid hormone, its role in both 

the influx and efflux of S-nitrosothiol-bound nitric oxide, and its function as a subunit of the 

microsomal triglyceride transfer protein complex. 

SOCS4 The protein encoded by this gene contains a SH2 domain and a SOCS BOX domain. The protein 

thus belongs to the suppressor of cytokine signaling (SOCS), also known as STAT-induced 

STAT inhibitor (SSI), protein family. SOCS family members are known to be cytokine-inducible 

negative regulators of cytokine signaling. 

 

 

The identified phosphoproteins upregulated in 143B GPC5+-derived tumoral masses respect to the 

control-derived masses are implicated in the regulation of proliferation, apoptosis, and cytoskeletal 

organization. The identified phosphoproteins downregulated are involved also in proliferation and 

apoptosis. Also these results must be validated.  

3.6 Glypican-5 knockout increases survival and reduces metastasis in vivo 

C57Bl6J GPC5
-/-

 and C57Bl6J WT mice were inoculated intravenously with a murine melanoma 

cell line, B16F10, negative for the expression of GPC5, transfected to express Luciferase (B16F10-

Luc
+
) to evaluate mortality (Figure 17 A), to reveal distant metastasis (Figure 17 B) and to analyze 

lung potentially tumour infiltrated (Figure 17 C). Lungs were explanted after bioluminescence 

kinetic monitoring and observed macroscopically to detect presence of nodules; lung lobes, lung 

with nodules and nodules isolated were collected and processed (Figure 17 C). 

Table 2: Differentially expressed phosphoproteins derived from Kinexus analysis of 143BGPC5+ 

tumoral masses respect to the control masses. 
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RNA extracted from lung lobes and nodules were quantified by Nanodrop and analyzed by Agilent 

2200 TapeStation system (Agilent Technologies) to measure RIN (RNA Intergrity Number), and to 

obtain a virtual gel electrophoresis (Figure 18 and Figure 19). Only the samples with a RIN 7 or 

higher were chosen for the PCR protocol. 

Figure 17:  (A) In vivo imaging evaluation of the primary tumors and (B) whole body metastases 

in C57BL/6 GPC5
-/-

 and control mice i.v. injected with B16F10-LUC cells documented using IVIS 

200 imaging system. (C) Representative bioluminescence imaging of C57Bl6J mice inoculated 

with B16F10-Luc
+
 cells; the bioluminescence signals were monitored using the IVIS system 2000 

series (Xenogen Corp., Alameda, CA, USA) consisting of a highly sensitive cooled CCD camera. 

Bioinformatic results based on the analysis of nodule. 
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Figure 18: RNA Quality Control using the Agilent 2200 TapeStation System. A1: RNA ladder; 

B1: CTR 0 lung lobes; C1: CTR 0 lung lobes with tumour; D1: CTR 0 isolated nodule; E1: CTR 1 

lung lobes; F1: CTR 1 lung lobes with tumour; G1: CTR 2 lung lobes; H1: CTR 2 isolated nodule; 

B2: CTR 3 lung lobes; C2: CTR 3 isolated nodule; D2: GPC5
-/-

 #340 lung lobes. E2: GPC5
-/-

 #341 

lung lobes; F2: GPC5
-/-

 #342 lung lobes; G2: GPC5
-/-

 #347 lung lobes. 

 

Figure 19: Virtual electrophoresis run. A1: RNA ladder; B1: GPC5
-/-

 #350 lung lobes; C1: GPC5
-/-

 

#351 lung lobes; D1: GPC5
-/-

 #342 nodule; E1: GPC5
-/-

 #347 nodule; F1: GPC5
-/-

 #350 nodule; 

G1: GPC5
-/-

 #351 nodule; H1: CTR UNTR 1 lung lobes; A2: CTR UNTR 2 lung lobes; B2: CTR 

UNTR lung lobes. 
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The selected samples were amplified for mouse housekeeping gene (ms)Rpl27 to check the absence 

of inhibition of the samples (Figure 20). msGpc5 gene expression analysis revealed unexpectedly 

GPC5 presence only in lung lobes of two different GPC5
-/-

 mice (#340 and #350), and in just one 

nodule isolated from lung invaded by tumour of the mouse GPC5
-/-

 # 350 (Figure 21). 

The detection of Luc gene expression showed us the presence of B16F10 cells within the tissue 

masses in treated mice (CTR and Gpc5
-/-

) and not in untreated mice (UNTR); the only exception 

was in the lung lobes of Gpc5
-/-

 #350 mouse, in which it seems that the lung is free from melanoma 

cell invasion (Figure 22).  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 20: 1% Agarose gel electrophoresis of samples amplified for msRpl27 gene. 1: 1kb ladder 

(Gel Pilot
®

 1Kb Plus Qiagen); 2: negative control for msRpl27; 3: CTR UNTR 1 lung lobes, 4: 

CTR UNTR 3 lung lobes; 5: CTR 0 lung lobes with tumour; 6: CTR 1 lung lobes; 7: CTR 1 lung 

lobes with tumour; 8: CTR 3 isolated nodule; 9: GPC5
-/-

 #340 lung lobes; 10: Gpc5
-/-

 #350 lung 

lobes; 11: GPC5
-/-

 #350 isolated nodule. 
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Figure 21: 1% Agarose gel electrophoresis of samples amplified for msGpc5 gene. 1: 1kb ladder 

(Gel Pilot
®

 1Kb Plus Qiagen); 2: negative control for msGPC5; 3: CTR UNTR 1 lung lobes, 4: 

CTR UNTR 3 lung lobes; 5: CTR 0 lung lobes with tumour; 6: CTR 1 lung lobes; 7: CTR 1 lung 

lobes with tumour; 8: CTR 3 isolated nodule; 9: Gpc5
-/-

 #340 lung lobes; 10: Gpc5
-/-

 #350 lung 

lobes; 11: Gpc5
-/-

 #350 isolated nodule; 12: positive control for msGpc5 (mouse brain). 

Figure 21: Agarose gel electrophoresis of RNA samples amplified for Luc gene. 2: 1kb ladder (Gel Pilot
®
 

Qiagen); 3: negative control for Luc; 4: TRUMP (negative control for Luc); 5: CTR UNTR 1 lung lobes; 6: 

CTR UNTR 3 lung lobes; 7: CTR 0 lobes with tumour; 8: CTR 1 lung lobes; 9: CTR 1 lobes with tumour; 

10: CTR 3 nodule; 11: Gpc5
-/-

 #340 lung lobes; 12: Gpc5
-/-

 #350 lung lobes; 13: Gpc5
-/-

 #350 nodule. 
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To analyze more deeply the effects of the ablation of GPC5 on the development and progression of 

cancer, we also crossed GPC5
-/-

 KO mice with TRAMP mice, a transgenic murine model that 

develops de novo prostate cancer and spontaneously forms metastatic lesions. Mortality analysis 

confirms that mice KO for GPC5 have an increased survival compared to the control mice (Figure 

22). 

 

 

3.7 Cellular localization of Glypican-5 

A panel of different tumor cell lines was analyzed by PCR to identify cell lines that have a 

constitutive expression of GPC5. In particular we have analyzed sarcoma cell lines (RD, MG63, 

U2OS, SJRH30, SAOS2) and melanoma cell lines (C32) with the intent to identify a GPC5 

positive cell line to use it as a model for knockdown of GPC5. Therefore, the selected cell lines 

have been analyzed by FACS, using as a control, 143BGPC5+ and A375GPC5+ cell lines (Figure 

23). It is interesting to note that many of different tumor cell lines analyzed expressing GPC5, 

show a positive result in FACS analysis only after permeabilization treatment with 

Cytofix/Cytoperm and Saponin. 

Figure 22: Kaplan-Meier evaluation of survival of  crossed TRAMP-GPC5
(-/-)

 mice respect to 

TRAMP mice. 



83 

 

 

 

 

These results can be traced back to the antibody's ability to recognize only a portion of GPC5 or  we 

can suppose the internalization of GPC5. To investigate the possible internalization of GPC5 in 

these selected tumor cell lines we have performed a immunocytochemistry experiment, using in 

Figure 23: GPC5 expression analysis by FACS in different sarcoma and melanoma cell lines.  
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parallel two different antibodies that recognize GPC5 antigen, and comparing the same cell line 

untreated and after permeabilization treatment (figure 24).    
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Our findings suggest that GPC5 may have a role in the intracellular compartments. The 

investigation of colocalization between GPC5 and, respectively, CENPA and Caveolin-3, in 143B 

GPC5+ cell line and A375 GPC5+ cell line seems to support the hypothesis of a nuclear and 

cytoplasmic localization of GPC5 (Figure 25). The functional role of GPC5 in intracellular and 

extracellular compartments needs to be further investigated. 

 

 

 

 

 

 

 

 

 

 

Figure 24: GPC5 expression analysis by immunocytochemistry in different sarcoma and melanoma 

cell lines. Green: GPC5; blue: nuclei. Photos were taken through microscope Axio Observer Z1 

(Carl Zeiss). Magnification 63x. 

 

Figure 25: Colocalization analysis by immunocytochemistry between GPC5 (green) and the 

nuclear protein CENPA (orange), and between GPC5 (green) and the cytoplasmic protein 

Caveolin-3 (orange)  in 143B GPC5+ and A375 GPC5+, respectively. blue: nuclei; yellow:merge. 

Photos were taken through microscope Axio Observer Z1 (Carl Zeiss). Magnification 63x. 
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4.DISCUSSION 
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Accumulating evidence indicates that cellular function and phenotype are highly influenced by GPCs, 

present at the cell-tissue-organ interface and they have been shown to have crucial regulatory roles in cellular 

control, coordinating and directing appropriate response to multiple ligands in normal physiological 

processes, such as embryogenesis as well as in pathophysiological condition, including the processes of 

tumor onset and progression. By virtue of their polyhedric nature and their structural complexity GPCs are 

able to modulate directly or indirectly several aspects of tumour-cell phenotype, including growth kinetics, 

invasiveness and metastatic potential. However the exact mechanism by which GPCs regulate tumor growth 

and progression is still unclear. In this context, the aim of my research is understand how GPC5 controls 

different aspects of cancer biology and provide the preliminary evidence that it could represent a new 

potential prognostic/predictive markers in different tumors. Alterations at the GPC5 locus are a common 

event in various human tumors. The GPC5 involvement in tumorigenesis is first detected in lymphomas, 

where amplification of 13q31-q32 genomic region causes overexpression of GPC5, which contributes to 

development and progression of tumors, playing an important role in pathogenesis of lymphomas 

(130,131,132). Genomic amplification of the 13q31-32 region is reported also in rhabdomyosarcoma: GPC5 

increase the proliferation of rhabdomyosarcoma cells through potentiating the effect of FGF2, HGF and 

Wnt1A (133). A more recent study shows that GPC5 stimulates the proliferation of rhabdomyosarcoma cells 

through its ability to promote Hedgehog signaling (127). At the same time, downregulation of GPC5 may 

contribute to the development of lung cancer in never smokers (137). It has been proposed that GPC5 may be 

a potential tumor suppressor gene in non-small cell lung cancer (NSCLC) and, in particular, it may be a 

potential biomarker that predicts NSCLC metastasis (145). Thus, depending on the biologic context, GPC5 

can either stimulate or inhibit cell signaling activity, regulating cancer development through a complex 

pathway network. To understand the role and molecular mechanism of GPC5 in tumorigenesis we have 

compared the tumorigenic behavior of two tumor cell lines engineered to express GPC5 in an ectopic 

manner. By taking advantage of the PGs patterns previously defined in my lab, we have chosen, as a first, a 

human osteosarcoma cell line,143B cells, to start to over-express GPC5 because we would like to study 

whether the effects induced by GPC5 in the osteosarcoma tumor are the same as those shown in the literature 

for rhabdomyosarcoma tumor (127). As second model we have chosen to over-express GPC5 in a human 

melanoma cell line, A375 cells, to verify if GPC5 expressing cells derived from different tumors show the 

same behaviour. To explore if the expression of GPC5 is able to alter cancer cell behavior, initially we 

performed a proliferation assay, comparing the proliferative capacity of cells manipulated to express the gene 

and the control cells, under different growing conditions. More deeply, when GPC5 is expressed on the 

membrane, 143B cells undergo a sensibly reducing in their proliferation rate, in particular in presence of 

growth factors such as BMP2, BMP7,  BMP4, SHh, FGF2, IGF1. In condition of anchorage independence, 

the presence of GPC5 on the osteosarcoma cell surface seems to inhibit the cell growth capacity, prompting 

an inhibition influence of GPC5 on the survival of circulating cancer cells. All these data support the idea 

that GPC5 may affect cell survival and proliferation, becaming a good candidate as tumor suppressor. At the 

contrary GPC5 increases the capability to proliferate and to growth without any adhesion to the substrate of 
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A375 GPC5+, in particular in response to growth factors such as BMP2, IGF1, 2 and Wnt1. The microscopic 

evaluation of GPC5 expressing cells, after treatment with GFs, suggest that the GPC5 localizes in particulars 

cell surface regions that may correspond with reinforcement areas prevalentely located on filopodia. This 

allow us to advance the hypothesis that GPC5 may be involved in cell adhesion and motility. The study of 

the actin filaments network suggests that GPC5 is mainly distributed in specific membrane areas where actin 

forms reinforcing structures and that it may be involved in the cytoskeletal reorganization during cell 

movement. Results show an alteration of GPC5 distribution on the cell membrane in particular in response to 

BMP2, Shh and FGF2 in 143B GPC5+ cells and in response to Wnt1 in A375 GPC5+ cells. The nuclear 

staining of β-catenin in A375 GPC5+ cells after stimulation with Wnt1, suggests a possible activation of Wnt 

canonical pathway. Since cytoskeleton organization is an important determinant of the cell migratory 

capacity we have performed a wound healing assay on two tumoral models in response to growth factors. In 

general, GPC5 decreases the migratory ability of 143B GPC5+ in comparison to 143B control cells ,while, it 

enhances the migratory ability of A375 GPC5+
 
cells in comparison to A375 control cells. In agreement with 

my previous data derived from proliferation assays the most relevant responses to growth factors were 

obtained with BMP7 and FGF2 for 143B GPC5+, and with Wnt1 for A375 GPC5+. Since GPC5 can 

act as a coreceptor for several GFs the analysis of the interaction between the GPC5 and growth 

factors could provide a preliminary indication of the mechanisms that determine the different 

tumoral behavior of the two engineered models. In a previous work a human osteosarcoma cell line 

143B GPC5+ and its control, were assayed for their growth and dissemination capabilities in vivo 

using nu/nu mice. Results showed that the expression of GPC5 seems to inhibit motility, invasion 

and in vivo tumour growth. Immunostaining with the anti-human-GPC5 antibody and with an anti-

HA tag antibody confirmed GPC5-positive cells in tumor obtained from the inoculation of 143B 5+ 

cells, instead control masses are completely negative (data not shown). The presence of human cells 

within the tumor masses was investigated using an antibody that specifically recognizes a 

component of human  nuclei, CENPA, that is a centromere protein component of nucleosomes. 

Both GPC5+ and control masses show a limited presence of human cells, without any particular 

difference between  the two samples (data not shown). DNA microarray analysis of tumoral masses 

derived from 143B GPC5+ cells  and 143B MOCK cells has identified 173 differentially expressed 

genes: the more significant are genes involved in cell-adhesion and cell-migration processes. 

Between the 173 differentially expressed genes derived from tumoral masses and the 26 

differentially expressed genes derived from cell lines only 12 are in common. Among these, there 

are genes implicated in the regulation of proliferation, like ANXA10, TM4SF18 and EPCAM, in 

the apoptotic process, like PYCARD, and in the control of cytoskeletal organization, like 

ARHGEF5. Alterations of some of these genes are associated with cancer. They must be confirmed 

and validated. Phosphoproteomic analysis performed by Kinexus has given us an unexpected result: 
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there are identified phosphoproteins and phosphosites positively correlated with the proliferation 

both upregulated and downregulated in 143B GPC5+-derived tumoral masses respect to the control-

derived masses. For example ACK1, IGF1R and ErbB2(HER2) that are upregulated promote cell 

proliferation. MEK4(MAP2K4), GRP-75 and KAP1 that have a pro-proliferative function are 

instead downregulated. However phosphoproteomic analysis suggests the involvement of multiple 

signaling pathways. IGF1R mediates actions of IGF1 that lead to the activation of two main 

signalling pathways: the PI3K-AKT/PKB pathway and the Ras-MAPK pathway. JNK kinases can 

also be activated by the IGFR. JNK 1/2/3, that are a pro-apoptotic proteins, result upregulated in 

143B GPC5+ masses. Signaling pathways activated by HER2 include MAPK, PI3K-AKT and 

JAK/STAT. But TYK2, the first member of JAK family results downregulated. EGFR also leads to 

the activation of several  signal transduction cascades, principally MAPK, AKT and JNK pathways. 

Moreover MEK4 is a direct activator of MAP kinases. From these data we can suppose that the 

signalling pathways involved in the tumoral behaviour of 143B GPC5+ can be: PI3K-AKT/PKB 

pathway, Ras-MAPK pathway and JAK/STAT pathway. The involvement of these pathways must 

be validated by western blot analysis. For the future analyses  it is necessary to expand the numbers 

of sample and  to ensure high-quality biological samples, isolating specific cells of tumor tissue to 

surrounding non-tumor cells by microdissection. The heterogeneus nature of tumor biopsies can 

make it difficult to generate useful genomic data from whole tissue samples. This technique of 

isolating a pure sample from heterogeneous mixture allows more efficient and accurate results with 

downstream microgenomics applications. To better identify a putative GPC5 signaling pathways 

involved in the different behavior of the two tumoral models, we would like to evaluate in vivo 

tumorigenesis in NON/SCID mice, induced by 143B GPC5+ and A375 GPC5+ and their respective 

controls, followed by DNA microarray and phosphoproteomic analysis. To investigate the effects  

of the lack of GPC5 in tumor development and growth GPC5 knockout mice and control mice were 

inoculated with murine melanoma cells expressing Luciferase, B16F10 luc+. GPC5 knockout mice 

show an increase in survival and a metastases reduction respect to control mice. The RNA from 

lung biopsies was analyzed by PCR to identify the presence of two gene of interest: murine GPC5 

and Luciferase. The detection of Luc gene expression showed us the presence of B16F10 cells 

within the tissue masses in treated mice (CTR and GPC5
-/-

) and not in untreated mice (UNTR). 

GPC5 was found in three knockout mice biopsies samples, suggesting that the cells inoculated, 

lacking GPC5 expression, express de novo GPC5, but for the low number of the samples analyzed 

is not possible to understand if this phenomenon is due to the ability to the tumor cells to express de 

novo GPC5 or if it is just a stochastic event. It is necessary to make IHC analysis of the tumoral 

tissues. In one sample derived from GPC5 knockout mice was found a lung free from melanoma 
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cells while a nodule isolated indeed had, but also this event needs further analyses. Taken in 

consideration these few results, we can hypothesize that the GPC5 absence preserves lung tissue 

from the cells invasion and increases survival. Results obtained from these data are confirmed by 

the crosses of GPC5 knockout mice and TRAMP mice (transgenic adenocarcinoma mouse 

prostate), in which the lack of GPC5  causes an increase in survival of knockout mice  compared to 

the control mice. As expected for proteins that carry GPI anchors, glypicans are mostly found at the 

cell membrane. The GPI anchor is thought to associate with specific membrane microdomains on 

the apical surfaces of polarized cells called lipid raft: these domains mediate the turnover of cell 

surface components by rapid endocytosis and transport to lysosomes (20,21.) However, significant 

amounts of glypicans can be found outside lipid rafts, and at the basolateral membranes of polarized 

cells. (29). Experimental evidence suggest, that the localization affects the ability of glypicans to 

regulate distinct pathways. For example, GPC4 regulates the β-catenin-dependent pathway through 

receptor endocytosis in lipid raft and activates the independent pathway through receptor 

endocytosis in non-lipid raft microdomains (30). To understand the antithetic role of GPC5 in 

tumorigenesis it is necessary to know its cellular localization. Thus, we have identified different 

human sarcoma cell lines and human melanoma cell lines that have a constitutive expression of 

GPC5 with the intent to use them as a model for knockdown. In all these cell lines, analyzed by 

FACS and immunocytochemistry, GPC5 seems to localize into cytosol and nucleus. In this regard, 

it should be noted that the commercially available anti-GPC5 antibodies that were used in this study 

could fail to detect the glycanated GPC5. We hypothesize that GPC5 can be partially internalized 

but currently the molecular implications of intracellular localization of GPC5 are not clearly 

understood. Moreover remains to investigate a possible shedding of GPC5  into the extracellular 

environment. In conclusion, the present study suggests that GPC5 can have a pro-tumorigenic or 

anti-tumorigenic function depending on which pathway it regulates. GPC5 could be implicated in 

the rearrangement of cytoskeleton and therefore in cell adhesion and motility. Immunofluorescence 

confocal analysis can provide us an exact intracellular localization of GPC5 to understand how it 

influences GPC5 role in tumorigenesis. The future aim will be to identify some crucial molecules 

that interact with GPC5 to provide us an actual mechanism which could become a possible target in 

the anti-cancer therapy.  
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