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Abstract: Ganglioside GM3 is strongly related with human tumors, such as lung, brain cancers and melanomas, 

and more and more evidences have revealed that GM3 possesses powerful effects on cancer development and 

progression. GM3 is over expressed on several types of cancers, and can be as a tumor-associated carbohydrate 

antigen, used for immunotherapy of cancers. GM3 can also inhibit tumor cells growth by anti-angiogenesis or 

motility and so on. Especially, GM3 has effects on the EGFR tyrosine kinase signaling, uPAR-related signaling 

and glycolipid-enriched microdomains, which are essential for cancer signaling conduction. It is obvious that GM3 

will be a promising target for cancer treatment.  

Keywords: GM3, antitumor, immunotherapy, EGFR, uPAR-related signaling, anti-angiogenesis, cell motility, 

GM3-enriched microdomains. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



1. INTRODUCTION  

Glycosphinolipids (GSLs) are ubiquitous components on animal cell membranes, and are 

exposed on the outer surface. The studies have demonstrated that they play a role in cell proliferation, 

adhesion, motility and differentiation [1]. Gangliosides, a family of GSLs, have been shown to be 

involved in the development and progression of cancers [2,3]. GM3, the structurally simple 

monosialoganglioside, contains a single terminal sialic acid, lactose and ceramide (Figure 1). 

Figure 1 

The obvious influence of GM3 on the proliferation, invasion and metastasis of tumor cells has 

been observed [4-6]. GM3 is over expressed on some cancers, and it is well-known as a 

tumor-associated carbohydrate antigen on several types of tumors, which can be used for developing 

cancer vaccines. Furthermore GM3 can modulate the receptors or signaling pathways related to cancers, 

including epidermal growth factor receptor (EGFR) and uPAR-related signaling. In addition, GM3 can 

also inhibit tumor cells growth by anti-angiogenesis or motility. In particular, GM3 can modulate 

functions of other molecules co-localized in membrane microdomains. Until now, many types of 

cancers associated with GM3 have been studied (Table 1), and the clear effects of GM3 on tumor cells 

growth have been observed. Besides, some exogenous GM3 analogues can also influence cancer cells 

growth. For example, Qu. et al. accomplished the synthesis of GM3 analogues 1 and 2 (Figure 2) [7], 

and the data showed that in a cytotoxicity assay, the analogues are actively against the human HCT116 

(human colon carcinoma cells) and K562 (chronic myelogenous leukemia) cancer cells.  

Table 1 

Based on these observations, the study of GM3 with antitumor properties appears to be a logical 

matter of research, and this review describes the current research achievements on GM3 and 

carcinomas. 

Figure 2 

 

2. GANGLIOSIDE GM3 EXPRESSION ON TUMORS 

Many studies have shown that GM3 expression is strongly related to human cancers, and change 

of GM3 expression is associated with the growth and invasion of tumor cells [15,16]. NEU3 is a 

plasma membrane-associated sialidase, and its selective substrates are ganglioside GM3 and GD1a 

[17,18]. Studies revealed that its expression is up-regulated in renal cell carcinoma, colonic cancer and 



melanoma [19,20]. Further studies indicated that the effect of sialidase on ganglioside expression 

appears to play an important role in the cancer progression through promoting invasive potential or 

inhibiting apoptosis [21]. Although sialidase over expression and then decreased GM3 content have 

been detected in some tumors, low levels of sialidase and increased GM3 content have been found in 

highly metastatic variants of colon adenocarcinomas, and sialidase over expression can inhibit cell 

growth and metastasis [22]. 

GM3 expression on the melanomas is the most widely studied. It has been reported that GM3 is 

expressed with a much higher percentage in the primary and metastatic melanomas than GD2, and that 

GM3 and GD3 expressions are strongly related to each other in primary and metastatic melanomas. 

GM3 can not be found in normal skin or on skin neighboring primary melanoma, which is in contrast 

with GD3. GM3 expression starts at an early stage of melanocyte differentiation, which is associated 

with allowing entry into the dermis of the skin [23,24]. GM3 is a major ganglioside in many mammalian 

cells and more exposed in the strongly metastatic line than the weakly metastatic line on the 

melanomas. Furthermore, mutant clones that have lost the GM3 expression show lower metastatic 

potential [25]. It is clear that GM3 expression on the tumor cell surface is an important factor in 

determining the metastatic phenotype in cancer cells [26]. 

Cancer cells growth can be stimulated under the condition of GM3 depletion, whereas GM3 

increase can lead to suppression. In the murine MBT-2 bladder tumors, the exogenous GM3 can inhibit 

tumor growth and invasion [12,14]. A large quantity of GM3 is accumulated in nonmuscle-invasive 

bladder cancer, but a small quantity of GM3 is accumulated in muscle-invasive bladder tumor. The 

enhanced GM3 expression caused by brefeldin A can also lead to inhibition of bladder cancer cells 

growth. Additionally, in murine bladder cancer, over expression of GM3 by GM3 synthase resulted in 

apoptosis and reduced the malignant potential [12]. It is obvious that the exogenous or endogenous 

GM3 has a significant antitumor effect on bladder cancer. Next, human gliomas have also been studied. 

The results showed that the sparse and confluent C6 glioma cells differ in GM3 expression and content, 

which increase with cell density. Furthermore, in endothelin-1 (ET-1)-induced phosphoinositide 

hydrolysis, GM3 content is much higher in the sparse cells than in confluent ones [27]. Studies also 

suggest that rapidly proliferating tumor cells are more sensitive to GM3 treatment than normal neural 

cells, and GM3 treatment may have therapeutic potential for high-grade human gliomas [9].  

N-glycolyl-GM3 contains N-glycolylneuraminic acid instead of N-acetylneuraminic acid, and it 



is widely expressed in most mammals, but not in normal human cells [28]. However, it has been 

detected in many human cancers, such as colon carcinomas and breast cancers, and it can be considered 

as one of potential target molecules in cancer therapy [29,30]. The detailed mechanisms of its 

expression and functions in human cancers are still to be explored. 

 

3. GANGLIOSIDE GM3 BASED CANCER VACCINES 

A study demonstrated that the silencing of the cmah gene in L1210 mouse lymphocytic leukemia 

B cells caused obvious change about GM3 expression resulting in a reduction of tumorigenicity [31]. It 

is known that GM3 is a tumor-associated carbohydrate antigen on several types of cancer. Targeting 

ganglioside GM3 antigen has been a matter of research to study because their possibility of leading to 

autoimmune responses. Hanganutziu–Deicher (HD) antibodies in the healthy human serum recognize 

glycoconjugates exhibiting NeuGc. Auto-antibodies against tumor-associated antigens can arise and be 

detected early before symptoms occur, which has a potential application for early diagnosis [32,33]. A 

study also reported that healthy humans exhibited low levels of anti-NeuGc GM3 antibodies. However, 

these antibodies were absent in non-small-cell lung cancer (NSCLC) patients [34,35]. In fact, 

antibodies reactive to NeuGc-containing glycolipids have been found to be induced in patients after 

repeated transfusions with sera from other species in melanoma patients [36]. Melanoma cells 

over-express GM3, and natural anti-NeuGc antibodies are increased in melanoma patients [37]. 

Especially, a higher level of anti-NeuGc antibodies was detected in patients who were free of disease 

within more than 5 years than 2 years after surgery [38].  

Cancer immunotherapy is a highly promising approach to cancer treatment, and has been gaining 

more and more attention recently. Targeting tumor-associated GM3 has been already investigated to 

develop vaccines. It has been confirmed that derivatized GM3 antigens are generally more 

immunogenic than GM3 itself [39]. While GM3 induces mainly IgM responses, some derivatized GM3 

antigens induce both IgM and IgG responses. Based on the viewpoint about cancer therapy, IgG 

responses are more pregnant due to their desirable properties such as immunological memory and 

affinity. 

A series of structurally modified GM3 antigens and their protein conjugates were designed and 

synthesized, then these derivatized antigens were studied to explore the impact on immunogenicity. 

The results on mice showed that suitable modifications on the GM3 can improve the immunogenicity. 



Especially, N-modified derivatives of GM3 and their protein conjugates were prepared. GM3NPhAc 

proved to own better immunogenicity among the GM3 N-derivatives investigated, and it is the least 

cross-reactive with the natural GM3 [40]. GM3NPhAc is an excellent candidate as an anti-tumor 

vaccine. Meanwhile, the combination of a GM3NPhAc-based vaccine with the glycoengineering of 

cancer cells by N-phenylacetylmannosamine provides great promises as an effective cancer 

immunotherapy [40].       

Among N-glycolylated gangliosides, the NGcGM3 has been particularly studied. This molecule 

has been evaluated as a target for cancer immunotherapy because its preferential expression on human 

malignant cells and its possible involvement in cancer progression based on immunosuppressive effects 

[41,42]. The NGcGM3 has been described in human neoplasms, including breast carcinoma and 

melanoma, but is usually not detected in normal human cells [43,44]. So it makes NGcGM3 as an 

interesting target for immunotherapy. Now, NGcGM3/VSSP, an NGcGM3 ganglioside conjugated with 

very small proteoliposomes has been developed. In the clinical trials, the NGcGM3/VSSP vaccine 

showed efficacy and was well-tolerated by patients [45-47]. Similarly to the NGcGM3/VSSP vaccine, 

the antibodies induced by racotumomab treatment interacted with GM3 murine tumor cell line and lung 

carcinoma tissue sections [43]. 

 

4. GANGLIOSIDE GM3 IN EGFR SIGNALING PATHWAY 

Epidermal growth factor (EGF) is an important cytokine regulating various cell processes, 

including cell proliferation, differentiation, apoptosis and oncogenesis. The EGF can bind to EGFR 

resulting in dimerisation, autophosphorylation, and subsequently downstream signaling (Figure 3). 

Over activation of epidermal growth factor receptor (EGFR) is well known to be associated with cancer 

development and progression. EGFR tyrosine kinase is regarded as an important target to search the 

effective pharmacological compounds that can inhibit the growth of cancer cells, since the majority of 

human cancers are derived from epidermal tissue. Enhanced tumor cells growth and invasion are 

controlled by enhanced EGFR tyrosine kinase, and thus, EGFR is a promising target for cancer therapy 

[48]. 

Figure 3 

Many studies have demonstrated that GM3 has an inhibitory effect on EGFR. In human 

epidermoid carcinoma A431 cells, exogenous addition of GM3 inhibited EGF-induced 



autophosphorylation of EGFR [8]. GM3 has been known to inhibit EGFR tyrosine kinase since 1986 

[49,50]. Further research results showed that GM3 inhibits EGFR tyrosine kinase through binding to 

N-linked glycan having multivalent GlcNAc termini on EGFR [51]. It is important to note that GM3 

susceptibility for EGFR is strongly dependent on the presence of N-glycosylation because tunicamycin 

treatment abolishes GM3 susceptibility [52]. This is a kind of carbohydrate to carbohydrate interaction 

within the same membrane plane and presumably within the same glyco synaptic microdomain.  

Studies also indicate that receptor dimer formation is not strongly blocked by GM3, but tyrosine 

phosphorylation on both monomeric and dimeric EGFR is inhibited by GM3, and the dose-dependent 

inhibitory effect on tyrosine phosphorylation in both monomeric and dimeric EGFR was observed [53]. 

Besides, other studies further determined the effect of GM3 on the Tyr-1173 and Tyr-1086 residues 

phosphorylation of EGFR. The results indicated that GM3 suppressed the phosphorylation of Tyr-1173 

residue, and enhanced the phosphorylation of Tyr-1086 residue. Both Tyr-1173 and Tyr-1086 residues, 

which located at EGFR’s C-terminal, are important EGFR autophosphorylation sites [54,55]. 

The importance of the sialosyl group of GM3 for its EGFR inhibitory effect was also studied. For 

A431 cells, they were transfected with a gene, which encodes for a soluble Mr 42,000 sialidase. In 

comparison with control cells, although having similar level of EGF binding, the transfected cells could 

decrease sialic acid expression, promote cells growth, and enhance EGFR autophosphorylation [13]. 

Miyagi’s group demonstrated that the enhanced expression of NEU3 leads to suppression of apoptosis 

and decreased NEU3 expression can inhibit Ras activation. Further, EGFR kinase inhibitor can block 

Ras activation by NEU3, and NEU3 over expression enhances EGFR autophosphorylation. Moreover, 

the involvement of NEU3 up regulation in cancer development can also be confirmed from increased 

EGFR phosphorylation detected in NEU3 transgenic mice [20,21,56,57].  

Next, the order of binding intensity with some gangliosides is GM3 >> GM2, GD3, GM4 > GM1, 

GD1a, GD1b, GT1b, GD2, GQ1b > LacCer, consistent with the inhibitory effect of these gangliosides 

on EGFR activation [58]. GM3 exhibits the strongest effect on inhibiting EGFR among this family. 

Furthermore, GM3 derivatives were also tested on the EGFR activation. Among the gangliosides, 

de-N-acetyl-GM3 enhanced EGFR activity and EGF-induced cells growth, including A431, Swiss 3T3 

and B16 cells. GM3 inhibited tyrosine phosphorylation, but de-N-acetyl-GM3 enhanced serine 

phosphorylation of EGFR [59]. We showed that mono-chloro-GM3 has a stronger inhibitory effect than 

GM3 on EGFR activation, and mono-chloro-GM3 inhibits activation of a mutant EGFR, ΔEGFR, 



which is often detected in human glioblastoma cells [60]. 

The inhibitory effects of lipid mimetics of lyso-GM3 dimer on EGFR tyrosine kinase and various 

consequent phenotypic responses of A431 cells were also studied in detail [61]. The results showed that 

the lipid mimetic of lyso-GM3 dimer (Figure 4) and authentic lyso-GM3 dimer showed similar 

inhibitory effects. EGFR tyrosine kinase can not discriminate between the authentic structures and the 

lipid mimetic. Furthermore, a similar dose dependent inhibitory effect of the lipid mimetic of 

lyso-GM3 dimer on both monomeric and dimeric EGFR was also observed. Akt kinase can be 

activated by EGF, and its activity was inhibited by the lipid mimetic of lyso-GM3 dimer in A431 cells. 

It has been known that inhibition of the EGFR-dependent pathway can lead to perturbation of cell cycle 

progression and notably G1 arrest. The lipid mimetic of lyso-GM3 dimer inhibits EGFR tyrosine 

kinase, leading to inhibition of mitogenesis in A431 cells. 

 

Figure 4 

GM3 is the main ganglioside for Hepa1-6 cells, which can suppress the EGF-induced 

autophosphorylation of EGFR at tyr1173 and subsequently down regulated the phosphatidylinositide 

3-kinases/Protein kinase B (PI-3K/Akt) signaling pathway [62]. However, GM3 can enhance the 

hepatocyte growth factor (HGF) induced autophosphorylation of HGFR at Tyr-1313 and Tyr-1365 and 

subsequently upregulates the PI-3K/Akt signaling pathway [63]. It shows that GM3 has an opposite 

effect on the EGF and HGF-induced Hepa1-6 cells motility and migration [64]. Indeed, GM3 can play 

a role on tumor progression through different ways, especially for EGFR activity. Not only GM3 can 

directly influence the EGFR activity by interaction with N-linked GlcNAc termini on the receptor, it 

also indirectly regulates EGFR activity through the interaction between EGFR and membrane proteins 

such as integrins and CD9 or influencing the intracellular Src kinase and protein tyrosine phosphatase 

activity. It seems that the mechanism of GM3 modulating EGFR activity is rather complex. The 

co-expression of EGFR and NGcGM3 ganglioside in different human tumors has been reported [65]. 

NGcGM3 and EGFR can coordinately contribute to the tumor cell biology and combinations against 

these two targets can be a valid strategy for therapy. 

 

5. EFFECT OF GANGLIOSIDE GM3 ON uPAR-RELATED SIGNALING 



Urokinase plasminogen activator (uPA), a serine protease, has the capability to bind to its cell 

membrane receptor (uPAR), and thereby it initiates signal transduction events that lead to remodeling 

of extracellular matrices, cell migration, invasion, and proliferation in cooperation with integrins and 

other transmembrane partners [66]. A wide variety of human tumors, including melanomas, cutaneous 

carcinomas, and neoplasms of the breast, lung and brain, show increased expression or activation of 

uPA and uPAR. GM3 in the membrane rafts participates in the regulation of uPAR signaling, and plays 

a role in tumor cell growth. 

The mechanism of GM3-triggered uPAR activation and cell proliferation was studied (Figure 5) 

[67]. uPAR associates with integrin α5 β1 to cross-activate EGFR signaling in the presence of uPA [68]. 

uPA can be able to stimulate cell proliferation by either ERK-dependent or ERK-independent pathways. 

Cells show increased proliferation in the presence of uPA despite GM3 is increased or decreased. 

However, the underlying mechanism of increasing cell proliferation is different in the presence of 

increased GM3 and the absence of GM3. In contrast to (a) control cells, cells that (b) over express 

GM3 show activation of PI-3K and Protein kinase C PKC ζ, increased p70S6 kinase activity, and cell 

proliferation, despite suppression of ERK signaling. Cells in which GM3 is (c) depleted show 

activation of ERK signaling, leading to increased cell proliferation that is independent of p70S6 kinase 

activation [69]. 

Figure 5 

  

6. EFFECT OF GANGLIOSIDE GM3 ON TUMOR ANGIOGENESIS 

The ratio of GM3 to a variety of gangliosides (GM1, GD3, GD1a, GT1b) can influence the 

angiogenic properties on many brain tumor types. The ratio of GM3 to the proangiogenic gangliosides 

GD3 and GD1a (GM3/GD3; GM3/GD1a) is lower in more metastatic and aggressive tumors than that 

in less metastatic tumors [70-72]. In mouse brain tumors or in most cultured human brain tumor cells, 

GM3 expression serves to regulate or to counteract the proangiogenic action of GD3 and other complex 

gangliosides [11]. Studies revealed that brain tumors with high GM3 expression are less angiogenic 

[73,74]. Other studies showed that removing GM3 expression gene in the ependymoblastoma tumor 

that contains the only ganglioside GM3, increased angiogenesis. And in the highly angiogenic CT-2A 

astrocytoma, decreased angiogenesis was observed when GM3 expression was upregulated (Figure 6) 

[10]. 



Figure 6 

Next, it has been reported that uPAR localization in caveolar lipid-rafts (LRs) is indispensable for 

an efficient angiogenesis program in EPCs (endothelial progenitor cells) / ECFCs (endothelial 

colony-forming cells), commonly considered the main source of vasculogenesis in human cancers 

[75,76]. Further studies have found that uPAR is present on the ECFC surface in at least three 

compartments, one associated to GM1, another associated to GM3 and a third one associated to 

caveolar-LRs. Following GM1 exogenous addition, the GM3 compartment is depleted of uPAR which 

is recruited within caveolar-LRs thereby triggering angiogenesis-related transduction pathways that 

eventuate in enhanced ECFC invasion and capillary morphogenesis [77]. 

Further evidences indicated that GM3 can block the growth stimulation of vascular endothelium 

due to the reduced ability of the endothelial cell membrane to transfer growth signals present in the 

microenvironment into the endothelial cell itself [78]. Several neoplastic cells, especially melanomas, 

shed GM3 and other gangliosides into the microenvironment. The gangliosides act as modulators of the 

angiogenic response by promoting the angiogenic capacity of molecules, such as PGEl (Prostaglandin 

E1) or bFGF (Basic fibroblast growth factor), normally present in the tissue microenvironment. Their 

modulatory effect on angiogenesis may influence metastatic and/or primary tumor growth [79]. 

Vascular endothelial growth factor receptor-2 (VEGFR-2) signaling pathway is also observed in 

tumor angiogenesis. The studies suggest that GM3 inhibits VEGFR-2-mediated changes in vascular 

endothelial cell function and angiogenesis [80,81]. GM3 is an angiogenic inhibitor and perhaps could 

become a therapeutic avenue for tumor antiangiogenesis treatment. The various downstream signaling 

pathways or biological events can be regulated by GM3 through the inhibitory effect of 

VEGF-stimulated VEGFR-2 activation. GM3 suppressed VEGF induced VEGFR-2 activation by 

blocking its dimerization and also blocked the VEGF binding to VEGFR-2 through a GM3-specific 

interaction with the extracellular domain of VEGFR-2. GM3 is the only one which can directly interact 

with VEGFR-2, and inhibits VEGF/VEGFR-2-mediated biological function of vascular endothelial cell 

and angiogenesis. 

GM3 can inhibit the VEGF-induced activation of PI-3K/AKT, extracellular signal–regulated 

kinases (ERK), vascular endothelial cadherin and focal adhesion kinase (FAK)/paxillin and suppresses 

proliferation, migration, and the tube formation caused by VEGF [80]. The exogenous GM3 inhibits 

VEGF-enhanced tyrosine phosphorylation of VEGFR-2, then the VEGF-induced downstream signal 

https://www.google.com.hk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiX84ShqLnYAhUMCcAKHV-4DoQQFgg4MAA&url=https://en.wikipedia.org/wiki/Basic_fibroblast_growth_factor&usg=AOvVaw38okgYrMWBpsUeLfBLgryh


pathway of VEGFR-2 and cellular events are inhibited. In addition, the chick chorioallantoic 

membrane and Matrigel plug assays for neovascularization in response to VEGF with GM3 were also 

tested. GM3 strongly inhibited the formation of new blood vessels in the Matrigel plug with VEGF in 

C57BL/6 mice and GM3 significantly suppressed VEGF-induced neovascularization in the chick 

chorioallantoic membrane assay. 

It is important to notice that one of the earliest steps leading to tumor angiogenesis is the enhanced 

vascular permeability. VEGF expressed in many tumors, and induces microvascular permeability, 

which can lead to tumor angiogenesis. Microvascular hyperpermeability by VEGF is involved in 

edema and the laying down of the fibrin-rich extracellular matrix through the extravasation of plasma 

and plasma proteins [80]. It has been confirmed that GM3 could lead to suppression of 

VEGF-stimulated microvessel permeability in mouse skin blood capillaries. 

 

7. EFFECT OF GANGLIOSIDE GM3 ON TUMOR MOTILITY 

Tumor cells adhesion, motility and migration are very important in the development and 

progression of cancers. Many studies have demonstrated that GM3 has a clear effect on cell adhesion, 

motility and migration, and change of GM3 expression plays multiple roles in the tumor cells motility, 

invasiveness and survival [21]. The adhesion of FUA169 cells (a mouse mammary carcinoma mutant 

cell line) to fibronectin needs the presence of GM3, and liposome adhesion to fibronectin-coated plates 

was significantly enhanced with GM3 at an optimal concentration. GM3 expression is not only related 

with greater cell-cell adhesion and slower growth presentation, but it also influences the cohesive 

properties of cells growth. In general, transformed or malignant cells, that contain GM3 as the major 

ganglioside, grow as clumps or islands in culture, but cells containing GM3 as a minor ganglioside grow 

as a fusiform monolayer [82]. 

GM3 has been identified as a cofactor of CD9, which is a motility-regulatory membrane receptor. 

In regulating tumor cell motility, CD9 complexed with GM3 inhibits motility. The enhanced synthesis 

of GM3 induced by brefeldin A caused decreased invasiveness was observed in some tumors including 

bladder cancer and colonic cancer due to the capability of GM3 to interconnect integrin with CD9 [6]. 

Moreover, it has been reported that GM2/GM3 complex fixed on silica nanospheres strongly inhibits 

cells motility through CD82/cMet-mediated pathway [83]. Some other reports also explain that  

HGFR/cMet is involved in the regulation of cell motility and migration, which is much more 



complicated [63]. Further studies showed that GM3 and GM2, independently or through the formation 

of GM3/GM2 dimers, can negatively regulate the motility through inhibiting c-Src (Proto-oncogene 

tyrosine-protein kinase) or cMet tyrosine kinases signaling pathways in the tetraspanin-expressing 

normal ant tumor cells [84]. The effect of GM3 synthase over expression on ovarian cancer cells 

motility is due to the ganglioside content variation. And the cell motility can also be reduced by the 

exogenous addition of GM3, GM2 and GM1 (not GD1a) as well as pharmacologically achieved higher 

ganglioside levels in A2780 cells [85,86]. 

 

8. EFFECT OF GANGLIOSIDE GM3 ON MEMBRANE MICRODOMAINS 

The concept of membrane microdomains is that GSLs (GM3), GFRs, and other signaling 

molecules (TSs and integrins) are localized and functionalized as clusters in the membrane. Further 

studies indicated that membrane microdomains are involved in cell interaction, adhesion and related 

signal transduction. Horejsi’s group reported an association of Src family kinases with 

glycosylphosphatidylinositol (GPI) anchored membrane proteins [87], and then detected GM3 in 

kinase / GPI-anchored protein complexes in human T-cell and myeloid cell lines [88]. Sonnino’s group 

also demonstrated that GM3 synthase over expression in human ovarian cancer cells reduces cell 

motility by modulating caveolin expression and regulating c-Src kinase activity in the 

glycolipid-enriched microdomains [85,86]. 

The melanoma B16 cells need GM3 to adhere to plates coated with a sialo-GM2 (Gg3) or LacCer 

on the cell surface based on carbohydrate - carbohydrate interaction [89-91]. More than 90% of total 

GM3 was found in the glycolipid-enriched microdomain fraction, along with several signal transducer 

molecules, such as c-Src, RhoA, H-Ras, FAK. When the fraction was immunoprecipitated with 

anti-GM3 mAb DH2, RhoA and c-Src were also co-precipitated with GM3 [92]. Tyrosine 

phosphorylation of FAK was strongly enhanced in B16 cells placed on Gg3-coated plates, and the 

phosphorylation was induced by GM3/Gg3 interaction. Along with FAK activation, activation of Ras 

and Rho were also enhanced [93]. 

Other studies of B16 cells revealed the presence of “GSL signaling domains”, which is different 

from caveolin-containing membrane domains [93]. In mouse neuroblastoma Neuro2a cells, studies 

found that GM3 enriched microdomains were involved in signal transduction during neurite formation 

[94]. Moreover, Hakomori’s group further indicates that clustered GSLs associated with c-Src, small 



G-protein (Rho A), and FAK are involved in GSL-dependent cell adhesion coupled with activation of 

signal transducers [95,96]. A typical example is GM3 ganglioside clustering at the cell surface of 

mouse melanoma B16, forming a “glycosignaling domain” (GSD) [93,97].
 
GM3 may have a role in 

initiating adhesion of melanoma to endothelial cells, the first step in metastasis [98]. Antigenicity, 

mediation of adhesion, and initiation of signaling through GM3 ganglioside at the B16 cell surface are 

thought to be maintained by GM3 clustering in GSD. If GM3 clustering in GSD is inhibited, 

antigenicity, adhesion, and signaling through GM3 could be blocked. 

The “glycosynapse”, named in similarity with “immunological synapse” [99,100], is highly 

enriched in TSs, hydrophobic proteolipids, integrins, and a wider range of signaling molecules and 

GFRs. Subsequent studies demonstrate that glycosynapses are involved in various cellular functions, 

such as cells growth and motility, which are enhanced during tumor progression [101]. Studies also 

showed that increased GM3 expression enhanced the anti-metastatic functions of TSs, CD82 and CD9 

[102]. In a human colon cancer cell line HRT18 that highly expresses CD9, the endogenous or 

exogenous increase of cell surface GM3 expression resulted in increasing interaction of CD9 with 

integrin α3 and the decreasing cells migration through laminin-5-coated membranes [103]. In human 

diploid embryonic lung fibroblast WI38 cells, GM3 depletion by preincubation with the GlcCer 

synthase inhibitor P4 (DL-threo-1-phenyl-2-palmitoylamino-3-pyrrolidino-1-propanol) suppressed the 

contact inhibition of cells growth. Then at high cell density, FGF-induced cells growth was observed in 

P4-treated cells [4]. 

To regulate cell motility of GM3 referred to in Part 7, GM3-enriched microdomains also play an 

important role. Three kinds of bladder cancer cell lines have been studied [104], and show different 

cells motility and GM3 expression. The TS, integrin, and c-Src levels in glycosynaptic microdomains 

were analyzed. Through the study, the scheme of the inhibitory or suppressive effects for GM3 on cells 

motility and growth was established (Figure 7). First, GM3 enhances interaction of CD9 with integrin 

α3β1 and suppresses c-Src activation by the Ln-induced integrin activation. Then, GM2 alone and 

GM2/GM3 complex bind with CD82, but the former binding is weaker, and the complex can inhibit 

HGF-induced activation of c-Met and the cross-talk between c-Met and integrin α3β1. Further, various 

signal transducer molecules such as FAK, Src, Ras, Raf and MAPK (mitogen-activated protein kinase) 

are involved. Finally, the cell adhesion, motility or growth are controlled [83,105]. These results 

demonstrated that GM3 inhibits cells motility through modulating functions of other molecules 



co-localized in membrane microdomains. 

 

Figure 7 

9. CONCLUSIONS 

GM3 is strongly related to cancers, and more and more evidences indicate that GM3 has an 

obvious effect on tumor development and progression. GM3 can modulate the cancer cell proliferation, 

adhesion, invasion and apoptosis. GM3 should become a promising target for cancer therapy. Several 

mechanisms that underline the actions of GM3 have been reported. GM3 interacts with basal 

membrane components, such as adhesion molecules, to regulate cell adhesion and migration, and GM3 

directly interacts with GFRs, including EGFR, VEGER, to modulate the receptor function and 

subsequently affect the intracellular signaling pathways. Furthermore GM3 can modulate functions of 

other molecules co-localized in membrane microdomains. Thus, the mechanisms which involve GM3 

function are particularly complicated, and the ability of GM3 to regulate cell behavior depends greatly 

on the tumor cell milieu and the expression levels of molecules associated to GM3. 
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Figure legends 

Figure 1. Structure of ganglioside GM3. It contains sialic acid, lactose and ceramide. 

Figure 2. Structure of two ganglioside GM3 analogues. 

Figure 3. The epidermal growth factor receptor (EGFR) activation by EGF. The EGF can bind to EGFR 

resulting in dimerisation, autophosphorylation, and activating downstream signaling. 

Figure 4. Structure of lipid mimetic of lyso-GM3 dimer. 

Figure 5. Mechanism of GM3-triggered uPAR activation and cell proliferation. uPA can be able to 

stimulate cell proliferation by either ERK-dependent or ERK-independent pathways, and the 

mechanism is different. In contrast to (a) control cells, cells that (b) over express GM3 show activation 

of PI-3K and protein kinase C PKC ζ, increased p70S6 kinase activity, and cell proliferation, despite 

suppression of ERK signaling. Cells in which GM3 is (c) depleted show activation of ERK signaling, 

leading to increased cell proliferation that is independent of p70S6 kinase activation. 

Figure 6. GM3 reduces CT-2A tumor vascularity when added to the tumor microenvironment. Small 

fragments of the CT-2A tumor were grown in Matrigel that contained either no GM3 (control) or GM3 

(40 μM). The tumor was grown in Matrigel for approximately two weeks in the flank of the syngeneic 

host C57BL/6 mice. 

Figure. 7 Scheme of the inhibitory or suppressive effects for GM3 on cell motility and growth through 

modulating functions of other molecules co-localized in membrane microdomains. First, GM3 

enhances interaction between CD9 and integrin α3β1 and suppresses c-Src activation through the 

Ln-induced integrin activation. Further, GM2 alone and GM2/GM3 complex bind with CD82, then can 

inhibit HGF-induced activation of c-Met and the cross-talk between c-Met and integrin α3β1. Finally, 

various signal transducer molecules such as FAK, Src, Ras, Raf and MAPK are involved, resulting in 

the control of cell adhesion, motility or growth. 

 



                        

 


