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Abstract Since cDNAs of glycosyltransferase genes were isolated, and become
applicable for genetic engineering of glycosylation patterns, biological functions of
glycolsphingolipids have been largely elucidated via glyco-remodeling cells and
animals. The progress in these glycobiology techniques has enabled us to understand
the roles of “tumor-specific” carbohydrates during these 3 decades. Tumor antigens
recognized by host immune systems of cancer patients were classified into three
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classes based on “autologous typing”, that is, class 1: individual antigens present
only in the patient’s tumors, class 2: shared antigens among some group of cancers,
but not in normal cells, class 3: universal antigens that are present in not only some
cancers but also in normal cells. Many of class 2 antigens have been elucidated to be
carbohydrate antigens, and are considered to be differentiation antigens. Many
of them have been used for cancer diagnosis and treatment. Functional analyses of
those cancer-associated glycosphingolipids based on the genetic engineering of
glyco-genes have revealed that disialylated glycolipids generally enhance malignant
properties such as cell growth, invasion, and motility. On the other hand,
monosialylated glycolipids rather suppress those phenotypes. As a regulatory plat-
form for cell signaling, cell surface microdomains, glycolipid-enriched microdomain
(GEM)/rafts have been proposed. Interestingly, cancer-associated
glycosphingolipids play critical roles in the composition of GEM/rafts, and in the
regulation of signal transduction. Molecular complex formation of glycolipids with
membrane molecules that are defined by enzyme-mediated activation of radical
sources/mass spectrometry should be a key factor to regulate cell signals and to
determine the cell fates. They are also expected to be targets of the cancer treatment.
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1 Biological Functions of Glycosphingolipids Have Been
Further Understood Due to Glycoengineering

Since cDNAs of glycosyltransferases responsible for the synthesis of
glycosphingolipids were isolated (Nagata et al. 1992; Haraguchi et al. 1994; Nara
et al. 1994; Sasaki et al. 1994; Miyazaki et al. 1997) and became available for the
genetic engineering of cultured cells and experimental animals, a number of exper-
iments using those glyco-remodeling materials have been done, leading to the big
progress in the understanding of their function and significance in the cells and mice
(Furukawa et al. 2004). Main glycolipid synthetic pathways are shown in Fig. 1.
Actually, many trials of genetic engineering of glycosyltransferase genes have been
performed, and brought about various novel findings in the phenotypes of cultured
cells and animals (Stanley 2016). Many other degradation enzymes and modifying
enzymes of carbohydrates have been genetically engineered, and intriguing results
have been reported (Miyagi et al. 2018; Cavdarli et al. 2020). Although the modified
genes and resulting outputs are clear, mechanisms for observed abnormal pheno-
types are frequently ambiguous. This is because changes of some
glycosyltransferase gene generally affect all structures present at the downstream
of the synthetic pathways in which the modified gene exists. Therefore, we have to
clarify which glycosphingolipids in the pathway are responsible for the resulting
phenotypes. In particular, remaining structures in the knockout mice/cells often
compensate for the function of deleted structures, suggesting importance to carefully
interpret the results (Furukawa et al. 2020).
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Fig. 1 Synthetic pathway of glycosphingolipids. Starting from lactosylceramide (LacCer), major-
ity of glycosphingolipids are synthesized by the actions of the individual key enzymes

2 Cancer-Associated Glycolipids Often Increase Malignant
Properties

During a long-term search of cancer specific antigens, Old’s group proposed 3 clas-
ses of tumor antigens based on “autologous typing” (Old 1981). They are as follows:
class 1: individual antigens present only in the patient’s tumor sample, class 2:
shared antigens among some group of cancers in some patients, but not in normal
cells, class 3: universal antigens that are present in some cancers but also in normal
cells. There were many reports on carbohydrate antigens, which could be found only
in cancer cells, but not in normal cells and tissues (Hakomori 1986; Lloyd 1991).
Thus, these antigens have been considered as cancer-associated carbohydrates, and



to be class 2 tumor antigens, being used in the diagnosis and therapy of cancers
(Lloyd and Old 1989; Indellicato et al. 2020). Those carbohydrate antigens can be
detected on proteins (mucine) or lipids (ceramide). Some of them are found in both
proteins and lipids. Among them, sialic-acid-containing glycosphingolipids are
named as gangliosides, and have been utilized as tumor markers of
neuroectoderm-derived cancers. For example, ganglioside GD3 in malignant mela-
nomas (Furukawa and Lloyd 1990; Dippold et al. 1980; Pukel et al. 1982;
Portoukalian et al. 1979; Carubia et al. 1984), GD2 in neuroblastomas (Saito and
Yu 1985; Schultz et al. 1984), and GD3/GD2 in gliomas (Fredman et al. 1986;
Wikstrand et al. 1994; Kawai et al. 1999; Vukelić et al. 2007; Iwasawa et al. 2018).
In addition to neuroectoderm-derived tumors, some other cancers also express these
gangliosides. For example, T-cell leukemias (Siddiqui et al. 1984; Merritt et al.
1987; Furukawa et al. 1993; Okada et al. 1996), osteosarcomas (Shibuya et al. 2012;
Azuma et al. 2005), small cell lung carcinomas (Cheresh et al. 1986; Yoshida et al.
2001), and breast cancers (Cazet et al. 2012; De Giorgi et al. 2011). Recently, many
other cancers have also been reported to express these gangliosides (Sato et al. 2020;
Ravindranath et al. 2004; Vantaku et al. 2017). Thus, these ganglioside antigens
belong to “class 2” tumor antigens, and have been investigated on their roles in
tumor cells, showing differential significances for various carbohydrate structures
(Ohmi et al. 2018). On the other hand, some neutral glycolipids have also been
considered to be cancer-associated antigens (Yu et al. 2020; Ragupathi 1996). Brief
classification of cancer-associated antigens is shown in Table 1.
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Table 1 Three class of tumor antigens based on the distribution and derivation

Classification Distribution Derivation

1. Neoantigen (indi-
vidual antigen)

Only tumor of the patient Genomic mutation

2. Group-shared
antigen

Some cancer groups and patients not
normal cells (exceptiona)

Differentiation developmen-
tal overexpression

3. Universal antigen Some cancers of some patients and nor-
mal cells

Broadly expressed with var-
ious density

aException: expressed at fetal stage, testis, very restricted sites, etc.

3 Membrane Microdomains GEM/Rafts as Platforms
of Signal Transduction

Simons proposed a membrane microdomains, lipid rafts containing cholesterol,
sphingolipids, and GPI-anchored proteins (Simons and Ikonen 1997). Majority of
glycosphingolipids are enriched in this microdomain. These microdomains are
resistant to nonionic detergent, being called detergent-resistant microdomain
(DRM). Hakomori proposed to call this microdomain as glycolipid-enriched
microdomain (GEM), and showed that GEM/rafts play crucial roles as a platform



of cell signal transduction (Hakomori 2003). In particular, ganglioside GM3 is
localized in GEM/rafts, and forms complexes with membrane molecules such as
tetraspanins (Hakomori 2010). Although molecular basis for molecular clustering in
GEM/rafts is not clear at this moment, dynamic processes of raft formation from
nanoscale to microscale were proposed by Simons et al. (Simons and Toomre 2000;
Simons and Gerl 2010). Kohmura et al. demonstrated that dimer formation of same
ganglioside species might be an initial step for the formation of GEM/rafts using
ultrahigh-resolution imaging technique (Komura et al. 2016).
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Biochemical and imaging analyses of intracellular distribution of glycolipid-
associated molecules demonstrated that sugar moiety of glycosphingolipids on the
cell surface and cellular conditions (resting or activated) regulates their localization
inside/outside of GEM/rafts. It is of great interest that fine structures of carbohydrate
portion in glycolipids might control the intracellular localization of membrane
molecules inside/outside of GEM/rafts as if they are regulators of the composition
of GEM/rafts (Ohkawa et al. 2010; Yesmin et al. 2021), and resultant cell signals
(Furukawa et al. 2014) as reported by Sonnino (Sonnino and Prinetti 2010).

4 Disialyl Glycosphingolipids Generally Enhance
Malignant Phenotypes and Signals in Cancer

During analyses of phenotypic changes in cancer cells expressing cancer-associated
glycosphingolipids, it has been shown that disialylated gangliosides with a tandem
mode linkage 2 sialic acids often enhance malignant properties (Furukawa et al.
2012a, b) in various kinds of tumors. Namely, gangliosides GD3 and GD2 enhance
malignant properties such as increased proliferation, invasion, and cell adhesion to
extracellular matrices. However, these effects of gangliosides on the tumor pheno-
types are not identical. The modes of action were diverse among cancer lineages
(Furukawa et al. 2012a, b). This is deeply related to the expression of membrane
molecules in the vicinity of cancer-associated gangliosides at membrane
microdomains, GEM/rafts (Hakomori 1998; Hakomori et al. 1998). The profiles of
intracytoplasmic proteins primarily expressed in the individual cells are also critical
for how those gangliosides regulate the feature of cells, signals, and cell fates
(Furukawa et al. 2012a).

In the study of melanomas, we clarified that various adaptor molecules such as
p130Cas, paxillin, and focal adhesion kinase (FAK) were activated due to tyrosine
phosphorylation, leading to the enhanced cell proliferation and invasion under GD3
expression (Hamamura et al. 2005, 2008). Then, we also revealed that integrin was
involved in the regulation of cell signaling via FAK and Src family kinase Yes
during cell adhesion (Ohkawa et al. 2008). Strong physical and functional associa-
tion of integrins and FAK was previously shown in small cell lung cancer (SCLC)
cells. Anti-GD2 monoclonal antibody induced apoptosis of SCLC cells via anoikis
(Yoshida et al. 2001). During the cell detachment from culture dishes, SCLC cells



showed reduced phosphorylation levels of FAK (Aixinjueluo et al. 2005). Interest-
ingly, osteosarcoma cells showed increased cell invasion and motility under expres-
sion of GD3 and GD2 (Shibuya et al. 2012). Here, cell adhesion to extracellular
matrix such as collagen 1 was markedly reduced in GD3/GD2-expressing cells
compared to GD3/GD2-negative control cells. GD3/GD2-positive cells showed
much lower adhesion than the controls. These findings were quite opposite com-
pared with results observed in melanoma transfectant cells with high GD3 expres-
sion (Furukawa et al. 2012a; Hamamura et al. 2005). These differences between
melanomas and osteosarcomas seemed to be due to different signaling pathways
basically working in the individual cell lineages (Shibuya et al. 2012). Activated Lyn
(p-Lyn) was detected in osteosarcoma cells instead of p-Yes in the case of melanoma
cells (Hamamura et al. 2011).
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5 Monosialyl Glycosphingolipids Often Suppress Cancer
Phenotypes and Signals in Animal Cancer Cells

In contrast with disialylated gangliosides, monosialylated glycosphingolipids
(or a-series gangliosides) often showed suppressive effects on the cell phenotypes.
Accordingly, they also suppress cell signals in various tumor cells (Furukawa et al.
2012b). For example, a rat pheochromocytoma line PC12 showed distinct effects
between GM1 and GD3 on the signaling via nerve growth factor (NGF) and Trk A
receptor (Nishio et al. 2004; Fukumoto et al. 2000). NGF-TrkA signaling between
GM1-expressing and GD3-expressing PC12 was quite contrastive, that is, poor
phosphorylation of TrkA and subsequent lowered activation of Erk1/2 upon NGF
stimulation in the former and enhanced TrkA phosphorylation and highly activated
Erk1/2 in the latter. In a mouse fibroblast cell line, SWISS-3 T3, overexpression of
GM1/GD1b synthase induced suppressed cell growth and lowered activation levels
of PDGF receptor based on its altered localization in GEM/rafts (Mitsuda et al.
2002).

In a mouse Lewis lung cancer (LLC) cells, transfectants of GM2/GD2 synthase
cDNA with high expression of GM2 showed lowered malignant properties and
reduced activation levels of focal adhesion kinase (FAK) (Chen et al. 2003). On
the other hand, Zhang et al. established high-metastatic and low-metastatic LLC
sublines by repeated injection into mice, and compared their surface molecules.
Consequently, high-metastatic sublines expressed lower levels of GM1/GD1a than
the low-metastatic parent line (Zhang et al. 2006). Roles of GM1 in the suppression
of metastasis were directly shown using GM1 synthase-suppressed transfectants of
an RNAi-expression vector. Suppression of GM1 synthase resulted in the increased
malignant phenotypes including metastatic property due to the shift of MMP-9 and
integrins to GEM/rafts. The secretion and activation levels of MMP-9 were conse-
quently elevated.
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In a B16 mouse melanoma subline B78, transfectant cells of GM2/GD2 synthase
cDNA showed high GM2 expression and reduced cell proliferation (Tsurifune et al.
2000).

6 GM1/GD1b Synthase and Caveolin-1 Suppressed
Malignant Phenotypes of Human Cancers

In human melanoma cells, SK-MEL-73 melanoma cell line expressing GD3 and
GD2 was transfected with GM1/GD1b synthase cDNA (Dong et al. 2012).
GM1-high transfectant cells showed reduction of cell growth and invasion. They
also showed dispersed ganglioside distribution compared with the control line.
Consequently, tyrosine-phosphorylation levels of p130Cas and paxillin were
reduced in the transfectant cells. Furthermore, gangliosides shifted to the
non-GEM/raft fraction dominantly contained unsaturated fatty acids compared
with the control cells, suggesting that glyco-remodeling affected ceramide compo-
sition of gangliosides. Interestingly, similar reduced malignant phenotypes were
observed in the melanoma transfectant cells with Caveolin-1 cDNA in
SK-MEL-28 (Nakashima et al. 2007). Accordingly, reduced phosphorylation of
p130Cas and paxillin was also observed. Furthermore, GD3 was dispersed from
GEM/rafts, losing the leading edges that could be found in the control cells with
immunocytochemistry. Thus, Caveolin-1 should have regulatory functions of sig-
naling, although it has been used as a GEM/rafts marker as well as GM1.

All these results commonly observed among various cancers indicated that the
expression of monosialylated (or a-series) gangliosides results in the attenuation of
malignant phenotypes and malignant signals (Furukawa et al. 2012a, b) in contrast
with disialylated gangliosides as summarized in Fig. 2. These results were recently
confirmed with genetically engineered mice of GD3 synthase gene (Ohkawa et al.
2021; Zhang et al. 2021).

7 A Novel Approach to Elucidate Mechanisms
for Functioning of Cancer-Associated Gangliosides

To investigate molecular mechanisms for biological functions of glycosphingo-
lipids on the cell surface, it seems critical to identify membrane molecules that
physically associate with glycosphingolipids in the vicinity of cell membrane of
living cells. This is because glycosphingolipids are embedded on the outer layer of
lipid bilayer membrane, and don’t contain intracytoplasmic domains (Groux-
Degroote et al. 2017).

Cluster formation of cancer-associated glycosphingolipids with various mem-
brane molecules on the cell surface in a horizontal manner, and also in vertical



connection with intracellular molecules, has been demonstrated to date. But,
enzyme-mediated activation of radical sources (EMARS) combined with mass
spectrometry (MS) developed by Honke and Kotani (Kotani et al. 2008), might be
a markedly useful technique to identify membrane molecules that are present around
cancer-associated glycosphingolipids within 100–300 nm on the cell surface without
any special apparatus (Furukawa et al. 2019). From the candidate molecules detected
in EMAR/MS results, we can identify physically associated molecules with cancer-
associated glycolipids on the living cell membrane (Hashimoto et al. 2012). Thus,
this approach enables us to identify molecular profiles of clustering molecules with
particular targets (Kotani et al. 2008).
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Fig. 2 Contrastive functions between monosialyl and disialyl gangliosides. Disialylated ganglio-
sides with tandem linked 2 sialic acids often enhance malignant properties in various kind of
tumors, while monosialylated (or a-series) gangliosides reduce malignant phenotypes and malig-
nant signals

Using anti-GD3 monoclonal antibody, EMARS/MS was utilized to identify
GD3-associated molecules in melanoma cells. Among molecules found both in
GEM/rafts fraction and GD3-targeted EMARS-labeled molecules, Neogenin was
exclusively detected only in GD3-positive cells (Hashimoto et al. 2012). This
molecule was found in GEM/raft fraction of only GD3-positive melanoma cells,
but not of GD3-negative cells. GD3 expression induced recruitment of Neogenin and
γ-secretase to GEM/rafts, leading to the increased levels of intracytoplasmic domain
(ICD) of Neogenin based on the action of γ-secretase (Kaneko et al. 2016). Conse-
quently, Neogenin ICD promotes expression of various genes as a transcription
factor (Kaneko et al. 2016), resulting in the enhanced expression of various mole-
cules. ChIP-seq analysis revealed many target genes such as GPR126, STXBP5,



MMP16, SPATA31A1, and S6K should be targets of Ne-ICD. These genes were
actually upregulated by the expression of Ne-ICD. These results demonstrated, for
the first time, how cancer-associated GD3 enhances malignant properties of
melanomas.
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In mouse glioma cells, PDGF-Rα was identified as a GD3-associated membrane
molecule using EMARS-MS technique (Ohkawa et al. 2015). Physical association
and clustering of GD3 and PDGF-Rα resulted in the activation of a Src family
kinase, Yes and also activation of downstream paxillin (Ohkawa et al. 2015).
Immunoprecipitation/immunoblotting revealed ternary complex formation among
GD3, PDGFRα, and Yes, being colocalized in lamellipodia. Furthermore, in SCLC
cells, ASCT2, a glutamine transporter, was identified as a GD2-associated molecule
and shown to be localized in GEM/rafts. Co-operation of GD2 and ASCT2 resulted
in the enhancement of cell proliferation and migration via increased phosphorylation
of the mTOR complex 1 signaling axis (Esaki et al. 2018).

These results indicated that EMARS/MS technique is highly effective to elucidate
the molecular complex formation around cancer-associated glycolipids on the living
cell surface. It can also give us clues to reveal vertical molecular sequences origi-
nating from cancer-associated glycolipids. Thus, heterogeneity in GEM/rafts
according to each “core” glycolipid might be clarified using this technique for the
foresighted finding with morphological studies (Fujita et al. 2007).

8 trans-Interaction of Glycosphingolipids with Their
Ligand Molecules Also Affects the Nature of Cells
on Both Sides

Considering the meaning of GEM/rafts in the regulation of cell phenotypes and cell
signals, their significance as a platform for the signal transduction might be the most
critical and intriguing. The results elucidated by EMARS/MS approaches also
support its importance in the generation of malignant signals and cancer phenotypes.
Majority of molecules identified by this approach using glycolipids as the target
molecules belong to cis-acting membrane molecules present around the cancer-
associated glycolipids as shown in Fig. 3.

On the other hand, molecular clustering on the cell membrane consisting of
glycosphingolipids and associated molecules is also involved in the recognition
and binding of the carbohydrate structures by carbohydrate-recognizing molecules
from outside of cells (trans-acting). Binding of many bacterial toxins occurs in this
manner (Fig. 3). Recently, we reported that recognition of ganglioside GD3 on the
cell membrane by a sialic acid-recognizing lectin, Siglec-7, is dependent on by the
clustering mode of GD3 in lipid rafts (Hashimoto et al. 2019). Here, recruitment of
GD3 to lipid rafts was determined by the presence/absence of hydroxyl group in
ceramide moiety. Thus, the cluster formation of GD3 in lipid rafts confers its binding
with Siglec-7, and finally sensitivity to the killing with NK cells (Hashimoto et al.



2019). How Siglec-7 recognizes only clustered GD3 in GEM/rafts remains to be
investigated. Consequently, trans-interaction of cancer-associated
glycosphingolipids and carbohydrate-recognizing molecules (lectins) should deter-
mine the survival intensity of the cancer cells in our bodies based on the modulation
of the escape of cancer cells from immune surveillance of host immune systems.
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Fig. 3 cic- and trans-interaction of glycosphingolipids and ligand molecules. As representative
examples, interaction between Siglec-7 on NK cells and sialylated membrane molecules is shown.
Bacterial toxins such as Cholera-toxin or Vero-toxin are also ligands of glycolipids with trans-
interaction. Membrane receptors such as growth factor receptors and integrins interact with
glycolipids on the same membrane with cis-interaction

Not only Siglecs, but other glycolipid-recognizing molecules such as soluble
lectins and monoclonal antibodies also interact with cancer-associated
glycosphingolipids on the cell surface in a trans-binding manner. In particular, an
anti-GM3monoclonal antibody, M2590, reacted only with GM3 with “high density”
or “topographical distribution” (Sakiyama et al. 1987). This binding mode might
indicate that mAb M2590 can recognize only GM3 concentrated in lipid rafts, while
precise mechanisms remain to be clarified.

9 Application of Signal Studies for Novel Cancer Treatment

A number of trials have been performed to apply mouse and/or human monoclonal
antibodies reactive with cancer-associated gangliosides for cancer treatment
(Houghton et al. 1985; Irie and Morton 1986; Yamaguchi et al. 1987). Anti-
ganglioside mAbs have been rigorously studied for their effects in the suppression



of mouse melanomas, human neuroblastomas, and human melanomas (Harel et al.
1990). Vaccine therapy with gangliosides or neutral glycolipids and various adju-
vants have also been challenged (Yu et al. 2020; Ragupathi 1996; Livingston 1995;
Sigal et al. 2022). They showed markedly nice results in some cases, but not so good
in some cases. Anti-GD2 mAbs showed significant effects in extending remission
intervals of neuroblastoma patients when used during remission phase (Kushner
et al. 2015).
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Generally, immune therapy of cancers toward cancer-associated
glycosphingolipids can be successful by the definitely specific expression patterns,
for example, “class 2” group in Old’s proposal (Old 1981) (Table 1). Thus, the
specificity in the expression of carbohydrate structures on malignant cells has strictly
been required, while those with relatively high levels in malignant cells compared to
normal cells and tissues have been also accepted as Rituximab (anti-CD20) used in
B-cell lymphomas (McLaughlin et al. 1998).

Various novel strategies have been constructed to eradicate malignant tumors
based on the expression/function analyses of cancer-associated glycosphingolipids,
and been applied in clinical. GD3 and GD2 are synthesized via the action of GD3
synthase, and specifically activate several signals that are essential for the malignant
phenotypes of cancers. Therefore, in addition to these gangliosides and ganglioside
synthases, signaling molecules, which are located at the downstream of signaling
pathway activated by those cancer-associated gangliosides and play a crucial role in
the promotion of malignant phenotypes, can be targets for cancer therapy (Furukawa
et al. 2006) (Fig. 4). As fundamental studies for the substantial basis for cancer
treatment toward glycosylation machinery, sh-RNA- expressing plasmids of GD3
synthase were tried (Ko et al. 2006), showing excellent effects on the gene expres-
sion and cell phenotypes. Repeated transfection of anti-GD3 synthase siRNA into
lung cancer cells resulted in the suppression of GD2 expression and also reduction in
the cell growth and invasion activity. Moreover, cell apoptosis could be induced by
the repeated siRNA transfection. Stable introduction of RNAi expression vector
(sh-RNA) in human SCLC cell lines showed slower cell growth than the control
cells in severe combined immunodeficiency mice (Ko et al. 2006).

Small interfering RNA(s) (siRNA(s)) mixed with atello-collagen was tried to
suppress human malignant melanomas grafted on nu/nu mice (Makino et al. 2016).
Combined siRNAs against two adaptor molecules, that is, p130Cas and paxillin,
showed most efficient suppression activity of the tumor growth in mice compared
with that of either siRNA (Makino et al. 2016). In agreement with the tumor
suppression effects, reduction in Ki-67-positive cell number was demonstrated,
suggesting that blockade of GD3-mediated growth signaling pathway by siRNAs
might be a novel and promising therapeutic strategy against malignant melanomas.

As one of important signaling molecules located at the downstream of membrane
gangliosides, FAK has been also considered as a promising target of cancer treat-
ment (van Nimwegen and van de Water 2007; Sulzmaier et al. 2014; Zimmer and
Steeg 2015; Chauhan and Khan 2021; Dawson et al. 2021). FAK plays an important
role in signaling pathways, which are triggered by integrin-mediated cell adhesions
and by growth factor receptors (Fig. 4) (van Nimwegen and van de Water 2007).



FAK is highly expressed in some solid tumors and also in stromal cells of the tumor
microenvironments (Sulzmaier et al. 2014), and considered to promote tumor
progression and metastasis. Therefore, small molecular weight FAK inhibitors
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have been developed, and been used in preclinical trials (Chauhan and Khan 2021).
In particular, FAK is considered to be promising target of metastasis prevention trials
(Zimmer and Steeg 2015), and targeting FAK in anticancer combination therapies is
now being expected (Dawson et al. 2021). These studies well correspond with our
past reports on GD3- or GD2-mediated signal activation in melanomas (Hamamura
et al. 2008; Yesmin et al. 2021) or small cell lung cancers (Aixinjueluo et al. 2005).
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10 Conclusion

Among 3 classes of tumor antigens listed in Table 1 (Old 1981), cancer-associated
carbohydrate antigens should be included in “class 2” (shared) tumor antigens.
Compared with “neoantigens” originating from gene mutations occurred in cancer
cells, “class 2” antigens are much better targets for cancer immunotherapy. First of
all, it is easy to construct therapeutic strategy because of common presence among
similar cancers compared with class 1 (unique) antigens or neo-antigens. Secondly,
it is possible to depend on relative abundance of antigens on cancers and to consider
as targets of therapy, while they are expressed in some sites, some developmental
stages of life with much lower levels. Finally, many successful examples have been
reported so far and many trials are ongoing. Consequently, we are now challenging
novel cancer treatment targeting molecules forming molecular complexes with
cancer-associated glycosphingolipids on the membrane and/or in the cytoplasm
(Kotani et al. 2008; Furukawa et al. 2008).
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