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RECENT PROGRESS AND NEW PERSPECTIVES  
IN LYMPHOMA GLYCOBIOLOGY

OSAMU SUZUKI and MASAFUMI ABE

Department of Diagnostic Pathology, School of Medicine, Fukushima Medical University, Fukushima, 
Japan

Abstracts : Glycosylation has recently become one of the most significant subjects in tumor biol-
ogy, and cell surface glycosylation is closely associated with various biological phenomena in tumor 
cells. However, the biological significance of cell surface glycosylation and sialic acid linked to gly-
cans in human malignant lymphoma is not well elucidated. We have determined that 1) sialylation 
or loss of N-glycosylation is closely associated with a worse prognosis in human diffuse large B-cell 
lymphoma (DLBCL), and 2) glycosylation or sialic acid on the surface of lymphoma cells plays signif-
icant roles in cell adhesion or invasion to the extracellular matrix, cell growth, apoptosis and cell 
death. In the present review, the biological functions of glycosylation or sialic acid in human malig-
nant lymphoma are discussed.

Key words : human malignant lymphoma, glycosylation, sialic acid.

BACKGROuND

Glycosylation and sialic acid on the surface of 
tumor cells affects cell-to-cell or cell-to-extracellu-
lar component interactions. Sialic acid is a sugar 
with increased expression in virus-transformed or 
chemically induced cancer cell lines, a phenomenon 
originally referred to as the Warren-Glick phenome-
non1). Sialic acid plays important roles in the 
behaviors of tumor cells, including cell adhesion, 
invasiveness and metastasis2-5), and it influences the 
patients’ clinical outcomes6,7). The role of sialic 
acid as a biological mask of cell surface structures is 
well documented8). The antirecognition effect of 
sialic acid can be explained by its negative charge, 
and oversialylation of malignant cells protects them 
from humoral or cellular defense systems and thus 
increases their malignancy9,10). Prevention of malig-
nant tumor cells from apoptosis or cell death by the 
masking effect of sialic acid may lead to more 
aggressive behaviors of tumor cells. Sialylation of 
cell surface glycoconjugates in malignant hematopoi-
etic cells regulates their adhesive properties to 
extra cellular matrix (ECM)4). In addition, some 
lectin-reactive glycoconjugates have been associ-

ated with the aggressiveness or metastatic capacity 
of malignant tumors. Sialylation of soybean agglu-
tinin and Vicia villosa agglutinin lectin-reactive gly-
coconjugates on the cell surface is closely correlated 
with the highly metastatic phenotype of a murine or 
human lymphoma cell line3,5). Additionally, cell sur-
face sialylation regulates Fas-induced apoptosis in 
lymphoma cells11-13).

Several sialyltransferases regulate cell surface 
sialylation14), and uridine diphosphate-N-acetylglu-
cosamine2-epimerase (UDP-GlcNAc2-epimerase), 
which catalyzes the rate-limiting step in sialic acid 
biosynthesis, is an important regulator of cell sur-
face sialylation in human hematopoietic cell lines15,16).

Cell surface glycosylation includes N- and O-gl
ycosylation. N-glycosylation is associated with cell 
adhesion17), metastasis18), carcinogenesis19,20) and 
patient prognosis21). Dennis JW et al. reported that 
the expression of L-PHA-reactive oligosaccharide, 
which is an N-glycan that regulates cell adhesion to 
ECM, is positively correlated to the distant metasta-
sis of murine lymphoma cells22). Galectin is an 
endo genous lectin that reacts to cell surface glycans, 
such as the β-galactose residues of lactosamine 
structures23,24). The interaction between galectins 
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and cell surface glycans regulates cell growth or 
apoptosis of lymphocyte or lymphoma cells, and 
these regulatory functions are important in immune 
reactions25-30). Galectins also regulate tumor cell 
adhesion31). Galectin-1 plays an important role in 
cell adhesion, and ligands for galectin-1 are lactos-
amine structures of cell surface oligosaccharides in 
ovarian cancer cells32). These data suggest that 
interactions between endogenous galectins and oli-
gosaccharide ligands may be biologically significant 
in immune reaction and tumor biology.

Heterogeneity of L-PHA-reactive oligosaccharide 
expres sion in human lymphoma

Expression and sialylation of L-PHA-reactive 
oligosaccharide, an N-glycan, are closely associated 
with clinical outcome in patients with DLBCL6,7).  
DLBCL was grouped into three types : Group A, 
the non-reactive type in which L-PHA-reactive oli-
gosaccharides are not expressed ; Group B, the 
sialylated type in which the expression of sialylated 
L-PHA-reactive oligosaccharides is demonstrated 
by L-PHA lectin histochemical study ; and Group C, 
the non-sialylated type in which non-sialylated 
L-PHA-reactive oligosaccharides are expressed 
(Figure 1(a)). The survival of patients in Group 
A+B or Group B was significantly shorter than that 
of patients in Group C (Figure 1b, 1c). Thus, the 
loss of non-sialylated L-PHA-reactive oligosaccha-
rides or sialylation of L-PHA-reactive oligosaccha-
rides is closely associated with a worse prognosis in 
DLBCL. N-acetylglucosaminyltransferase V (GnT-

V) catalyzes the synthesis of β1-6 branching of 
L-PHA-reactive oligosaccharides. Expression of 
GnT-V is not always correlated with the expression 
of L-PHA-reactive oligosaccharides in DLBCL, and 
the loss of non-sialylated L-PHA-reactive oligosac-
charides due to the lack of expression of GnT-V on 
lymphoma cells may be associated with aggressive 
DLBCL. Further more, sialylation of L-PHA-

reactive oligosaccharides is closely associated with a 
worse prognosis in DLBCL patients ; this associa-
tion suggests that sialylation is related to the 
aggressiveness of DLBCL lymphoma cells. Recent 
reviews have reported that negatively charged sialic 
acid induces the oversialylation of malignant cells, 
which protects them from humoral or cellular 
defense systems10). Masking of the cell surface by 
sialic acid may lead to the escape of lymphoma cells 
from immuno-surveillance systems and may cause a 
worse prognosis for highly sialylated cases of 
DLBCL. Furthermore, α2,6-linked sialic acid resi-
dues were predominantly involved in sialylation of 

L-PHA-reactive oligosaccharides of Group B. The 
α2,6-linked sialylated N-linked oligosaccharides are 
involved in masking structures essential for the trig-
gering of lymphocytes by B-cell lymphoma in the 
mixed lymphocyte reaction33), and β-galactoside 
α2,6-sialyltransferase regulates the expression of 
cell surface differentiation antigens, such as HB-6, 
CDw75, CD76 and CD22, in B lymphocytes and 
B-cell malignancy34-36). α2,6-sialylation of cell sur-
faces was responsible for reduced homotypic aggre-
gation of colorectal carcinoma cells37), and N-glycans 
bearing terminal α2,6-linked sialic acids enhanced 
the invasive potential of colon cancer cells38). α2,6-

sialylation is regulated by α2,6-sialyltransferase, and 
its mechanism is crucial for B-cell maturation and 
antibody production in β-galactoside-α2,6-sialyl-
transferase (ST6Gal I) knockout mice39). Re cent ly, 
we reported that α2,6-sialylation of cell surface N- 
glycosylation inhibits galectin-1-mediated cell adhe-
sion40), and cell surface sialylation inhibits galectin-

3-induced apoptosis in the DLBCL cell line, HBL-

241). Based on these data, it is possible that the 
regulatory roles of sialylation of cell surface 
N-glycans in galectin-mediated biological phenom-
ena may be closely associated with malignant behav-
iors of human lymphoma cells.

Dennis et al. reported that overexpression of 
L-PHA-reactive oligosaccharides was associated 
with metastasis of a murine T-cell lymphoma line in 
animal models and that a lymphoma cell clone that 
had increased binding reactivity for L-PHA lectin on 
the cell surface showed a high metastatic rate22).  
Candidate carrier proteins that have L-PHA-

reactive oligosaccharides are lysosomal-associated 
membrane proteins (LAMPs). Our preliminary 
data showed differences in the molecular weight of 
LAMP-1 among the DLBCL cases (data not shown), 
and it is possible that glycosylation of LAMP-1 may 
be different among the DLBCL cases. LAMPs 
expressed on the surface of murine T-cell lym-
phoma cells reduce the adhesion of the cells to 
ECM, leading to high metastatic capacity in vivo42).  
It is possible that differential glycosylation of 
LAMPs may be associated with altered cell adhesion 
to ECM among human DLBCL cases.

Sialylation in cell adhesion to ECM and metastasis

In the human Burkitt lymphoma cell line HBL-

8, two clones were isolated by limiting dilutions of 
lymphoma cells. The 3G3 clone was highly 
sialylated, and the 3D2 clone was hyposialylated 
according to lectin-flow cytometric analysis5).  
When HBL-8 cells were subcutaneously inoculated 
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into severe combined immunodeficiency (SCID) 
mice, the 3G3 clone frequently metastasized to the 
spleen, ovary and bone marrow while the 3D2 clone 
had a low frequency of metastasis. Thus, cell sur-
face sialylation of lymphoma cells is closely associ-
ated with high metastatic ability in the SCID mouse 
model. To determine why the highly sialylated 
clone has a high metastatic rate, we focused on the 
relationship between cell surface sialylation and the 
adhesive properties of 3G3 and 3D2 to ECM16).  
From flow cytometric analyses the cell surface of 
the 3G3 clone was highly sialylated and that of the 
3D2 clone was hyposialylated. Moreover, cell sur-
face sialic acid content was significantly greater in 
the 3G3 clone than in the 3D2 clone. Cell surface 
sialylation in the 3G3 clone cells might reduce their 
attachment to collagen type IV and fibronectin as 
compared to the 3D2 clone in in vitro adhesion 
assays. Sialic acid metabolic complementation 
assays with several precursors of sialic acid revealed 
that hyposialylation in the 3D2 clone resulted from 
no mRNA expression of UDP-GlcNAc2-epimerase, 
which is a key enzyme in sialic acid biosynthesis 

(Figure 2). From the RT-PCR analyses the expres-
sion of UDP-GlcNAc2-epimerase mRNA was corre-
lated with sialic acid content among the two clones 
of HBL-8. Therefore, expression of UDP-

GlcNAc2-epimerase mRNA may regulate the 
expression of sialoglycoconjugates, which affect the 
adhesion of lymphoma cells to collagen type IV and 
fibronectin resulting in the different metastatic 
capacity in vivo.

In adhesion assays, the number of 3G3 clone 
cells attached to collagen type IV and fibronectin 
was less than that of the 3D2 clone, and neuramini-
dase treatment increased the number of 3G3 clone 
cells attached to collagen IV and fibronec-
tin. Although both clones expressed some of the 
β1-integrin family (α1β1, α3β1, α4β1) on their cell 
surfaces (data not shown), there was a significant 
difference in their adhesive properties to collagen 
type IV and fibronectin. These data indicate that 
reduction in the attachment of 3G3 clone cells to 
fibronectin and collagen type IV resulted from cell 
surface sialylation and that the adhesive properties 
of these two clones to collagen type IV and fibronec-

Sialylated N-glycans 
Non-sialylated N-glycans 

No glycans 
(Non-reactive) 

Group A Group B Group C 

Heterogeneity of L-PHA reactive oligosaccharides 
in DLBCL cases 

 : sialic acid 

Figure 1a 

Fig. 1.  (a) Schematic representation of heterogeneity of L-PHA reactive oligosaccharides in DLBCL. (b) and (c) 
DLBCL survival curves. Survival curves were established according to the Kaplan-Meier method and P-values 
were calculated based on Wilcoxon’s test. The horizontal line represents months of survival, and the vertical 
line represents survival rate. The survival of patients in Group A+B and Group B was significantly shorter than 
that of patients in Group C. (b) P=0.0210, Group A+B vs. Group C. (c) P=0.0015, Group B vs. Group C.
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tin is regulated by cell surface sialylation rather than 
the expression of β1-integrins. We previously 
reported that sialylation of L-PHA-reactive oligo-
saccharides in human DLBCL was associated with a 
worse prognosis or a more advanced clinical stage of 
the disease6,7). Cell adhesion to ECM is closely 
associated with the metastatic capacity of malignant 
tumor cells4). Therefore, alteration of the cell 
adhesive capacity by cell surface sialylation may 
explain the different metastatic capacity of lym-
phoma cells. Inhibition of cell adhesion to ECM by 
cell surface sialylation may lead to more release of 
lymphoma cells from the primary site in the meta-
static pathway. It is possible that sialylation of 
L-PHA-reactive oligosaccharides in lymphoma cells 
may play an important role in the regulation of lym-
phoma cell attachment to ECM, leading to a high 
metastatic capacity and advanced clinical stage in 
DLBCL cases.

The previous studies showed that UDP-

GlcNAc2-epimerase played a crucial role in the reg-
ulation of sialic acid biosynthesis in human hemato-
poietic cell lines15,16) and that UDP-GlcNAc2-

epime rase is a crucial factor in mouse develop ment43).  
In a metabolic complementation assay, the hyposia-
lylated 3D2 clone cultivated with N-acetyl-D-

mannosamine (ManNAc) had increased expression 
of sialoglycoconjugates, but this was not the case 
with GlcNAc or Man, which enter the sialic acid bio-
synthetic pathway upstream of ManNAc (Figure 
2). These data suggest that hyposialylation in the 

3D2 clone is due to a decrease in UDP-GlcNAc2-

epimerase activity. On the other hand, cultivation 
of the highly sialylated 3G3 clone with ManNAc, 
GlcNAc or Man did not alter lectin-binding activi-
ties. This result is probably due to the negative 
feedback mechanism in which cytidine monophos-
phate-N-acetyl neuraminic acid (CMP-NeuAc) 
inhibits the function of UDP-GlcNAc2-epimerase, 
which keeps the level of sialic acid biosynthesis con-
stant (Figure 2). The levels of ST6Gal I and 
ST3Gal IV mRNAs were the same in both clones, 
but UDP-GlcNAc2-epimerase mRNA was detected 
in the highly sialylated 3G3 clone and not in the 
hyposialylated 3D2 clone. These data suggest that 
hyposialylation in the 3D2 clone is due to a loss of 
UDP-GlcNAc2-epimerase mRNA expression.

In the invasion assay, the 3G3 clone was more 
invasive in Matrigel than the 3D2 clone. Matrigel 
is composed of laminin, collagen type IV, entactin 
and heparan-sulfate proteoglycans44). The highly 
invasive properties of the 3G3 clone in Matrigel may 
be attributable to its reduction in adhesion to colla-
gen type IV. Sialylation of the cell surface is closely 
correlated with the highly metastatic phenotype of 
human Burkitt’s lymphoma cell line HBL-8 in ani-
mal models5). We speculate that cell surface 
sialylation may reduce the attachment of lymphoma 
cells to collagen type IV, leading to more invasion 
into the basement membrane and the capacity to 
invade Matrigel. This increased capability for inva-
sion may facilitate the release of lymphoma cells 
from the primary site into the blood stream through 
the basement membrane in vivo.

In summary, we examined the significance of 
sialylation in lymphoma cell adhesion and invasion 
by using human Burkitt’s lymphoma cell lines. The 
expression of sialoglycoconjugates and the content 
of cell surface sialic acid, which modulate the adhe-
sive properties of Burkitt’s lymphoma cells to ECM, 
appeared to be regulated by UDP-GlcNAc2-

epimerase at the transcriptional level.

Sialylation in Fas-induced apoptosis

Programmed cell death (apoptosis) has become 
a critical topic in tumor cell biology. Both Keppler 
and Peter et al. reported that differential sialylation 
of cell surface glycoconjugates in a human B-cell 
lymphoma cell line regulates susceptibility to Fas-
mediated apoptosis11,12). These data suggest that 
sialic acid is a key regulator that induces apoptosis 
of tumor cells. But, the detailed mechanisms of 
intracytoplasmic signal transduction by desialylation 
in Fas-induced apoptosis are unclear. We demon-

Glycoconjugate 
Sialylated 
Glycoconjugate 

Sialyltransferase 

CMP-NeuAc 

ManNAc 

 

UDP-GlcNAc 

 

Man 

GlcNAc 

UDP-GlcNAc2-epimerase 

Negative 
feedback 

Glc 

Biosynthetic pathway of sialic acid  

Figure 2 

Fig. 2.  Schematic representation of the sialic acid bio-
synthetic pathway. UDP-GlcNAc2-epimerase 
catalyzes the rate-limiting step in the biosynthesis 
of sialic acid. The activity of UDP-GlcNAc2-

epimerase is negatively regulated by CMP-Neu-
NAc. Abbreviations : NeuAc (N-acetyl neur-
aminic acid), CMP-NeuAc (cytidine mono phosphate-

N-acetyl neuraminic acid), ManNAc (N-acetyl-D-

mannosamine), UDP-GlcNAc (uridine diphosphate- 
N-acetyl-D-glucosamine), GlcNAc (N-acetyl-D-

glucosamine), Glc (D-glucose), Man (D-mannose).
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strated that apoptosis of Jurkat T cells induced by 
incubation with anti-Fas monoclonal antibody CH11 
was enhanced by pre-treatment with neuraminidase, 
which cleaves cell surface sialic acid13). The 
enhancement of Fas-induced apoptosis by pre-treat-
ment with neuraminidase was inhibited by z-VAD-

fmk, a broad caspase inhibitor, and Ac-LEHD-CHO, 
an inhibitor of caspase-9, but not by Ac-IETD-CHO, 
an inhibitor of caspase-8 and -6, imipramine, an 
inhibitor of acidic sphingomyelinase, glutathione, an 
inhibitor of neutral sphingomyelinase, or Fumonisin 
B1, an inhibitor of ceramide synthase. The loss of 
mitochondrial membrane potentials (Δψm) involved 
in Fas-induced apoptosis was enhanced by pre-

treatment with neuraminidase. Furthermore, from 
the western blot analysis, pre-treatment with neur-
aminidase resulted in a reduction of the molecular 
weight of Fas of about 8 kDa. These data suggest 
that the enhancement of Fas-induced apoptosis by 
pre-treatment with neuraminidase was mediated by 
a caspase-9-dependent pathway closely associated 
with the loss of Δψm, not by activation of caspase-8 
or -6, acidic and neutral sphingomyelinases, or 
ceramide synthase. It is possible that sialic acid 
linked to glycoconjugates of Fas may regulate Fas-
induced apoptosis in human T-cell lym-
phoma. Sialic acids on the cell surface, especially 
those linked to glycoconjugates of Fas, appeared to 
be inhibitory for Fas-induced apoptosis of Jurkat 
cells.

Fas is expressed on the cell surface as a trimer, 
and its monomer has two or three N-glycosylation 
sites45,46), and those N-glycans are sialylated11,12).  
Western blot analysis indicated that pre-treatment 
with neuraminidase resulted in a reduction in the 
molecular weight of Fas of about 8 kDa13). There-
fore, sialic acids of Fas are removed after neuramini-
dase treatment, and those alterations in the 
sialylation of Fas glycans resulted in the modulation 
of signal transduction mediated by Fas in Fas-
induced apoptosis.

Fas-induced apoptosis is classified into two 
types. Type II apoptosis is mediated by the activa-
tion of caspase-9 and the loss of Δψm47,48) and is 
characterized by weak caspase-8 activation at the 
death-inducing signaling complex. Our study dem-
onstrated that the enhancement of Fas-induced 
apoptosis by removal of sialic acids from Fas is 
closely associated with the activation of caspase-9 
and loss of Δψm, but not with the activation of cas-
pase-8 or -6. These data suggest that the cas-
pase-9 and mitochondrial-dependent pathway is 
mainly involved in Fas-induced apoptosis in Jurkat 

cells and that the alteration in sialylation of Fas 
affects only the caspase-9 and mitochondrial-depen-
dent pathway (type II apoptosis) (Figure 3).

Ceramide is reported to play a role in apoptotic 
signals initiated through the Fas system in various 
types of cells, but the role of ceramide in Fas-
induced apoptosis is controversial49-52). Our study 
showed no inhibitory effects of glutathione, imipra-
mine and Fumonisin B1 on Fas-induced apoptosis of 
Jurkat cells. Thus, the data indicate that the pro-
duction of ceramide by neutral or acidic sphingomy-
elinases or ceramide synthase is not involved in 
Fas-induced apoptosis of Jurkat cells and the 
enhance ment of Fas-induced apoptosis by treatment 
with neuraminidase. In summary, Fas-induced 
apoptosis appeared to be regulated by sialic acid in 
the Fas molecule. Cell surface sialylation or sialic 
acid on Fas can protect lymphoma cells from Fas-
induced apoptosis. Oversialylation of tumor cells 
can protect tumor cells from various stimuli10), and it 
may result in protection of lymphoma cells from 
Fas-induced apoptosis. This mechanism may pro-
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Fig. 3.  Schematic representation of the regulation of 
Fas-induced apoptosis by sialylation in Jurkat 
cells. Loss of sialic acid from Fas molecule 
enhances Fas-induced apoptosis through type II 
apoptotic pathway. DD : death domain ; DED : 
death effecter domain ; FADD : Fas associated 
death domain.
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vide a new insight that high levels of sialylation can 
inhibit Fas-induced apoptosis in human malignant 
lymphoma.

Galectin-1-induced cell death

CD45 is a heavily glycosylated protein having 
many L-PHA reactive oligosaccharides that react 
with L-PHA lectin, leading to the blastic transforma-
tion of T lymphocytes53). Not only N-glycans but 
also O-glycans on CD45 are ligands for galec-
tin-154,55). Galectin-1 induces apoptosis of T lym-
phocytes through the inactivation of CD45 protein 
tyrosine phosphatase (PTP), and alteration in glyco-
sylation of CD45 affects galectin-1-mediated apop-
tosis and induces growth inhibition of Burkitt’s lym-
phoma cell lines29). In our preliminary experi ments, 
galectin-1 induced reduction of CD45 PTP activity 
in a human anaplastic large cell lymphoma cell line, 
H-ALCL, which was established in our laboratory 
(unpublished data). This result suggested that 
galectin-1 may interact with CD45 and inhibit CD45 
PTP activity, resulting in the induction of cell death ; 
thus, the galectin-1 and CD45 PTP system may be a 
mechanism for the induction of cell death in human 
lymphoma cells. To clarify the functions of N- and 
O-glycans in DLBCL, we analyzed the regulatory 
roles of N- and O-glycans in galectin-1-induced cell 
death in a DLBCL cell line, HBL-2 ; the alteration 
of N- and O-glycans on CD45 was analyzed by 
Western blot55). Galectin-1 induced cell death of 
HBL-2 in vitro. Swainsonine (SW) is a potent 
inhibitor of α-mannosidase II which catalyzes the 
synthesis of complex type N-linked oligosaccha-
rides, and benzyl-GalNAc (BZGalNAc) is a potent 
inhibitor of O-glycosylation. Treatment with SW or 
BZGalNAc prevented cell death of HBL-2 cells by 
galectin-1. Western blot analysis revealed that SW 
treatment reduced the molecular weight by about 5 
kDa of one isoform at 190 kDa among three iso-
forms of CD45. BZGalNAc treatment reduced the 
molecular weight of another isoform by about 15 
kDa. These data suggest that the amount of CD45 
N-glycans or O-glycans was reduced by SW and 
BZGalNAc treatment, respectively, and that the 
reduction of CD45 N-glycans or O-glycans may pre-
vent the interaction between CD45 and galectin-1 in 
DLBCL cells.

L-PHA-reactive oligosaccharides synthesized 
by GnT-V regulate T-cell activation via T-cell 
receptor signaling in the immune response through 
the interaction between a galactose-specific lectin, 
galectin-3, and N-glycans of the T-cell receptor30).  
In addition, inhibition of cell surface N-glycosylation 

in α-mannosidase II gene knockout mice is closely 
associated with autoimmune disease56). We reported 
previously that the expression patterns of N-glycans 
synthesized by GnT-V correlated with the clinical 
outcome of human DLBCL7). These data suggest 
that N-glycans are closely associated with regulation 
of T lymphocyte activation in the immune reaction 
and the behavior of DLBCL. We demonstrated that 
SW treatment prevented the death of HBL-2 cells 
by galectin-1 and reduced the molecular weight of 
CD45. These data suggest that galectin-1 induces 
cell death of HBL-2 cells through its interaction 
with cell surface N-glycans. Furthermore, galec-
tin-1 reacts with the terminal lactosamine struc-
tures of N-glycans or O-glycans of CD45, leading to 
cell death in hematological malignancy29). Thus, 
N-glycans on the surface of HBL-2 cells appear to 
be essential for galectin-1-induced cell death, and it 
is possible that galectin-1 induces cell death of 
HBL-2 cells through its interaction with CD45 N- 
glycans. In addition to N-glycans, O-glycans also 
play a significant role in galectin-1-mediated cell 
death25). BZGalNAc is a potent inhibitor of the 
O-glycosylation pathway and can modulate the func-
tions of O-glycosylated mucin in colonic carcinoma 
cells57,58). BZGalNAc treatment reduced the molec-
ular weight of CD45 and prevented the cell death of 
HBL-2 cells by galectin-1. These data suggest 
that CD45 contains O-glycans and that cell death of 
HBL-2 cells by galectin-1 may be mediated by 
CD45 O-glycans.

We reported previously that DLBCL cases 
without non-sialylated L-PHA-reactive oligosaccha-
rides had a worse prognosis than those with non-

sialylated L-PHA-reactive oligosaccharides6,7). It is 
speculated that the loss of L-PHA-reactive oligosac-
charides may prevent galectin-1-mediated cell death 
of lymphoma cells, leading to more aggressive 
behavior of DLBCL as shown in Figure 4. This 
proposed mechanism may imply different biological 
behaviors of lymphoma cells between the cases with 
and without N-glycans in DLBCL.

Galectin-1-mediated cell adhesion

The biological role of sialic acid in galectin-

1-mediated cell adhesion still remains unclear. We 
analyzed the regulatory roles of cell surface sialyla-
tion in cell adhesion to galectin-1 in the DLBCL cell 
line HBL-2, and the Burkitt’s lymphoma cell line 
HBL-840). Vibrio cholerae neuraminidase treat-
ment enhanced HBL-2 cell adhesion to galectin-1, 
suggesting that sialic acid inhibits HBL-2 cell adhe-
sion to galectin-1. The data from employing two 
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different neuraminidases, Vibrio cholerae and 
Newcastle disease virus neuraminidase, showed 
that α2,6-linked sialic acid plays an important role in 
the inhibition of HBL-2 cell adhesion to galectin- 
1. In addition, neuraminidase treatment enhanced 
the cell adhesion to galectin-1 much more with the 
highly sialylated HBL-8 3G3 clone than that with 
the hyposialylated HBL-8 3D2 clone. Flow cyto-
metric analysis revealed the expression of partially 
sialylated L-PHA-reactive oligosaccharides on the 
surfaces of HBL-2 cells. SW treatment decreases 
cell surface sialic acid in HBL-2 on flow cytometric 
analysis. SW treatment also enhanced HBL-2 cell 
adhesion to galectin-1. These data indicate that 
SW treatment decreased sialylated L-PHA-reactive 
oligosaccharides, resulting in cell surface desi-
alylation and leading to enhancement of cell adhe-
sion to galectin-1. Therefore, alteration of cell sur-
face sialylation or N-glycan expression regulates cell 
adhesion to galectin-1 in human malignant lym-
phoma.

Among the various galectins, galectin-1 acts as 
an ECM protein31). For instance, human ovarian 
cancer cells can adhere to galaptin (synonym to 
galectin-1) through interactions with cell surface 
lactosamine structures, and cell surface sialylation 
inhibits the interaction between cell surface lactos-
amine and galaptin32). We demonstrated that cell 
surface sialylation of HBL-2 cells inhibited their 
adhesion to galectin-1 and that galectin-1 induced 
the death of HBL-2 cells. Therefore, in human 
B-cell lymphoma, sialylation of cell surface oligosac-
charides appears to inhibit cell adhesion to galec-
tin-1 and protect lymphoma cells from galectin-1-in-
duced cell death. The number of adherent cells to 

galectin-1 increased dramatically with Vibrio chol-
erae neuraminidase treatment but not with New-
castle disease virus neuraminidase treatment. These 
data suggest that α2,6-linked sialic acid on the cell 
surface prevents HBL-2 cells from adhesion to 
galectin-1. α2,6-linked sialic acid inhibits galec-
tin-1 binding to T cells27), and galectin-1 binds α2,3-

sialylated and non-sialylated terminal N-acetyl-
lactos amine units, but not α2,6-sialylated ones59).  
These data suggest that the type of sialylation link-
age affects the binding ability of galectin-1 to termi-
nal residues of oligosaccharides. Furthermore, we 
reported previously that α2,6-linked sialylation of 
terminal residues of L-PHA-reactive oligosaccha-
rides was closely associated with a worse prognosis 
for patients with DLBCL7). Taken together, it 
appears that the modulation of cell adhesion to 
galectin-1 by cell surface α2,6-linked sialylation may 
affect the malignant behavior of human DLBCL.  
There is a possibility that modulation in cell adhe-
sion to galectin-1 by α2,6-linked sialylation of cell 
surface glycans may be associated with altered 
malignant behaviors, such as metastasis or inva-
sion. In the other aspects cell surface sialylation 
can inhibit cell death induced by galectin-1 on cell 
adhesion to galectin-1 leading to cell survival or 
more aggressive behaviors of the highly sialylated 
cases in DLBCL. In our preliminary data, neur-
aminidase treatment or SW treatment dramatically 
enhanced cell adhesion to galectin-1 in the H-ALCL 
cell line (unpublished data). In conclusion, the reg-
ulatory roles of galectin-1-induced cell adhesion by 
cell surface sialylation may explain why the cases 
with sialylated N-glycans showed a more advanced 
clinical stage than the cases with non-sialylated 
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Cell death (+) 
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Inhibition of                       
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Fig. 4.  Schematic representation of the regulatory roles of N-glycosylation in the growth of lymphoma cells through 
the interaction between CD45 N-glycans and galectin-1. Loss of N-glycans in cell surface prevents galectin-

1-induced cell death.
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N-glycans in DLBCL6).

Galectin-3-induced cell death

Galectin-3 is a novel anti-apoptotic molecule 
containing a functional bcl-2 family BH1 (NWGR) 
domain60) that protects cells from apoptosis by inhib-
iting cytochrome c release from mitochondria61).  
Galectin-3 is extensively expressed in DLBCL, but 
not in other B cell lymphoma cell lines62). Intra-
cyto plasmic galectin-3 expression can inhibit Fas-
induced apoptosis63). When added to the exterior of 
cells, galectin-3 induces apoptosis by interacting 
with terminal galactose residues on cell surface gly-
cans63). We showed that exogenous galectin-3 
induces the death of HBL-2 human DLBCL cells41).  
Annexin V assays and morphological evaluation 
revealed that extracellular galectin-3 causes cell 
death by inducing apoptosis. Galectin-3 interacts 
with LAMPs or with the glycans of CD4564,65).

We showed that SW treatment inhibits galectin-

3-induced apoptosis in HBL-2 cells41). The data 
suggest that N-linked oligosaccharides, such as 
L-PHA-reactive oligosaccharides, are responsible 
for the induction of lymphoma cell apoptosis by 
galectin-3. Therefore, loss of N-linked oligosac-
charides may inhibit galectin-3-induced apoptosis, 
leading to more aggressive behavior in DLBCL. In 
addition, neuraminidase treatment enhanced galec-
tin-3-induced apoptosis in HBL-2 cells. These 
results suggest that cell surface sialylation can pro-
tect lymphoma cells from galectin-3-induced apop-
tosis. We revealed that galectin-3 was expressed 
in macrophages in tissue sections of human lympho-
mas by performing a immunohistochemical study 
(data not shown). Therefore, galectin-3 may be 
produced by macrophages, and soluble galectin-3 
may react to cell surface glycans on lymphoma cells 
in a paracrine manner. In our reports, sialylation of 
L-PHA-reactive oligosaccharides has been closely 
associated with a worse prognosis of patients with 
DLBCL6,7). Taken together, these findings suggest 
that protection of lymphoma cells from galectin-

3-induced apoptosis by cell surface sialylation 
results in more aggressive behavior, at least in part, 
by enhancing tumor cell survival.

Galectin-3-mediated cell adhesion is closely 
associated with lung metastasis of melanoma cells in 
an experimental animal model, and interaction 
between poly N-acetyllactosamine structures and 
galectin-3 is needed for melanoma cell metastasis66).  
These data suggest that galectin-3 can play a signifi-
cant role in cell adhesion as well as in induction of 
apoptosis, and galectin-3-mediated cell adhesion 

may alter the distant metastatic capacity of tumor 
cells. In future investigations, the biological roles 
of galectin-3 as ECM in human lymphoma cell adhe-
sion must be clarified.

In conclusion, our results show that cell surface 
N-glycans and sialylation play important roles in 
galectin-3-induced apoptosis. The regulatory 
mechanisms mediating galectin-3-induced apoptosis 
by cell surface N-glycans and sialylation may pro-
vide a new scientific foundation in tumor cell biology 
of human malignant lymphoma and may imply that 
differences in the cell surface glycosylation pattern 
are associated with different biological behaviors 
among human malignant lymphoma cases.

Sialylation and cell death

Stress signals induce ceramide (Cer) through 
sphingomyelinase (SMase) activation, and metabo-
lites of Cer such as sphingosine (Sph) and sphingo-
sine-1-phosphate (S-1-P) play a significant role in 
many biological processes. Our previous study 
aims to elucidate the association between alteration 
in cell surface sialylation and Cer-induced cell death 
in the human Burkitt lymphoma cell line, HBL-

8. The highly sialylated 3G3 clone was less sensi-
tive to C6-Cer-induced cell death. On the other 
hand, the hyposialylated 3D2 clone was more sensi-
tive to C6-Cer-induced cell death. Neuraminidase 
treatment or knockdown by siRNA of UDP-

GlcNAc2-epimerase enhanced the amount of cell 
death induced by C6-Cer in the highly sialylated 
3G3 clone. Sialic acid metabolic complementation 
assays using several precursors of sialic acid showed 
that cell surface resialylation by ManNAc inhibited 
C6-Cer-induced cell death in the hyposialylated 3D2 
clone. In addition, clone 3G3 was less sensitive to 
Sph than the 3D2 clone. In conclusion, in human 
malignant lymphoma, Cer and its metabolites-
induced cell death is regulated by the amount of 
sialic acid on the cell surface, which in turn is regu-
lated by mRNA expression of UDP-GlcNAc2-

epimerase67).
Goni et al. recently reported that Cer and sphin-

golipids modified the physical properties of the cell 
membrane68), and Montes et al. reported that Cer 
induced an increased efflux or permeability in cell 
membranes69). LDH release assay revealed that 
Cer can induce the membrane permeability and 
neuraminidase pre-treatment enhanced LDH 
release in HBL-8 3G3 clone. Therefore, the evi-
dence suggests that Cer induces the enhancement 
of membrane permeability death and cell membrane 
permeability induced by Cer is regulated by cell sur-



BIOLOGICAL SIGNIFICANCE OF GLYCOSYLATION IN HUMAN MALIGNANT LYMPHOMA 9

face sialylation. Neuraminidase treatment enhanced 
cell death induced by C6-Cer in the highly sialylated 
3G3 clone. Furthermore, the sialic acid comple-
mentation assay using ManNAc in the hyposialylated 
3D2 clone showed that cell surface resialylation by 
ManNAc complementation inhibited cell death induced 
by Cer. These data suggest that cell surface sialic 
acid can protect lymphoma cells from Cer-induced 
cell death. A highly sialylated 3G3 clone was more 
metastatic than a hyposialylated 3D2 clone in the 
metastatic SCID mouse model of human lymphoma 
cell lines5). Lymphoma cells may be exposed to a 
stressful environment in the blood stream or in dis-
tant target organs upon metastasis, and various 
stresses induce Cer or sphingolipid, which is pro-
duced by the sphingomyelin pathway in vivo. In 
addition, the inhibition of cell death is reported to be 
a crucial characteristic of metastatic cancer cells70).  
Therefore, increased cell surface sialylation may 
reduce susceptibility of the 3G3 clone cells to Cer-
induced cell death through the masking effects of 
lymphoma cells by sialic acids, leading to increased 
cell survival (Figure 5). Protection of lymphoma 
cells from stress-induced cell death by sialic acid 
masking may lead to the aggressive behaviors of 
lymphoma cells, such as metastasis. mRNA expres-
sion of UDP-GlcNAc2-epimerase correlates with 
the sialic acid content among two clones of HBL-8, 
3G3 and 3D216), and in our experiments, the knock-
down by siRNA for UDP-GlcNAc2-epimerase for 
the highly sialylated 3G3 clone decreased cell sur-
face sialylation and also enhanced C6-Cer-induced 
cell death. These data suggest that cell surface 
sialylation by expression of UDP-GlcNAc2-epime-
rase is closely associated with the inhibition of Cer-
induced cell death and that lymphoma cells may 

escape from stress-induced cell death through cell 
surface sialylation regulated by UDP-GlcNAc2-

epimerase, leading to an increase of metastatic colo-
nization of distant organs. Meta stasis-related clonal 
selection by stress-mediated cell death may be 
decided by cell-surface sialylation.

In conclusion, cell death induced by Cer and its 
metabolites in a human Burkitt lymphoma cell line 
appears to be influenced by cell surface sialylation.  
Lymphoma cells can escape from many stressful 
conditions in vivo through cell surface masking and 
protection of lymphoma cells by sialylation, which is 
regulated by UDP-GlcNAc2-epimerase. Cell sur-
vival from stressful conditions by cell surface 
sialylation may be closely associated with prolonged 
cell survival of lymphoma cells leading to metastatic 
colonization at distant target organs. Those sur-
vival mechanisms due to protection of lymphoma 
cells by oversialylation explain the more malignant 
behaviors, such as high frequency in metasta-
sis. This mechanistic model may provide a new 
scientific foundation in tumor cell biology of human 
malignant lymphoma.

Galectins in Hodgkin and anaplastic large cell lym-
phoma

Hodgkin lymphoma is classified into two catego-
ries, classical Hodgkin lymphoma (cHL) and nodular 
lymphocyte predominant Hodgkin lymphoma 
(NLPHL)71). Galectin-1 is a useful marker for dif-
ferentiation between cHL and NLPHL72). Galectin- 
1 is induced by AP1-dependent transcriptional 
mecha nisms. Galectin-1 is expressed by R-S cells 
and not expressed in DLBCL73). Galectin-3 pro-
tects cells from apoptosis through interactions with 
bcl-2 by blocking alterations in mitochondrial mem-

Highly 
sialylated 

Epimerase (+) 

Experimental cell death 

sialylation 

death survival death survival 

Hypo- 
sialylated 

Epimerase(-)  

Figure 5 

Fig. 5.  A schematic representation of the regulatory mechanism of cell surface sialylation in ceramide-induced cell 
death.
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brane potentials. Galectin-3 is expressed in 
DLBCL, but not in Burkitt lymphoma74). Galectin- 
3 is a useful marker for differentiation between ana-
plastic large cell lymphoma (ALCL) and HL75). The 
biological functions of galectins, which are released 
by Hodgkin lymphoma cells, still remain unclear.  
Galectins are produced by macrophages or R-S cells, 
and there is a possibility that those galectins may 
induce apoptosis of R-S cells. Our recent tissue 
microarray analysis showed that all of the HL cases 
are galectin-3 negative and almost all the ALCL 
cases are galectin-3 positive76). Galectin-1 can 
induce apoptosis of HL cell lines and ALCL cell 
lines heterogeneously. The knockdown of galec-
tin-3 by siRNA resulted in no alteration in galectin-

1-induced apoptosis of Karpas 299 cells suggesting 
that galectin-3 does not contribute to galectin-1-in-
duced apoptosis of lymphoma cells in ALCL. On 
the other hand, when we transfected galectin-3 
cDNA plasmid into human embryonic kidney 293 
(HEK293) cells, marked aggregation of the HEK293 
cells occurred76). The data suggested that galec-
tin-3 plays an important role in cell-to-cell interac-
tions. Furthermore, the epithelial membrane pro-
tein (EMA), which is one of the galectin-3 ligands, 
was expressed in many ALCL cell lines including 
the Karpas 299 cell line (in our preliminary data) and 
in some cases of ALCL77). Taken together with 
these data there is a possibility that galectin-3 may 
act as a cell adhesion molecule in the interactions 
between galectin-3 and EMA. In future studies, 
we need to analyze the function of galectin-3 in rela-
tion to cell-to-cell interactions in human lymphoma 
cells.

Furthermore, CD30 stimulation by CD30L or 
Ki-1 monoclonal antibody (mAb) dramatically 
enhances galectin-1-induced apoptosis in Karpas 
299 cells. There is a possibility that an alternative 
signaling pathway by CD30 stimulation may be 
involved in galectin-1 induced apoptosis, although 
both anti-apoptotic roles and induction of cell death 
by CD30 stimulation were reported previously78).  
In ALCL there is cross talk between galectin-1-in-
duced apoptosis and CD30 stimulation, and these 
biological phenomena may be associated with tumor 
cell behaviors in ALCL. The recent clinical trials 
using mAb for CD30 showed that stimulation of 
CD30 can induce anti-tumor effects in ALCL79).  
The CD30 stimulation in combination with galec-
tin-1 treatment may be more effective to lymphoma 
cells in ALCL.

PERSPECTIVES

There are many variations in biological func-
tions of glycosylation in human malignant lym-
phoma. From our studies, many biological func-
tions of glycosylation (metastasis in animal models, 
cell adhesion, invasion, cell growth, apoptosis and 
cell death) have been documented in human lym-
phoma. However, the biological functions of glyco-
sylation have not yet been fully elucidated in 
Hodgkin lymphoma, B-cell lymphomas other than 
DLBCL, T-cell lymphoma or NK-cell lymphoma.  
Many aspects of glycosylation in these human lym-
phoma histological types still remain to be eluci-
dated. In future investigations, we will clarify the 
biological functions of glycosylation in these histo-
logical subtypes.

In vitro biological assays revealed that the bio-
logical phenomena in lymphoma cell biology 
appeared to be strictly regulated by cell-surface gly-
cosylation or sialylation. Cell surface glycans and 
sialic acids are not merely tumor markers ; rather, 
they are significant functional molecules in tumor 
cell biological phenomena. The masking effects of 
sialic acid on the cell surface or protection of lym-
phoma cells by cell surface sialylation is closely 
associated with malignant behaviors of lymphoma 
cells, and loss of N-glycosylation resulted in the pro-
tection of lymphoma cells from galectin-glycan-

mediated cell death and is closely associated with 
aggressiveness of lymphoma cells, which is corre-
lated to the patients’ clinical outcome. Taken 
together, our broad research data shows that 
sialylation and glycosylation appear to have many 
universal roles in tumor cell biology of human malig-
nant lymphoma. We hope that the current studies 
in this field provide new scientific foundations in the 
tumor biology of human malignant lymphoma and 
may be useful in the development of new therapeu-
tic strategies.
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