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Summary. The discovery that certain cytokines have 
carbohydrate-binding (lectin) properties opens new 
concepts in the understanding of their mechanism of 
action. The carbohydrate-recognition domain, which is 
localized opposite to the receptor-binding domain, 
makes these molecules bi-functional. The expression of 
the biological activity of the cytokine relies on its 
carbohydrate-binding activity which allows the 
association of the cytokine receptor with molecular 
complexes comprising the specific kinase involved in 
receptor phosphorylation and in specif ic  signal 
transduction. It is expected that blood accumulation of 
free or membrane-bound glycan ligands of cytokines 
may dramatically perturb their endogenous function 
inducing specific immunodeficiencies. 
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Introduction 

There is increasing evidence that carbohydrate- 
binding proteins (lectins) are widespread in mammals, 
and especially in cells of the immune system. More than 
ten calcium-dependent lect ins  (C-type lectins; 
Drickamer, 1988) have been identified each endowed 
with a different carbohydrate-binding specificity. For 
example, L-selectin (Bevilacqua et al., 1989; Springer, 
1991; Foxall et al., 1992; Lasky, 1992; Bevilacqua and 
Nelson, 1993) recognizes the 6'-sulphated sialyl-Lewisx 
epitope. CD69, which represents the first member of a 
family of related lectins of the surface of natural killer 
cells (Lanier et al., 1994; Bezouska et al., 1995) is 
specific for  galactose. Likewise, the calcium- 
independent lectins comprise the lactose-binding 
galectins (Barondes et al., 1994). the NeuNAcu2-6 
binding lectin CD22 (Powell and Varki, 1994; Powell et 
al., 1995), the NeuNAca2-3 binding sialoadhesin (Kelm 
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et al., 1994; Nath et al., 1995) and CSL, which is 
specific for oligomannosidic N-glycans with 6 mannose 
residues (Zanetta et al., 1987). The MR60-ERGIC-53 
mannose-binding lectin (Fiedler and Simons, 1994; Arar 
et al., 1995) is related to plant lectins. Besides these 
molecules involved either in homotypic or heterotypic 
cell adhesion, or in intracellular traffic of glyco- 
conjugates, those which are polyvalent (having two 
carbohydrate-recognition domains (CRD) or organized 
as oligomers) may have clustering effects on their 
ligands. This may represent the endogenous mechanism 
mimicked by specific polyvalent antibodies or plant 
lectins (Feizi and Childs, 1987). For example, the lectin 
CSL, which is rapidly over-expressed and externalized 
after stimulation of human cells with phorbol esters and 
which binds to its surface ligands (including the 
glycosylated forms of CD3 on T cells and CD24 on 
B cells) is responsible for  the major tyrosine- 
phosphorylation changes occurring in the early stages of 
cell activation (Zanetta et al., 1995). 

Such a role of soluble extracellular lectins in signal 
transduction raises the question of how small soluble 
proteins, through their binding to a specific receptor, 
may generate specific intracellular signals. It has been 
frequently observed that when a cytokine binds to 
its receptor, the intracytoplasmic receptor domain 
becomes phosphorylated. This phosphorylation could 
not be explained simply by the putative oligo- 
merization of the cytokine (often dimeric in crystals) 
since these intracytoplasmic domains are frequently 
devoid of kinase activities. Indeed, the intracellular 
phosphorylation is due to a kinase which is associated 
with another surface receptor complex.  When 
phosphorylation studies are performed on an intact cell, 
the cytokine-specific receptor is always phosphorylated 
by a unique kinase which suggests that, rather than 
unspecific conformational changes of the intracyto- 
plasmic receptor domain upon cytokine binding, the 
cytokine itself would be responsible for the specific 
extracellular association of its receptor to another 
surface complex. This  review will document the 
hypothesis that such a cytokine-dependent association of 
surface receptor complexes may be linked to the 



Lectin activities of cytokines 

presence of a carbohydrate-recognition domain in 
cytokines. Pathological implications are also discussed 
focused on the lectin activity of IL-2. 

Putative lectin activities of cytokines and growth 
factors 

Site-directed mutagenesis experiments and the 
action of domain-specific antibodies sustain the evidence 
that cytokines and growth factors contain two different 
domains. The first is defined as the receptor-binding 
domain, a complex site which often includes the N- and 
C-terminal sequences. A specific loop which interacts 
with the receptor is generally stabilized by disulphide 
bridges or l3-strand interactions. However, these 
molecules possess another undefined domain, not 
implied in receptor binding, but necessary for the 
expression of the biological activity of the cytokine. 
Subtle changes in this second domain do not modify the 
conformation of the receptor-binding domain, but 
suppress the biological activity. In the three-dimensional 
structure of cytokines, this second domain is localized at 
opposite to the receptor-binding site (Wells et al., 1994). 

The nature of this second domain involved in 
cytokine activity, but not in its binding to the receptor, 
remained unknown until recently, although lectin-like 
activities have been previously described for several 
cytokines like I L - l a  and IL-lB, T N F a  and TNFl3 
(Sherblom et al., 1988), a series of molecules presenting 
three-dimensional homologies with heparin-binding 
growth factors. Likewise, interleukin-2 (IL-2) was 
described as a lectin specific for oligomannosidic N- 
glycans with 5 and 6 mannose residues, suggesting that 
IL-2 recognized an unsubstituted Manal -6(Manal -  
3)Man structure (Sherblom et al., 1989). Unfortunately, 
this work was not further developed, probably because 
the homology of IL-2 with C-type lectins suggested by 
the authors was not convincing. Although the 
trypanolytic activity of TNFl3 has been determined as 
dependent on its lectin activity (Lucas et al., 1994), the 
roles in signalling of the lectin activities of cytokines 
have not been analyzed. 

Biological function of the lectin domain of IL-2 

A recent report concerns the biological function of 
the lectin activity of IL-2 (Zanetta et al., 1996). IL-2 is a 
15 kDa molecule, produced essentially by activated 
CD4+ T cells, which can stimulate the proliferation of T 
cells, induce the NK activity of CD8+ cells and the 
activation of B cells (and other leukocytes having IL-2 
receptors at their surface). Three IL-2 receptors (IL-2R) 
have been identified (a,  l3, gamma), only the IL-2RB is 
constitutively expressed on resting cells (Zola et al., 
1991), receiving first the IL-2 signal. Studies on the 
signal transduction pathway resulting from IL-2 binding 
(see for review Waldmann, 1991;  Taniguchi and 
Minami, 1993) showed that, although IL-2RB has no 
kinase activities, its intracytoplasmic domain is tyrosine- 

phosphorylated upon IL-2 binding (Farrar et al., 1990) 
by the p561ck kinase (Hatakeyama et al., 1991; Shibuya 
et al. ,  1994).  A s  this kinase is  considered to be 
associated with the CD3/TCR complex, it is suggested 
that when IL-2 binds to its receptor, IL-2Rl3 and the 
CD3lTCR complex become associated. After tyrosine 
phosphorylation, p561ck binds through an SH2 domain 
specific of the src family kinases to a short sequence of 
the IL-2RB receptor containing the phosphotyrosine 
residue and remains firmly attached to the IL-2Rl3. 

The  common hypothesis to account for the 
interaction between p561ck and the IL-2RB receptor is 
that IL-2 binding initiates a conformational change of 
the intracytoplasmic domain of IL-2Rl3, providing a site 
for tyrosine phosphorylation. However, this could 
neither explain why only p561ck recognizes the 
intracytoplasmic domain of IL-2RB when experiments 
are performed on an intact cell nor the data acquired by 
site-directed mutagenesis of IL-2. Indeed, it was 
demonstrated (Cohen et al., 1986; Ju et al., 1987) that 
IL-2 needs two domains for expressing its full biological 
activity: one is involved in the binding to its receptors, 
and the other, opposite to the receptor-binding site on 
crystallized IL-2, is necessary for the expression of the 
biological activity. Furthermore, using domain-specific 
antibodies reinforced the concept of two domains, 
suggesting that in vivo, IL-2 behaves as a bi-functional 
molecule. However, the nature of the second site, 
indispensable for the biological activity remained 
uncertain. 

Several years ago, IL-2 was reported to be a lectin 
binding to oligomannosidic N-glycans with 5 and 6 
mannose residues but not to olgomannosidic N-glycans 
with 9 mannose residues (Fig. 1) in the absence of 
calcium at neutral pH (Sherblom et al., 1989). Since the 
loss of lectin activity at acidic pH was partially restored 
in the presence of calcium ions, the authors suggested 
that IL-2 was a calcium-dependent lectin. This view was 
not supported by sequence comparisons with the well- 
defined C-type mammalian lectins identified by 
Drickamer (1988). We recently suggested (Zanetta et al., 
1995) that in the early stages of lymphocyte activation, 
CD3/TCR complexes could be clustered by a polyvalent 
endogenous lectin, CSL (Zanetta et al., 1987), because 
the CD3/TCR complex bears N-glycans recognized by 
this lectin. In fact,  CSL, which recognizes the 
Man6GlcNAc2Asn structure (Fig. l), is able to bind the 
N-glycosylated forms of CD3. As  the described 
carbohydrate-binding properties of IL-2 were less tight 
than those described for CSL, it was assumed that the 
lectin IL-2 could also recognize N-glycosylated forms of 
CD3. Following its binding to IL-2Rl3, IL-2 could 
associate this latter with the CD3/TCR complex. Hence, 
the data of Sherblom et al. (1989) were reexamined, 
using a different methodology. It occurs that IL-2 is a 
specific for oligomannosidic N-glycans with 5 and 6 
mannose residues, but not for those with 9 mannose 
residues (Fig. 1) as previously described (Sherblom et 
al., 1989) and is active even in the presence of 5mM 
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EDTA, indicating that IL-2 is a calcium-independent 
lectin (Zanetta et al., 1996). 

Using a complex experimental design, we showed 
that in the presence of IL-2, and under these conditions, 
an anti-TCR antibody CO-immunoprecipitated IL-2RD 
from which IL-2Rl3 is released in a mechanism 
independent of oligomannoside with 9 mannose 
residues, but dependent of oligomannosides with 5 and 6 
mannose residues. Moreover, using an anti-IL-2RB 
antibody, this specifically released IL-2RB co- 
immunoprecipitated with the p561ck kinase, verifying the 
strong association between IL-2Rl3 and p561ck (Zanetta 

A) 
hianal-6, 

Man 
/ 

hianal-3 

Fig. 1. Structure of oligomannosidic N-glycans: A) Manal-G(Mana1- 
3)Man; B) Man5GlcNAc; C) ManGGlcNAc; D) Man5GlcNAc2Asn; 
E) ManGGlcNAc2Asn; F) ManSGlcNAc2Asn. Compounds A)-E) are 
ligands of IL-2. Compound E) is the ligand of CSL present &o fold in the 
gp120 envelope of the HIV-1 virus. Compound F) is not a ligand of IL-2 
and CSL. Compounds A)-C), but  not D)-F),  accumulate in a -  
mannosidosis. Compounds D) and E) are ligands of IL-2 present four 
times in the gp120 HIV-1 envelope glycoprotein. 

et al., 1996). This confirms that the lectin activity of IL- 
2 provokes an extracellular association between IL-2RB 
and glycoprotein constituents of the TCR complex. 
Detection of the putative IL-2 ligands in the TCR 
complex by CSL identifies two glycoprotein subunits 
(Zanetta et al., 1996), one corresponding to a 
glycosylated form of CD3 and the other to  an 
unidentified glycoprotein of 55 kDa. This suggests that 
when IL-2 interacts with its receptor, two molecules of 
IL-2RB become associated with the CD3tTCR complex. 
Furthermore, from the similarities of the carbohydrate- 
binding properties of CSL and IL-2, it might be 
suggested that once bound to its receptor, IL-2 could 
associate IL-2Rl3 to other complexes, different from the 
CD3lTCR complex, containing other ligands of IL-2. 
This possibility was not tested, since only the association 
with the CD3lTCR complex was examined. Never- 
theless, these experiments indicated that in resting cells, 
the super-complex C D ~ / T C R : I L - ~ R ~ ~ / ~ . ~ ~ ~ ~ ~  is not 
associated with other surface complexes in an IL-2- 
dependent mechanism. 

Accordingly, when bound to their receptors,  
cytokines endowed with monovalent lectin activities 
may induce the carbohydrate-dependent surface 
association of different receptor complexes. Because 
they are actually bi-functional,  they are able to 
recognize specific glycans at the cell surface leading to 
specific intracytoplasmic associations. The specific 
phosphorylation of the IL-2Rl3 by the p561ck can be 
explained because of the specific carbohydrate- 
dependent association of IL-2RD with the CD3lTCR. 
Thus, these experiments demonstrate that an extra- 
cellular glycobiological interaction, which occurs in 
vivo, can modify specifically the intracellular 
organization of molecules. 

Other cytokines 

I L - l a  and IL-IB are cytokines produced by 
macrophages, epithelia1 cells and T and B lymphocytes 
which display multiple activities in the immune system. 
Evidence that IL-1 is a lectin was inferred from the 
observation that it interacts with the N-glycans of 
uromodulin (Hession et al., 1987; Muchmore and 
Decker, 1987; Brody and Durum, 1989), in particular 
with polyantennary complex-type N-glycans. 
Interestingly, Martin et al. (1994) demonstrated that IL-1 
induces the CO-precipitation of a protein kinase with the 
type I interleukin-l receptor in T cells, in a mechanism 
similar to that produced by IL-2. Similarly, IL-7 induces 
either the association of p561ck and p59fJ'n with the p90 
IL-7 receptor (Page et al., 1995) or the association of the 
phosphatidylinositol 3-kinase with the a chain of the IL- 
7 receptor (Venkitaraman and Cowling, 1994). This cell 
type-dependent association of the IL-7 receptors with 
different kinases could be explained by the fact that 
glycan ligands of IL-7 are cell type-specific. Although it 
is not clear if IL-7 has a lectin activity, recent data 
showed that this cytokine could interact with 
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glycosaminoglycans (Clarke et al., 1995). Moreover, 
sequence comparisons suggest that IL-7 could be a 
calcium-independent lectin (Zanetta et al., unpublished 
data). A lectin activity has been found in the tumor 
necrosis factors (TNF; Lucas et al., 1994). The first 
evidence that TNFa could have a lectin-like activity was 
obtained from its interaction with uromodulin (Sherblom 
et al., 1988). TNFa and TNFB apparently differ in their 
carbohydrate-binding properties. The TNFD trypanolytic 
activity can be specifically inhibited by di-N-acetyl- 
chitobiose (GlcNAcBl-4GlcNAc) whereas the TNFa 
cytotoxicity appears to be inhibited by polysialylated 
oligosaccharides. In fact,  TNF are members of a 
superfamily of molecules which includes CD701CD27 
ligand and the CD40 ligand (Hintzen et al., 1994; Gruss 
and Dower, 1995). These molecules bind to receptors 
similar to other cytokine receptors which have a short 
intracytoplasmic domain without kinase activity but 
which can be phosphorylated by specific kinases. A 
TNF-dependent association of the TNF receptor with a 
Ser/Thr kinase has been demonstrated in lymphoma cells 
(Darnay et al., 1994). 

Heparin-binding growth factors 

Several growth factors have been isolated using their 
affinity to heparin. Their biological function depends on 
the presence or not of the addition of exogenous heparin. 
The present consensus is that heparin is important for 
cells lacking specific endogenous cell surface heparan 
sulphate proteoglycans, but that a second site of the 
molecule is necessary for its binding to a high affinity 
receptor (Heath et al., 1991; Zhu et al., 1995). The 
fibroblast growth factors, FGFa and FGFB, are the most 
common heparin-binding growth factors. It was initially 
assumed that these factors  bound to the highly 
negatively-charged heparin through cationic domains. 
However, site-directed mutagenesis of these putative 
cationic sites to hydrophilic or acidic amino acids (Presta 
et al., 1992) produce FGF molecules with similar 
affinities for heparin and induce only subtle differences 
in their biological properties (i.e. receptor binding and 
induction of cell  proliferation). The minimal 
carbohydrate moieties of heparin interacting with FGF, 
were defined as [L-IduUraBl-3(or D-GlcUraBl-  
3)GlcN(2-S04)131-412 (Maccarana et al., 1993; Tyre11 et 
al., 1993; Rusnati et al., 1994). This favours a role of a 
CRD rather than of unspecific ionic interactions between 
heparin and FGF, a view which is reinforced by the 
similarities of the three dimensional structure of FGFB, 
TNFa and interleukin 1 suggested to behave as calcium- 
independent lectins. 

Heparin needs repetitive carbohydrate sequences to 
increase the biological activity of FGF, since shorter 
oligomers are inhibitory (Maccarana et al., 1993). This 
suggests that the binding of heparin does not primarily 
induce a conformational change from a poorly active to 
an active form of FGF receptor. Recent data (Pantoliano 
et al., 1994; Spivak-Kroizman et al., 1994) have resolved 

this critical problem. The binding of FGF to specific 
repetitive domains of heparin initiates a clustering of 
FGF molecules which, consequently, induces an 
oligomerization of FGF receptor molecules. This results 
in the trans-phosphorylations of the FGF receptor 
complexes and therefore the generation of an intra- 
cellular signal. The possibility that heparin also binds to 
the FGF receptor is still being discussed. But convincing 
evidence has been provided that the binding of FGF to 
its receptors is not primarily dependent on the presence 
of heparin (Roghani et al., 1994). 

The question why FGF needs heparin to induce the 
proliferation of some cells and does not need heparin for 
others may find an answer considering the previous 
mechanism. When cells do not have an endogenous 
surface proteoglycan recognized by FGF, the repetitive 
oligosaccharide sequences of heparin would allow the 
clustering of FGF receptor molecules. When endogenous 
proteoglycan ligands of FGFB are present at the cell 
surface, the binding of FGFl3 to its high affinity receptor 
leads to its association with the proteoglycan-containing 
complex. Therefore, the resulting signal may be 
interpreted in terms of surface molecule clustering, as in 
other models concerned with lectins. Sequence 
homologies with FGFB suggest that other heparin- 
binding molecules, including other FGF molecules, INT- 
2 (Goldfarb et al., 1991) and members of the midkine 
family of growth factors, also have a lectin activity. 
Unfortunately, it is not known if these molecules, 
defined as heparin-binding, recognize the same 
oligosaccharide moiety of heparin. Site-directed 
mutagenesis of individual cationic aminoacids may help 
to understand if heparin binding is due to strong ionic 
interactions or to specific glycobiological interactions. 

Mechanisms of signalling 

The proposed mechanism of cytokine receptor 
association with other cell surface complexes due to the 
bi-functionality of cytokines could explain the initial 
step of signalling, which consists in the phosphorylation 
of the intracytoplasmic domain of the cytokine receptor. 
The association is specific to the oligosaccharide ligands 
of the cytokine or growth factor present at the surface of 
a cell. The association does not depend initially on 
intracytoplasmic changes but primarily on cell surface 
interaction of the lectin cytokine with its ligands. If 
several glycan ligands of the cytokine are present at 
the cell  surface, the association of the cytokine 
receptor could take place with different surface 
complexes. However, the possibility remains that the 
phosphorylation of a single cytokine receptor could be 
performed by different kinases; those which are 
associated with the complex having the cytokine glycan 
ligand. For example, in the case of IL-2, several IL-2 
glycoprotein ligands are present on T cells, not all of 
them being associated with the CD3lTCR complex. 
Thus, it is expected that IL-2RB could be immuno- 
precipitated with antibodies other than the anti-TCR 
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antibodies and, consequently, IL-2RR could be 
phosphor lated (and associated) with a kinase different 
from p567ck. Furthermore, IL-2RD is expressed on cells 
devoid of the CD3/TCR complex at their surface, as in B 
cells, where one major ligand of IL-2 is CD24. Thus, a 
cell-specific IL-2-dependent association of IL-2Rl3 with 
the surface complex including CD24 is expected. 

The outcome of the initial receptor phosphorylation 
results in the commitment of specific pathways and in 
the expression of new molecules involved in cell 
proliferation or differentiation. However, due to the cell- 
specific association of the cytokine receptor with a 
peculiar molecular surface complex, the cascade of 
signal transduction would be cell-specific and would 
explain the divergence between the cascades which are 
engaged. The actual relevance to an in vivo situation of 
experiments of gene transfection of cytokine receptors in 
malignant or immortalized cells which can express 
cytokine ligands entirely different from the endogenous 
ones is questioned. 

Possible interferences of the IL-2-dependent 
mechanisms with other glycobiological interactions 

Experiments on the role of the lectin activity of IL-2 
(Zanetta et al., 1996) were performed on resting human 
lymphocytes because of the possible interferences with 
another lymphocyte lectin endowed with very similar 
carbohydrate-binding properties (Zanetta et al., 1995). 
The lectin CSL recognizes the specific conformation of 
Man6GlcNAc2Asn. In this glycan, the interaction of 
Mana l -2  residue with the GlcNAcl31-4GlcNAcR1- 
disaccharide ensures a different conformation from the 
lower or higher mannose N-glycans or other Man6 
isomers (Wyss et al., 1995). According to Sherblom et 
al. (1989), IL-2 probably recognizes a portion of this 
structure (Manal-6(Manal-3)Man), also present and 
unaffected in oligomannosides with 5 and 6 mannose 
residues (Fig. l ) ,  but does not interact with oligo- 
mannosidic N-glycans with additional Manal-2 residues 
on the different branches. Upon lymphocyte stimulation 
(Zanetta et al., 1995), CSL, which is immunologically 
related to CDw70, is rapidly expressed and externalized. 
Because CSL recognizes N-glycosylated forms of CD3, 
CSL and IL-2 may compete for the same CD3 ligand, 
the two lectins having almost identical affinities for the 
Man6GlcNAc2Asn N-glycans. Bat, as other ligands of 
CSL are present in the early stages of activation, the 
surface association of molecular complexes would be of 
higher order than single TCRlCD3 clustering. This 
situation occurs early, long before the increased IL-2R 
(including other forms than the R form) and IL-2 
expression in cells stimulated by phorbol esters 
(Aggarwal et al., 1994). Thus, uncertain mechanisms 
remain during early stages of activation for the possible 
competition between CSL and IL-2. Nevertheless, the 
divergence between the functions of CSL and IL-2 is 
evident. Although CSL over-expression persists during 
three days after activation with phorbol esters or plant 
lectins and only the 31.5 kDa form of CSL is expressed, 

on the fourth day, this form completely disappears 
(Zanetta et al., unpublished data) and is replaced by the 
43 kDa form of CSL (which has the same carbohydrate- 
binding properties as the 31.5 kDa form). This suggests 
that between days 3 and 4, the early CSL, and probably 
its ligands, have been internalized and degraded. This 
occurs at a time when IL-2 and IL-2Rs are expressed at a 
maximal level. This complete shift in the molecular 
expression of CSL corresponds to a period where 
proliferation is maximal; a process when may well be 
IL-2 dependent. 

Possible interferences of the IL-2-dependent 
mechanisms under pathological conditions 

The lectin activity of cytokines raises important 
fundamental questions in particular pathologies, since 
interferences with the cytokine function could be 
specifically achieved using the cytokine glycan ligand. 
As far as IL-2 is concerned, the carbohydrate-binding 
properties for oligomannosidic N-glycans with 5 and 6 
mannose residues permit the proposed of new 
understanding in the field of immunodeficiency . Based 
on knock-out experiments of the gene of IL-2 (Horak, 
1995), the pattern of an IL-2-dependent immuno- 
deficiency has been characterized. These symptoms 
resemble those found in human or animal diseases which 
include a-mannosidosis, mycobacterial infections and 
AIDS. These homologies suggest a decreased IL-2 
response as a primary defect in these diseases which 
may find explanation considering the lectin activity of 
IL-2. 

a- Mannosidosis 

This lysosomal storage disease is characterized 
(~ckerman,  1967, 1969), as all other lysosomal storage 
diseases, by the lysosomal accumulation of undegraded 
material. This induces cell vacuolization associated with 
metabolic defects. As in all lysosomal storage diseases, 
a-mannosidosis is characterized by a severe mental 
retardation. However, in contrast with all of them, a -  
mannosidosis is accompanied with a severe immuno- 
deficiency concerned with a severe leukopenia 
responsible for permanent bacterial and viral infections 
(Kjellman et al., 1969). This immunodeficiency pattern 
suggests an inhibition of the IL-2-dependent 
mechanisms. Patients with a-mannosidosis accumulate 
very high concentrations of oligomannosides with 3 to 9 
mannose residues attached to a single GlcNAc residue in 
their lysosomes and biological fluids (Yamashita et al., 
1980; Daniel et al., 1981). In fact, the blood levels of 
oligomannosidic N-glycans with 5 and 6 mannose 
residues, which are ligands of IL-2, are expected to be 
by far higher than those (in the micromolar range) which 
are necessary for detaching IL-2 from its ligands at the T 
cells surface (Zanetta et al., unpublished data). These 
glycans (Fig. 1) will produce a complete inhibition of the 
IL-2-dependent mechanisms of cell proliferation and 
differentiation, inhibiting the association of IL-2Rl3 with 
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other cell surface complexes. Hence, CD4+ T cell 
survival, differentiation of CD8+ T cells into NK cells 
and antigen-specific differentiation of B cells will be 
blocked. In contrast, such an effect cannot take place in 
B-mannosidosis since the accumulated glycans are 
shorter than in a-mannosidosis.  Furthermore, the 
glycans accumulated in a-mannosidosis do not bind 
CSL, since they do not possess the first GlcNAc of the 
N-glycan core necessary for the recognition by CSL 
(Marschal et al., 1989). This absence of interaction with 
CSL of the accumulated glycans could also explain why 
the CSL-dependent ontogenetic processes in the brain 
(i.e. neuron migration and myelination (Kuchler et al., 
1988; Lehmann et al., 1990; Zanetta et al., 1994) are not 
significantly affected in this disease. Thus, from the 
immunological point of view, a-mannosidosis could be 
considered as an immunodeficiency disease concerned 
essentially with the IL-2-dependent mechanisms. 

The acquired immuno-deficiency syndrome (AIDS) 

The immunodeficiency observed in AIDS presents 
the characteristic features of the immunodeficiency 
observed in animals in which the IL-2 gene has been 
knocked-out. Nevertheless, the CD4+ T cells are able to 
produce normal levels of IL-2 and CD4+ and CD8+ and 
B cells express normal levels of IL-2R. Thus, apparently, 
the IL-2-dependent system is present but immuno- 
deficiency pattern suggests that it is not functional. 
Therapeutical trials showed that the administration of 
human recombinant IL-2 to patients stabilizes the 
disease and particularly the number of CD4+ T cells. 
This suggested that the IL-2 produced by the patients 
was not accessible. The lectin activity of IL-2 offers a 
new understanding of the immunodeficiency observed in 
AIDS. Indeed, the major envelope glycoprotein of the 
HIV-1 virus gp120/gp160 is N-glycosylated (23  
potential N-glycosylation sites on gp120). Based on the 
N-glycan composition of the gp120 produced by C H 0  
cells or immortalized cell lines (Geyer et al., 1988; 
Mizuochi et al., 1988; Yeh et al., 1993), about 50% of 
the N-glycans are of the oligomannosidic type. In fact, 
gp120 possesses four IL-2-binding N-glycans (Fig. 1). 
An interaction of IL-2 with the gp120/gp160 is expected 
and could take place in three different ways (Zanetta et 
al., unpublished data): 
- i) the gp120/gp160 (either circulating, or virus- 
associated or membrane-associated on infected cells) can 
trap IL-2, thus reducing the levels of free IL-2 in the 
blood. 
- ii) the IL-2 bound to circulating gp120 could be 
eliminated in the liver by specific clearance system. 
- iii) when bound to IL-2R, the IL-2/gp120 complex 
interferes with the normal IL-2-dependent association of 
IL-2R with surface molecular complexes (this point has 
been recently demonstrated (Hubert et al.  1995), 
inhibiting the production of IL-2. 

Due to the presence of two Man6GlcNAc2Asn N- 
glycans in the gp120 (Fig. l) ,  an interference with the 
CSL-dependent activation mechanisms is also expected, 

reducing the general activation of the immune system. In 
contrast with a-mannosidosis a double action of the 
glycoprotein on two essential oligomannoside-dependent 
mechanisms could occur in AIDS. 

The possible glycobiological interaction between 
gp120/gp160 and the IL-2- and CSL-dependent 
mechanisms of activation/differentiation of human 
lymphocytes may have further consequences. AIDS- 
Related Complexes (ARC) are infectious diseases 
playing a fundamental role in the evolution of the 
disease. They are generally considered as "opportunist" 
diseases. Most of them are due to infections with 
mycobacteria which are characterized by the presence of 
cell wall mannans. Although the most abundant 
structures of microorganism cell wall are not potential 
IL-2 or CSL ligands, recent data (Zanetta et al. ,  
unpublished data) indicate that Candida albicans cell 
wall glycans bind (specifically compared to other yeast 
strains) huge amounts of IL-2 in a mechanism dependent 
on oligomannosides with 5 and 6 mannose residues but 
independent of the oligomannoside with 9 mannose 
residues. Thus, the higher prevalence of candidiasis in 
AIDS may be suggestive that ARC are not "opportunist" 
but "complementary" or "synergistic" pathologies also 
inhibiting the IL-2-dependent mechanisms. The 
stabilizing effect of the IL-2 and anti-mycobacterial 
agent therapies in AIDS could be explained because they 
are reducing the immunodeficiency they provoke using 
the same mechanism as the HIV-1 virus. 
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