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Abstract

Protein–glycan interactions control essential immunological processes, including T-cell activation, differentiation and
survival. Galectins, carbohydrate-binding proteins, defined by shared consensus amino acid sequences and affinity for
β-galactose-containing oligosaccharides, participate in a wide spectrum of immunological processes. These carbohydrate-
binding proteins regulate the development of pathogenic T-cell responses by influencing T-cell survival, activation and cytokine
secretion. Administration of recombinant galectins or their genetic delivery modulate the development and severity of chronic
inflammatory responses in experimental models of autoimmunity by triggering different and potentially overlapping
immunoregulatory mechanisms. Given the potential use of galectins as novel anti-inflammatory agents or targets for
immunosuppressive drugs, we will summarize here recent findings on the influence of these carbohydrate-binding proteins in
autoimmune and chronic inflammatory disorders.
© 2006 Elsevier B.V. All rights reserved.
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1. Protein–glycan interactions in immunoregulation:
an overview

Glycans decorate the surfaces of all mammalian cells
and the extracellular matrix with which they interact [1].
Recent evidence indicates that differential glycosylation
of cell surface proteins can control critical immunological
processes, including T-cell activation, migration and
apoptosis [1]. The mission of decoding glycan informa-
tion is assigned in part to a great variety of mammalian
glycan-binding proteins or lectins including the selectins,
pentraxins, siglecs and galectins [2].

Galectins, a family of highly conserved glycan-bin-
ding proteins, are characterized by their ability to recog-
nize N-acetyllactosamine sequences, which can be
displayed onbothN- andO-glycans on cell surface glyco-
conjugates [3]. All galectins contain conserved carbohy-
drate-recognition domains (CRDs) that are responsible
for carbohydrate binding. So far, 15mammalian galectins
have been identified, which can be subdivided into three
groups: those containing one CRD (galectin-1, -2, -5, -7,
-10, -11, -13, -14, -15), those containing twodistinctCRDs
in tandem (galectin-4, -6, -8, -9, -12) and galectin-3 which
consists of unusual tandem repeats stretches fused onto the
CRD (reviewed in [4]). Different galectins are specific for
different carbohydrate ligands, as theydiffer in their ability
to accommodate certain saccharides attached to galactose
andcanformorderedarraysofcomplexeswhentheybindto
multivalent glycoconjugates [4]. As galectins can bind
either bivalently or multivalently, they can cross-link cell-
surface glycoconjugates,which, likemanyother receptor–
ligand systems, can trigger a cascade of transmembrane
signaling events [4]. Through this mechanism, galectins
can modulate a wide variety of immunological processes
including T-cell apoptosis, activation, cell adhesion and
cytokine secretion [5].

2. Galectins in immune-mediated disorders: novel
regulators of autoimmunity, chronic inflammation
and cancer

During the past decade, compelling evidence has been
accumulated regarding the immunoregulatory effects of
galectins inT-cell-mediated inflammatorydisorders [4,5].
Here we will summarize the clinical and immunological
consequences of prophylactic or therapeutic administra-
tionofgalectins (inparticulargalectin-1)inchronic inflam-
matory disorders, autoimmunity and cancer (Table 1).

2.1. Experimental autoimmune myasthenia gravis

Levietal.[6]werepioneersindescribingtheprophylac-
tic and therapeutic effectsof electrolectin, aβ-galactoside-
binding lectin from the fish Electrophorus electricus in
experimentalautoimmunemyastheniagravis(EAMG)[6].
The administration of electrolectin to myasthenic rabbits
led to clinical recovery. Although the authors suggested
that electrolectin might play a role in the regulation of
immune tolerance to self-antigens, clear evidence was not
available at that time with regards to the potential mecha-
nisms involved in galectin-mediated immunoregulation.

2.2. Experimental autoimmune encephalomyelitis

Offner et al. [7] demonstrated that galectin-1 prevents
the development of clinical and histopathological signs
of experimental autoimmune encephalomyelitis (EAE)
in Lewis rats [7]. Although the mechanisms of action of
the immunoregulatory activity of galectin-1 were not
investigated in this study, the authors proposed that this
protein might block the activation or sensitization of
encephalitogenic T cells [7]. These pioneer studies in
EAMG and EAE prompted us to investigate in vitro and
in vivo the molecular mechanisms underlying the im-
munoregulatory effects of galectin-1.

Of particular relevance, Zhu et al. recently identified
galectin-9 as a specific binding partner for the Th1-
specific molecule Tim-3 [8]. Interestingly, the authors
demonstrated that galectin-9 can trigger an apoptotic
signal in Tim-3-positive Th1 cells and reduce the severity
of pathology in murine models of EAE [8].

2.3. Collagen-induced arthritis

By using gene and protein therapy strategies, we
have demonstrated that galectin-1 ameliorates the



Table 1
Immunoregulatory effects of galectins in experimental models of autoimmunity, chronic inflammation and cancer

Autoimmunity and chronic inflammation

Experimental models Strategies used Clinical outcome Potential mechanisms involved

Experimental autoimmune
myasthenia gravis
(EAMG)

• Injection of electrolectin to rabbits • Complete clinical recovery and
delayed onset

• No changes in circulating
autoantibodies or modifications
at the muscular level

Experimental autoimmune
encephalomyelitis in (EAE)

• Prophylactic administration of
Gal-1 to MBP-immunized
Lewis rats

• Prevention of clinical and
histopathological signs of the disease

• ND (blockade of sensitization
of pathogenic T cells?)

Collagen-induced arthritis
(CIA)

• Gal-1 gene therapy and
protein administration
to DBA/1 mice

• Suppression of clinical and
histopathological manifestations

• Increased IL-5 and decreased
IFN-γ production
• Increased T-cell susceptibility
to activation-induced cell death

Concanavalin A-induced
hepatitis

• Prophylactic administration of
Gal-1 in BALB/c mice

• Prevention of liver injury and
T-helper cell liver infiltration

• Suppressed tumor necrosis
factor-α and IFN-γ production
• Increased apoptosis of
activated T cells

Inflammatory bowel disease
(TNBS-induced colitis)

• Prophylactic and therapeutic
administration of Gal-1
in BALB/c mice

• Suppression of clinical and
histopathological manifestations

• Reduced ability of mucosal
T cells to produce IFN-γ
•Increased number of apoptotic
T cells within mucosal tissue

Nephrotoxic nephritis
(induced by anti-glomerular
basement membrane serum)

• Gal-1, Gal-3, Gal-9 administration
to Wistar Kyoto rats

• Clinical recovery • Gal-9 induces apoptosis
of activated CD8+ cells
• Gal-1 and Gal-3 block the
accumulation of macrophages

Graft vs. host disease • Gal-1 administration to mice • Increased host survival following
allogeneic hematopoietic stem
cell transplant

• Reduced production of IFN-γ
and IL-2
•Reduced alloreactivity

Experimental autoimmune
encephalomyelitis

• Gal-9 injection to MOG-immunized
C57BL/6 mice

• Reduced severity and mortality • Selective loss of
IFN-γ-producing
cells. Apoptosis of Tim-3+
Th1 cells

• siRNA gal-9 to PLP-immunized
SJL mice

• Increased severity of the disease

Inflammatory bowel disease
(TNBS-colitis)

• Gal-4 reactivity • Exacerbates intestinal
inflammation

• Stimulates IL-6 production
by CD4+ T cells

Cancer

Experimental models Strategies used Clinical outcome Immunological outcome

B16 melanoma • Knockdown clones (antisense gal-1) • Tumour rejection • Increased tumour-specific
IFN-γ and IL-2 production

Abbreviations: Gal: galectin, MBP: myelin-basic protein, MOG: myelin oligodendrocyte glycoprotein, PLP: myelin proteolipid protein, siRNA:
small interfering RNA, TNBS: 2,4,6-trinitrobenzene sulfonic acid.
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severity of the inflammatory response in a collagen-
induced arthritis (CIA) model [9]. A single injection of
synovial fibroblasts engineered to secrete galectin-1 at
the day of the disease onset was able to abrogate clinical
and histopathological manifestations of arthritis in
DBA/1 mice [9]. Examination of the mechanisms
involved in this immunoregulatory effect revealed a
clear shift from a Th1 to a Th2-polarized immune
response. This effect was manifested by reduced levels
IFN-γ and increased levels of IL-5 in draining lymph
nodes from mice treated with galectin-1 [9]. In addition,
sera from galectin-1-treated mice showed reduced levels
of anti-collagen type II IgG2a and increased levels of
anti-collagen type II IgG1 antibodies. Remarkably,
lymph node cells from galectin-1-treated mice showed
an increased susceptibility to antigen-induced apoptosis.
In addition, galectin-1-expressing fibroblasts showed an
inhibitory effect in antigen-dependent IL-2 production
to a collagen type II-specific T cell hybridoma clone [9].
This study provided a clear correlation between the
apoptotic properties of galectin-1 and its therapeutic
potential in vivo. In agreement, we also found a strong
correlation between the levels of galectin-1 expression
and the regulation of apoptosis in synovial tissue from
patients with juvenile rheumatoid arthritis [10]. On the
other hand, Ohshima et al. [11] found that galectin-3,
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another member of the galectin family with pro-inflam-
matory activity, is elevated in sera and sinovial fluids
from rheumatoid arthritis patients [11].

2.4. Concanavalin A-induced hepatitis

Using in vitro and in vivo experiments, Santucci et al.
[12] found that galectin-1 pre-treatment prevents liver
injury and CD4+ T-cell liver infiltration in concanavalin
A (Con A)-induced hepatitis in mice [12]. The authors
showed protective effects of galectin-1 in this model and
confirmed that galectin-1 acts in vivo by promoting
selective elimination of antigen-activated T cells and
blocking the synthesis of pro-inflammatory cytokines
[12].

2.5. Inflammatory bowel disease

Recombinant galectin-1 also showed immunosup-
pressive activity in 2,4,6-trinitrobenzene sulfonic acid
(TNBS)-induced colitis, a Th1-mediated model of
inflammatory bowel disease [13]. The authors demon-
strated that prophylactic and therapeutic administration
of galectin-1 results in striking improvement of the
clinical and histopathological manifestations of the
disease [13]. Interestingly, galectin-1-treated mice
experienced a marked reduction in the secretion of
pro-inflammatory cytokines and decreased viability of
hapten-activated mucosal T cells. Thus, galectin-1
exerts protective and immunoregulatory activity in
TNBS-induced colitis.

Interestingly, Hokama et al. [14] demonstrated that
galectin-4 exacerbates TNBS-induced colitis and delays
the recovery from acute intestinal injury through a
mechanism involving abnormal activation of CD4+ T
cells and increased secretion of IL-6 [14]. These findings
suggest that different members of the galectin family may
trigger different immunological mechanisms, which may
differentially influence the clinical outcome of chronic
inflammatory disorders.

2.6. Immune-mediated renal diseases

In a comparative study, Tsuchiyama et al. [15]
investigated the efficacy of different members of the
galectin family in the amelioration of nephrotoxic serum
nephritis, an immune-mediated renal disease character-
ized by glomerular influx of CD8+ cells [15]. The
authors found that galectin-9 induces apoptosis of
activated CD8+ T cells, while galectin-1 and galectin-3
block the accumulation of macrophages in the renal
glomeruli [15].
2.7. Experimental autoimmune uveitis

Given the potential role of galectin-1 in the mainte-
nance of immune privilege in organs such as the eye [5],
we have recently investigated the immunoregulatory
effects of this protein in experimental autoimmune uveitis
(EAU), a Th-1-mediated model of retinal disease [16].
Interestingly, treatment with galectin-1 either early or late
during the course of EAU was sufficient to suppress
clinical ocular pathology, inhibit leukocyte infiltration and
counteract pathogenic Th1 cells [16]. Administration of
galectin-1 ameliorated retinal inflammation by skewing
the uveitogenic response towards non-pathogenic Th2 or
T regulatory (IL-10 and TGF-β)-mediated anti-inflam-
matory responses [16]. In addition, increased levels of
apoptosis were detected in lymph nodes frommice treated
with recombinant galectin-1 during the efferent phase of
the disease [16]. These results highlight the ability of this
endogenous lectin to counteract Th1-mediated responses
through different, but potentially overlapping anti-in-
flammatory mechanisms. In addition, we found a striking
correlation between the levels of anti-retinal galectin-1
autoantibodies in sera from uveitic patients and the
severity of autoimmune retinal inflammation [17].

2.8. Other immune-mediated disorders: graft versus
host disease

In addition to its role in autoimmune disorders,
galectin-1 also showed immunosuppressive activity in a
murine experimental model of graft versus host disease
(GVHD) [18]. Galectin-1 treatment in vivo resulted in
reduced inflammatory infiltrates in target tissues and a
selective reduction of Th1 cytokines [18].

2.9. Cancer: the “sweet” escape

The strong association between galectin-1 expres-
sion and the aggressiveness of tumour cells [4] prompt-
ed us to investigate the role of galectin-1 in tumor-
immune escape. Through a combination of in vitro and
in vivo strategies, we have established a link between
galectin-1-mediated immunoregulation and its contri-
bution to tumor-immune escape [19]. Blockade of the
immunosuppressive activity of galectin-1 within tu-
mour tissue resulted in reduced tumour growth and
heightened T-cell-mediated tumor rejection in an ex-
perimental model of murine melanoma [19].

Supporting our findings, Le et al. [20] recently
identified galectin-1 as a molecular link between tumour
hypoxia and tumour-immune privilege and found a strong
inverse correlation between galectin-1 expression and
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CD3 staining in tumour sections corresponding to head
and neck squamous cell carcinoma patients [20]. Taken
together, these results support the concept that galectin-1
may contribute to immune privilege of tumours by modu-
lating survival and differentiation of effector T cells.

3. Molecular mechanisms underlying
galectin-mediated immunoregulation

3.1. Regulation of T cell survival

How galectins exert their immunoregulatory and
anti-inflammatory effects is poorly understood, primar-
ily because of their pleiotropic activities (Fig. 1) and the
perception of their redundant nature [3–5]. The most
extensively studied function of galectins is their ability
to regulate T-cell growth and survival [4,5]. So far,
galectin-1, -2, -3 and -9 have been shown to modulate T-
cell apoptosis through binding to specific glycoconju-
gates [21–27].

Different glycoproteins on the surface of activated T
cells appear to be primary receptors for galectins,
including CD45, CD43, CD7, CD29 and Tim-3
[8,22,24,26] However, recent studies indicate that
some of these receptors are not essential for cell death
and that individual galectins may trigger apoptotic
Fig. 1. Role of different members of the galectin family in the regulation of
members of the galectin family on different T-cell functions including T-cell
according to their biochemical structure (Gal-1 and Gal-2 are one-CRD galec
tandem, connected by a linker of up to 70 amino acids; and Gal-3 consists of u
onto the CRD). There is still scarce information regarding the immunoregul
signals through a different set of glycoreceptors
[8,26,28]. In this regard, it has been demonstrated that
the presence of poly-N-acetyllactosamine ligands dec-
orating specific glycoreceptors may be critical in
determining susceptibility to galectin-1-induced cell
death [29,30]. Galvan et al. [29] showed that CD45+ T
cells lacking the core-2-β-1,6-N-acetylglucosaminyl-
transferase (C2GnT) are resistant to galectin-1-induced
cell death [29]. This enzyme is responsible for creating
branched structures on O-glycans of T-cell surface
glycoproteins, such as CD45. On the other hand,
incorporation of α2,6-linked sialic acids to lactosamine
units by the ST6Gal-I sialyltransferase has been shown
to block galectin-1 binding by interfering with lactosa-
mine insertion into the binding pocket of galectin-1 [30].
Moreover, recent findings provided new insights into
the signal transduction pathways leading to galectin-1-
induced cell death. These include p56lck and ZAP-70-
mediated tyrosine phosphorylation [31], caspase-3 and
caspase-8 activation [23], cytochrome c release [23],
and modulation of mitochondrial budding and fission
[23]. Likewise, galectin-2 triggers T-cell apoptosis
through caspase activation, cytochrome c release and
disruption of the mitochondrial membrane potential
[24]. However, a recent study shows that apoptosis
induced by galectin-1 in a T-cell line is not dependent on
T-cell physiology. This scheme illustrates the influence of individual
apoptosis, activation and cytokine secretion. Galectins are represented
tins which may dimerize; Gal-4 and Gal-9 have two distinct CRDs in
nusual tandem repeats of proline- and glycine-rich short stretches fused
atory role of other members of the galectin family.
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the activation of caspase-3 or on cytochrome c release
[32]. Therefore, it seems evident that galectins might
trigger different death pathways or different apoptosis
end points in different cell types.

One of the most striking findings is that galectin-3 acts
in a dual manner either protecting cells from apoptosis or
stimulating cell death depending on whether the protein is
found in the intracellular compartment [25] or whether it
acts extracellularly [26,27]. In this regard, Yang and
colleagues [25] demonstrated that T-cell transfectants
overexpressing galectin-3 are protected from apoptosis
induced by a variety of agents including Fas ligand and
staurosporine [24]. In contrast, extracellular galectin-3
can signal apoptosis of human T cells through caspase-3,
but not caspase-8 activation [26]. Furthermore, recent
evidence suggests a functional cross-talk between
intracellular and extracellular galectins in the regulation
of T-cell death [32]. Hahn et al. demonstrated that
galectin-1-induced cell death is inhibited by intracellular
expression of galectin-3 [32]. In addition, galectin-9 also
induces apoptosis of peripheral CD4+ and CD8+ T cells
through a Ca2+-calpain-caspase 1 signaling pathway [33].
Interestingly, this “two-CRD” galectin has been recently
reported to be a specific binding partner for the Th1-
specific molecule Tim-3 and contribute to Th1 cell
survival [8]. Taken together, these findings suggest that
different members of the galectin family might act in
concert to modulate T-cell survival and regulate the
inflammatory response.

3.2. Regulation of T-cell activation

Galectins have been also shown to influence different
events associated with T-cell activation (Fig. 1). In
addition to the role of galectin-1 in the modulation of T-
cell survival, Vespa et al. [34] showed that this protein
modulates T-cell receptor (TCR) signaling and antag-
onizes TCR-induced IL-2 production in a murine T-cell
hybridoma clone [34]. Interestingly, the same group
further demonstrated that galectin-1 is able to antago-
nize TCR responses known to require costimulation and
processive protein tyrosine phosphorylation, such as
IL-2 production, while it is permissive for TCR res-
ponses that only require partial TCR signals, such as
CD69 up-regulation and apoptosis [35]. Thus, by
acting at early events of TCR signaling, galectin-1
may also exert a control on T-cell activation.

In this context, Demetriou et al. [36] reported that
galectin-3 might play a role in restricting TCR complex-
initiated signal transduction. The authors hypothesized
that galectin-3 might form multivalent complexes with
N-glycans on the TCR, thereby restraining the lateral
mobility of TCR complexes [36]. This effect was
abrogated in mice deficient in the β1,6 N-acetylgluco-
saminiltransferase (Mgat5), a crucial enzyme in the
N-glycosylation pathway.

3.3. Modulation of the Th1/Th2 cytokine balance

It has been demonstrated that galectins can differen-
tially modulate the cytokine balance in different autoim-
mune and inflammatory conditions (Fig. 1). While
galectin-1 inhibits the secretion of IL-2, IFN-γ and
TNF-α [35,37], it can dramatically increase IL-5 and
IL-10 secretion by activated T cells [9,38]. In addition, in
vivo studies revealed the ability of this protein to skew the
balance towards Th2 or T-regulatory (Tr1) cytokine
profiles [9,12,13,16,18]. Likewise, recent observations
indicate that galectin-2may also shift the cytokine balance
towards a Th2 profile [24]. In contrast, it has been
demonstrated that galectin-3 may interrupt IL-5 synthesis
and silence Th2-mediated chronic airway inflammation
[39]. However, a recent study indicates that galectin-3-
deficientmice develop higher Th1 responses in amodel of
airway inflammation in vivo [40]. These discrepancies
might be explained by the different strategies used by the
authors to evaluate the role of galectin-3 in vivo (i.e. gal-3
gene therapy versus induction of inflammation in gal-3−/−

mice). Finally, galectin-4 has been shown to exacerbate
intestinal inflammation by inducing the secretion of T-
cell-derived IL-6 [14]. Therefore, it seems evident that
different members of the galectin family may differen-
tially influence the Th1/Th2 cytokine balance and
modulate the inflammatory response in vivo. Current
research is aimed at dissecting the individual role of
particular members of the galectin family in immune-
mediated disorders by targeted disruption of single or
multiple galectin genes.

4. Concluding remarks

Galectins have pleiotropic activities in immune
regulation being capable of modulating T-cell survival,
activation and cytokine secretion. Recent evidence
indicates the relevance of different members of the
galectin family in the regulation of T-cell physiology
and chronic inflammatory disorders in vivo. This body
of knowledge, documenting the coming of age of
galectins as potential immunomodulatory agents or tar-
gets for immunosuppressive drugs, represents a sound
basis to further explore their immunoregulatory proper-
ties in the development of immunomodulatory therapies
for autoimmune diseases, GVHD, chronic inflammation
and cancer.
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Take-home messages
• Protein–glycan interactions control critical immuno-
logical processes involved in T-cell homeostasis.

• Galectins, a family of glycan-binding proteins with
affinity for β-galactoside containing oligosacchar-
ides, can regulate the inflammatory response by
influencing T-cell survival, activation and cytokine
synthesis.

• The most extensively studied function of galectins is
the regulation of apoptosis; some galectins can induce
apoptosis when added exogenously to cells, where-
as others regulate apoptosis through intracellular
mechanisms.

• Administration of recombinant galectins in vivo can
influence the severity of pathogenic responses in
experimental models of chronic inflammation and
autoimmunity.

• Recent evidence indicates that galectin-1 may also
function as a soluble mediator employed by tumour
cells to evade the immune response.

• Understanding the molecular mechanisms involved
in the immunoregulatory functions of galectins might
help to delineate novel therapeutic targets based on
protein–carbohydrate interactions for autoimmune
and chronic inflammatory disorders.

Acknowledgments

We give special thanks to all the colleagues who
shared their important contributions to the field with us.
We apologize that we could not cite many excellent
studies because of space limitations.

Work in authors' laboratory is supported by grants
from Mizutani Foundation for Glycoscience (Japan),
Agencia de Promoción Científica y Tecnológica (PICT
2003-05-13787), Fundación Sales, University of Bue-
nos Aires (UBACYT-M091) and CONICET (PIP 6107).

References

[1] Lowe JB. Glycosylation, immunity, and autoimmunity. Cell
2001;104:809–12.

[2] Sharon N, Lis H. History of lectins: from hemagglutinins to bio-
logical recognition molecules. Glycobiology 2004;14:53R–62R.

[3] Gabius HJ. Animal lectins. Biochem Biophys Acta 2002;
1572:163–434.

[4] Liu FT, Rabinovich GA. Galectins as modulators of tumour
progression. Nat Rev Cancer 2005;5:29–41.

[5] RabinovichGA, BaumLG, Tinari N, Paganelli R,Natoli C, Liu FT,
et al. Galectins and their ligands: amplifiers, silencers or tuners of
the inflammatory response. Trends Immunol 2002;23:313–20.
[6] Levi G, Tarrab-Hazadai R, Teichberg VI. Prevention and therapy
with electrolectin of experimental autoimmune myasthenia
gravis in rabbits. Eur J Immunol 1983;13:500–7.

[7] Offner H, Celnik B, Bringman TS, Casentini-Borocz D, Nedwin
GE, Vandenbark AA. Recombinant human beta-galactoside
binding lectin suppresses clinical and histological signs of
experimental autoimmune encephalomyelitis. J Neuroimmunol
1990;28:177–84.

[8] Zhu C, Anderson AC, Schubart A, Xiong H, Imitola J, Khoury
SJ, et al. The Tim-3 ligand galectin-9 negatively regulates T
helper type 1 immunity. Nat Immunol 2005;6:1245–52.

[9] Rabinovich GA, Daly G, Dreja H, Tailor H, Riera CM,
Hirabayashi J, et al. Recombinant galectin-1 and its genetic
delivery suppress collagen-induced arthritis via T cell apoptosis.
J Exp Med 1999;190:385–97.

[10] Harjack M, Diaz-Cano S, de Miguel M, Wolfe H, Maldonado
CA, Rabinovich GA. Expression of galectins-1 and -3 correlates
with defective mononuclear cell apoptosis in patients with
juvenile idiopathic arthritis. J Rheumatol 2001;28:1914–22.

[11] Ohshima S, Kuchen S, Seemayer CA, Kyburz D, Hirt A,
Klinzing S, et al. Galectin-3 and its binding protein in rheumatoid
arthritis. Arthritis Rheum 2003;48:2788–95.

[12] Santucci L, Fiorucci S, Rubinstein N, Mencarelli A, Palazetti B,
Federici B, et al. Galectin-1 suppresses experimental colitis in
mice. Gastroenterology 2003;124:1381–94.

[13] Santucci L, Fiorucci S, Cammilleri F, Servillo G, Federici B,
Morelli A. Galectin-1 exerts immunomodulatory and protective
effects on concanavalin A-induced hepatitis in mice. Hepatology
2000;31:399–406.

[14] Hokama A, Mizoguchi E, Sugimoto K, Shimomura Y, Tanaka Y,
Yoshida M, et al. Induced reactivity of intestinal CD4+ T cells
with an epithelial cell lectin, galectin-4, contributes to exacerba-
tion of intestinal inflammation. Immunity 2004;20:681–93.

[15] Tsuchiyama Y, Wada J, Zhang H, Morita Y, Hiragushi K, Hida K,
et al. Efficacy of galectins in the amelioration of nephrotoxic serum
nephritis in Wistar Kyoto rats. Kidney Int 2000;58:1941–52.

[16] Toscano MA, Commodaro AG, Ilarregui JM, Bianco GA,
Liberman A, Serra HM, et al., Galectin-1 suppresses autoimmune
retinal disease by promoting concomitant T helper (Th)2- and T
regulatory mediated anti-inflammatory responses. J Immunol
in press.

[17] Romero MD, Muiño JC, Bianco GA, Ferrero M, Juarez CP, Luna
JD, et al. Circulating anti-galectin-1 antibodies are associated
with the severity of ocular disease in autoimmune and infectious
uveitis. Invest Ophthalmol Vis Sci 2006;47:1550–6.

[18] Baum LG, Blackall DP, Arias-Magallano S, Nanigian D, Uh SY,
Browne JM, et al. Amelioration of graft versus host disease by
galectin-1. Clin Immunol 2003;109:295–307.

[19] Rubinstein N, Alvarez M, Zwirner NW, Toscano MA, Ilarregui
JM, Bravo I, et al. Targeted inhibition of galectin-1 gene
expression in tumor cells results in heightened T cell-mediated
rejection: a potential mechanism of tumor-immune privilege.
Cancer Cell 2004;5:241–51.

[20] Le QT, Shi G, Cao H, Nelson DW, Wang Y, Chen EY, et al.
Galectin-1: a link between tumor hypoxia and tumor immune
privilege. J Clin Oncol 2005;23:8932–41.

[21] Blaser C, Kaufmann M, Muller C, Zimmermann C, Wells V,
Malluci L, et al. β-Galactoside-binding protein secreted by
activated T cells inhibits antigen-induced proliferation of T cells.
Eur J Immunol 1998;28:2311–9.

[22] Perillo NL, Pace KE, Seilhamer JJ, Baum LG. Apoptosis of T
cells mediated by galectin-1. Nature 1995;378:736–9.



356 G.A. Bianco et al. / Autoimmunity Reviews 5 (2006) 349–356
[23] Matarrese P, Tinari A, Mormone E, Bianco GA, Toscano MA,
Ascione B, et al. Galectin-1 sensitizes resting human T
lymphocytes to Fas (CD95)-mediated cell death via mitrochon-
drial hyperpolarization, budding and fission. J Biol Chem 2005;
280:6969–85.

[24] Sturm A, Lensch M, Andre S, Kaltner H, Wiedenmann B,
Rosewicz S, et al. Human galectin-2: novel inducer of T cell
apoptosis with distinct profile of caspase activation. J Immunol
2004;173:3825–37.

[25] Yang RY, Hsu DK, Liu FT. Expression of galectin-3
modulates T cell growth and apoptosis. Proc Natl Acad Sci
USA 1996;93:6737–42.

[26] Fukumori T, Takenaka Y, Yoshii T, Kim HR, Hogan V, Inohara
H, et al. CD29 and CD7 mediate galectin-3-induced type II T-cell
apoptosis. Cancer Res 2003;63:8302–11.

[27] StillmanBN,HsuDK, PangM,BrewerCF, JohnsonP, Liu FT, et al.
Galectin-3 and galectin-1 bind distinct cell surface glycoprotein
receptors to induce T cell death. J Immunol 2006;176:778–89.

[28] Fajka-Boja R, Szemes M, Ion G, Legradi A, Caron M, Monostori
E. Receptor tyrosine phosphatase, CD45 binds galectin-1 but
does not mediate its apoptotic signal in T cell lines. Immunol Lett
2002;82:149–54.

[29] Galvan M, Tsuboi S, Fukuda M, Baum LG. Expression of a
specific glycosyltransferase enzyme regulates T cell death
mediated by galectin-1. J Biol Chem 2000;275:16730–7.

[30] Amano M, Galvan M, He J, Baum LG. -glycans on CD45 to
negatively regulate galectin-1-induced CD45 clustering, phos-
phatase modulation and T cell death. J Biol Chem 2003;278:
7469–7475.

[31] Ion G, Fajka-Boja R, Toth GK, Caron M, Monostori E. Role
of p56(lck) and ZAP70-mediated tyrosine phosphorylation in
galectin-1-induced cell death. Cell Death Diff 2005;12:
145–1147.
Anti-Ro/SSA antibodies in rheumatoid arthritis: clinical an

To assess the prevalence of anti-Ro/SSA in rheumatoid arthri
of anti-Ro/SSA positive patients with RA. Cavazzana I. et. a
Ro/SSA antibodies in 195 consecutive patients affected by R
of 6%. These 12 patients were pooled with other 15 patients k
to evaluate their clinical and laboratory features. Anti-Ro
involvement at onset and a comparable progression of disea
extra-articular manifestations and peculiar autoantibody pro
positivity. Anti-TNF-alpha treatment did not cause further pr
clinical ground. Anti-Ro/SSA can be detected in about 6%
peculiar clinical picture characterized by extra-articular man
correlated, while others are more disease-specific. Anti-Ro/S
not specific for RA such as anti-dsDNA.
[32] Hahn HP, Pang M, He J, Hernandez JD, Yang RY, Li LY, et al.
Galectin-1 induces nuclear translocation of endonuclease G in
caspase-and cytochrome c-independent T cell death. Cell Death
Diff 2004;11:1277–86.

[33] Kashio Y, Nakamura K, AbedinMJ, Seki M, Nishi N, Yoshida N,
et al. Galectin-9 induces apoptosis through the calcium-calpain-
caspase 1 pathway. J Immunol 2003;170:3631–6.

[34] Vespa GN, Lewis LA, Kozak KR, Moran M, Nguyen JT, Baum
LG, et al. Galectin-1 specifically modulates TCR signals to
enhance TCR apoptosis but inhibits IL-2 production and
proliferation. J Immunol 1999;162:799–806.

[35] Chung CD, Patel VP, MoranM, Lewis LA, Miceli MC. Galectin-1
induces partial TCR ζ-chain phosphorylation and antagonizes
processive TCR signal transduction. J Immunol 2000;165:3722–9.

[36] Demetriou N, Granovsky M, Quaggin S, Dennis JW. Negative
regulation of T-cell activation and autoimmunity by Mgat5
N-glycosylation. Nature 2001;409:733–9.

[37] Rabinovich GA, Ariel A, Hershkoviz R, Hirabayashi J, Kasai KI,
Lider O. Specific inhibition of T-cell adhesion to extracellular
matrix and pro-inflammatory cytokine secretion by human
recombinant galectin-1. Immunology 1999;97:100–6.

[38] van der Leij J, van den Berg A, Blokzijl T, Harms G, van Goor H,
Zwiers P, et al. Dimeric galectin-1 induces IL-10 production in
T-lymphocytes: an important tool in the regulation of the
immune response. J Pathol 2004;204:511–8.

[39] Lopez E, Del Pozo V, Miguel T, Sastre B, Seoane C, Civantos E,
et al. Inhibition of chronic airway inflammation and remodeling
by galectin-3 gene therapy in a murine model. J Immunol
2006;176:1943–50.

[40] Zuberi RI, HsuDK,Kalayci O, ChenHY, SheldonHK,YuL, et al.
Critical role for galectin-3 in airway inflammation and bronchial
hyperresponsiveness in a murine model of asthma. Am J Pathol
2004;165:2045–53.
d immunologic associations.

tis (RA), and to analyze clinical and serological features
l. (Clin Exp Rheumatol 2006; 24: 59-64) assessed anti-
A. Anti-Ro was found in 12 patients, with a prevalence
nown to have anti-Ro/SSA antibodies and RA, in order
positive patients showed a common pattern of joint
se compared to anti-Ro negative subjects. In addition,
file were found significantly associated to anti-Ro/SSA
ogression of autoimmunity neither on laboratory nor on
of patients affected by RA. These patients presented a
ifestations some of which are known to be anti-Ro/SSA
SA is significantly associated with other autoantibodies


	Impact of protein–glycan interactions in the regulation of autoimmunity and chronic inflammatio.....
	Protein–glycan interactions in immunoregulation: an overview
	Galectins in immune-mediated disorders: novel regulators of autoimmunity, chronic inflammation .....
	Experimental autoimmune myasthenia gravis
	Experimental autoimmune encephalomyelitis
	Collagen-induced arthritis
	Concanavalin A-induced hepatitis
	Inflammatory bowel disease
	Immune-mediated renal diseases
	Experimental autoimmune uveitis
	Other immune-mediated disorders: graft versus host disease
	Cancer: the “sweet” escape

	Molecular mechanisms underlying galectin-mediated immunoregulation
	Regulation of T cell survival
	Regulation of T-cell activation
	Modulation of the Th1/Th2 cytokine balance

	Concluding remarks
	Acknowledgments
	References


