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Galectin-9: a suppressor of food allergy?
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The prevalence of food-induced allergy, which affects
approximately 5% of children and 3-4% of adults, is on the
rise. It is manifested in a variety of symptoms and disorders
involving the gastrointestinal and respiratory tracts as well as
skin (1). The pathogenesis of allergic diseases, such as allergic
asthma, allergic dermatitis or food allergy is characterized by
an imbalance of T helper type 1 (Thl) and type 2 (Th2) func-
tion. There are different strategies to modulate immune
responses in allergic diseases and many are aimed at decreas-
ing the Th2 response and/or stimulate Thl immunity (2).
Selected probiotic strains, such as bifidobacteria or lactoba-
cilli proved to be effective in preventing allergy by enhance-
ment of the Thl response (3). The modification of the fecal
flora with growth of bifidobacteria could be achieved in
infants by dietary supplementation with a special mixture of
galacto- and fructo-oligosaccharides (4). In adults with
asthma, synbiotics (90% short-chain galacto-oligosaccharides,
10% long-chain fructo-oligosaccharides and Bifidobacterium
breve M-16V) were shown to decrease the influx of inflam-
matory cells into the lung and reduce allergen-induced Th2
response (5). In addition, synbiotics may prevent asthma-like
symptoms in infants with atopic dermatitis (6). Moreover,
probiotic bacteria reduced the incidence of eczema in
high-risk children (7) and lactobacillus GG taken during
pregnancy was shown to prevent eczema in a randomized
controlled trial (8). The underlying mechanism of the protec-
tive effects of synbiotics on allergic inflammation is little
known. Recently, a probiotic mixture was demonstrated to
be effective in redirecting allergen-specific Th2-polarized
immune responses towards Thl-T regulatory responses and
in the protection against anaphylactic reactions induced in a
murine model of food allergy (9). In the present issue of
Allergy, de Kivit et al. (10) reported that treatment of whey
sensitized mice with a mixture of galacto- and fructo-
oligosaccharides and Bifidobacterium breve M-16 (GF/Bb)
diminished allergen-induced inflammatory symptoms while
significantly increasing the levels of galectin-9 in the intestinal
epithelial cells and serum. The authors raised the possibility
that galectin-9 is involved in the beneficial effects of GF/Bb
in whey-induced food allergy.

Galectin-9 as an immune regulator

Soluble pattern recognition molecules with carbohydrate
binding capabilities, such as ficolins, pentraxins and the col-
lagenous lectins (collectins) (11-13), have been implied in
diverse host defense and immune regulatory activities. Galec-
tins are beta-galactoside binding lectins containing a highly
conserved sequence motif in their carbohydrate recognition
domain (14). Although all galectins bind galactose, they have
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different affinity to oligosaccharides (15). Galectins were
shown to regulate various cellular functions mainly related to
inflammatory processes, including cell growth, apoptosis, cell
adhesion, migration and immune responses (16). Recently,
increased levels of galectin-9, a member of tandem-repeat
type galectins were reported in models of allergic airway (17,
18) and skin inflammation (19) as well as food allergy (20).
The role of galectin-9 in immunoregulation appears to be
complex. Originally galectin-9 was suggested to induce the
death of Thl lymphocytes via the T-cell-immunoglobin-
domain and mucin-domain (Tim)-3 (21). Recently, however,
Su et al. (22) suggested that galectin-9 regulates T-cell func-
tion independently from Tim-3 and can elicit the production
of pro-inflammatory cytokines in a dose-dependent manner.
Dai et al. (23) found that galectin-9 can stimulate the matu-
ration of dendritic cells and promote Thl effector responses
by triggering the production of IFN-y and IL-2. On the other
hand, galectin-9 was shown to induce differentiation of naive
T cells into Treg cells, suppress the differentiation of Th17
cells in vitro and to decrease the levels of IL-17 dose-depen-
dently in experimental autoimmune arthritis in vivo (24). In
the report by de Kivit et al. (10), these latter observations
were well corroborated by showing that elevated galectin-9
expression was associated with increased Th1/Th2 and Treg/
Th2 ratio in whey-sensitized mice fed GF/Bb. Galectin-9
directly increased the proportion of CD69/CXCR3 and
CD25/FOXP3 positive CD4 positive T- cells as well as IFN-
v and IL-10 production in a dose-dependent manner in vitro,
indicating induction of Thl and Treg immunity.

Galectin-9 in food allergy

Given the increased expression of galectin-9 in basolateral
epithelial cells and the above effects on T-cells, de Kivit et al.
hypothesized that this molecule has a significant immunoreg-
ulatory function during food-induced allergic inflammation
and that galectin-9 may mediate the effects of GF/Bb supple-
mentation in murine model of cow’s milk allergy (Fig. 1).
This hypothesis is in contrast to an earlier proposal by Chen
et al. (20) who suggested that enhanced expression of galec-
tin-9 in the intestinal epithelial cells of patients with food
allergy may contribute to the maintenance of the allergic sta-
tus of the intestine. The work of de Kivit et al. (6) demon-
strates however that elevated levels of galectin-9 in the serum
and intestinal epithelial cells of whey-sensitized mice after
GF/Bb treatment in fact negatively correlated with airway
hyper-responsiveness and serum mast cell protease levels.
Further, while GF/Bb administration diminished the IgE-
mediated mast cell degranulation and therefore alleviated the
severity of the disease, these protective effects of synbiotic
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Figure 1 Galectin-9 plays a protective role during the allergic
immune response. Galectin-9 production and release is upregulated
by epithelial cells in response to inflammatory stimuli. Released
galectin-9 suppresses Th17 function (A) but enhances Th1 (B) as
well as Treg (C) activation. Th2 immunity is suppressed by galectin-
9 both indirectly through Treg cells and directly (D), diminishing IL-4
and IL-5 production and the ensuing activation of eosinophilic gran-
ulocytes and IgE-producing B-cells. Galectin-9 can additionally,
directly bind IgE and prevent antigen-IgE complex formation and
mast cell degranulation (E), thereby attenuating the physiological
consequences (i.e. smooth muscle activation) of the allergic
response.

treatment were partially abolished by the neutralization of
serum galectin-9. The GF/Bb-induced suppression of allergic
symptoms was also associated with increased galectin-9 levels
in the serum of children suffering from IgE-mediated atopic
dermatitis. In addition to the potential Thl polarizing effects
and stimulation of Treg differentiation, galectin-9 may have a
beneficial role in interfering with IgE-mediated events.
Indeed, Niki et al. (25) recently described that galectin-9
binds strongly to IgE, a heavily glycosylated immunoglobu-
lin, preventing the antigen-IgE complex formation and
thereby exerting anti-allergic effects.
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In summary, galectin-9, an epithelial product is expressed
in mucosal surfaces during inflammatory responses. It is par-
ticularly interesting that administration of synbiotics, such as
galacto- and fructo-oligosaccharides and Bifidobacterium
breve M-16 co-treatment, significantly enhances release of
galectin-9 in the gastrointestinal tract. The results of de Kivit
et al. (6) strongly suggest that the protective effects of synbi-
otic treatment are, at least partly, mediated by a dual anti-
allergic action of galectin-9 via modulation of Thl and Treg
cell polarization and IgE sequestration resulting in attenuated
mast cell degranulation. Based on these findings clinical verifica-
tion of the therapeutic significance of galectin-9 is warranted.

Acknowledgments

Adam Vannay is holder of the Janos Bolyai Research grant;

this work was supported by the Janos Bolyai Research Schol-

arship of the Hungarian Academy of Sciences.
Angela Haczku is supported by: ROl

IRCIES018505; P30 ES013508.

AI072197;

Author contribution
ES and AV have written and edited the manuscript. AH cre-
ated Fig. 1, and has written and revised the manuscript.

Conflict of interest
The authors declare no conflicts of interest.

Erna Sziksz?, Adam Vannalyl’2 and

Angela Haczku®

"First Department of Paediatrics,

Semmelweis University,

Budapest, Hungary

2Research Laboratory of Paediatrics and Nephrology,
Hungarian Academy of Sciences,

Budapest, Hungary

*Pulmonary, Allergy and Critical Care Division,
School of Medicine,

University of Pennsylvania,

Philadelphia, PA, USA

E-mail: sziksz@gyerl.sote.hu

1.

Sicherer SH, Sampson HA. Food allergy. J
Allergy Clin Immunol 2010;125(2 Suppl 2):
S116-S125.

allergen-induced T-helper 2 response and
improve peak expiratory flow in allergic
asthmatics. Allergy 2011;66:39-47.

asthma-like symptoms in infants with atopic

2. Nguyen TH, Casale TB. Immune modula- . van der Aa LB, van Aalderen WM, Hey-
tion for treatment of allergic disease. Inmu- mans HS, Henk Sillevis Smitt J, Nauta AJ,
nol Rev 2011;242:258-271. Knippels LM et al. Synbiotics prevent

3. Gourbeyre P, Denery S, Bodinier M. Probi-
otics, prebiotics, and synbiotics: impact on dermatitis. Allergy 2011;66:170-177.
the gut immune system and allergic reac- . Niers L, Martin R, Rijkers G, Sengers F,
tions. J Leukoc Biol 2011;89:685-695. Timmerman H, van Uden N et al. The

4. Moro GE, Arslanoglu S. Reproducing the effects of selected probiotic strains on the
bifidogenic effect of human milk in formula- development of eczema (the PandA study).
fed infants: why and how? Acta Paediatr Allergy 2009;64:1349-1358.

Suppl 2005;94:14-17. . Boyle RJ, Ismail IH, Kivivuori S, Licciardi

5. van de Pol MA, Lutter R, Smids BS, Weer- PV, Robins-Browne RM, Mah LJ et al.
sink EJ, van der Zee JS. Synbiotics reduce Lactobacillus GG treatment during

294

pregnancy for the prevention of eczema: a
randomized controlled trial. Allergy
2011;66:509-516.

. Schiavi E, Barletta B, Butteroni C, Corinti

S, Boirivant M, Di Felice G. Oral
therapeutic administration of a probiotic
mixture suppresses established Th2
responses and systemic anaphylaxis in a
murine model of food allergy. Allergy
2011;66:499-508.

. de Kivit S, Saeland E, Kraneveld AD, van

de Kant HJG, Schouten B, van Esch BCAM
et al. Galectin-9 induced by dietary synbiot-
ics is involved in suppression of allergic
symptoms in mice and humans. Allergy
2012;67:343-352.

Allergy 67 (2012) 293-295 © 2012 John Wiley & Sons A/S



Allergy 67 (2012) 293-295 © 2012 John Wiley & Sons A/S

. Forbes LR, Haczku A. SP-D and regulation

of the pulmonary innate immune system in
allergic airway changes. Clin Exp Allergy
2010;40:547-562.

. Orgeig S, Hiemstra PS, Veldhuizen EJ, Ca-

sals C, Clark HW, Haczku A et al. Recent

advances in alveolar biology: evolution and
function of alveolar proteins. Respir Physiol
Neurobiol 2010;173(Suppl):S43-S54.

. Haczku A. Protective role of the lung collec-

tins surfactant protein A and surfactant pro-
tein D in airway inflammation. J Allergy
Clin Immunol 2008;122:861-879; quiz 880—
881.

. Barondes SH, Castronovo V, Cooper DN,

Cummings RD, Drickamer K, Feizi T

et al. Galectins: a family of animal beta-
galactoside-binding lectins. Cell 1994;76:597
—-598.

. Hirabayashi J, Hashidate T, Arata Y, Nishi

N, Nakamura T, Hirashima M et al. Oligo-
saccharide specificity of galectins: a search
by frontal affinity chromatography. Biochim
Biophys Acta 2002;1572:232-254.

. Liu FT, Rabinovich GA. Galectins:

regulators of acute and chronic inflamma-

20.

21.

tion. Ann N Y Acad Sci 2010;1183:158—
182.

. Sziksz E, Kozma GT, Pallinger E, Komlosi

ZI1, Adori C, Kovacs L et al. Galectin-9 in
allergic airway inflammation and hyper-
responsiveness in mice. Int Arch Allergy
Immunol 2010;151:308-317.

. Yamamoto H, Kashio Y, Shoji H, Shinona-

ga R, Yoshimura T, Nishi N et al. Involve-
ment of galectin-9 in guinea pig allergic
airway inflammation. Int Arch Allergy Immu-
nol 2007;143(Suppl 1):95-105.

. Igawa K, Satoh T, Hirashima M, Yokozeki

H. Regulatory mechanisms of galectin-9 and
eotaxin-3 synthesis in epidermal keratino-
cytes: possible involvement of galectin-9 in
dermal eosinophilia of Thl-polarized skin
inflammation. A/lergy 2006;61:1385-1391.
Chen X, Song CH, Liu ZQ, Feng BS, Zheng
PY, Li P et al. Intestinal epithelial cells
express galectin-9 in patients with food
allergy that plays a critical role in sustaining
allergic status in mouse intestine. Allergy
2011;66:1038-1046.

Zhu C, Anderson AC, Schubart A, Xiong
H, Imitola J, Khoury SJ et al. The Tim-3

22.

23.

24.

25.

Editorial

ligand galectin-9 negatively regulates T
helper type 1 immunity. Nat Immunol
2005;6:1245-1252.

Su EW, Bi S, Kane LP. Galectin-9 regulates
T helper cell function independently of
Tim-3. Glycobiology 2011;21:1258-1265.

Dai SY, Nakagawa R, Itoh A, Murakami
H, Kashio Y, Abe H et al. Galectin-9
induces maturation of human monocyte-
derived dendritic cells. J Immunol
2005;175:2974-2981.

Seki M, Oomizu S, Sakata KM, Sakata
A, Arikawa T, Watanabe K et al.
Galectin-9 suppresses the generation of
Th17, promotes the induction of regula-
tory T cells, and regulates experimental
autoimmune arthritis.
2008;127:78-88.

Niki T, Tsutsui S, Hirose S, Aradono S,
Sugimoto Y, Takeshita K et al. Galectin-9 is
a high affinity IgE-binding lectin with anti-

Clin  Immunol

allergic effect by blocking IgE-antigen com-
plex formation. J Biol Chem 2009;284:32344
—32352.

295



