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A family of β-galactosides-binding proteins, called galectins, have recently emerged as novel
molecules with immunoregulatory functions. These proteins are expressed in both
inflammatory and non-inflammatory cells including monocytes, macrophages, dendritic cells,
mast cells, and B and T cells, giving a broad spectrum of involvement in the immune response.
Galectins are uniquely capable of acting both intracellularly and extracellularly, affecting such
processes as cell adhesion, signaling, proliferation, differentiation, and apoptosis. Different
members of this family have been shown to modulate several pathological processes such as
allergic reactions, autoimmunity, and tumor invasion. Therefore, understanding the role of
galectins in achieving appropriate proliferative and effector responses to antigens will yield
important insights to autoimmune diseases and delineate novel strategies for disease
intervention.

© 2008 Published by Elsevier B.V.
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1. Introduction

The ability to mount an immune response is critically
regulated. Despite this regulation, the immune system has the
potential to lose tolerance and attack self-tissue, resulting in
tology, University of
ite 1400, Sacramento,
1 916 442 5702.

Elsevier B.V.

et al, The immunologic
autoimmunity. Although clonal deletion and anergy of self-
specific lymphocytes are major mechanisms that serve to
avoid such a reaction, they do not completely eliminate the
possibility of a low-affinity response to self. Due to the
prevalence of self-antigen in the body, autoimmune
responses can be prolonged and can result in tissue damage
that could be life threatening [1–4].

Even though it is well known that autoimmune diseases
are a result of a loss of tolerance, the molecular and cellular
events that lead to this function remain enigmatic. With these
comments in mind, galectins are a family of lectins that bind
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to β-galactosides, and regulate the homeostasis and functions
of immune repertoire throughmechanisms such as apoptosis.

Apoptosis, programmed cell death, is characterized by the
retention of the plasma membrane, chromatin condensation,
nuclear fragmentation, and the formation of apoptotic bodies.
Apoptotic cells are engulfed by phagocytes, which recognize
multiple components on the surface of the apoptotic cells
such as phospatidylserine (PS) [5]. Ingestion of apoptotic cells
leads to a series of events resulting in degradation. The highly
efficient elimination of apoptotic cells occurs swiftly and
without any tissue damage or inflammation. The effective
clearance of these apoptotic bodies is essential for develop-
ment, homeostasis, and tissue repair. When this system is
threatened, autoimmune disorders can arise [6].

Impaired clearance of apoptotic bodies and apoptotic
fragments is a potential source of auto-antigens [7]. In this
context, the slow or non-existent degradation of phagocytic
ingested material may provide neo-antigens, including
modified antigens with the potential in genetically suscep-
tible hosts to elicit an autoimmune response. Indeed,
apoptotic cells that fail to be effectively engulfed and digested
by phagocytes may undergo secondary necrosis [8]. The
resultant inflammatory response may include the critical
element of innate immunity, which will further amplify
inflammation and perhaps facilitate the loss of tolerance.
Essentially the process of apoptosis offers a number of venues
that have the potential to disrupt tolerance mechanisms. It
should be emphasized that any loss of tolerance is dictated
not only by the process of apoptosis but also the genetic
makeup of the host.

In this review we will discuss the immune properties of
galectins, particularly their role in the modulation of
apoptosis.

2. Galectins

Galectins areahighlyconserved familyofproteins thatbind to
β-galactosides. They are widely distributed and evolutionarily
conserved (Fig. 1). Indeed, galectins are characterized by a
conserved carbohydrate-recognition domain (CRD), which is
folded into five or six B-sheets, and capable of recognizing the
structure of N-acetylactosamine [9]. To date, 15 mammalian
galectins have been identified, and classified by the basis of one
CRD (galectin-1, -2, -5, -7, -10, -11, -13), two CRDs in tandem
(galectin-4, -6, -8, -9, -12), or a chimeric group (galectin-3) [10].
Most galectins have multiple biological effects, including the
inflammatory response, cell trafficking, cell survival, cell growth,
and chemotaxis. In fact they are expressed on a variety of tissue
and cell types [10]. Galectins are located and capable of
functioning both extracellularly on the cell surface and medium
Fig. 1. Conserved galectin-1 and 3 CDR regions in human and C. elegans. Conserved
(hydrophobic). Some galectins have two CDRs in the same polypeptide, designated “A
(P09382), Human Galectin-3 (P17931), C. elegans Galectin-1 (P36573), and C. elegans G
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and intracellularly in the cytosol and nucleus [11]. Specifically,
galectins have been found in primary and secondary lymphoid
organs, as well as in circulating immune cells, which further
support their role in immunity [12]. Galectins play a vital role in
central and peripheral tolerance, and maintaining a functional
immune response during apoptosis. This reviewwill focus on the
two most ubiquitously expressed and extensively studied
members of the galectin family, galectin-1 and -3.

3. Galectins and autoimmunity

3.1. Galectin-1

Galectin-1 is an important contributor in regulating
immune function, and maintains T cell homeostasis. It is
expressed on both thymic stromal cells and activated T cells
[13,14]. In the thymic stromal cell, galectin-1 promotes
apoptosis of potential self reactive T cells during development
[15]. in the periphery, galectin-1 promotes apoptosis of
activated T cells [16], which eliminates the possibility of an
exaggerated or inappropriate immune response that can
result in unnecessary destruction of self tissue. Thus, the
apoptotic function of galectin-1 with activated T cells helps to
maintain immune tolerance. In fact, it is clear that without the
control of T cell proliferation, altered thymic proliferation can
result. For example, in the thymus, a majority of the T cells
produced during clonal expansion undergo apoptosis to
prevent autoreactive T cells from ever achieving maturity
and leaving the thymus. In the periphery, the apoptosis of T
cells and other immune cells is important in down-regulating
the immune response.

It has been demonstrated that galectin-1 can induce
apoptosis specifically through TCR binding and signaling.
Upon the engagement of galectin-1 and TCR, apoptosis is
induced [17], perhaps through T cell surface reorganization
causing cross-linking, and ultimately inducing downstream
signal transduction [18]. Thus, galectin-1 is needed for the
physical binding and multimerization of TCR to induce
apoptosis signals. It has been hypothesized that galactin-1
actually facilitates activated T lymphocytes to apoptosis
through the Fas/caspase-8 pathway [19].

Galectin-1 is known to elicit IL-10 production, and
contributes to the proliferation of regulatory T cells (Tregs)
[20]. It has also been suggested that galectin-1 plays a role in
augmenting leukocyte apoptosis, and downregulation of pro-
inflammatory cytokines [21,22]. This downregulation curbs a
pathogenic Th1 response to a nonpathogenic Th2 response
and T regulatory phenotype, with regard to the autoimmune
response [23]. Thus, galectin-1 expression can ultimately
counteract the harmful Th1 response to a harmless Th2 or T
residues involved in ligand binding are highlighted in red (polar) and blue
” and “B”. The sequences are obtained from Gene Data Bank: Human Galectin-1
alectin-3 (Q09581) and from the website, A genomics resource for animal lectins.
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Table 1
Immunological effects of galectin-1 and -3

Immunological effects Reference

Galectin-1
in vitro Induces apoptosis in thymocytes [15]

Promotes apoptosis in activated T cells [16]
Promotes TCR engagement resulting in enhanced
apoptosis

[17]

Sensitizes T cells to cell death [19]
Induces apoptosis in T cells and the induction of IL-10 [20]
Downregulates pro-inflammatory cytokines [22]

in vivo Skewing immune response to a Th2 or T regulatory
response

[23]

Galectin-3
in vitro Induces apoptosis in activated T cells [28]

Induces apoptosis of both thymocytes and T cells [29]
Increase apoptosis in T cells [27,30]
Induces mast cell apoptosis [34]
Protects T cells from apoptosis [36,37]
Increases T cell growth [36]
Chemoattractant for macrophages [39]

in vivo Negatively regulates LPS-mediated inflammation [31]
Can contribute to mast cell degranulation [33]
Positive regulator of the inflammatory response [38]
Essential for effective phagocytosis by macrophages [40]
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regulatory response, by inducing IL-10 and downregulation of
pro-inflammatory cytokines. Interestingly, galectin-1 is also
important in promoting fetomaternal tolerance by altering
the balance toward an anti-inflammatory Th2 dominant
cytokine profile [24]. This may be due to the higher incidence
of galectin-1 binding to Th1 rather than Th2 cells, and
therefore negatively regulating Th1 mediated responses by
inducing cell death [25].

The pro-apoptotic properties of galectin-1 remain some-
what controversial. It has been demonstrated that the effect
of galectin-1 on Tcells is not apoptotic but rather, prepares the
cells for phagocytic recognition by inducing PS exposure
[26,27]. This induction however, is not followed by cell death.

3.2. Galectin-3

Galectin-3has theuniqueability to act in adualmanner. It can
protect cells from apoptosis or stimulate cell death depending on
whether the protein is functioning intracellularly or extracellu-
larly. Extracellular galectin-3 can induce apoptosis in activated T
cells. Treatment of T cells with extracellular recombinant
galectin-3 induces apoptosis secondary to caspase pathway
activation [28]. For example, treatment of cells with the deletion
mutant of extracellular recombinant galectin-3 will not activate
the caspase pathway. It has also been shown that galectin-3
directly initiates thymocyte and Tcell death, therefore potentially
immunosuppressive [29]. In fact Tcells treatedwith recombinant
galectin-3 undergo cell death as measured by two cell viability
assays that detect increased DNA fragmentation [27]. Similarly,
the addition of galectin-3 leads to an increased rate of T cell
apoptosis compared to control [30]. Evidently, galectin-3 is pro-
apoptotic and therefore important in maintaining tolerance.

Extracellular galectin-3 also plays an important role in the
inflammatory response, which also can contribute to autoim-
munediseases. The use of galectin-3 knockoutmice, has revealed
that such mice have an enhanced inflammatory cytokine
production in response to LPS [31]. This effect is reduced when
galectin-3 is pre-incubated with LPS, before injection into mice,
suggesting that the bindingof galectin-3 to LPS is themechanism
for this modulation. The addition of galectin-3 can lead to direct
mast cell degranulation, resulting in the release of inflammatory
cytokines and a prolonged inflammatory response [32,33].
Treatment of mast cells with recombinant galectin-3 also results
in apoptosis [34]. These findings define the inflammatory
pathways by which galectin-3 can contribute to an exacerbated
inflammatory response.

Intracellularly, galectin-3 protects cells from apoptosis and
promotes T cell proliferation [35,36]. A number of studies
have demonstrated the protective property of galectin-3. For
example, cells expressing transfected galectin-3 proliferate
faster than control transfectants. In addition, galectin-3 may
also suppress apoptosis by interfering with the apoptotic
pathway [36]. The overexpression of galectin-3 protects T
cells from toxins that induce apoptosis [37]. Mitochondrial
homeostasis was maintained, with no signs of blebbing, cell
retraction, or rounding, thus protecting cells from death.
These data have implication for autoimmunity but rigorous
experiments remain to be performed.

In addition to modulating T cell homeostasis, galectin-3
regulates immune cell survival, migration, and cytokine
release. In macrophages, galectin-3 also serves a dual role.
Please cite this article as: Dhirapong A, et al, The immunologic
doi:10.1016/j.autrev.2008.11.009
One group of researchers [38] found that in macrophages
from galectin-3 knockout mice were more sensitive to
apoptotic stimuli. Knockout mice also exhibit reduced
inflammatory responses measured by decreased numbers of
leukocyte infiltrates. Furthermore, the addition of recombi-
nant galectin-3 acts as a chemoattractant for macrophages in
a dose dependant manner, and leads them to the site of
infection, exacerbating the immune response [39]. Galectin-3
plays an important role on the degranulation and cytokine
release of mast cells, as demonstrated by studying galectin-3
knockout mice [33]. Finally, galectin-3 was also found
essential for effective phagocytosis by macrophages [40].
Macrophages of galectin-3 knockout mice had a delayed
phagocytic response and ingested fewer cells than the wild
type mice in the same period. The quick and efficient removal
of apoptotic cells is crucial in preventing secondary necrosis,
which can lead to autoimmunity (Table 1).

4. Concluding remarks

Maintaining apoptosis is pivotal in the regulation of the
immune response. There are clearly multiple overlapping and
often promiscuous pathways involved in this regulation. We
emphasize the conservation of galectins to highlight their
contribution in the clearance of apoptotic cells. However,
because galectins are multifunctional and diverse, some
questions emerge regarding their true function. These
questions stem from the current techniques of studying the
extracellular and intracellular role of galectins. Extracellular
functions are investigated by adding the galectins exogen-
ously. However, high concentrations are often needed to
demonstrate the effects of the galectins. This may simply be
due to relatively low efficiency of galectins to deliver an
activation signal to the cell. Intracellular functions are studied
by extrinsic control of gene expression. The issue that arises
with this approach is determining whether the in vitro data
can be correctly translated to in vivo systems. Thus, the use of
al potential of galectin-1 and -3, Autoimmun Rev (2008),

http://dx.doi.org/10.1016/j.autrev.2008.11.009


4 A. Dhirapong et al. / Autoimmunity Reviews xxx (2008) xxx–xxx

ARTICLE IN PRESS
galectin knockout mice can provide valuable information on
the individual roles of galectins and also contributing to
bridging the gap between in vitro results and clinical data.

Take-home messages

• Apoptosis plays a crucial role in the pathogenesis of
autoimmune diseases, by maintaining T cell homeostasis
and the efficient removal of dying cells seems to be essential
for the maintenance of tolerance.

• Galectins regulate various cellular processes, including
apoptosis and are found in primary and secondary lym-
phoid organs, as well as circulating immune cells, support-
ing their role in immunity.

• Galectin-1 has been shown to induce apoptosis in both
thymic and activated T cells.

• Galectin-3 has a dual role in both pro- and anti-apoptotic
pathways depending onwhether it is located intracellularly
or extracellularly.
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