
Abstract. Galectins are a family of animal lectins with an
affinity for b-galactosides. They are differentially ex-
pressed by various tissues and appear to be functionally
multivalent, exerting a wide range of biological activities
both during development and in adult tissue. Galectin-7, a
member of this family, contributes to different events asso-
ciated with the differentiation and development of pluris-
tratified epithelia. It is also associated with epithelial cell
migration, which plays a crucial role in the re-epithelial-
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ization process of corneal or epidermal wounds. In addi-
tion, recent evidence indicates that galectin-7, designated
as the product of the p53-induced gene 1 (PIG1), is a reg-
ulator of apoptosis through JNK activation and mitochon-
drial cytochrome c release. Defects in apoptosis constitute
one of the major hallmarks of human cancers, and galectin-
7 can act as either a positive or a negative regulatory factor
in tumour development, depending on the histological type
of the tumour.
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Introduction

Galectins are animal lectins defined by shared consensus
amino acid sequences and an affinity for b-galactose-
containing oligosaccharides [1–5]. To date, 15 different
galectins have been identified and numbered in order of
discovery (galectin-1 to galectin-15) [1–5]. Galectins are
widely distributed from lower to higher vertebrates and
display a high level of evolutionary preservation. Recent
comprehensive reviews detail all these aspects [1–5].
All galectins contain preserved carbohydrate recognition
domains (CRDs of approximately 130 amino acids), which
are responsible for carbohydrate binding. In terms of their
biochemical structure, galectins can be subdivided into
three groups, namely those containing one CRD (proto-
type) and existing as monomers (galectin-5, -7 and -10) or
dimers (galectin-1, -2, -11, -13 and -14); those containing
two CRDs in tandem connected by a short linker region of

up to 70 amino acids (tandem repeat); and galectin-3,
which occurs as a chimeric protein with one CRD and an
additional non-lectin domain involved in the oligomeriza-
tion of this protein [1–5]. The present review focuses on
galectin-7, with the first section describing the molecular
structure of galectin-7 and its ligands.
Galectin-7 was discovered by Madsen and colleagues
[6] in their attempt to isolate new markers involved in
the maintenance of the normal human epidermal pheno-
type, and this discovery is discussed in our second sec-
tion. Galectin-7 expression varies as a function of the
levels of differentiation of pluristratified epithelia, and
the onset of its expression coincides with the first visi-
ble signs of epidermal stratification [7, 8]. Galectin-7
expression therefore seems to be a marker of the differ-
entiation levels of keratinocytes, as outlined in the third
section.
Considering the specific roles played by galectin-7 in the
context of pluristratified epithelia, it has been shown to
have the potential to play a number of crucial roles in ep-
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ithelial cell migration and, consequently, in the re-epithe-
lization of corneal and/or epidermal wounds [9–11]. Dis-
orders relating to wound healing constitute a serious med-
ical problem [12, 13]. The roles played by galectin-7 have
been investigated on corneal-wound-healing models, and
galectin-7 can accelerate re-epithelialization in such
types of wounds more efficiently than most known
growth factors [14, 15]. These findings have broad thera-
peutic galectin-7-related implications, as addressed by
the fourth section of our review. 
The expression of galectin-7 is markedly altered in tu-
mour cells compared to their normal counterparts [7, 16].
In fact, galectin-7 gene expression is induced by the tu-
mour suppressor gene p53 [17], whose major function is
to control apoptosis homeostasis [18], and this gene is in
fact the one most frequently mutated in human tumours
[18]. Galectin-7, which is an apoptosis regulator [19, 20],
has been designated as the product of the p53-induced
gene 1 (PIG1) [17]. The fifth section of our review is en-
titled ‘Galectin-7 as an apoptosis regulator’.
Defects in apoptosis constitute one of the major hall-
marks of human cancers, and galectin-7 can act as either
a positive or a negative regulatory factor in tumour devel-
opment, depending on the histological type of the tumour
[21–23]. These features are covered by the final section
of our review.

Molecular structure of galectin-7 and its ligands

The X-ray crystal structures of galectin-1 [24], galectin-2
[25], galectin-7 [26], galectin-10 [26] and the CRD do-
main of galectin-3 [27] have already been described. A
considerable wealth of information on the molecular
recognition of lectins by carbohydrates has been reported
over the past few years on the basis of structural studies
[28–31]. In its native form, the X-ray crystal structure of
human galectin-7 shows a fold similar to that of prototype
galectin-1 and -2, but even more similar to that of
galectin-10 [26, 32, 33]. Galectin-7 is like a dimer in the
crystalline state [26, 33]. A structure-based sequence
alignment of human galectin-7 with known galectin
structures reveals a few loop regions adopting signifi-
cantly different positions such as: (i) the insertion of two
residues, Pro10 and Glu11, between strands S1 and F2
(galectin-1, -2 and -10 have similar structures in this re-
gion) [26]; (ii) the loop region encompassing residues
39–45 has a conformation different to the corresponding
loop in galectin-1 and -2 [26]; (iii) the short loop between
residues 55 and 57 has a conformation similar to galectin-
2 and differing from galectin-1 and -10 (due to the pres-
ence of Cys57) [26]; (iv) the loop containing residues
112–119 closely matches the conformation of the corre-
sponding loop in galectin-10 rather than that of galectin-
1 and -2 [26].

The superposition of the carbohydrate-binding sites
shows that Arg31 in human galectin-7 occupies the posi-
tion of His52 in galectin-1 [26]. This arginine residue
could form part of the carbohydrate-binding region [26].
Leonidas et al. [26] provided a structural basis for carbo-
hydrate recognition in human galectin-7. At the same
time, Seetharaman et al. [27] reported the crystal structure
of the human galectin-3 CRD. The overall fold is ex-
tremely similar to human galectin-7, and the conformation
of the CRD also appears to be retained except in the case
of the Arg74 residue (human galectin-7). The molecular
weight of galectin-7, determined by ultracentrifugation
and sedimentation experiments, strongly suggests that
galectin-7 behaves like a dimer in solution, a fact consis-
tent with the presence of a dimer in the crystal structure of
the protein [26, 33]. The quaternary structure of this pro-
tein is not affected by the binding of LacNac [33].
Galectin-7 can bind to a large panel of potential recep-
tors, as do other galectins. Indeed, galectin-7 binds to
non-reducing terminal LacNac residues as well as to in-
ternal LacNac oligosaccharide residues [32]. Isothermal
titration microcalorimetry and haemagglutination inhibi-
tion data demonstrate that, compared to galectin-1 and
galectin-3, galectin-7 possesses 6- to 11-fold weaker
affinities for carbohydrates with LacNac epitopes [32].
The data we review below indicate that galectin-7 dis-
plays opposite effects in terms of tumour progression
from one histological type to another. These apparently
discrepant data can be explained, at least partly, as fol-
lows.
Galectins are found in the cytoplasm, in the nucleus or in
the extracellular space. Therefore, there is the possibility
that the different functions of galectin-7 may vary ac-
cording to cellular localization. Such a model has been
put forward, for example, to explain the apparent contra-
dictory role of galectin-3 in apoptosis. As we discuss in
detail further on, Kuwabara et al. [20] demonstrated that
galectin-7 is prone to induce apoptosis in several cell
types and that these galectin-7-mediated effects on cell
death should be induced in the nucleus rather than in the
cytoplasm [20]. Galectin-7 can also bind to cell surface
receptors in cell types other than those used by Ku-
wabara et al. [20] because it can be secreted (see the fol-
lowing section). Intracytoplasmic versus extracytoplas-
mic roles for galectin-1 and galectin-3 have already been
clearly demonstrated. This feature could also be associ-
ated with galectin-7 biological functions. As emphasized
by Sacchettini and colleagues [34], many biological
recognition processes involve the binding and clustering
of ligand-receptor complexes and concomitant signal
transduction events [34]. Such interactions have been
observed in human T cells in which binding and cross-
linking of specific glycoprotein counter-receptors on the
surface of the cells by an endogenous bivalent carbohy-
drate-binding protein like galectin-1 leads to apoptosis
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[35]. Sacchettini et al. [34] thus report that different
counter-receptors associated with specific phosphatase
or kinase activities were shown to form separate clusters
on the surface of the cells as a result of galectin-1 bind-
ing to the carbohydrate moieties of the respective glyco-
proteins. These authors [34] argue that such data favour
the unique separation and organization of signalling
molecules that results from galectin-1 binding as being
involved in delivering the death signal in T cells. This
feature is cell specific and the fact that galectin-7 could
behave like galectin-1 remains to be determined. Thus,
binding and cross-linking of multivalent carbohydrates
with multivalent lectins is shown to be a new paradigm
for supermolecular assembly and signal transduction in
biological systems [34]. Brewer [36] has recently re-
viewed the binding and cross-linking properties of
galectin-1 and other lectins as a model for the biological
signal transduction properties of the galectin family of
animal lectins. This model may apply, at least partly, to
galectin-7.

The discovery of galectin-7

The skin, which is the largest bodily organ, consists of
two layers, i.e. the outer part, which is the epidermis, and
the inner part, which is the dermis [37]. The epidermis is
firmly attached to the dermis and is constantly regener-
ated by means of a homeostatic process requiring prolif-
eration, differentiation and apoptosis [37]. A consider-
able number of research groups have attempted to iden-
tify the proteins involved in the maintenance of the
normal epidermal phenotype [38–41]. Celis and Olsen
[42] have demonstrated that many proteins are regulated
differentially in SV40-transformed keratinocytes. One of
these proteins corresponds to IEF17 in the keratinocyte
database [43, 44], and it seems to be particularly interest-
ing for at least three reasons, i.e. (i) its peptide sequences
does not match any known protein [42]; (ii) it is partially
secreted by normal keratinocytes into their culture
medium [42], and (iii) it is highly down-regulated in
SV40-transformed keratinocytes that are anchorage inde-
pendent and unable to differentiate [42]. Following upon
this, Madsen et al. [6] performed the microsequencing
and the cDNA cloning of the IEF17 protein and showed
that this human protein has a shared identity with the
galectin family [45, 46]. IEF17 has been called galectin-
7 [6]. IEF17 binds lactose and contains all the amino
acids that are central to b-galactoside interaction with the
protein [6]. The gene that encodes for galectin-7 maps
to chromosome 19 [6]. In fact, the genes coding for
galectins are scattered throughout the genome [47, 48].
Galectin-7 is secreted by proliferating, quiescent as well
as differentiated keratinocytes into their culture medium
[6] despite the fact that its sequence has no typical secre-

tion signal peptide [49]. The absence of a typical secre-
tion signal peptide suggests that galectin-7 is secreted by
a non-classical and as yet unknown secretory mechanism.
This absence of a typical secretion signal peptide is a
common feature of all galectins [50]. A protein called
UAT (a urate transporter/channel) has recently been
shown to have a high degree of homology with rat, mouse
and human galectin-9 and could therefore constitute a
galectin-9 isoform [51]. Rappoport et al. [51] have shown
that UAT is targeted to plasma membranes in multiple ep-
ithelium-derived cell lines and, in polarized cells, to both
apical and basolateral membranes. Whereas the amino
and carboxy termini of UAT have both been detected on
the cytoplasmic side of plasma membranes, cell surface
biotinylation studies have demonstrated that UAT is not
merely a cytosolic membrane-associated protein but that
it also contains at least one extracellular domain. The pre-
liminary data obtained by Rappoport et al. [51] with UAT
– a galectin – offer a novel understanding of the potential
secretory mechanisms of a galectin-related protein. How-
ever, whether the data obtained by Rappoport et al. [51]
for UAT can also be applied to other galectin types re-
mains to be determined.
Galectin-7 is found in areas of cell-to-cell contact, and
particularly in the upper layers of the human epidermis
[6]. Combined with a strong down-regulation of galectin-
7 in transformed keratinocytes, this result suggests a role
in modulating the cell-cell and cell-matrix interactions
necessary for normal growth control. This role is already
well known in the case of other members of the galectin
family [2, 5, 52, 53].

Galectin-7 as a marker of stratified epithelia

Galectin-7 is mainly found in stratified squamous epithe-
lia [6, 7, 54] as well as in various other types of cancer
cells, as detailed below. Considering this epidermal-spe-
cific distribution, Magnaldo and colleagues [54] have
studied the effect of retinoic acid on galectin-7 expression
and distribution in psoriatic epidermis. These authors
have shown that in normal adult human skin, galectin-7 is
distributed throughout the depth of the epidermis without
any apparent difference in intensity in the proliferative
(mainly basal) or the differentiated (mainly supra-basal)
compartments (fig. 1) [7]. This galectin-7 distribution
distinguishes it from the distribution of keratins, a well-
known group of epithelial markers, and, particularly, of
K5-K14 and involucrin, which are present exclusively in
the basal and supra-basal layers [55]. The effect of
retinoic acid, a major modulator of the keratinocyte phe-
notype, on galectin-7 expression differs from that gener-
ally observed with standard epidermal markers, which
are either induced (basal markers) or repressed (supra-
basal markers) by retinoic acids [56]. Indeed, retinoic
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acid induces an oral metaplasia in cultured epidermal ker-
atinocytes (i.e. a transformation into a non-keratinized
stratified epithelium) and reduces the amount of galectin-
7, but does not eliminate it [54]. In the psoriatic epider-
mis, characterized by a parakeratosis attested by the per-
sistence of nuclei and a strong decrease in cornification,
the slight reduction in galectin-7 expression in the deep-
est layers could be linked to the delay in the onset of strat-
ification as observed in this disease [54, 57]. 
The expression of galectin-7 thus seems to be unique
within the epidermis and no other marker displays a sim-
ilar basal-supra-basal distribution [7, 54]. All the data that
we report above therefore suggest that galectin-7 has to
be considered as a keratinocyte cell type marker irrespec-
tive of the keratinization level and the degree of differen-
tiation within a given epithelium [54]. Magnaldo et al. [7]
used in situ hybridization and immunolabelling tech-
niques to study the expression of galectin-7 in human, rat
and mouse tissue, and observed that galectin-7 is present
in interfollicular epidermis, in the outer root sheath of the
hair follicle, in the oesophagus and in the oral epithelia,
in the cornea and in Hassal’s corpuscles of the thymus.
Sato and colleagues [58] and Nio et al. [59] have ob-

served similar distributions for galectin-7 in adult mouse
tissue by means of Western blot analyses and in situ hy-
bridization, respectively. Sato et al. [58] also observed the
presence of galectin-7 in the trachea and the ovary, and
argued that galectin-7 is produced primarily in stratified
epithelia as well as in some wet epithelia, and could there-
fore play a role in cell-mucus contacts or in the growth of
ovarian follicles.
The fact that galectin-7 is present in all stratified epithelia
(keratinized or not) therefore suggests that the galectin-7
gene is activated before, or independently of, regional
specialization programs. To better circumscribe this hy-
pothesis Timmons et al. [8] studied the expression of
galectin-7 during rat and mouse development. Their
study revealed the following features (i) No signal is de-
tected during the first half of the gestation period, sug-
gesting that embryonic galectin-7 expression is confined
to the second half. (ii) The level of galectin-7 expression
clearly correlates with stratification. For example, in the
ventral epidermis of mouse embryos, galectin-7 expres-
sion is marked in areas where stratification is the most
pronounced (i.e. two or more supra-basal cell layers)
while it is weak where stratification is less advanced (i.e.
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Figure 1: The role of galectin-7 in the stratification of the epidermis. The schemes summarize the arrival and the distribution of galectin-7
during the stratification of the epidermis. Epidermic stratification begins when the supra-basal layer appears between the basal and perid-
erm layers (A, B). The onset of galectin-7 expression coincides with the beginning of the process of stratification (B, C). Galectin-7 ex-
pression is maintained in all living layers; SC, stratum corneum; Sgr, stratum granulosum; SS, stratum spinosum; Sge, stratum germina-
tum) when the epidermal development is over (D). 



only one supra-basal cell layer) (see fig. 1). The onset of
galectin-7 expression coincides with the beginning of
stratification. (iv) Galectin-7 is also, and specifically, ex-
pressed in the stratified regions of ectodermally derived
non-epidermal epithelia such as the lining of the buccal
cavity, the oesophagus and the ano-rectal region; no ex-
pression is observed in epithelia deriving from the endo-
derm (the lining of the intestine, the kidneys and the
lungs). (v) Galectin-7 expression is maintained in all liv-
ing layers after epidermal development has been com-
pleted. 
The study by Timmons et al. [8] thus provides evidence
that galectin-7 may be important for both the formation
and the maintenance of all stratified epithelia, probably
because it modulates cell proliferation and cell interac-
tions irrespective of keratinization or regional specializa-
tion.
Figure 1 illustrates the roles of galectin-7 in the processes
of epidermal stratification.

Galectin-7 in corneal wound healing

Disorders of corneal or epidermal wound healing, two
very similar healing processes, are characterized by im-
paired or delayed re-epithelialization features and consti-
tute a serious medical problem [13, 14]. Indeed, persistent
epithelial defects are characteristic of chronic wounds in
elderly decubitus ulcers and venous statis ulcers of the
skin, conditions that affect millions of individuals world-
wide [13, 14]. Most frequently, re-epithelialization fail-
ure is not due to inadequate cell proliferation but to the re-
duced potential of the epithelium to migrate across the
wound bed [60, 61].
Using the cornea as a model, Cao et al. [9–11] were the
first to demonstrate the importance of galectin-3 and -7 in
the re-epithelialization of wounds. The importance of
galectin-3 was highlighted by the fact that the re-epithe-
lialization of corneal wounds was significantly slower in
galectin-3-deficient (gal3–/–) mice compared with wild-
type (gal3+/+) mice [10]. Secondly, the exogenous recom-
binant galectin-3 stimulates the re-epithelialization of
corneal wounds in gal3+/+ mice in a concentration-depen-
dent manner while it does not accelerate the corneal ep-
ithelial wound closure rate in gal3–/– mice [10]. 
Figure 2 details the roles played by galectin-3 and -7 in
corneal wound healing.
In an attempt to understand why re-epithelialization was
disturbed in the gal3–/– mice, Cao et al. [9] made use of a
cDNA microarray approach to characterize the gene ex-
pression patterns of healing gal3+/+ and gal3–/– corneas.
This gene expression analysis revealed that the healing
corneas of the gal3–/– mice contained 12 times fewer
galectin-7 gene transcripts than the healing corneas of the
wild-type mice. The authors came to the conclusion that

galectin-3 may influence the re-epithelialization of
wounds, at least in part by modulating the levels of
galectin-7 expression [9]. Indeed, galectin-7 accelerated
the re-epithelialization of the corneal wounds in the
gal3–/– corneas and in the wild-type gal-3+/+ mice in a lac-
tose-inhibitable manner [9]. Moreover, the expression of
galectin-7 was markedly up-regulated in the corneal ep-
ithelium after injury [9, 11]. The glycoconjugates of the
corneal epithelial cell surface and the extracellular matrix
(ECM) that serve as binding sites for galectin-7 have not
yet been characterized. However, Saika et al. [62] have
shown that lumican, an unsulphated form of the keratan
sulphate proteoglycan, is transiently expressed in the ep-
ithelium of healing corneas, and that the epithelial
corneal wound closure rate is significantly reduced in lu-
mican-deficient mice. Thus, galectin-7 could bind to lu-
mican, a hypothesis that has to be validated experimen-
tally.
Regardless of the mechanism involved, the findings that
galectin-3 and -7 stimulate the re-epithelialization of
corneal wounds have broad implications for the develop-
ment of novel therapeutic strategies for the treatment of
non-healing wounds. Indeed, the extent of the accelera-
tion of the re-epithelialization of corneal wounds with
galectin-3 and -7 was greater than that reported in most of
the published studies using growth factors [12–14]. The
clinical potential of galectin-3 and galectin-7 seems to be
more attractive than that of growth factors because they
have not been shown to induce cell mitosis in epithelial
cells [10, 11].

Galectin-7 as an apoptosis regulator

One of the major biological roles played by galectins re-
lates to their modulatory effects on apoptosis; while
galectin-3 seems to display an anti-apoptotic activity with
various tumour cell lines, several other galectins, includ-
ing galectin-1, galectin-2, galectin-7 and galectin-9 tend
to display pro-apoptotic effects [5, 23, 63–66]. With re-
spect to the anti-apoptotic roles played by galectin-3, the
Liu group showed almost a decade ago that galectin-3 in-
hibits T cell apoptosis induced by the anti-Fas antibody
[67]. The Raz group showed that introducing galectin-3
into epithelial cells made them resistant to apoptosis in-
sults [68–70]. In fact, Ser6 phosphorylation acts as a mol-
ecular switch for galectin-3 cell translocation from the
nucleus to the cytoplasm and, as a result, regulates the
anti-apoptotic activity of galectin-3 [71]. And a decade
has also passed since the Baum group showed that
galectin-1 mediates apoptosis in T cells [72] and in thy-
mocytes [73]. Galectin-1 has a pro-apoptotic effect
against T cells by binding to various cell surface receptors
including, for example, CD7 [74] and CD45 [75]. Both
the Baum and the Rabinovich groups partly analysed at
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the molecular level the mechanisms by which galectin-1
induces apoptosis in T cells. By way of an example, these
mechanisms involve the activation of the AP-1 transcrip-
tion factor and the down-regulation of Bcl-2 [76], the ac-
tivation of Lck, Fyn, MEK1/ERK, p38 MAP and the
p70S6 kinases [77], mitochondrial hyperpolarization,
budding and fission [78] and caspase-independent path-
ways [79]. The ECM is also involved in galectin-1-medi-
ated T cell death [63]. In addition, galectin-1 can induce
T cell death via non-apoptotic mechanisms [80]. Rabi-
novich’s group recently showed that galectin-1 signalling
in activated T cells in fact constitutes an important tu-
mour immune escape mechanism, and blocking this in-
hibitory signal can both allow and potentiate effective im-
mune responses against tumour cells [81]. Indeed, these
authors demonstrated that blocking immunosuppressive
galectin-1 in vivo promotes the rejection of experimental

melanomas and stimulates the generation of a tumour-
specific T-cell-mediated response in syngeneic mice [81].
Galectin-2 also induces apoptosis in T cells, but differ-
ently from galectin-1 [65]. Galectin-9 induces apoptosis
in melanoma cells [82].
Galectin-7 also displays pro-apoptotic activity in vari-
ous types of cell. In fact, on the basis of work with p53-
dependent apoptosis onset in DLD-1 colon cancer cell,
galectin-7 has been shown to be one of the 14 genes
whose expression is induced in the early steps of p53-
mediated apoptosis, out of a set of 7002 genes that were
analysed [17]. Because UVB radiation is an efficient
modulator of gene expression, including p53, and in-
duces apoptosis in epidermal keratinocytes, Bernerd et
al. [19] characterized the levels of galectin-7 expression
in UVB-induced sunburn/apoptotic keratinocytes,
which demonstrated clearly a higher level of galectin-7
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Figure 2. The role of galectin-7 in corneal wound healing. The scheme demonstrates the importance of galectin-3 and -7 in the re-epithe-
lialization of corneal wounds. A transepithelial excimer laser ablation was carried out to produce the corneal wounds (A, B). Twenty hours
after the laser injury, corneal re-epithelialization was assessed under different conditions, namely in knockout gal-3 mice (C), in wild-type
gal-3 mice (D) and in wild-type gal-3 mice with the exogenous addition of galectin-3 and -7 (E). This experimental procedure clearly
demonstrates that galectin-3 and -7 stimulate the re-epithelialization of corneal wounds regardless of the mechanism involved. The present
figure has been adapted from the work published by Cao et al. [10]. 



expression after exposure. The observations made by
Bernerd et al. [19] thus suggest that galectin-7 expres-
sion is associated with UVB-induced apoptosis in the
epidermis. Galectin-7 expression can be increased after
UVB irradiation of the surface of human carcinoma cell
lines [83]. Galectin-7 expression is not induced after
UVB irradiation in human keratinocyte cell lines lack-
ing wild-type p53 [19]. Taken together, all these data
suggest that the UV-induced galectin-7 overexpression
in sunburn/apoptotic keratinocytes occurs in cells that
have a wild-type p53 function and are endowed with a
proliferation potential, because epidermal cells may un-
dergo squamous differentiation independently of p53
integrity [84]. 
Kuwabara et al. [20] have shown that the ectopic ex-
pression of galectin-7 in HeLa and human DLD-1 colon
cancer cells renders them more sensitive to apoptosis
than wild-type HeLa or DLD-1 cells under various con-
ditions including UV radiation and treatment with either
actinomycin D, etoposide, camptothecin or a combina-
tion of tumour necrosis factor (TNF)-a and cyclohex-
imide. Further analyses of actinomycin-D-induced
apoptosis have demonstrated that galectin-7 expression
causes enhanced caspase-3 activity and poly(ADP-ri-
bose) polymerase cleavage, and the potentiation of
apoptosis by galectin-7 is completely abrogated by a
caspase inhibitor [20]. Kuwabara et al. [20] also ob-
served that galectin-7 transfectants display an acceler-
ated mitochondrial cytochrome c release and an up-reg-
ulated JNK activity upon apoptosis induction. These au-
thors report that several lines of evidence indicate that
the effect on apoptosis is not due to the lectin function-
ing extracellularly through interactions with cell surface
glycoconjugates, as is the case of galectin-1 with respect
to T cells, because galectin-7 is found in the nuclei and
cytoplasm of the above-mentioned transfectants [20].
They argue in favour of galectin-7 being a pro-apoptotic
protein that functions intracellularly upstream of JNK
activation and cytochrome c release [20]. In the same re-
port, Kuwabara et al. [20] referred to the use of DNA
microarray analyses that revealed genes differentially
expressed between galectin-7 and control transfectants;
of these genes, some, such as the redox-related genes
monoamine oxidase B, ryanodine receptor 2 and glu-
tathione transferase Mu 3, potentially contribute to the
galectin-7 pro-apoptotic function. The murine glu-
tathione S-transferase Mu 1–1 gene product regulates
apoptosis by binding to ASK1, which activates the JNK
pathway [85]. 
As recently emphasized by Liu and Rabinovich [5],
whereas some galectins induce apoptosis by binding to
cell surface glycoproteins, others regulate apoptosis
through interactions with relevant intracellular proteins.
In fact, some pathways by which galectins modulate
apoptosis could be common to most, if not all galectins,

while more subtle pathways could be specific to certain
sub-groups of galectins, or even to individual galectins.

Galectin-7 as a dual regulator of tumour progression,
with potential effects on cancer cell migration

Galectins play a number of important roles in cancer de-
velopment [reviewed in refs. 2, 5, 86]. The altered ex-
pression of galectins may contribute to neoplastic trans-
formation and tumour progression through the regulation
of cell growth, the cell cycle, angiogenesis, apoptosis
and cell migration [2, 5, 86]. As with many galectins,
galectin-7 stimulates the growth and/or development of
certain tumour types while acting negatively in the devel-
opment of other tumour types.
At first glance, galectin-7 should aid in the elimination
of tumour cells because its expression is induced by p53
and it functions as a regulator of differentiation and
apoptosis, as detailed above. However, galectin-7 can
also regulate tumour growth negatively, without induc-
ing apoptosis. For example, Ueda et al. [23] found that
galectin-7-transfected DLD-1 cells grow significantly
more slowly than control transfectants under normal
culture conditions in the absence of apoptosis, as that
under anchorage-independent cell growth conditions, a
significantly lower number of colonies was formed by
galectin-7-transfected cells as compared to the control.
These authors also observed in vivo that galectin-7-
transfected DLD-1 cells are associated with lower tu-
morigenicity than control cells in severe combined im-
munodeficient mice. The suppressive effect of galectin-
7 on DLD-1 colon cancer growth, greater in vivo than in
vitro, may relate to the fact that the ectopic expression
of galectin-7 suppresses neoangiogenesis in DLD-1
xenografts [23]. In addition, Kopitz et al. [22] have
shown that galectin-7 is a negative growth regulator for
human neuroblastoma cells. They demonstrated by
means of solid-phase assays that the sugar chain of gan-
glioside GM1 is a ligand for galectin-7; the GM1 ex-
pression increases on the surface of SK-N-MC neuro-
blastoma cells as a result of up-regulated ganglioside
sialidase activity, a key factor for the switch from
proliferation to differentiation in these neuroblastoma
cells [22]. In serum-supplemented proliferation assays,
galectin-7 reduces neuroblastoma cell growth without
the appearance of any of the features characteristic of
classical apoptosis [22]. Thus, galectin-7 can play a neg-
ative role in tumour development by regulating apopto-
sis-related as well as non-apoptotic features in tumour
growth.
In sharp contrast to the intuitively negative roles played
by galectin-7 in tumour development, Demers et al. [87]
recently reported a study in which they uncovered the ex-
istence of a previously undescribed activity of galectin-7,
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namely the promotion of cancer cell malignancy. Indeed,
Demers et al. [87] found that the development of experi-
mental thymic lymphoma is accelerated when induced by
lymphoma cells overexpressing galectin-7. These authors
provide data suggesting that galectin-7 modulates the ag-
gressive behaviour of lymphoma cells by controlling the
expression of metastatic genes, such as the metallopro-
teinase MMP-9 [87]. The results reported by Demers et
al. [87] concerning the positive effect of galectin-7 on tu-
mour development are also supported by the data re-
ported by Lu et al. [88] and Moisan et al. [21]. Lu et al.
[88] show that galectin-7 is overexpressed in rat mam-
mary carcinomas induced by 7,12-dimethylbenz[a]an-
thracene. Thus, an overexpression of galectin-7 stands in
direct relation to the increased biological aggressiveness
in experimental tumours. To ascertain the complex pat-
tern of gene expression involved in the evolution of ag-
gressiveness in lymphoma cells, Moisan et al. [21] com-
pared the transcriptome of 164T2 lymphoma cells with
that of their aggressive variants. These authors thus iden-
tified several genes that are differentially expressed in
non-metastatic lymphoma cells and their metastatic vari-
ants [21]. Galectin-7 is one of the gene products whose
expression is significantly up-regulated in the metastatic
variant. The explanation given by Moisan et al. [21] for
the involvement of galectin-7 in the metastatic processes
of lymphoma cells relates mainly to the methylation of
the galectin-7 gene. DNA methylation of a number of
genes had previously been associated with the transfor-
mation of normal cells into tumour cells or the progres-
sion from a non-metastatic phenotype to a metastatic one
[89, 90]. In some instances, the DNA methylation of a
single CpG dinucleotide is sufficient to control the ex-
pression of p53 [91]. While the galectin-7 tissue distribu-
tion is very narrow (mostly present in all stratified ep-
ithelia), an examination of the human galectin-7 pro-
moter reveals a strong transcriptional potential conferred
by the presence of three repeats of the GGGTGG motif
present in the 5¢-flanking sequence [21, 88]. The speci-
ficity of the tissue expression of galectin-7 suggests that
its expression is controlled by strong suppressive factors,
a feature in which DNA methylation may play a major
role. Indeed, the data provided by Moisan et al. [21] show
that the treatment of lymphoma cells with 5-aza-CdR, an
agent which modulates the levels of DNA methylation,
contributes to the up-regulation of galectin-7. In refer-
ence to a work published by Kuwabara et al. [20], who
show that stable transfectants of Hela cells expressing
galectin-7 exhibit an enhanced sensitivity to apoptosis
while expressing a large set of other genes, Moisan et al.
[21] hypothesized that while highly metastatic variants of
lymphoma cells overexpressing galectin-7 have evolved
towards a state of resistance to the pro-apoptotic function
of galectin-7, their aggressiveness has emerged from the
galectin-7 function itself and/or from genes induced by

its presence. We have also observed that galectin-7 ex-
pression is markedly down-regulated in benign thyroid
tumours compared to malignant ones [92].
As reviewed in the previous section and also recently em-
phasized by Liu and Rabinovich [5], the most extensively
studied function of galectins that is relevant to tumour
progression is the regulation of apoptosis. However, an-
other major role played by galectins with respect to tu-
mour progression relates to their direct or indirect in-
volvement in cancer cell migration leading to the forma-
tion of metastases.
While cell migration is an adaptive process subject to cell-
type- and environment-specific modifications, the princi-
ple events involved in cell migration in ECM environ-
ments can be schematically broken down into a number of
interdependent steps [93, 94]. The first of these consists of
initial cell polarization driven by actin polymerization into
filaments, which is followed by the extension of cytoplas-
mic protrusions or pseudopods. The second step results
from the contact with the ECM ligands of the adhesion re-
ceptors (most notably those belonging to the integrin and
galectin families) located on the surface of the protrusion
[5, 95–98]. These interaction zones recruit cytoplasmic
adaptor, signalling and cytoskeletal proteins towards the
adhesion site to form focal adhesions or focal contacts
[99, 100]. The third step involves matrix-degrading pro-
teases such as MMPs and serine proteases, which are
needed for local proteolysis of adjacent ECM proteins,
this proteolysis enabling in turn the forward expansion of
the cell body [101, 102]. After (or during) integrin-ligand
binding, the fourth step consists of interactions between
the actin filaments and cross-linking and contractile pro-
teins (such as myosin II), which stabilize and contract the
actin strands. The fifth step consists of local cell contrac-
tions based on the shortening of membrane-anchored
actin filaments, resulting in the forward movement of the
rear part of the cell and its translocation along the sub-
strate. The actin dynamics, of which heavy use is made
during cell migration (e.g. for cell polarization, protrusion
extensions and cell elongation and contraction) are under
the control of members of the small Rho GTPase family
and their effectors [103, 104].
Our group has already demonstrated the major roles
played by various galectins in tumour cell migration.
These include galectin-1 in gliomas [105] and in eosino-
phils [106], and galectin-1, -3 [107] and -8 [108] in colon
cancer. We have also shown that modulating the levels of
expression of galectin-1 in human glioma cells markedly
modifies the organization of the actin cytoskeleton in re-
lation to modifications in RhoA GTPase expression [105,
109]. Hikita et al. [110] have demonstrated that the se-
cretion of galectin-3 by epithelial cells is required for the
correct polymerization of ECM components such as
hensin, a glycoprotein responsible for the polarization of
intercalated columnar epithelial cells.
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The galectin-mediated modulation of cancer cell migra-
tion may, at least in part, relate to the fact that galectins
cooperate closely with integrins in cell-cell and cell-ECM
interactions. Indeed, using cross-linking experiments,
dimeric galectin-1 was found to bind to and retain the b1
cell surface integrin [111] and to modulate the adhesion
of melanoma cells on laminin [112]. Galectin-8 has been
reported as promoting cell adhesion and migration upon
binding to a subset of b1 integrins and to trigger cy-
toskeleton re-organization, including the formation of F-
actin-containing microspikes [113, 114]. Knocking down
galectin-3 expression in glioma cells results in an overex-
pression of the a6 integrin in association with an in-
creased glioma cell motility on a laminin substrate [115].
In human breast carcinoma cells, galectin-3 overexpres-
sion is associated with an increased cell surface expres-
sion of the a6b1 integrin (leading to an enhanced adhe-
sion to extracellular matrix proteins), with an increase in
invasiveness [116], and with an increase in the levels of
a7b1 integrin expression, a process which is linked to
protection from apoptosis [117]. In Hela cells stably
transfected with galectin-7, a four-fold increase in a1 in-
tegrin mRNA has been observed [20]. Thus, the possibil-
ity remains that galectin-7 could modulate cancer cell mi-
gration by interacting with specific integrins. Chen et al.
[16] have already demonstrated by means of proteomic
analyses that galectin-7 is overexpressed in buccal squa-
mous cell carcinomas compared to normal buccal epithe-
lia. Cao et al. [11] have reported a number of potential
roles for galectin-7 as a mediator of corneal epithelial cell
migration. Galectin-7 can therefore be suspected of dis-
playing a number of important roles in cancer cell migra-
tion, at least in those cancers arising from pluristratified
epithelia, including, for example, some types of head and
neck squamous cell carcinomas, a topic on which we are
currently working.
Pharmacological weapons have been developed against
galectin-7 including, for example, the use of phenyl thio-
beta-D-galactopyranosides [118]. Since the direct implica-
tion of galectin-7 has been clearly demonstrated in several
tumour systems, it would be interesting to test such com-
pounds on tumour systems where the direct involvement of
galectin-7 is strongly suspected. Such studies could deter-
mine whether galectin-7 is involved in cancer cell migra-
tion in the case of tumour types on whose development
galectin-7 is already known to have significant effects.
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