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Introduction

One hundred thirty years ago, a protein discovered in castor bean 
extracts, was found to be capable of agglutinating animal eryth-
rocytes (1). Since then, a considerable number of other proteins 
with agglutinating capacity have been found in various seeds and 
animals that are specific for binding to different glycans. All these 
agglutinins were termed lectins, from the Latin word legere ‘to se-
lect’ (2).

Today, it is known that lectins are proteins or glycoproteins of 
plant or animal origin widely distributed in nature that specifical-
ly bind to carbohydrate molecules or to carbohydrate functional 
groups of glycolipids and glycoproteins present in cell surfaces 
and also intracellularly (3).

Galectins constitute a family of β-galactoside-binding lectins 
that possess one or two unique structures termed “conserved car-
bohydrate-recognition domains” (CRDs), by means of which they 
bind with diverse carbohydrate ligands (4, 5). Nineteen mamma-
lian galectins (13 in humans) have so far been identified (6), most 
of which consist of one CRD with a highly conserved amino acid 
sequence and a β-sandwich structure (characterized by two op-
posing antiparallel β-sheets), whereas a few others contain two 
homologous CRDs separated by a linker of up to 70 amino acids 
(4). Based on their structural properties, galectins can be classi-
fied into three major subfamilies:
1. The prototype, the largest subfamily, including galectins 1, 2, 5, 

7, 10, 11, 13, 14, and 15, which contain one CRD;
2. The tandem-repeat type, including galectins 4, 6, 8, 9, and 12, 

which contain two distinct CRDs in tandem connected by a 
linker; and

3. The chimera type, including galectin 3, which consists of unu-
sual tandem repeats of proline- and glycine-rich short stretch-
es fused onto the CRD (5, 7, 8).
Galectins recognize β-galactose; however, the binding affinity 

of galectin subfamilies differs depending on the structure of gly-

coconjugates and the modifications of galactose residues, such 
as sialylation, fucosylation, and sulfation (5). Galectins are ex-
pressed both intracellularly and extracellularly, contain no classi-
cal signal sequence or transmembrane domain, and are secreted 
from the cells via nonclassical pathways (9). Galectins occur in 
various human cell types and tissues and in diverse mammals, 
fungi, nematodes, sponges, insects, and viruses. Many galectins 
are widely distributed in tissues, but few of them reveal a high 
tissue-specificity. Accumulating evidence suggests that galectins 
are involved in a wide variety of important molecular and cellular 
processes in both cutaneous and extracutaneous tissues.

This article summarizes current knowledge on the expression 
of galectin 1 (Gal 1) in normal and diseased human skin and on 
its potential functions and implications in the pathogenesis, di-
agnosis, prognosis, and treatment of cutaneous disorders. The 
overview of the available data is based on the results of an elec-
tronic literature research that was conducted on the Medline and 
Scopus databases through April 2018 using various combinations 
of the primary keyword galectins with relevant terms, the most 
important of which were keratinocytes, Langerhans cells, Merkel 
cells, melanocytes, lymphocytes, macrophages, skin, human adult 
epidermis, human embryonic epidermis, keratinization, infection, 
inflammation, immune response, cutaneous angiogenesis, mela-
noma, cutaneous neoplasms, basal cell carcinoma, squamous cell 
carcinoma, keratoacanthoma, actinic keratosis, xanthoma, nevi, 
Bowen’s disease, tumor invasion, and metastasis.

Galectin 1

Gal 1, the first identified and best-studied prototypical mem-
ber of the galectin family, is encoded in humans by the LGALS1 
gene, which is located on chromosome 22 (q12) (10). It is a non-
covalent homodimeric protein with a 14 kDa monomer that 
contains one CRD and preferentially recognizes galactose-β1-4-
N-acetyl-glucosamine sequences on N- or O-linked glycans (11).
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Gal 1 occurs intracellularly (in the cytoplasm and the nucleus), ex-
tracellularly, and on the cell surface (11).

Gal 1 is primarily released from the cells of adipose tissue, but it 
is also secreted by various other cell types. The cell types involved 
in the secretion and release of Gal 1 include human/porcine ke-
ratinocytes, thymic epithelial cells, fibroblasts, 3T3 cells, T- and 
B-cells, macrophages, dendritic cells, Langerhans cells, cultured 
stromal cells of human bone marrow, endothelial cells, and ovary 
cells (11–13). Various Gal 1 ligands are found on lymphocytes (CD7, 
CD43, and CD45), on endothelial cells (CD13, CD36, ROBO4, and 
integrins), and in the extracellular matrix (fibronectin, integrins, 
laminin, ROBO4, and GM1) (14).

The most important biological properties and actions of this 
galectin include involvement in morphogenesis, angiogenesis, 
regulation of the cell cycle, proliferation and immune response, 
cell-cell and cell-matrix adhesion, apoptosis, inflammation, tumor 
invasion and metastasis (10, 11, 15–19), regulation of the innate 
and the adaptive immune response (20), promotion of the subsid-
ence of autoimmune inflammation and suppression of allergen-
induced inflammation and antibacterial immune response (21), 
contribution to the induction of B cells’ regulatory function (22) 
and to the escape of tumor cells from immune surveillance (21), 
involvement in tumoral angiogenesis, hypoxia and metastasis (23), 
and the mechanisms of microglial modulation, polarization, and 
remyelination (24).

Normal human skin

Gal 1 has been detected by Western blotting in human embryonic 
skin protein extracts with increasing amounts from 10 weeks to 
14 weeks (estimated gestational age, EGA). Immunohistochemis-
try revealed no reactivity in fetal epidermal cells of 11-week EGA 
embryos, whereas connective tissue cells and dermal extracellular 
matrix were weakly positive for Gal 1 (25). At a later stage of epider-
mal morphogenesis (14 weeks EGA), basal epidermal cells revealed 
expression of Gal 1, whereas cells from the upper epidermal layers 
and the developing follicular buds remained negative for this ga-
lectin (25). These findings could be interpreted in terms of possible 
Gal 1 involvement in the regulation of keratinocyte proliferation.

In adult human skin, expression of Gal 1 has been found in the 
cytoplasm of keratinocytes in all layers of normal epidermis (13, 
26–28), as well as in hair follicles and in the extracellular matrix 
of the dermis (26, 29). Furthermore, Gal 1 has been found in both 
the nucleus and the cytoplasm of normal fibroblasts and Langer-
hans cells (13) and in the cytoplasm of human epidermal melano-
cytes (10).

Because Gal 1 stimulates the maturation and migration of hu-
man dendritic cells, it has been suggested that it may contribute to 
the initiation of cutaneous immune response (30, 31). It has been 
shown that this galectin is capable of mediating cell-matrix inter-
actions that are of essential importance in cell migration, re-ep-
ithelization, and wound healing (32, 33). Moreover, Dvorankova 
et al. (34) reported that Gal 1 can induce both the conversion of 
dermal fibroblasts into myofibroblasts and the production of ex-
tracellular matrix.

Cutaneous and systemic disorders

A. Psoriasis 

In contrast to the keratinocytes in all layers of normal human 

epidermis that express Gal 1, those of the lesional psoriatic epi-
dermis reveal no cytoplasmic and/or nuclear immunoreactiv-
ity (27). It therefore seems reasonable to suggest that the lack of 
Gal 1 expression in psoriatic epidermis could be associated with 
the abnormal keratinization and/or increased proliferation of 
keratinocytes in psoriatic lesions. Interestingly, a downregula-
tion of the expression of this galectin was found in Langerhans 
cells and dendritic cells derived from the skin lesions of psoriatic 
patients, as compared to those of healthy controls (35), whereas 
large amounts of Gal 1 were found in the extracellular matrix of 
psoriatic dermis (27).

B. Atopic dermatitis

Interactions between immune dysregulation, genetic predispo-
sition, impaired skin barrier, and bacterial and environmental 
factors are thought to be involved in the complex pathogenesis 
of atopic dermatitis, which still remains obscure (36, 37). Better 
understanding of the pathogenic mechanisms would greatly con-
tribute to the identification of molecules and pathways responsi-
ble for the development of atopic dermatitis, which could serve as 
novel targets for its treatment.

In view of the multifaceted immunoregulatory properties of 
Gal 1, Correa et al. (38) evaluated the possible therapeutic efficacy 
of intraperitoneally applied recombinant Gal 1 on an ovalbumin-
induced atopic dermatitis model in BALB/c mice. In Gal 1–treated 
mice they found that Gal 1 was as effective as dexamethasone in 
causing clinically evident improvement of skin lesions, reduc-
tion in local eotaxin and interferon-gamma levels, suppression 
of eosinophil and mast cell infiltration, decrease of interleukin 17 
plasma levels, activation of signal-regulated kinase, and down-
regulation of endogenous Gal 1. These very interesting findings 
indicate that the use of Gal 1 may represent a novel and promising 
approach to the treatment of atopic dermatitis, which is presently 
far from satisfactory.

Cutaneous neoplasms

Α. Epithelial 

The expression of this galectin has been extensively studied only 
in squamous cell carcinomas (SCCs) of the oral cavity and of the 
head and neck. In the healthy oral mucosa tissue, all epithelial 
cells were devoid of Gal 1 immunostaining except those of the ba-
sal layer (39). A weak nuclear or cytoplasmic expression of Gal 1 
was demonstrated in both the oral papilloma and the oral SCC, 
indicating that this galectin is not differentially expressed in be-
nign and malign oral tissue (40). Strong Gal 1 immunostaining 
was detected in early-stage oral SCC, being primarily localized in 
stromal cells, including fibroblasts, plasma cells, and giant cells. 
In late-stage oral SCCs, negative staining of Gal 1 was detected in 
the well-differentiated intermediate layer of carcinoma cells.

Gal 1 immunoreactivity was exclusively found in the less-dif-
ferentiated cells around carcinomatous clusters, as well as in stro-
mal plasma cells and fibroblasts (39).

During the metastatic stage, the only significant immunoreac-
tivity was found in carcinoma cells at the tumor invasion front 
(39). Based on their findings, these authors suggested that Gal 
1 may represent a novel molecular target for the diagnosis and 
prognosis of oral SCCs, and that its inhibitors might be useful in 
the management of early-stage oral carcinogenesis. More recently 
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Noda et al. (41) determined that Gal 1 expression in gingival SCC 
significantly correlates with the histological differentiation of tu-
mor cells, the extent of apoptosis and T cell infiltration, lymph 
node metastasis, and overall survival rate. Based on their find-
ings, these authors suggested that this galectin may be used as a 
clinicopathological prognostic marker for gingival SCC.

In a thorough study, Valach et al. (42) found that upregulation 
of Gal 1 expression in head and neck SCCs significantly correlates 
with a) the presence of cancer-associated stromal myofibroblasts 
and b) the activation of genes linked to poor prognosis factors 
of head and neck SCCs, such as upregulation of nuclear factor 
κ-light-chain enhancer of activated B cells (NF-κB) and splicing 
downregulation. Noda et al. (43) reported a high sensitivity and 
specificity of Gal 1 immunoreactivity in the detection of neoplastic 
cells in tissue specimens and smears derived from oral SCCs, and 
they suggested that this galectin may be a useful immunocyto-
chemical marker for oral SCCs.

Because Gal 1 is a hypoxia-regulated protein and a prognostic 
marker in head and neck SSC, Koonce et al. (44) investigated the 
antitumor potential of a low molecular weight and non-peptidic 
Gal 1 inhibitor (OTX008) in athymic nude mice inoculated with 
two different cell lines from human head and neck SCCs. They 
found that OTX008 induced tumor cell normalization and inhib-
ited tumor growth without any apparent toxicity. In view of these 
promising results, they suggested that the clinical application of 
OTX008 or other Gal 1 inhibitors may represent a novel approach 
to the treatment of head and neck SCCs. Interestingly, this inhibi-
tor is also capable of directly and indirectly affecting cell cycle and 
survival and angiogenesis (6). Moreover, its in vitro and in vivo ef-
ficacy has been proven in several studies either as monotherapy 
or in combination with other regimens (45–47).

Β. Melanomas 

Gal 1 is highly expressed in melanomas; however, its immuno-
reactivity in these tumors is not associated with the overall or 
disease-free survival of the patients (10). This galectin is secreted 
by melanoma cells, exerting distinct stimulatory effects on their 
migration and also on angiogenesis (48, 49). Furthermore, it pro-
tects melanoma cells from the cytotoxic effects of chemotherapy 
and radiotherapy, and it assists them in escaping from immune 
surveillance mechanisms through induction of apoptosis of tu-
mor-specific activated T cells attacking the melanoma (49, 50). In 
view of these properties and actions of Gal 1, it can be suggested 
that this galectin may be used as a novel molecular target in the 
treatment of melanoma because the reduction of its expression 
or its deletion could result in the loss of the immune privilege of 
malignant cells and in a marked decrease in both the resistance of 
this tumor to chemotherapy and radiotherapy and its metastatic 
potential (49). This hypothesis is supported by the findings of two 
more recent studies.

First, Yazawa et al. (51) studied the expression, identity, and 
function of the ligands of Gal 1 in the progression of melanoma 
and found an abundance of Gal 1 ligands in primary and meta-
static melanoma that is lacking in epidermal melanocytes of nor-
mal human skin or the apparently normal skin surrounding the 
melanoma and in benign nevi. Furthermore, they demonstrated 
that the melanoma cell adhesion molecule (MCAM), which is im-
plicated in the development of the tumor, was a major Gal 1 ligand. 
Interestingly, when MCAM-silenced melanoma cells were grown in 

mice deficient in Gal 1, melanoma growth was markedly reduced.
Second, Wu et al. (52) reported that in a subgroup of melanoma 

patients treated with ipilimumab and bevacizumab there was an 
increase in the serum levels of Gal 1 that was related to a decrease 
in survival. Interestingly, a different subgroup of melanoma pa-
tients revealed an enhancement of humoral immune response to 
Gal 1 that was associated with a favorable clinical outcome. Thus, 
these authors suggested that the levels of circulating Gal 1 and Gal 
1 antibodies may be of importance for the efficacy of combined ip-
ilimumab and bevacizumab treatment of melanoma and may rep-
resent a potential biomarker for immune therapy for melanoma.

In view of all these findings and the immunosuppressive, proan-
giogenic, and tumorigenic potential of Gal 1 (53), it seems reason-
able to assume that this galectin alone or combined with immune 
checkpoint blockade may represent a significant therapeutic target 
and that the use of Gal 1 inhibitors/antagonists may indeed open a 
new and promising approach to the treatment of melanoma.

C. T cell lymphomas 

In the lesions of patients with patch and tumor stage mycosis fun-
goides (MF), Gal 1 immunoreactivity is found in both the dermis 
and the epidermis in close proximity to infiltrating lymphocytes 
and Sézary cells, which exhibit strong expression of this galectin 
on their surface, whereas keratinocytes are negative. In the der-
mis, expression of Gal 1 is observed in scattered fibroblasts, en-
dothelial cells, and macrophages (54).

It is known that Gal 1 can induce caspase-independent apop-
tosis of T cells and consequently suppression of T cell immunity 
(55). However, the susceptibility of T cells to Gal 1–induced ap-
optosis requires the expression of specific glycoprotein receptors 
on their surface, such as CD7 (56), containing the specific oligo-
saccharides that are recognized by Gal 1 (54). Thus, loss of CD7 
expression on the surface of Sézary cells and alteration of their 
glycosylation (characterized by the occurrence of sialylated core 
1 O-glycans) most probably contribute to the resistance of these 
cells to a variety of apoptosis-inducing agents, including Gal 1, 
and to the poor prognosis of T cell lymphoma (54). Interestingly, 
Rappl et al. (57) showed that the resistance of CD7− Sézary cells to 
Gal 1–mediated apoptosis may not only represent a mechanism 
of their immune escape but could also explain their progressive 
accumulation in the skin, peripheral blood, and other tissues of 
patients with Sézary syndrome. It may be suggested, therefore, 
that genes regulating glycosylation may be used as molecular tar-
gets for the development of novel compounds for the treatment of 
cutaneous T cell lymphomas (CTCLs) through enhancement of the 
susceptibility of malignant cells to apoptosis.

  Cedeno-Laurent (58) reported that clonal malignant T cells in 
patients with advanced-stage (3 or 4) CTCLs reveal a Th2 cytokine 
pattern and strong intracellular Gal 1 expression. Moreover, plas-
ma Gal 1 levels were increased in patients with leukemic CTCLs 
(L-CTCLs) as compared to healthy controls, and conditioned su-
pernatants from primary L-CTCLs cell cultures caused a marked 
impairment of normal T-cell proliferation and a downregulation 
of Th1 responses in a β-galactoside–dependent manner, leading 
to impaired antitumor responses and increased susceptibility to 
infection. Based on their findings, these authors suggested that 
neutralization of Gal 1 interactions with its ligands may represent 
an effective approach to the augmentation of antineoplastic im-
mune response in patients with L-CTCLs.
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Miscellaneous: wounds and scars

Gal 1 is expressed in human mesenchymal stem cells, acts as an 
autocrine negative growth regulator of fibroblasts, and is capable 
of inducing marked extracellular matrix formation and transform-
ing growth factor beta (TGF-β)–independent conversion of fibro-
blasts into myofibroblasts (34).

In a comparative study using proteomic analysis, Ong et al. (59) 
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perimental study on skin wound healing using Sprague Dawley 
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in the early phases of wound healing and contraction.

In a recent experimental study, Lin et al. (61) investigated the 
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out mice. They found that Gal 1 induced the activation, migra-
tion, and proliferation of myofibroblasts, accelerated the healing 
of wounds, and decreased the mortality of diabetic animals with 
cutaneous wounds. Taken together, the findings of these studies 
suggest that Gal 1 could be used in the development of a novel ap-
proach to the prevention of and/or therapy for cutaneous wounds.

Conclusion

Galectins are a family of small and highly conserved lectins that 

are widely distributed in nature. They bind to a variety of glyco-
proteins and glycolipids bearing β-galactoside residues and inter-
act with diverse non-glycosylated molecules within the nucleus 
and the cytoplasm.

Gal 1, the first identified and best-studied prototypical member 
of the galectin family, is involved in a wide variety of biological 
processes in cutaneous and extracutaneous tissues.

In normal adult human skin, Gal 1 is expressed in the cyto-
plasm of keratinocytes in all epidermal layers, hair follicles, the 
extracellular matrix of the dermis, normal fibroblasts, Langer-
hans cells, and human epidermal melanocytes. Abnormalities in 
their expression are associated with various cutaneous disorders 
and are thought to be involved in the pathogenic mechanisms of 
these disorders.

Recent studies have shown that Gal 1 may be regarded as a use-
ful diagnostic and prognostic factor in oral SCCs and that its ad-
ministration may represent a novel and effective approach for the 
treatment of atopic dermatitis and cutaneous wounds. Accumu-
lating experimental and clinical evidence strongly suggests that 
selective inhibition of this galectin or its interactions with its own 
ligands may open up entirely new avenues in the treatment of cu-
taneous neoplastic disorders and may provide a more thorough 
understanding of and greater insight into the mechanisms of their 
pathogenesis and also into the processes underlying the biologi-
cal function of Gal 1 (Fig. 1).

Dedicated to the memory of Ourania Marselou-Kinti.

Figure 1 | Positive effects and potential therapeutic targets of Galectin 1 (Gal 1) and Gal 1 inhibitors. SCC = squamous cell carcinoma.
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