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Introduction

Galectins constitute a phylogenetically conserved family of non-
glycosylated soluble proteins that are expressed in a wide range 
of species and show a high binding affinity for glycoconjugates 
bearing β-galactoside residues. All galectins contain one or two 
conserved carbohydrate recognition domains (CRDs) of about 130 
amino acids that are responsible for β-galactoside binding (1). 
Based on their structural characteristics and particularly on the 
CRD organization, galectins can be classified into three types: 1) 
the “proto-type,” containing one CRD, 2) the chimera type, con-
taining a single CRD motif combined with a proline-rich N-ter-
minal domain, and 3) the tandem-repeat-type, consisting of two 
CRDs separated by a short linker sequence (2).

Although CRDs of all galectins reveal an affinity for lactose 
and/or the saccharide ligand N-acetyl-lactosamine, individual ga-
lectins are also capable of recognizing modifications of the latter 
and thus exhibiting specificity for diverse tissue ligands (3). How-
ever, the precise physiological ligands for each galectin and the 
physiological concentrations of galectins at the sites of galectin-
ligand interactions are still far from being clearly understood (4).

Among the 19 galectins identified so far, 13 are widely distrib-
uted in human tissues, but only a few of them are highly tissue-
specific (5). Subsequent to their synthesis as cytosolic proteins, 
galectins reside in either the cytosol or nucleus and cellular com-
partments over varying periods of time (6). Because they are de-
void of a typical signal peptide, galectins can be exported from 

cells through a process called non-classical secretion (7) bypass-
ing the Golgi complex (8) and can be found at the cell surface and 
in the extracellular environment, where they bind to endogenous 
or exogenous carbohydrate ligands (e.g., glycans from parasites, 
bacteria, and viruses) (5, 9).

In the skin and extracutaneous tissues, galectins are pleio-
tropic regulators of diverse key biological processes (prolifera-
tion, differentiation, apoptosis, signal transduction, cell-cell and 
cell-extracellular matrix interactions, pre-mRNA splicing, angio-
genesis, immune response, tumor migration, and invasion) and 
are also involved in the pathogenetic mechanisms of various dis-
orders (10–12).

In the last 4 decades there has been increasing interest in galec-
tins among researchers working in reproductive medicine, partic-
ularly after recognition of the regulatory effects of these proteins 
on placentation, maternal-fetal immune response, angiogenesis, 
and mechanisms underlying the establishment, progression, and 
maintenance of pregnancy. Although fetal human skin is involved 
in the maternal-fetal immune response and the production of host 
defense proteins, and glycoconjugates are known to play signifi-
cant roles in embryogenesis, knowledge of the expression and 
significance of galectins in human fetal skin is surprisingly very 
limited. Thus, we found it of interest to determine the expression 
of galectins 1, 3, 7, and 9 in the developing epidermis in a series 
of human embryos at 10 to 23 weeks of gestation and to compare 
this with the expression observed in adult human epidermis. The 
main purpose of this comparative study of galectin expression in
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fetal and adult human epidermis can be summarized as follows: 
a) to define the galectin expression pattern in adult human epi-
dermis because the available data on this subject are either scant 
or conflicting, thus providing no reliable background for assess-
ment of possible alterations in the diseased human skin, and b) 
to detect possible differences between already keratinized fetal 
epidermis at the 23rd week of estimated gestational age (EGA) and 
adult epidermis with regard to galectin expression pattern.

Among the 13 galectins isolated in human tissues, galectins 
1, 3, 7, and 9 were selected for this study for the following rea-
sons: a) they are the most frequently studied galectins in adult 
human skin, b) the expression of galectins 1 and 3 in fetal human 
epidermis has been explored in only one study (13), whereas the 
expression pattern of galectins 7 and 9 in this tissue still remains 
unknown, and c) all these galectins are involved in important de-
velopmental processes during gestation (14, 15).

Material and methods

Skin specimens

Fifty-eight biopsy skin specimens obtained from the tibiae of mor-
phologically normal human embryos at 10 weeks of gestation (n = 
8), 12 weeks (n = 11), 14 weeks (n = 9), 16 weeks (n = 8), 18 weeks 
(n = 10), 20 weeks (n = 6), and 23 weeks (n = 6) following legal 
abortions were included in the study, the protocol for which was 
approved by the local ethics committee in accordance with the 
ethical standards laid down in an appropriate version of the 1964 
Declaration of Helsinki.

The fetuses were confirmed not to have any obvious skin ab-
normalities or family history of cutaneous disorders. EGA was 
determined from maternal histories, fetal measurements (crown, 
rump, and foot length), and comparative histological appearance 
of the epidermis (16–19). Biopsy specimens obtained from the but-
tock skin of 10 healthy adult volunteers of both sexes (age 23–31) 
were also investigated. All volunteers were informed about the 
purpose of the study and the possible complications of skin bi-
opsy, and they gave written consent.

All specimens were fixed in buffered formalin (10%) and em-
bedded in paraffin. One part of the 4 μm sections was routinely 
stained with hematoxylin and eosin and examined histologically, 
and the other part was processed for galectin immunohistochem-
istry.

Immunohistochemistry

The peroxidase-labeled streptavidin-biotin standard technique 
(20) was applied to 4 μm sections of formalin-fixed and paraffin-
embedded skin specimens using commercially available mono-
clonal and polyclonal galectin antibodies under the following 
concentrations: Galectin 1 (Gal 1): 1:100 (mouse) (Novocastra); 
Galectin 3 (Gal 3): 1:60 (mouse) concentration (NeoMarkers); Ga-
lectin 7 (Gal 7): 200 μg/ml (rabbit) 1:200 (Santa Cruz); and Galec-
tin 9 (Gal 9): 200 μg/ml (rabbit) 1:200 (Santa Cruz).

After galectin and the respective secondary biotinylated anti-
body incubations, in the final step the sections were incubated 
with chromogen 3,3'-diaminobenzidine H2O2-containing solution 
(Sigma, Munich, Germany), their staining intensity was indepen-
dently graded by two experienced dermatopathologists, and the 
results of their evaluation were classified on a scale of 0 to 3 as 
follows: 0 = negative stain, 1 = positive stain of faint to weak in-

tensity, 2 = positive stain of moderate intensity, 3 = positive stain 
of strong intensity.

Statistical analysis

The results of this study were statistically analyzed with the Jon-
ckheere–Terpstra test (21, 22) and the Wilcoxon rank sum test (23) 
using the software product SAS® (SAS Institute, Cary, North Caro-
lina, USA; version 8.02). The level of significance was fixed at α = 
5%. A p-value of 0.05 or less was considered to indicate statistical 
significance.

Results

The results of our study are presented in Table 1.
 
Gal 1

In all specimens from fetal skin (10th to 23rd week of gestation), 
all epidermal layers and the basement membrane (BM) revealed 
no expression of Gal 1. Strong nuclear and cytoplasmic Gal 1 re-
activity was observed in spindle mesenchymal cells in the upper 
dermis (Figs. 1a–1c).

All adult skin epidermal layers and BM exhibited no Gal 1 ex-
pression. Spindle mesenchymal cells in the dermis showed strong 
nuclear and cytoplasmic staining in all specimens investigated. 
In addition, in the papillary dermis endothelial cells of capillaries 
revealed a positive reaction (Fig. 1d).

Gal 3

In all specimens from fetal skin (10th to 18th week of gestation), 
weak to moderate cytoplasmic immunoreactivity for Gal 3 was 
found in the peridermal cells. No staining was observed in all oth-
er epidermal layers and in BM of fetal skin from the 10th to 16th 
week of gestation (Fig. 2a). At the 18th week only the intermedi-
ate layer revealed a positive reaction (weak to moderate; Fig. 2b). 
At the 20th week no positive reaction was found in the periderm 
and BM, whereas the cells in the intermediate and basal layers 
revealed moderate to strong immunoreactivity for this galectin. 
At the 23rd week, no positive reaction could be found in all speci-
mens in the horny layer or BM, whereas the cells in the granular, 
spinous, and basal layers revealed moderate to strong Gal 3 ex-

Figure 1 | No immunoreactivity for Gal 1 in human fetal epidermis of gestational 
age a) 12 weeks, b) 18 weeks, and c) 23 weeks, and d) in human adult skin. 
In contrast, in all specimens a strong nuclear and cytoplasmic reaction can be 
seen in spindle mesenchymal cells in the upper dermis (a–d).
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pression (Fig. 2c).
Statistically significant differences in the intensity of cytoplas-

mic immunoreactivity of peridermal cells were found between 
specimens of the 10th and 12th week and of the 10th and 14th 
week (p = 0.027), 10th and 16th week (p = 0.015), 10th and 20th 
week (p = 0.01), 12th and 14th week (p = 0.038), 12th and 16th week 
(p = 0.016), 12th and 20th week (p < 0.001), 14th and 20th week (p < 
0.001), 16th and 20th week (p = 0.020), and 18th and 20th week (p 
< 0.001). Statistically significant differences in the intensity of cy-
toplasmic immunoreactivity of the intermediate layer were found 
between specimens of the 18th week and all other gestational ages 
(p ≤ 0.0001 in all cases).

In all adult skin specimens, Gal 3 could not be detected in the 

horny layer of the epidermis and in BM. In contrast, moderate to 
strong cytoplasmic expression of Gal 3 was observed in the granu-
lar layer and in the upper spinous layer, whereas the basal layer 
revealed weak to strong immunoreactivity (Fig. 2d). In the pap-
illary dermis, there was a moderate positive reaction in the en-
dothelial cells of capillaries and in some mesenchymal cells.

No statistically significant differences in the immunoreactivity 
for Gal 3 were found between the adult epidermis and the fetal 
epidermis at the 23rd week of gestation.

Gal 7

In all specimens from fetal skin (10th to 20th week of gestation) no 
immunoreactivity for Gal 7 could be detected in the periderm and 
BM. In contrast, in all fetal specimens cytoplasmic immunostain-
ing of varying intensity was observed in the keratinocytes of the 
intermediate and basal layers.

At the 10th week this was limited to suprabasal cells, and its in-
tensity was weak to moderate. At the 12th week there was a weak to 
strong immunostaining, whereas at the 14th week a weak to mod-
erate reaction was seen (Fig. 3a). With regard to the basal layer at 
the 14th and 16th week there was a strong Gal 7 immunostaining 
of keratinocytes. At the 16th and 18th week, a weak to moderate 
expression of Gal 7 was found only in the suprabasal cells of the 
intermediate layer (Fig. 3b). At the 20th week, a weak reaction was 
evident in both the intermediate and basal layers of all specimens.

At the 23rd week, a moderate to strong cytoplasmic immunore-
activity for Gal 7 was evident in the granular, spinous, and basal 
layers of all specimens; the horny layer and the BM revealed no 
positive reaction (Fig. 3c).

Statistically significant differences in the intensity of cytoplas-
mic immunoreactivity of the intermediate layer were found be-
tween specimens of the 12th and 16th week (p = 0.062) and 12th 
and 20th week (p = 0.015).

In all adult skin specimens, no immunoreactivity for Gal 7 
was observed in the horny layer and BM, whereas the granular, 
spinous, and basal layers showed a moderate cytoplasmic reac-

Table 1 | Expression pattern of galectins 1, 3, 7, and 9 in human fetal epidermis (gestational age: 10–23 weeks) compared to human adult epidermis.

GAL
(Abs) E

10 weeks
(n = 8)

12 weeks
(n = 11)

14 weeks
(n = 9)

16 weeks
(n = 8)

18 weeks
(n = 10)

12 weeks
(n = 6) E

23 weeks
(n = 6)

Adult epidermis
(n = 10)

0   1   2   3 0   1   2   3 0   1   2   3 0   1   2   3 0   1   2   3 0   1   2   3 0   1   2   3 0   1   2   3

Gal-1

PD
IL
BL
BM
SC

8   0   0   0
8   0   0   0
8   0   0   0
8   0   0   0
0   0   0   8

11   0   0    0
11   0   0    0
11   0   0    0
11   0   0    0

   0    0   0   11

9   0   0   0
9   0   0   0
9   0   0   0
9   0   0   0
0   0   0   9

8   0   0   0
8   0   0   0
8   0   0   0
8   0   0   0
0   0   0   8

10   0   0   0
10   0   0   0
10   0   0   0
10   0   0   0

   0    0   0  10

6   0   0   0
6   0   0   0
6   0   0   0
6   0   0   0
0   0   0   6

HL
GL
SL
BL
BM
SC

6   0   0   0
6   0   0   0
6   0   0   0
6   0   0   0
6   0   0   0
0   0   0   6

10   0   0   0
10   0   0   0
10   0   0   0
10   0   0   0
10   0   0   0

   0   0   0   10

Gal-3

PD
IL
BL
BM

0   3   5   0
8   0   0   0
8   0   0   0
8   0   0   0

 0    5   6   0
11   0   0   0
11   0   0   0
11   0   0   0

0   9   0   0
9   0   0   0
9   0   0   0
9   0   0   0

2   6   0   0
8   0   0   0
8   0   0   0
8   0   0   0

    0   7   3   0
    0   3   7   0

10  0   0   0
10  0   0   0

6   0   0   0
0   0   2   4
0   0   3   3
6   0   0   0

HL
GL
SL
BL
BM

6   0   0   0
0   0   1   5
0   0   1   5
0   0   2   4
6   0   0   0

10   0   0   0
       0    0   6   4
       0    0   7   3
       0    2   3   5

10   0   0   0

Gal-7

PD
IL
BL
BM

8   0   0   0
0  5* 3*  0
0   0   3   5
8   0   0   0

11   0   0   0
 0    3   6   2
 0    0   5   6
11   0   0   0

9   0   0   0
0   6   3   0
0   0   0   9
9   0   0   0

8   0   0   0
0   6* 2* 0
0   0   0   8
8   0   0   0

10   0   0   0
   0    5* 5* 0
   0   10  0  0

10   0   0  0

6   0   0   0
0   6   0   0
0   6   0   0
6   0   0   0

HL
GL
SL
BL
BM

6   0   0   0
0   0   2   4
0   0   4   2
0   0   3   3
6   0   0   0

10   0   0   0
       0    0  10  0
       0    0  10  0
       0    0  10  0

10   0   0   0

Gal-9

PD
IL
BL
BM

0   3   5   0
0   8   0   0
0   8   0   0
8   0   0   0

 0    3   8   0
 0    9   2   0
 0    5   6   0
11   0   0   0

0   1   8   0
0   5* 4* 0
0   3   6   0
9   0   0   0

0   5   3   0
0   4* 4* 0
0   0   3   5
8   0   0   0

   0   4   6   0
   0 10  0   0
   0   1   3   6
  10  0   0   0

0   4   2   0
0   5   1   0
0   4   2   0
6   0   0   0

HL
GL
SL
BL
BM

0   1   3   2
0   1   1   4
0   1   1   4
0   3   3   0
6   0   0   0

10   0   0   0
       0   4    6   0
       0   4    6   0
       0   4    6   0

10   0   0   0
*mostly in the suprabasal cells.
GAL = galectin, Abs = antibodies, E = epidermis, PD = periderm, IL = intermediate layer, BL = basal layer, BM = basement membrane, HL= horny layer, GL = granu-
lar layer, SL = spinous layer, SC = subepidermal cells.
Staining intensity: 0 = negative, 1 = faint to weak, 2 = moderate, 3 = strong.

Figure 2 | a) At 14 weeks of estimated gestational age (EGA), weak to moderate 
cytoplasmic immunoreactivity for Gal 3 was found only in the peridermal cells. 
b) At the 18th week of EGA, there was additionally a weak to moderate positive 
reaction in the intermediate layer. c) At the 23rd week of EGA, no positive reac-
tion could be found in all specimens in the horny layer or in the basement mem-
brane, whereas the cells in the granular, spinous, and basal layers revealed 
moderate to strong Gal 3 expression. In the adult human epidermis there was 
moderate to strong cytoplasmic Gal 3 immunoreactivity in the granular layer 
and in the upper spinous layer, whereas the basal layer revealed weak to strong 
immunoreactivity. d) In the papillary dermis, there was a moderate positive re-
action in the endothelial cells of capillaries and in some mesenchymal cells.
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tion (Fig. 3d). Statistically significant differences in the intensity 
of cytoplasmic immunoreactivity of the basal layer were found 
between specimens of the 10th week and adult skin (p = 0.027), 
10th and 18th week (p < 0.01), 10th and 20th week (p = 0.01), 12th 
week and adult skin (p = 0.036), 12th and 18th week (p < 0.001), 
12th and 20th week, 14th week and adult skin, 14th and 18th week 
(p < 0.001 in all cases), 14th and 20th week (p < 0.01), 14th and 
23rd week (p = 0.0113), 16th week and adult skin (p < 0.001), 16th 
and 18th week (p < 0.001), 16th and 20th week (p < 0.001), 18th 
week and adult skin (p < 0.001), 18th and 23rd week, 20th week 
and adult skin (p < 0.001 in both cases), 20th and 23rd week (p = 
0.002), and 23rd week and adult skin (p = 0.118).

Statistically significant differences were also observed between 
the fetal specimens of the 23rd week and adult skin in the intensi-
ty of cytoplasmic immunostaining of the granular layer (p = 0.031) 
and the spinous layer (p = 0.313). Moreover, in all fetal and adult 
specimens the majority of keratinocytes with cytoplasmic immu-
noreactivity also revealed a strong nuclear reaction.

Gal 9

In all fetal skin specimens (10th to 20th week of gestation), peri-
dermal cells revealed weak to moderate cytoplasmic immunore-
activity for Gal 9. At the 10th week of gestation there was a weak 
and focal cytoplasmic expression of Gal 9 in the basal and inter-
mediate layer, whereas from the 12th to the 16th week there was a 
weak to moderate cytoplasmic immunostaining in this layer (Fig. 
4a). At the 18th and 20th week the intensity of cytoplasmic stain-
ing in the intermediate layer was weak and mostly weak, respec-
tively (Fig. 4b).

The basal layer revealed a weak cytoplasmic immunoreactivity 
for Gal 9 at the 10th week, a weak to moderate immunoreactivity 
at the 12th and 14th week, a moderate to strong immunoreactivity 
at the 16th week, a weak to strong immunoreactivity at the 18th 
week, and a focal weak to moderate immunoreactivity at the 20th 

week. At the 23rd week, a weak to strong cytoplasmic expression 
of Gal 9 was detected in the horny, granular, and spinous layers of 
fetal epidermis, whereas the basal layer revealed a weak to mod-
erate cytoplasmic immunoreactivity (Fig. 4c). In all fetal speci-
mens no immunoreactivity for this galectin was observed in BM.

Statistically significant differences in the intensity of cytoplas-
mic immunoreactivity of peridermal cells were found between 
specimens of the 12th and 20th week (p = 0.216) and the 14th and 
20th week (p = 0.088). Statistically significant differences in the 
intensity of cytoplasmic immunoreactivity of the intermediate 
layer were observed between specimens of the 14th and 18th week 
(p = 0.113) and the 16th and 18th week (p = 0.083).

The horny layer of adult skin was devoid of any Gal 9 expres-
sion, whereas the granular, spinous, and basal layers showed a 
weak to moderate cytoplasmic immunoreactivity for this galectin. 
In all adult specimens no staining was found in BM (Fig. 4d).

Statistically significant differences in the intensity of the cyto-
plasmic immunoreactivity of the basal layer were found between 
specimens of the 10th week and adult skin (p = 0.034), 10th and 
12th week (p = 0.051), 10th and 14th week (p = 0.021), 10th and 
16th week (p < 0.001), 10th and 18th week (p = 0.001), 12th and 
16th week (p = 0.003), 12th and 18th week (p = 0.006), 14th and 
16th week (p = 0.008), 14th and 18th week (p = 0.017), 16th week 
and adult skin (p = 0.004), 16th and 20th week (p = 0.005), 16th 
and 23rd week (p = 0.008 in both cases), 18th week and adult skin 
(p = 0.011), 18th and 20th week (p = 0.011), and 18th and 23rd week 
(p = 0.022 in both cases). Moreover, statistically significant differ-
ences were found between specimens of the 23rd week and those 
of adult skin in the intensity of the cytoplasmic staining of the 
horny layer (p < 0.001), and the granular and spinous layers (p = 
0.042 in both cases).

Discussion

Epidermal morphogenesis is a dynamic process involving a com-

Figure 4 | a) At the 16th week of estimated gestational age (EGA), there was 
a weak to moderate cytoplasmic immunostaining in the periderm and the in-
termediate layer, whereas the basal layer revealed a moderate to strong reac-
tion. b) At the 18th week of EGA, the intensity of cytoplasmic staining in the 
intermediate layer was weak, whereas staining of the other layers remained 
unchanged. c) At the 23rd week of EGA, a weak to strong cytoplasmic expres-
sion of Gal 9 was detected in the horny, granular, and spinous layers of fetal 
epidermis, whereas the basal layer revealed weak to moderate cytoplasmic im-
munoreactivity. d) In the adult human epidermis, the horny layer and the base-
ment membrane were devoid of any Gal 9 expression, whereas the granular, 
spinous, and basal layers showed a weak to moderate cytoplasmic immunore-
activity for Gal 9.

Figure 3 | a) At the 14th week of estimated gestational age (EGA), there was 
a weak to moderate Gal 7 immunoreactivity in the suprabasal cells. b) At the 
18th week of EGA, weak to moderate expression of Gal 7 was found only in 
the suprabasal cells of the intermediate layer. c) At the 23rd week of EGA, a 
moderate to strong cytoplasmic immunoreactivity for Gal 7 was evident in the 
granular, spinous, and basal layers of all specimens, whereas the horny layer 
and the basement membrane revealed no positive reaction. d) In the adult hu-
man epidermis no immunoreactivity for Gal 7 was observed in the horny layer 
and the basement membrane, whereas the granular, spinous, and basal layers 
showed a moderate cytoplasmic reaction.
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plex network of signaling pathways that interact with each other 
and contribute to the progressive creation of the shape and struc-
ture of epidermis. The study of human epidermal morphogenesis 
may make it possible to gain better insight into the underlying 
mechanisms at the molecular and cellular levels and may lead to 
significant advancement in the prenatal diagnosis of various ge-
netic skin disorders (24).

Epidermal morphogenesis can be divided into the embryonic 
period (until the 8th week of EGA) and the fetal period (from the 
9th week EGA). The latter is subdivided into the epidermal strati-
fication period (9th to 14th week of EGA) and the interfollicular 
keratinization period (14th to 24th week of EGA). Human epider-
mis initially consists of a single layer of cuboid basal cells. The 
periderm is formed during the 4th week of gestation as a single-
cell layer of epithelium situated immediately above the basal lay-
er of the epidermis. Around the 9th week of gestation the interme-
diate cell layer is formed below the periderm; thus, from the 10th 
to the 20th week of EGA fetal epidermis consists of three distinct 
epithelial layers: the periderm, intermediate, and basal layers. 
At the 23rd week of gestation, the periderm is sloughed from the 
epidermal surface into the amniotic fluid and the fetal epidermis 
consists of four epidermal layers: the horny, granular, spinous, 
and basal layers (24).

To our knowledge, only one study has previously explored the 
expression of galectins during human epidermal morphogenesis. 
Indeed, in 1997, van den Brule et al. (13) investigated the expres-
sion of galectins 1 and 3 in the skin and other tissues and organs in 
a series of 16 normal human embryos at 6 to 14 weeks of gestation 
using Western blotting and immunocytochemistry. These authors 
detected Gal 1 in human fetal skin protein extracts in increasing 
amounts from 10 weeks to 14 weeks of EGA; however, they were 
unable to find any Gal 1 immunoreactivity in fetal epidermal cells 
of 11-week embryos, whereas mesenchymal cells and the extra-
cellular matrix were weakly positive, a finding that explains the 
positive results of Western blotting. At 14 weeks, basal epidermal 
cells revealed expression of Gal 1, whereas no immunoreactivity 
for this galectin was observed in all other epidermal cell layers 
(25). Based on their findings, these authors suggested that Gal 1 
may be implicated in the mechanisms of differentiation of human 
fetal epidermis.

This study examined the expression of four different galectins 
(Gal 1, Gal 3, Gal 7, and Gal 9) in the developing epidermis in a se-
ries of 58 morphologically normal human embryos 10 to 23 weeks 
of EGA. Moreover, we compared our findings with those observed 
in adult human epidermis using biopsy specimens obtained from 
the buttock skin of 10 healthy volunteers of both sexes (aged 23–
31).

In contrast to the results of van den Brule et al. (13), our study 
found that in all specimens, from either fetal skin (10th to 23rd 
week of EGA) or adult skin, all epidermal layers and BM revealed 
no Gal 1 expression, whereas strong nuclear and cytoplasmic re-
activity was observed in spindle mesenchymal cells in the upper 
dermis. Our findings with regard to the Gal 1 expression pattern of 
the human adult epidermis confirm those reported by Lacina et 
al. (26) and Cada et al. (27), but contradict those of Akimoto et al. 
(28) and Holikova et al. (29), who described distinct Gal 1 immu-
noreactivity of keratinocytes of the basal and spinous layers. It is 
possible that this discrepancy may be at least partially due to dif-
ferences in the methodological procedures applied. At first glance, 
the lack of Gal 1 expression in human fetal epidermis observed in 
our study indicates that this galectin may not be implicated in the 

mechanisms underlying epidermal morphogenesis. Nevertheless, 
the possibility that Gal 1 may be capable of indirectly influencing 
epidermal morphogenesis through interactions of epithelial cells 
and the underlying mesenchymal cells (which strongly express 
this galectin) cannot be definitely ruled out.

Van den Brule et al. (13) found that in human embryos dur-
ing the first trimester of embryogenesis Gal 3 was constantly ex-
pressed in all cell layers of the epidermis from 6 to 14 weeks of 
EGA and also postulated that Gal 3 may participate in the complex 
process of human epidermal differentiation.

In this study, in all specimens from fetal skin (10th to 18th week 
of EGA) a strong to moderate immunoreactivity for Gal 3 was found 
in the peridermal cells. In disagreement with the results of van 
den Brule et al. (13), we observed a negative reaction in all other 
epidermal layers and in BM of fetal skin from the 10th to 16th week 
of EGA; however, at the 18th week of EGA a weak to moderate Gal 
3 immunoreactivity appeared only in the intermediate layer. At 
the 20th week of EGA the periderm (together with BM) revealed 
a negative reaction, whereas the cells in the intermediate and ba-
sal layers revealed a moderate to strong immunoreactivity for this 
galectin. Finally, in the specimens of the 23rd week of EGA, the 
pattern of Gal 3 expression was almost identical to that of human 
adult epidermis (a negative reaction in the horny layer and mod-
erate to strong Gal 3 immunoreactivity in the cells of the granular, 
spinous, and basal layers). Our findings with regard to the Gal 3 
immunoreactivity pattern of human adult epidermis confirm the 
results previously reported by other research groups (30–32). The 
distinct qualitative and quantitative changes in Gal 3 immunore-
activity of human fetal epidermis with advancing gestational age 
are reported here for the first time, most probably reflect corre-
sponding alterations of its glycoconjugate-binding partners, and 
suggest that this galectin and its ligands may be implicated in the 
molecular events underlying human epidermal morphogenesis.

Cloning, expression, and chromosome mapping of human Gal 
7 was reported for the first time by Madsen et al. (33). Using a Gal 
7-specific polyclonal antibody, they observed immunofluores-
cence staining of all cell layers in fetal epidermis (of visibly ad-
vanced but unknown gestational age), which was more intense 
in the basal layer. However, apart from this observation, no data 
are available yet with regard to the expression of Gal 7 in human 
epidermal morphogenesis.

This study reports for the first time the pattern of Gal 7 expres-
sion at various stages of human epidermal morphogenesis. In all 
specimens from fetal skin (10th to 20th week of EGA), no Gal 7 
immunoreactivity was found in the peridermal cells, whereas ke-
ratinocytes of the intermediate and basal layer of fetal epidermis 
revealed a positive reaction, which in most cases was more in-
tense in the basal cells, a finding consistent with the observation 
by Madsen et al. (33). Finally, in the specimens of the 23rd week 
of EGA, the pattern of Gal 7 expression was almost identical to 
that of the human adult epidermis (horny layer negative and all 
underlying layers positive). Our findings with regard to the Gal 
7 expression pattern of human adult epidermis are in agreement 
with those reported by Akimoto et al. (28), who suggested that, 
in view of Gal 7 expression in both the epidermis and in dermal 
components, this galectin is important for cell-cell contact and/or 
adhesion in the epidermis and for cell–extracellular matrix inter-
actions in the dermis. Our findings are also in line with the results 
of a study by Choi et al. (34), who provided evidence suggesting 
that Gal 7 is a sensitive marker for differentiated and active ke-
ratinocytes of human adult epidermis, in which its expression 
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reveals a progressive age-dependent decrease.
The importance of Gal 7 as a differentiation marker of epider-

mal keratinocytes remains in dispute. In keratinocyte cultures, 
the retinoic acid-induced downregulation of this galectin and the 
increase of its mRNA in relation to cell density (35, 36) have been 
interpreted in terms of its association with epidermal keratinocyte 
differentiation. On the other hand, considering Gal 7 expression 
in and secretion by proliferating basal keratinocytes and differ-
entiated suprabasal keratinocytes (37), this galectin has been 
regarded by some authors as a marker of stratified epithelia but 
not as a differentiation marker (38). This view is supported by the 
fact that our study was unable to detect any evidence indicating a 
clear-cut relationship between the intensity of Gal 7 immunoreac-
tivity in keratinocytes of either the fetal or adult human epidermis 
and their differentiation level.

To the best of our knowledge, no data are yet available with 
regard to the expression of Gal 9 in either the fetal or adult hu-
man epidermis. This study reports for the first time the expres-
sion pattern of Gal 9 during human epidermal morphogenesis. 
In all specimens from fetal skin (10th to 20th week of EGA), the 
peridermal cells and the cells of the intermediate and basal lay-
ers revealed a weak to moderate Gal 9 immunoreactivity, whereas 
the BM showed a negative reaction. Finally, in all specimens of 
the 23rd week of EGA, Gal 9 immunoreactivity was observed in all 
epidermal layers. The only difference from the Gal 9 expression 
pattern in human adult epidermis was the absence of a positive 
reaction in the horny layer of adult epidermis.

Conclusions

The results of this immunohistochemical investigation show that 
the expression of galectins in human fetal epidermis is character-

ized by: 1) a complete lack of Gal 1 in all layers of fetal epidermis 
at all stages of gestation—a finding that, at first glance, seems to 
provide no support for a significant role of this galectin in human 
epidermal morphogenesis. It is possible, however, that Gal 1 may 
be capable of indirectly influencing epidermal morphogenesis 
through interactions of epithelial cells with the underlying mes-
enchymal cells that strongly express this galectin; 2) a constant 
expression pattern of Gal 7 and Gal 9 at all stages of gestation. The 
question as to whether, despite this observation, these two galec-
tins may be implicated in the mechanisms of human epidermal 
morphogenesis remains to be elucidated; 3) distinct qualitative 
and quantitative changes in Gal 3 immunoreactivity of human fe-
tal epidermis with advancing gestational age, which are reported 
here for the first time and strongly suggest that this galectin and 
its ligands may be implicated in the molecular events underlying 
human epidermal morphogenesis; and 4) an expression pattern 
of galectins in the already keratinized developing human epider-
mis at the 23rd week of EGA that is very similar or almost identical 
to that of the adult human epidermis.

Recent accumulating evidence suggests that galectins 1, 3, 7, 
and 9 are capable of playing a significant role in the pathogenesis, 
prognosis, and treatment of diverse skin disorders and also as a 
potential diagnostic marker (11, 12). In view of the reported specif-
ic alterations of the galectin 3 pattern in the lesional epidermis of 
psoriatic patients (39), the prospects for the use of galectins in the 
prenatal diagnosis of psoriasis and other genodermatoses seem 
realistic. Thus, it remains to be elucidated in future investigations 
whether the expression pattern of galectins—particularly that of 
Gal 3—in the developing human epidermis, as found in this study, 
reveals alterations in fetuses with inherited cutaneous disorders 
that may be important for prenatal diagnosis of these disorders.
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