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Summary

The glycophenotyping of mammalian cells with plant lectins maps
aspects of the glycomic profile and disease-associated alterations.
A salient step toward delineating their functional dimension is the
detection of endogenous lectins. They can translate sugar-encoded
changes into cellular responses. Among them, the members of the
lectin family of galectins are emerging regulators of cell adhesion,
migration and proliferation. Focusing on galectins-1, -3 and -7, we
addressed the issue whether their expression is regulated during
wound healing in porcine skin as model. A conspicuous
upregulation is detected for galectin-1 in the dermis and a
neoexpression in the epidermis, where an increased level of
galectin-7 was also found. Applying biotinylated tissue lectins as
probes, the signal intensities for accessible binding sites decreased,
intimating an interaction of the cell lectin with reactive sites. In
contrast, galectin-3 parameters remained rather constant. Of note,
epidermal cells in culture also showed an increase in
expression/presence of galectin-1, measured on the levels of
mRNA and protein, in this case by Western blotting and
quantitative immunocytochemistry. Used as matrix, galectin-1
conferred resistance to trypsin treatment to attached human
keratinocytes and reduced migration into scratch-wound areas /in
vitro. This report thus presents new information on endogenous
lectins in wound healing and differential regulation among the

three tested cases.
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Introduction

The integrity of the mammalian skin and the
functional interplay between its cellular components are
vital for the organism. On the cellular level, the dermis,
for example, assists the epithelial layer by supplying
oxygen and nutrients from dermal capillaries. The
majority of cells

constituting the epidermis are

keratinocytes. Central to self-renewal the pool of
proliferating cells resides in the basal layer of the
epithelium. Epidermal stem cells can also be found in the
basal layer and in the bulge of the outer root sheath of the
hair follicle (Cotsarelie et al. 1999). Any damage to the
skin’s integrity will rapidly induce a series of events,

which account for remodeling of dermal connective
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tissue, migration of epidermal cells and enhancement of
their proliferation in an orchestrated manner, to facilitate
swift wound closure (Brakebusch 2005).

Our initial focus in this respect has been the
study whether these processes are accompanied by
changes in glycosylation. Based on the concept of the
sugar code glycan determinants of glycoproteins and
glycolipids are viewed as biochemical signals, which will
be decoded by sugar receptors in the tissue (Gabius 2006,
2009, Gabius et al. 2004). Phenomenologically, we have
previously reported on differentiation-dependent changes
in distinct aspects of glycosylation in squamous epithelia,
especially the status of sialylation, by applying plant
lectins and the introduction of a distinct class of
endogenous lectins to respective cyto- and histochemical
monitoring including the aspect of senescence (Holikova
et al. 2002, Chovanec et al. 2004, Plzék et al. 2005).
Homing in on spatially accessible termini of glycan
branches on glycoproteins such as fibronectin or laminin,
the members of the galectin family are capable to trigger
a series of responses in cells, e.g. cell attachment or
migration and apoptosis/proliferation, after their binding
to specific targets (Villalobo et al. 2006). Moreover, the
pentasaccharide of ganglioside GM, is a target, and
binding of the homodimeric proto-type galectins-1 and
-7 induces inhibition of proliferation in neuroblastoma
cells, the chimera-type galectin-3 acting as antagonist
(Kopitz et al. 1998, 2001, 2003). The structural analysis
of galectin-1 and the way it interacts with the GM, glycan
reveals an extended binding site with capacity even for
selecting a distinct sugar conformation (Siebert et al.
2003, Lopez-Lucendo et al. 2004, André et al. 2005a)
Notably, galectin binding is also responsive to slight
changes in the glycans” structures and surface density,
opening versatile ways for affinity regulation (Unverzagt
et al. 2002, Wu et al. 2004, 2006, André et al. 2005b,
2007a). That these lectins, especially galectins-1 and -3,
are also endowed with the capacity to be engaged in
specific protein-protein and protein-lipid interactions
(Rotblat et al. 2004, Smetana et al. 2006) adds to the
interest to monitor profiles of their expression and of
accessible binding partners. Respective investigations
have so far been mainly performed for squamous cell
carcinomas, revealing a correlation to differentiation and
prognosis (Delorge et al. 2000, Plzék et al. 2000, 2001,
2004). It is an unresolved issue to describe lectin
expression during wound healing in normal skin and to
identify any alterations during this process.

This gap in our knowledge, the documented

presence of galectins-1, -3 and -7 in normal skin
(Smetana et al. 2006) and the evidence that galectins-3
and -7 can play a role in re-epithelialization of corneal
wounds (Cao er al. 2002a,b, 2003) explain why we
performed a comparative analysis, using porcine skin as a
suitable model (Motlik et al. 2007). The aim was to
define galectin-dependent parameters (here for the
adhesion/growth-regulatory galectins-1, -3 and -7) during
the course of wound healing. The histochemical work
with antibodies rigorously controlled for absence of
intrafamily cross-reactivity and with labeled lectins as
probes is flanked by in vitro experiments using pig and
human cells. They reveal parallels between wound
healing and cell culture for galectin-1 regulation and
insights into activities of galectin-1 when used for coating
the plastic substratum.

Material and Methods

Animals

Five miniature pigs four to six months of age (15-
20 kg of body weight) were included into the study.
Experimental wound lesion was routinely inflicted under
anesthesia and aseptic conditions in the surgical facility of
the Institute of Animal Physiology and Genetics of the
Czech Academy of Science after complete approval of the
proposal by the Local Committee for Laboratory Animals.
Premedication consisted of i.m. injections of atropin (0.5
Hoechst-Biotika, =~ Martin,  Slovakia) and
azaperonum (2 mg/kg; Stresnil, Janssen Pharmaceutica,

mg/kg;

Beerse, Belgium). For anesthesia, ketamin (33 mg/kg i.m;
Narkamon, Spofa, Prague, Czech Republic) and diazepam
(2 mg/kg; Biotika, Slovenska Lupca, Slovakia), then
isofluran (1.5-2.0 vol %; Torrex Pharma, Prague, Czech
Republic) together with a mixture of O, and N,O and
fentanyl (0.05 mg/kg i.v; Janssen Pharmaceutica, Beerse,
Belgium) were applied. Using a scalpel blade, the
epidermal and partially the dermal parts of the skin were
carefully removed up to depth of 1 mm in a region of 2x15
mm. The wound was immediately treated with betadine
unguent (EGIS Pharmaceuticals, Budapest, Hungary) and
covered by sterile dressing. Tissue samples within the
healing process were collected 24 and 48 h thereafter,
respectively, and deeply frozen in liquid nitrogen using the
Tissue-Tek cryoprotective agent (Christine Gropl, Tulln,
Austria). Thin frozen sections (7 pm) were prepared using
Cryocut-E (Reichert-Jung, Wien, Austria). These sections
were used for immuno- and galectin cytochemical
detection of the studied markers.
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Preparation of porcine and human cells for culture
experiments

Three biopsy samples of epidermis covering its
entire depth were obtained from lesion-free porcine skin.
Three samples of human breast skin were obtained from
the Department of Aesthetic Surgery, Third Faculty of
Charles
informed consent of the patients and full approval of the

Medicine, University in Prague with the
Local Ethical Committee according to the Helsinki

Declaration. Cultures of keratinocytes and dermal
fibroblasts were prepared from these samples, as
described in detail previously (Purkrabkova et al. 2003).
Porcine skin with all cell layers was obtained from a local
slaughterhouse. Keratinocytes were isolated from thin
skin sections containing mostly epidermal and also

dermal tissue. The epidermal-epithelial layer was
prepared by incubation of small 2x5 mm sections in a
solution containing 10 mg/ml dispase (P6141; Sigma-
Aldrich, Prague, Czech Republic) solution for 90 min at
37 °C. After peeling and washing of the epidermal tissue
part in phosphate-buffered saline (PBS; pH 7.3) it was
subsequently exposed by trypsin solution for digestion
(0.5 % trypsin, 0.2 % EDTA; chemicals supplied by
Sigma-Aldrich, Prague, Czech Republic) at 37 °C for 15
min, trypsin activity on the cells was then quenched by
addition of fetal calf serum, and single-cell suspensions
were prepared. They were washed twice in PBS to
remove trypsin and gently resuspended in culture
medium.

In further preparations, the samples of human
skin were enzymatically treated, enabling to separate
epidermis and dermis. The fibroblasts migrating from the
small pieces of dermis were cultured in DMEM (Sigma-
Aldrich, Prague, Czech Republic) at 37 °C and 5 % of
CO,. Keratinocytes from the suspended epidermis were
propagated following a modified version of the original
protocol by Rheinwald and Green (Matouskova et al.

1989).

Cell culture of porcine keratinocytes

Isolated cells were seeded in 60-mm dishes at a
density of 70,000 cells/cm®>. The culture medium
consisted of OptiMEM 1 reduced serum medium
containing GlutaMAX (Invitrogen, Karlsruhe, Germany),
5 % fetal bovine serum (Sigma-Aldrich, Prague, Czech
Republic), Sigma-Aldrich,
Prague, Czech Republic), hydrocortisone 0.4 pg/ml;
Czech Republic),
pancreas insulin (5 pg/ml; Sigma-Aldrich, Prague, Czech

gentamycin (50 pg/ml;

Sigma-Aldrich, Prague, porcine

Republic), Sigma-Aldrich,
Prague, Czech Republic), and epidermal growth factor

cholera toxin (1 ng/ml;
(10 ng/ml; Sigma-Aldrich, Prague, Czech Republic). One
day after seeding non-adherent cells were discarded by a
change of the medium and then further changes were
carried out every two days. Cells were kept in culture for
up to seven days when they reached confluency. To
facilitate monitoring by immunocyto-chemistry sterile
coverslips were inserted in the 60-mm dishes, and cells
were seeded exactly as described above to mimic the
processes during the re-epithelialization, i.e. cell
migration and proliferation to the stage of confluence and

formation of a multilayered epithelial sheath.

Galectin preparation, labeling and antibodies

Galectins were isolated after recombinant
production by affinity chromatography as crucial step,
their purity and activity were assessed by one- and two-
dimensional gel electrophoresis, mass spectrometry and
gel filtration as well as by hemagglutination and solid-
phase and cell-binding assays, also applied after
biotinylation under activity-preserving conditions (André
et al. 1999, 2004, 2006, 2008, Kopitz et al. 2003,
Purkrabkova et al. 2003). Polyclonal antibodies from
rabbits raised by using the pure galectins as antigens were
rigorously controlled for cross-reactivity within the
galectin family by ELISA and Western blotting, and any
contaminating activity was removed from the
immunoglobulin G fractions by affinity chromatography
on resin exposing the reactive lectin (Lohr et al. 2007,

2008).

Attachment, migration and proliferation of human dermal
fibroblasts
substratum

and  keratinocytes on  galectin-coated

The plastic surface of culture flasks was coated
with galectins at a concentration of 20 pg/ml in PBS at
room temperature for five hours. The galectin-containing
and the
thoroughly washed. Human keratinocytes from the first

solution was then removed, flasks were
and second subcultures were brought into the flasks at a
density of 50,000 cells/cm”. The cells were kept in culture
for six days, then the formation of keratinocyte colonies
was measured and the strength of their attachment was
tested by applying a mixture of solutions of trypsin
(0.25 % w/v) and EDTA (0.02 % w/v; Sigma-Aldrich,
Prague, Czech Republic) at a ratio of 1:1. Fibroblast
attachment was also tested on a surface presenting
galectin-1 after coating at a concentration of 100 pg/ml
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relative to a control without coating. The dermal
fibroblasts were seeded at a density of 10,000 cells/cm’.
Using dermal fibroblasts at this density and keratinocytes
at a density of 80,000 cells/cm? and a 48-h culture period
cell layers were prepared for a standard wounding
experiment, in which recolonization of the wounded area
was assessed after 48 h. In addition to galectin-1 coating
was also performed with collagen 1 (Invitrogen,
Karlsruhe, Germany) at a concentration of 3.0 mg/ml in a
6 % (w/v) solution of NaCl as positive control.
Immunocytochemistry and immunohistochemistry of
galectin

The frozen sections were rehydrated in PBS,
briefly fixed with paraformaldehyde and after thorough
washing with PBS processed with the non-cross-reactive
polyclonal immunoglobulin G fractions against galectin-
1, -3 and -7 used at a concentration 10 ug/ml in PBS,
including specificity controls to ascertain antigen-specific
and second-step reagent-independent staining (Langbein
et al. 2007, Lohr et al. 2007, Dvotankova et al. 2008).
Running controls with antibody fractions against
trilodothyronine, not present in skin, precluded false-
positive results by antibody  binding to
F. receptors. Proliferating cells were visualized in parallel
by applying the mouse monoclonal antibody anti-Ki67
(DAKO, Brno, Czech Republic). The biotinylated
galectin-1,-3 and -7 used at a concentration of 20 pg/ml
in PBS were applied for visualization of accessible
binding sites (BS) in sections and cell specimen (Gabius
et al. 1991, Plzak et al. 2000, 2001). As second-step
reagents FITC (fluoresceinisothiocyanate)-labeled swine
anti-rabbit serum (AlSeVa, Praha, Czech Republic),
TRITC
goat anti-mouse serum (Sigma-Aldrich, Prague, Czech
Republic) and ExtrAvidin-TRITC (Sigma-Aldrich,
Prague, Czech Republic) were used. The nuclei of studied
counterstained with DAPI

(4,6'-diamidino-2-phenylindole

(tetramethylrhodamineisothiocyanate)-labeled

cells were routinely

dilactate; Sigma-
Aldrich, Prague, Czech Republic). Finally, all specimens
were mounted on Vectashield (Vector Laboratories,
Burlingame, CA, USA) and visually inspected by means
of a Nikon Eclipse 90i fluorescence microscope (Nikon,
Prague, Czech Republic) equipped by suitable
filterblocks, a cooled CCD camera Cool-1300Q
(Vosskiihler, Osnabriick, Germany) and a LUCIA 5.1
computer-assisted image analysis system (Laboratory
Czech Republic).
intensity was measured under standardized conditions

Imaging, Prague, Fluorescence

(Dubovy et al. 2002) in 300 cells (or independent sites of
the dermis) in each section or coverslip using the
software given above.

Western blot analysis

Primary cell suspensions from intact skin
biopsies and cells from the 44™ passage of cultured
porcine keratinocytes were used as source for extracts.
Keratinocytes were solubilized in common SDS lysis
buffer, proteins were separated on a 10 % SDS-PAGE
gel, then transferred to a PVDF membrane (Millipore,
Schwalbach, antibody
incubation at a concentration of 1 pg/ml and detection of

Germany), and blocking,
immunopositive bands by a horseradish peroxidase-
labeled goat anti-rabbit antibody and the ECL Plus
Western blotting system (GE Healthcare, Freiburg,
Germany) were carried out (Kaltner et al. 2002). The
signal was visualized on Kodak BioMax Light 1 films
exposed to the blots.

RNA isolation and reverse transcription

Cultured cells were collected by trypsinization
for 5 min at 37 °C, thoroughly washed in PBS, pelleted
and frozen at —74 °C. Frozen cell pellets were lysed and
homogenized in 350 ul RTL buffer, and total RNA was
isolated using the Qiagen RNAeasy mini kit (Qiagen
GmbH, Hilden, Germany) according to manufacturer’s
instructions. Total RNA was eluted in 30 pl H,O, aliquots
of 1 ug RNA were prepared and stored at —74 °C.
Reverse transcription was performed in a total reaction
volume of 20 ul containing 1 pg total RNA, 1x PCR
buffer II, 5 mM MgCl,, 2.5 uM random hexamers, 1 mM
dNTP, 1 U/ul RNase inhibitor and 2.5 U/ul Moloney
Murine Leukemia Virus reverse transcriptase (MuLV; all
Applied
Heidelberg, Germany) and the following conditions per

components  supplied by Biosystems,
cycle: 65 °C denaturation for 5 min, 25 °C for 10 min
with addition of the MuLV reverse transcriptase followed
by an extension step at 42 °C for one hour and a final step
at 75 °C for 10 min. The resulting cDNA solution was
diluted twice with RNase-free water, and 5 Wl aliquots

were stored at —30 °C.

Quantitative PCR

The cDNA target sequences were amplified and
detected using the LightCycler FastStart DNA Master”™"
SYBR Green I kit (Roche Diagnostics, Mannheim,
Germany). In detail, 0.4 pl of a solution containing cDNA
(2x diluted) template was added to the PCR mix consisting



2009

Galectins and Wound Healing 877

of 1x Mastermix and 0.5 UM primers in a total volume of
20 ul. The general qPCR protocol was as follows:
preincubation at 95 °C for 10 min, denaturation at 95 °C
for 10 s, annealing and extension conditions were
dependent on the nature of primer and amplicon as
indicated below. After each extension step a fluorescence
acquisition was done after a two-seconds incubation at
72 °C. After amplification a melting curve was measured
using a denaturation at 95 °C for 10 s, annealing at 65 °C
for 15 s and melting at a temperature transition rate of
0.1°C/s up to 95 °C with continuous fluorescence
acquisition. Primers used for quantitation of galectin-1
expression were the forward sequence
5-GGCAAAGACAGCAACAACCT’-3 and the reverse
sequence 5-GGCCACACACTTGATCTTGAA’-3, the
predicted length of the amplicon was 293 bp, the annealing
temperature was 64 °C for 8 s, extension was carried out at
72 °C for 12 s. Primers used for quantitation of galectin-3
expression were the forward sequence
5-TGCCTCGCATGCTGATAACA’'-3 and the reverse
GGTTCAACCAGGACTTGTAT -3, the
predicted length of the amplicon was 238 bp, the annealing

sequence 5’

temperature was 62 °C for 8 s, the extension conditions
were 72 °C for 10 s. Both amplicons were sequenced to
prove their identity. Each PCR reaction for a given gene
was normalized to the same amount of total RNA used in
the reaction and processing equal cDNA aliquots in
subsequent cycles of PCR amplification. Total RNA was
isolated in the course of three independent culture
experiments, and quantitation of DNA amplicons was
performed in triplicates. For each gene and run, a standard
curve was established to monitor efficient amplification
and to determine relative amplification of the PCR product.
Samples with the highest amount of target template were
used for serial dilutions corresponding to 1 pl, 0.5 ul, 0.2
ul, 0.04 ul, 0.008 pl and 0.0016 pl of 2x diluted cDNA in
the reaction volume. The actual measurements were
carried out in a LightCycler 2.0 instrument (Roche
Diagnostics, Mannheim, Germany).

Statistics

Statistical analysis was performed with NCSS
2000 software (NCSS, Kaysville, UT, USA). The
experimental data were processed by repeated measures
ANOVA and the Tukey-Kramer multiple comparison test
to spot significant differences between groups (p<0.05).
Data
intensities in tissue sections and cultured cells were

obtained by measurements of fluorescence

analyzed using the non-paired Student t-test.

Results

Galectin parameters in lesion-free skin and during
wound healing

We  first
detection of the two most commonly studied family

performed immunohistochemical
members, i.e. galectin-1 and -3, as reference point. The
dermis of normal porcine skin showed a weak to medium
immunopositivity for galectin-1, whereas the epidermis
was negative (Fig. 1A). The healing process after
inflicting a lesion was associated with an increase in
dermal expression and occurrence in the epidermis (Figs
I1B-1C). To reveal whether this regulation was linked to
cell proliferation, we monitored presence of the
respective marker Ki67. No apparent correlation was
noted, with galectin-1 presence visible in both Ki-67-
positive and -negative cells (Figs 1B-1C). Running these
experiments in the case of galectin-3 revealed its
presence in lesion-free epidermis and no effect of healing
on the signal intensity (Figs 1D-1E). In contrast, the
intensities for the galectin-1-dependent signals were
significantly enhanced, as shown by presenting the data
of the quantitative analysis (Fig. 1F). Having herewith
detected differences on the level of galectin expression,
we next explored whether a regulation is operative on the
level of accessible binding partners for the galectins.
Toward this end, we processed these sections with
labeled galectins.

The application of galectin-1 led to a positive
reaction in the skin, and the intensity of the signal was
significantly reduced upon wound healing (Figs 2A, 2B
and 2E). Galectin-3-binding
predominantly on the surface of epidermal keratinocytes,

sites were visualized
and the intensity of the signal was not affected by the
healing process (Figs 2C-2E). In comparison, the
reactivity for labeled galectin-3 was significantly reduced
in the dermis in the process of re-epithelialization
(Figs 2C-2E). We next added analysis of galectin-7-
dependent parameters and detected a strong increase in
immunopositivity in epidermal cells during wound
healing (Figs 2F-2H) associated with a correlating sharp
decrease in binding reactivity (Figs 21-2K). These results
informed us about an influence of wound healing in vivo
on galectin parameters and prompted further cell

biological work.

Galectin parameters in cultured porcine keratinocytes
To set a standard for cell preparations from
normal skin, we first asked the question whether cell
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Fig. 1. Immunohistochemical detec-
tion of galectin-1 (green signal, A-
C), galectin-3 (green signal, D,E)
and the proliferation marker Ki67
(red signal, A-E) in sections of
normal porcine skin (NS; A,D) and
skin 48 h after wounding (WS;
B,C,E). The epidermal area is
delimited by a dashed white line
(bar: 100 pm). Panel F presents
quantitative aspects (mean = S.D.)
of the intensity of the fluorescence
signal in normal epidermis (NE),
wounded epidermis (WE), normal
(ND) and wounded dermis (WD).
The horizontal line represents
background signal. *** significant
difference at p=0.001.

Fig. 2. Lectin or immunohisto-
chemical detection of accessible
binding sites for galectin-1 (A,B,E),
binding sites for galectin-3 (C,D,E),
expression of galectin-7 (F,G,H),
and binding sites for galectin-7
(1,3,K) in sections of normal (NS;
A,C,F,I) and wounded skin (WS;
B,D,G,J). Panels E,H,K present
quantitative aspects (mean + S.D.)
of the intensity of the fluorescence
signal in normal epidermis (NE),
wounded epidermis (WE), normal
(ND) and wounded dermis (WD).
The horizontal line represents
background signal. Three stars
stand for a statistically significant
difference at p=0.001. Panel L
shows expression of studied
galectins (-1, -3, -7) in epidermis
and in cultured keratinocytes
detected by Western blot.
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culture may affect galectin expression. To address this
issue, we performed Western blot analysis for cells from
the epidermis and cultured keratinocytes. As shown in
Figure 2L, galectin-3 presence remained rather constant.
No evidence for its proteolytic truncation with removal of
the collagenase-sensitive N-terminal part besides a minor
degradation was observed. In contrast, galectin-1
presence was only seen in the cultured keratinocytes,
which lost galectin-7 (Fig. 2L). The result of this
further supported by

cytochemical experiments. They document a gradual

biochemical analysis was
increase for galectin-1 tied to decreased reactivity for the
labeled lectin, except for strong cytoplasmic staining in
mitotic cells, whereas galectin-3 parameters were not
notably affected by the period of cell culture. An
accumulation at sites of intercellular contact for both
lectins and nuclear reactivity with galectin-1 deserved
attention. Quantitation of the cytochemical data, together
with results of quantitative determination of gene
expression, underlines the described courses of parameter
changes (Fig. 3).

Cytochemical monitoring of galectin-7 also
corroborated the Western blot data, immunoreactivity
being confined to areas of multiple cell layers (Fig. 3).
No accessible sites for this galectin could be visualized.
Evidently, cell culture conditions affected galectin
expression and led to an effect on galectin-1 similar to
wound healing. The ensuing question was whether the
three lectins, especially galectin-1, which can be secreted,
may modulate attachment and healing of scratch-wounds
in vitro, when presented as a matrix. In these experiments
we used human keratinocytes.

Galectins as matrix for attachment and scratch-wound
healing in vitro

Attachment of keratinocytes and fibroblasts to
the control substratum and to the three surfaces
presenting a galectin was rather similar (Figs
4A,B,D,E,J.K). The only observed difference concerned
resistance toward trypsin treatment. Here, galectin-1
was especially effective to confer stability (Figs 4C, F,
I, L). To collect further information on galectin-1
activities, we tested whether galectin-1 as substratum
influences cellular behavior after inflicting a scratch-
wound. The cell-free area was recolonized by
fibroblasts and keratinocytes when cultured on plastic
substratum as control or on collagen I (Figs 5A, B, E,
F). Presence of galectin-1 negatively affected this

process (Figs 5C, D, G, H).
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Fig. 3. Comparison of expression of galectin-1 (A,B), galectin-3
(D,E), galectin-7 (G) and binding sites for galectin-1 (BS; C) and
for galectin-3 (F) determined either by RT-PCR analysis (A, D),
by quantitative immunocytochemical (B,E,G) and lectin
cytochemical (C,F) monitoring in porcine keratinocytes in the
course of the seven-day period of culture. Statistically significant
differences from the preceding value (RT-PCR, Tukey-Kramer
multiple comparison test, cross) and in quantitative
immuno/lectin histochemistry at significance levels: *** p=0.001,
** p=0.02 and * p=0.05 evaluated by the non-paired Student-t
test. Results show that galectin-1 expression is significantly
upregulated during culture, binding sites for this galectin are
significantly reduced. No significant differences in expression of
galectin-3 and its binding sites were observed. Expression of
galectin-7 (protein) was downregulated after approximately one
week in culture.

Discussion

As a key step toward a functional interpretation
of changes in the glycomic profile of cells, the interest in
measuring expression of endogenous lectins is evident. In
parallel, microarrays for spotting regulatory events in
gene expression provide valuable hints for the relevance
of distinct proteins with lectin activity in diverse aspects
of cell physiology. With
re-epithelialization the expression of the galectin-7 gene

respect to corneal
was among the 37 cases undergoing upregulation from
1176 tested genes with a factor of 5.2, explicitly in mouse
cornea after excimer laser injury (Cao et al. 2002b), and
the protein promoted the re-epithelialization of corneal
wounds (Cao et al. 2002a, 2003). This lectin is expressed
at all stages of epidermal differentiation, i.e. in basal and
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Fig. 4. Comparison of growth features of human keratinocytes in
coculture with fibroblasts on a surface precoated with either
galectin-1 (A-C), galectin-3 (D-F) or galectin-7 (G-I) as well as
on the plastic substratum without a galectin-coating step as
control (3-L). A conspicuous resistance to detachment by trypsin
treatment was noted for cells on a galectin-1-exposing surface
(C). Specimens were stained by hematoxylin-eosin; bar: 200 pm.

suprabasal layers, and moderately downregulated by
treatment of cells with 1 uM retinoic acid (Magnaldo et
al. 1995). Its sensitivity to SV40 transformation of human
K14 keratinocytes and also its upregulation after p53
expression in human DLD-1 colon carcinoma cells ties
this galectin’s expression to tumor processes (Madsen et
al. 1995, Polyak et al. 1997). It shares basic reactivity to
B-galactosides with other galectins. But, as it is turning
out, the fine-specificity profiles to oligosaccharides for
differ,
N-acetyllactosamine

galectin-1, -3 and -7 can well
02,6-sialylated

(Ahmad et al. 2002). Regarding gene expression galectin-

e.g. for
oligomers  for

1 is also connected to the activity of a tumor suppressor,
i.e. pl6™** which at the same time affects glycosylation
to increase susceptibility to galectin-1's growth-
regulatory effector mechanisms (André et al. 2007b).
These two lectins can thus be regulated by proteins
phenotype.

Considering also the evidence from laryngeal and

involved in affecting the malignant
hypopharyngeal squamous cell carcinomas with disparate
expression patterns during tumor progression for the two
homodimeric galectin-1 and -7 and also the chimera-type
galectin-3 (Saussez et al. 2008a,b), it was pertinent to

look at these lectins in parallel. Toward this end, we

_ PSI-Coll IGal-1

/
, i
,

Fibroblasts |

Keratinocytes

Fig. 5. Recolonization of scratch-wound areas in
subconfluent/confluent culture of human dermal fibroblasts (A-
D) and keratinocytes (E-H) after 48 h. The surface of the culture
flasks was coated with collagen I (A,B), with a mixture of
collagen I and galectin-1 (C,D), and with galectin-1 alone (G,H),
respectively. No coating was performed in the experiments
presented in panels E, F. The site of the initial scratch wound is
marked by dashed lines in each case. Bar: 100 um.

examined their tissue presence by non-cross-reactive

antibodies.
This

increases in signal intensity in immunohistochemistry.

monitoring resulted in detection of
Significantly positive effects were noted for galectin-1 in
the dermis and epidermis and also for epidermal presence
of galectin-7. Concomitantly, the accessibility of binding
sites for both lectins decreased. A general effect on this
class of endogenous lectins was excluded by measuring a
constant expression level for the chimera-type galectin-3.
Evidently, wound repair in pig skin was accompanied by
a differential regulation of galectin presence. Modulation
was also seen in epidermal cells upon cell culture. These
conditions upregulated galectin-1 presence as determined
on the level of mRNA as well as protein in western
blotting and quantitative immunocytochemistry. Initial
functional studies focusing on galectin-1 showed an
increased resistance to trypsin-dependent detachment of
keratinocytes and fibroblasts from a substratum and
reduced closure of scratch-wounds when using a galectin-
1-presenting matrix. Of note, this galectin can exert pro-
and anti-adhesive properties in a cell-type-dependent
manner (André et al. 1999).

In summary, the reported data indicate that lectin
expression is differentially regulated in vivo in the course
of wound healing in skin as well as in vitro in culture for
epidermal cells. These results give a clear direction for
further research, i.e. to define the functional significance
of increased galectin-1 expression and to extend galectin
monitoring to the

tandem-repeat-type  subfamily,

especially galectin-9 (Lensch ef al. 2006).
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