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Abstract
Members of the galectin family of endogenous lectins are
potent adhesion/growth-regulatory effectors. Their multifunctionality opens possibilities for their use in bioapplications. We studied whether human galectins induce the conversion of human dermal fibroblasts into myofibroblasts
(MFBs) and the production of a bioactive extracellular matrix
scaffold is suitable for cell culture. Testing a panel of galectins of all three subgroups, including natural and engineered
variants, we detected activity for the proto-type galectin-1
and galectin-7, the chimera-type galectin-3 and the tandemrepeat-type galectin-4. The activity of galectin-1 required
the integrity of the carbohydrate recognition domain. It was
independent of the presence of TGF-␤1, but it yielded an ad-
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ditive effect. The resulting MFBs, relevant, for example, for
tumor progression, generated a matrix scaffold rich in fibronectin and galectin-1 that supported keratinocyte culture
without feeder cells. Of note, keratinocytes cultured on this
substratum presented a stem-like cell phenotype with small
size and keratin-19 expression. In vivo in rats, galectin-1 had
a positive effect on skin wound closure 21 days after surgery.
In conclusion, we describe the differential potential of certain human galectins to induce the conversion of dermal fibroblasts into MFBs and the generation of a bioactive cell
culture substratum.
Copyright © 2011 S. Karger AG, Basel
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Introduction

Stem cells hold an enormous therapeutic potential, but
obstacles remain to be overcome for their successful clinical application, for example, concerning the generation
of a suitable microenvironment to maintain stemness
and to ensure anchorage [Voog and Jones, 2010]. In this
context, the components of the extracellular matrix
(ECM) play pivotal roles in docking cells and engaging
them in the complex molecular interplay essential for the
cells’ functionality. As a consequence, aberrations in this
complex network, either engineered in mice or detected
in patients, can lead to diseases [Hennet, 2009; Honke
and Taniguchi, 2009]. Such observations guide interest
especially to the glycan part of the ECM, a highly versatile
platform for coding biochemical information, as embodied in the concept of the sugar code [Gabius, 2009]. Indeed, simple monosaccharides used as a matrix, inspired
by this bioactivity of glycans, can already serve as a bioactive substratum, even substituting for feeder cells in the
case of epidermal keratinocytes [Labský et al., 2003]. In
order to achieve the natural complexity, it would be ideal
to direct cells to produce suitable ECM using endogenous
effectors.
Toward this end, observations that an endogenous lectin, such as galectin-1, has proven capable of promoting
the attachment of diverse types of cells, also in concert
with matrix glycoproteins or chitosan, have given our research a clear direction [André et al., 1999; Chang et al.,
2004; Kadri et al., 2005]. This type of galectin binds the
␣5␤1-integrin, as well as the associated ganglioside GM1,
that influences cell adhesion and growth [André et al.,
2007; Wang et al., 2009]. It can redirect gene expression,
for example of ␣2(I) collagen via TGF-␤/Smad3 signaling, and the exposure of fetal skin or mesenchymal stem
cells leads to conversion to the myogenic lineage and even
mature myotubes in vitro [Goldring et al., 2002a, b;
Fischer et al., 2005; Chan et al., 2006; Okano et al., 2008].
In addition to potential medical relevance, we have detected a strong galectin-1 presence in the stroma of squamous cell carcinomas and in healing wounds [Lacina et
al., 2007; Klíma et al., 2009]. Here, the presence of myofibroblasts (MFBs), a distinct type of fibroblast positive
for ␣-smooth muscle actin, is frequent [Hinz 2007; De
Wever et al., 2008]. Their generation by conversion in situ
is assumed to be induced by TGF-␤ [Brenmoehl et al.,
2009], their presence then contributing to promote
wound healing/contraction and tumor progression of
squamous carcinoma cells. Obviously, the ECM of MFBs
can be conducive in programming cell activities. This
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concept led us to test the hypothesis whether galectin-1 is
involved in MFB and ECM generation and then to investigate its bioactivity as a culture substratum for human
keratinocytes. In other words, galectin-1 was studied as a
potential inducer of the conversion of adult dermal fibroblasts into MFBs, using TGF-␤1 and TGF-␤3 as positive
controls. Following these experiments, we addressed the
issue of measuring the profile of this activity within the
family of human galectins. This family consists of three
groups, which differ in the spatial presentation of the lectin domain, with characteristic expression in human skin
[Villalobo et al., 2006; Čada et al., 2009]. As a consequence, homodimeric galectin-1, galectin-2 and galectin-7, the chimeric galectin-3 and the tandem-repeat-type
galectin-4 and galectin-8 were comparatively studied under identical conditions. Natural variants, that is, truncated galectin-3 after proteolytic removal of the stalk region and the two galectin-8 forms differing in linker
length, as well as an engineered form of galectin-4 without linker and a galectin-1 mutant without lectin activity,
completed the test panel used in the present study. In addition to testing the ability of the lectins in the panel to
induce MFBs and the capacity of their ECM to support
keratinocyte culture and for wound healing in vivo, we
also contribute to defining the extent of functional divergence among these homologous endogenous lectins.

Materials and Methods
Preparation of Galectins
Human galectins (table 1), including the linkerless variant of
galectin-4 and the E71Q mutant of galectin-1, were obtained by
recombinant production and purified by affinity chromatography on lactosylated Sepharose 4B (or Ni-CAMTM HC resin from
Sigma, Munich, Germany, in the case of the His-tagged galectin-1
mutant without lectin activity) as a crucial step [Gabius et al.,
1985], routinely followed by the removal of any lipopolysaccharide contamination [Sarter et al., 2009]. Product analysis was performed using one- and two-dimensional gel electrophoresis, gel
filtration and mass spectrometry as well as hemagglutination, solid-phase and cell assays to ascertain activity [André et al., 2006,
2007, 2008; Beer et al., 2008]. Proteolytic truncation of galectin-3
with cleavage at the Tyr106/Gly107 and Glu229/Ile230 peptide
bonds was performed using collagenase digestion [Kopitz et al.,
2001; Kübler et al., 2008].
The Influence of Galectins on Human Dermal Fibroblasts
Dermal fibroblasts were isolated from skin specimens obtained from healthy donors with their informed consent (in
agreement with the Helsinki Declaration after approval by the
Local Ethical Committee) in the Department of Aesthetic Surgery
(Charles University, 3rd Faculty of Medicine). Sterile solutions of
human galectins were prepared in Dulbecco’s culture medium
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Table 1. Galectins used in experiments

Type of galectin

Galectin

Homodimeric
(proto-type)

galectin-1
galectin-1-E71Q
galectin-2
galectin-7

Chimera

galectin-3
galectin-3-truncated

Tandem-repeat

galectin-4-linkerless
galectin-8-short
galectin-8-long

Comment

strongly reduced affinity for carbohydrates

proteolytically processed form lacks the collagenase-sensitive N-terminal section, reducing ability for cross-linking
prototype-like galectin-4 with covalent domain linkage after engineered removal of the
linker peptide
different lengths of the linker

(DMEM) containing 10% fetal calf serum and antibiotics (all
from Biochrom, Berlin, Germany). Human dermal fibroblasts
were seeded at a density of 2,000 cells/cm2 and cultured for 3–4
weeks. The culture medium was changed three times per week.
The sensitivity of fibroblasts to TGF-␤1/-␤3 was tested at 10 ng/
ml, as described elsewhere [Brenmoehl et al., 2009]. The contribution of galectins to MFB formation was assessed by using galectins (table 1) in concentrations of 200, 300, 400 and 600 ng/ml.
The additive effect of both galectin-1 and TGF-␤1 (10 g/ml) was
tested by incubating cells with both substances. The role of galectin was, moreover, verified by application of 20 g/ml of a polyclonal anti-galectin-1 antibody, developed in our laboratory and
carefully tested for lack of cross-reactivity with other types of galectins (please see below). To exclude the nonspecific effect of immunoglobulins, the commercial anti-thyroglobulin rabbit polyclonal antibody (Dako, Glostrup, Denmark) was also tested.
Using a commercial ELISA kit (R&D Systems, Minneapolis,
Minn., USA), the concentration of TGF-␤1, the best-known inducer of MFB formation, was measured in conditioned media
from cultures of human dermal fibroblasts in the absence or presence of galectins in a Multiskan RC reader (Labsystem, Helsinki,
Finland) at 450 nm.
Human Keratinocytes and Their Culture on Matrices
Induced by Galectins
The ECM scaffolds produced by cells exposed to galectins on
the surface of coverslips were tested as substrates for the culture
of human keratinocytes obtained as described above. The coverslips with the three-dimensional scaffolds were incubated with
sterile distilled water for 60 min to devitalize MFBs by osmotic
shock (as ascertained by subsequent culture), then the supports
were incubated with culture medium for 24 h to prevent osmotic
stress during the subsequent culturing of keratinocytes. These
cells were obtained from the same clinical source and under identical ethical conditions as the fibroblasts. They were seeded at a
density of 40 ! 103 cells/cm2 and cultured in keratinocyte medium [Strnad et al., 2009] at 5% CO2 and 37 ° C for 1 week. Part of
these experimental acellular supports with three-dimensional
ECM lattices was fixed with 0.25% glutaraldehyde (Sigma-Ald-
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rich, Prague, Czech Republic) for 30 min at laboratory temperature. After extensive washing they were used as described above.
Cells cultured on untreated coverslips were used as a control.
Immunocytochemical Analysis of Cultured Cells
The staining procedure, including fluorescence profiling, had
been described recently in detail [Szabo et al., 2009]. Briefly, the
tested specimens were fixed with 2% buffered paraformaldehyde
(pH 7.2–7.4) for 5 min and washed with PBS. The cells were permeabilized by exposure to Triton X-100 (Sigma-Aldrich), and sites
for the antigen-independent adsorption of antibodies were
blocked by bovine serum albumin and/or nonimmune porcine
serum, serum application preventing the binding of antibodies
via the interaction of the Fc fragments of immunoglobulins with
cellular Fc receptors. Commercial antibodies were diluted as recommended by the suppliers. The primary and secondary antibodies used in this study are summarized in table 2. The lack of crossreactivity of our homemade anti-galectin antibodies was ascertained, if required, after af finity depletion on resin with
covalenty conjugated galectins [Kaltner et al., 2002; Saal et al.,
2005]. The specificity of the immunohistochemical reaction was
verified by the replacement of specific antibodies by an irrelevant
antibody recognizing thyroglobulin instead of the first-step antibody and/or by the omission of the first-step antibody as well as
by processing positive control specimens. Cell nuclei were counterstained by 4’,6-diamidino-2-phenylindole (DAPI; Sigma-Aldrich). The specimens were mounted in Vectashield (Vector Laboratories, Burlingame, Calif., USA) and inspected by an Eclipse
90i fluorescence microscope (Nikon, Prague, Czech Republic)
equipped with filter blocks for FITC, TRITC and DAPI, and a
Cool-1300Q CCD camera (Vosskühler, Osnabrück, Germany);
data were analyzed by a LUCIA 5.1 computer-assisted image analysis system (Laboratory Imaging, Prague, Czech Republic).
Experimental Animals and in vivo Study
The study design with 1-year-old male Sprague-Dawley rats
(n = 48) was approved by the Ethical Committee of the Faculty of
Medicine of Šafárik University and by the State Veterinary Administration of the Slovak Republic. Surgery was performed un-
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Table 2. Primary and secondary antibodies

Antigen

Type of antibody

Source

Gal-1, Gal-2, Gal-3, Gal-4, Gal-7 rabbit polyclonal

Faculty of Veterinary Medicine, Ludwig-Maximilians-University,
Munich, Germany

Gal-1

mouse monoclonal

Vector Laboratories, Burlingame, Calif., USA

Fibronectin

rabbit polyclonal

Dako

Fibronectin

mouse monoclonal

Abcam, Cambridge, UK

Collagen-1
Collagen-3

mouse monoclonal
mouse monoclonal

Sigma-Aldrich, Prague, Czech Republic

Smooth muscle actin

mouse monoclonal

Dako

Keratin (wide spectrum)

rabbit polyclonal

Abcam

Keratin-19
Thyroglobulin
Thyroglobulin

mouse monoclonal
mouse monoclonal
rabbit polyclonal

Dako

Rabbit immunoglobulins
Mouse immunoglobulins

FITC-labeled swine serum
FITC-labeled swine serum

Alseva, Prague, Czech Republic

Mouse immunoglobulins

TRITC-labeled goat serum

Sigma-Aldrich

der general anesthesia induced by the administration of ketamine
(40 mg/kg; Narkamon a.u.v.; Spofa, Prague, Czech Republic), xylazine (15 mg/kg; Rometar a.u.v.; Spofa) and tramadol (5 mg/kg;
Tramadol-K; Krka, Novo Mesto, Slovenia). One full-thickness incision, 4 cm long, was made on the back of each rat. Cranially and
caudally from the incision, round full-thickness skin excisions,
1 cm in diameter, were performed. The incision was then closed
using an intradermal running suture (Chiraflon 5/0; Chirmax,
Prague, Czech Republic). Subsequently, the rats were randomly
assigned to four groups: (1) testing wild-type galectin-1, (2) testing the E71Q mutant, (3) testing full-length galectin-3 and (4)
mock treatment. Wounds of rats from groups 1–3 were treated
daily with the respective galectin starting from the day of surgery
until the third postoperative day. All rats, including the control
group, were kept in cages with an oval opening over the wound to
ensure similar levels of stress for each animal during the experiment.
The healing of wounds was measured from standardized photographs as follows. Wounds were photographed with a scale immediately after surgery and at days 7 and 21 using an Olympus
E330 digital camera equipped with a digital ED 50 mm f 2.0 macro objective and a ring set flash SRF-11 (Olympus, Tokyo, Japan).
The wound area was then measured on the images using Quick
Photo Micro 2.2 software (Premiere, Prague, Czech Republic) and
expressed as a percentage of the original wound area generated on
the day of surgery to reflect the level of wound healing. Statistical
processing of the measured data was done using one-way ANOVA
followed by the Tuckey-Kramer post hoc test. The quality of
wound healing was evaluated in paraffin-embedded sections
stained with hematoxylin-eosin.
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Results

In vitro Experiments
Galectins Induce MFB Formation
Cultures of normal dermal fibroblasts contained none
or only a very limited number of MFBs (fig. 1a, b). To test
the effector activity of the galectins, we systematically
used galectin-1 and detected a significant increase in the
number of MFBs in the third week of culture (fig. 1c).
Next, we tested all the selected galectins (galectin-1, galectin-1-E71Q mutant, galectin-2, galectin-3, truncated
version of galectin-3, galectin-4, linkerless variant of galectin-4 and both, that is, short and long, versions of galectin-8) in the concentration range of 200–800 ng/ml
over the course of 3 weeks. The experiments revealed that
the activity depends on the type of galectin and its concentration (fig. 2a–f). The strongest induction of the conversion of fibroblasts to MFBs was achieved using homodimeric galectin-1 (fig. 2a). Impairing its carbohydrate-binding activity by introducing the E71Q mutation
led to a drastic reduction of its stimulatory ability (fig. 2b).
Activity was also found for galectin-3, depending on the
presence of the N-terminal stalk, because the truncated
version of this galectin was inactive (fig. 2c, d). The natural version of tandem-repeat galectin-4 (fig. 2e) was also
active concerning MFB formation. Parallel experiments
Dvořánková et al.
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Fig. 1. Detection of smooth muscle actin in control cultures of
dermal fibroblasts (a, b) and illustration of the influence of TGF␤1 and galectin-1 (200 ng/ml) on the formation of smooth muscle
actin-positive myofibroblasts. The number of myofibroblasts was
estimated as percentage of the number of cell nuclei occurring in
smooth muscle actin-positive myofibroblast clusters related to the
total number of nuclei in the evaluated area in three independent
experiments. The representative figures demonstrating at the
same level of magnification the control culture (d), the effect of
TGF-␤1 (e), TGF-␤3 (f), combination of TGF-␤1 with two concentrations of galectin-1 (c, g, h) and with antibody neutralizing
galectin-1 are also included (i). The results show that myofibro-

blasts with low extent of smooth muscle actin expression are very
rarely present in control (untreated) cultures of dermal fibroblasts
(a, b, encircled). While the number of myofibroblasts is very low
and stable in control cultures (a–d) during the testing period,
TGF-␤1 (c, e), TGF-␤3 (f) and galectin-1 (c) have stimulatory effect on myfibroblast formation, with additive effect when both
substances were applied simultaneously (c, g, h), the TGF being
added to the system at the beginning of cell culture. The introduction of anti-galectin-1 antibody to the system, in which both the
TGF-␤1 and galectin-1 were applied simultaneously, strongly reduced the number of myofibroblasts (i).

with its linkerless variant delineated the importance of
this part of the protein for bioactivity, because this version of galectin-4 was inactive (not shown). Galectin-7, as
the second representative of homodimeric galectins, was
also able to stimulate MFB formation (fig. 2f). Galectin-2,
as the closest relative of galectin-1, was not a significant
activator of MFB formation, similarly as both natural
forms of tandem-repeat-type galectin-8 (not shown).
Obviously, certain galectins can serve as effectors for
the conversion of dermal fibroblasts to MFBs, an activity
known for TGF-␤. Thus, we proceeded to determine
whether these two types of inductors may act additively.
Since galectins may act via inducing the secretion of
TGF-␤1 by cultured fibroblasts, we first determined the

concentration of TGF-␤1 in conditioned media, that is,
controls and samples from cultures in the presence of galectin-1, galectin-3 and galectin-7. Except for two values
(fig. 3), detectable concentrations of TGF-␤1 were evidently not reached. Comparing these data with the physiological levels of TGF-␤1 in serum [Lin et al., 2009] and
with the concentration necessary for conversion (10 ng/
ml), the measured data provided no evidence for TGF-␤1
secretion upon galectin presence (fig. 3). As expected,
both TGF-␤1 and TGF-␤3 induced dermal fibroblasts to
generate MFBs (fig. 1c–f). When galectin-1 was added to
medium containing TGF-␤1, an additive effect was observed (fig. 1c, g, h). An antibody against the lectin strongly reduced the formation of MFBs (fig. 1i).
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Fig. 2. Influence of galectins (Gal), Gal-1, Gal-1-E71Q mutant, Gal-3, the proteolytically truncated Galectin-3 (Gal-3-Trunc),

Gal-4 and Gal-7 on the formation of myfibroblasts detected by monitoring smooth muscle actin. Nuclei are counterstained by
DAPI.

474

Cells Tissues Organs 2011;194:469–480

Dvořánková et al.

and its E71Q mutant on the concentration
of TGF-␤1 in cultures of normal dermal
fibroblasts (DF). Two measured concentrations (arrows) are very low in comparison to the TGF-␤1 concentration used for
stimulating myofibroblast formation (x)
and that found in normal plasma in humans (y).

Fibroblast treatment

Fig. 3. Influence of wild-type galectin-1
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Galectins Stimulate ECM Formation
We found that the presence of certain galectins led to
the appearance of three-dimensional ECM scaffold
(fig. 4a–h). Namely, galectin-1, galectin-4 and galectin-7
(fig. 4b, c, d, g, h) were responsible for the marked production of a complex three-dimensional network of fibers of
140 8 60 nm in diameter. The galectin-1-E71Q mutant
was not able to stimulate ECM production (fig. 4b–d).
Other galectins, including galectin-3, were inactive
(fig. 4e, f). ECM fibers were composed from fibronectin
(fig. 4a–h, 5a, b) and galectin-1 (fig. 5b, e) with colocalization of these two proteins. When probing for collagen-1
and collagen-3, only a very limited amount of collagen-1
was detected in cultures of the stimulated cells (fig. 5c, d).
Interestingly, using galectin-4 and galectin-7 as inductors,
the cultured cells were able to produce an ECM enriched
in galectin-1 but not in galectin-4 or galectin-7 (fig. 5e, f).
ECM Scaffolds Produced by Galectin-Stimulated
Fibroblasts Influence Phenotype of Cultured
Keratinocytes
To determine whether such an ECM scaffold produced by fibroblasts/MFBs can find applications in cell
culture, we next tested the panel of galectins given in the
introduction in culture of keratinocytes without feeder
cells. Keratinocytes cultured on these coverslips with a
three-dimensional ECM network composed from fibronectin and galectin-1 appeared to resorb this matrix
(fig. 5g). In comparison to control experiments (fig. 5h, i),
the cells’ size was significantly smaller, and they expressed keratin-19 as one of the putative markers of poorGalectins and Tissue Engineering
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ly differentiated keratinocytes. When the coverslips with
the substratum were pretreated with glutaraldehyde to
crosslink its components, the ECM lattices became resistant to resorption, but the cells remained negative for keratin-19 (not shown).
In vivo Experiments
Galectins Influence Wound Healing
To take the observed in vitro activity to the in vivo
level, we finally addressed the issue of rat skin-wound
healing in the presence of galectins (galectin-1, galectin1-E71Q mutant, galectin-3). No remarkable effect on
wound re-epithelialization was observed when the animals were treated with any of the tested galectins as the
extent of re-epithelialization was identical with that seen
with galectin-free controls and the wounds were completely re-epithelialized 3 weeks after the surgery (fig.
6a–d). Measuring the extent of wound contraction also
revealed no effect of galectins at day 7, when wound reepithelialization was only partial. Continued observation
revealed an effect for galectin-1. Compared to its control
(E71Q), galectin-1 gave a positive result after 21 days, not
seen for galectin-3 (fig. 6e–i).

Discussion

Our study addresses four issues pertinent to evaluating the potential of galectins for application in cell-based
and topical therapy modalities in a long-term perspective. Building on histopathological observations of the
Cells Tissues Organs 2011;194:469–480
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Fig. 4. Immunocytochemical detection of fibronectin in control culture of dermal fibroblasts (a) and fibroblasts
treated with galectin-1 in two concentrations (b, c), with mutated galectin-1 (d), galectin-3 (e), truncated version of galectin-3 (f), galectin-4 (g) and galectin-7 (h) simultaneously. The extensive production of a three-dimensional fibronectin network was observed in cultures treated with galectin-1 (300 ng/ml, c), galectin-4 (g)
or galectin-7 (h).

presence of stromal galectin and the capacity of galectin-1 to direct mesenchymal stem cells and fetal fibroblasts towards the myogenic lineage as described in the
introduction, we tested this protein on adult dermal fibroblasts and found that it was able to convert them to
MFBs at submicrogram/milliliter concentrations. Of
note, this activity was abolished when the lectin site’s
functionality was impaired by the E71Q mutation. The
previously reported TGF-like activity of rat galectin-1 on
DNA synthesis and anchorage-independent growth of
3T3 cells, in contrast, was not sensitive to haptenic sugar
inhibition [Yamaoka et al., 1993]. The induction of TGF␤ secretion as a downstream effector could be excluded,
while an additive effect of galectin-1 and the growth factor could be documented.
This ability of galectin-1 led us to monitor other human galectins, that is, to explore the functionality profile
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among these homologous proteins. We detected a conspicuous functional divergence within the class of prototype and tandem-repeat-type galectins. Also, a requirement for the presence of the stalk region in galectin-3,
which is responsible for cross-linking activity, was seen.
Evidently, even structurally closely related family members can differ markedly in terms of functionality. Such
divergence has previously been seen for the growth regulation of human neuroblastoma and pancreatic carcinoma cells as well as activated T cells [Kopitz et al., 2001,
2010; Sturm et al., 2004; Sanchez-Ruderisch et al., 2010].
Since galectin secretion can make these proteins available
in the stroma, this described ability to increase the presence of MFBs may eventually contribute to tumor progression, analogously to TGF-␤, for example in colon
cancer where galectin-1 and galectin-4 in combination
have a strongly negative impact on prognosis [Nagy et al.,
Dvořánková et al.
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Fig. 5. Influence of galectin-1 on the production of fibronectin
(green signal, a, b) and a galectin-1 (red signal, b)-containing
three-dimensional network, compared to a weak effect on collagen-1 synthesis (red signal, c) and a lack of effect on collagen-3
synthesis (red signal, d). Analyzing the presence of fibronectin
and galectin-1 (b), both proteins were detected and the distribution measured by fluorescence profiles. Other types of galectins
such as galectin-7 also induced the production of galectin-1
(green signal, e) but not of galectin-7 (green signal, f). Visualiza-

tion of smooth muscle actin (red signal, a, e, f) indicated that myofibroblasts are located in the extracellular matrix network. When
keratinocytes (red signal-keratin, g) were seeded on an ECM lattice formed by galectin-1-induced fibroblasts/myofibroblasts, resorption of ECM lattice was apparent (green signal, fibronectin,
g). These keratinocytes were very small and expressed keratin-19
(red signal, h) in addition to pan-kreatin (green, h). Keratinocytes
cultured on coverslips are shown for comparison (i). Nuclei are
counterstained by DAPI.
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Fig. 6. Effect of galectins on the re-epithelialization and contraction of skin wounds. Partial re-epithelialization
as reached one week after the administration of galectin-1 (a) or galectin-3 (b). The double-headed arrow marks
the distance between the wound margin (dotted line) and the edge of regenerating epithelium. The complete
reaction is shown 3 weeks after the surgery (c, d). Galectins (e–i) stimulated wound contraction in comparison
to physiological saline as a control (e, i) with the highest efficiency seen for wild-type galectin-1 (f, i), which
surpassed the threshold for statistical significance after 3 weeks (p ! 0.05).
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2003] or in breast cancer, where stromal galectin-3 is a
negative prognostic factor [Moisa et al., 2007]. This study
thus broadens the experimental evidence for galectins as
effectors for MFB generation and delineates marked activity differences.
In addition to cellular conversion, the formation of a
complex scaffold rich in fibronectin and galectin-1 by
MFBs was detected immunocytochemically. Its assumed
bioactivity was ascertained by culturing human keratinocytes on this substratum without feeder cells. Strikingly, their phenotype, with a small diameter and keratin-19 expression, is evocative of a low differentiation status [Dvořánková et al., 2005], implying a beneficial role
also in wound healing in vivo together with MFB generation [Kwon et al., 2006]. In the last part of our study, we
report a positive effect of galectin-1 application on skin
wound healing in rats at day 21 after surgery.
In summary, this study describes a TGF-␤-like activity of galectin-1 on MFB generation from adult dermal
fibroblasts and detects functional divergence in this re-

spect among this family of human lectins. The matrix
scaffold produced in vitro supports keratinocyte culture
without feeder cells. In vivo, the application of galectin-1
appears favorable for skin-wound healing after 3 weeks.
Beyond wound healing, the described addition to the activity profile of galectins, considered as biomaterials, can
also have relevance for explaining the physiological significance of the presence of stromal galectin in tumors.
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