
ORIGINAL PAPER

Sven Saussez Æ Francois Lorfevre Æ Denis Nonclercq

Guy Laurent Æ Sabine André Æ Fabrice Journé
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Abstract Endogenous lectins act as effectors of cellular
activities such as growth regulation, migration, and
adhesion. Following their immunohistochemical locali-
zation in our previous study (Saussez et al. in Histochem
Cell Biol 123:29–41, 2005) we purified several galectins
and used them as tools for monitoring accessible binding
sites. Herein, we report the use of galectin histochemis-
try for the analysis of diethylstilbestrol (DES)-induced
renal tumors in male Syrian hamster kidney (SHKT).
Sections of normal kidney and DES-treated kidney were
analyzed with biotinylated galectins-1, -3 (full-length
and truncated), and -7. Accessible binding sites were
detected, localization was predominantly extracellular
and confined to medium-sized and large tumors. Moni-
toring the SHKT-derived HKT-1097 line, processed in
vitro or as xenograft material, cytoplasmic and nuclear

staining for galectins-1, -3, and -3tr could be observed.
Adaptation of SHKT cells to long-term growth in cul-
ture is thus associated with emergence of this signal. Our
data set illustrates the feasibility to complement immu-
nohistochemical data by application of the tissue lectins
as probes, and to detect regulation of galectin reactivity
with differential characteristics within tumor progression
in vivo and unique features of the tumor cell line in vitro
and in vivo.
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Abbreviations BC: Bowman’s capsule Æ
DES: Diethylstilbestrol Æ DMEM: Dulbecco’s modified
Eagle medium Æ DPBS: Dulbecco’s PBS Æ
ECM: Extracellular matrix Æ FBS: Fetal bovine serum Æ
ISOM: Inner stripe of the outer medulla Æ LI: Labeling
index Æ LT: Large tumor Æ MOD: Mean optical
density Æ MT: Medium-sized tumor Æ NGS: Normal
goat serum Æ OSOM: Outer stripe of the outer medulla Æ
PAF: Paraformaldehyde Æ PAS: Periodic acid-Schiff Æ
PTAV: Perivascular tissue surrounding arcuate artery
and vein Æ RCC: Renal cell carcinoma Æ
s.c.: Subcutaneous Æ SHKT: Syrian hamster kidney
tumor Æ TB: Tumorous buds

Introduction

Malignant transformation is associated with changes in
the cell phenotype. In addition to alterations in the
proteomic profile the most frequent posttranslational
modification, i.e. glycosylation, is also affected (Brock-
hausen et al. 1998; Hakomori 1998). Changes in the
glycomic profile can readily be mapped by application of
plant/invertebrate lectins (Caselitz 1987; Spicer and
Schulte 1992), and the interpretation of the detected
changes has initially focused on its phenotypic value.
The concept of the sugar code, i.e. the realization that
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carbohydrate epitopes store and transmit biological
information, and the growing evidence for the presence
of endogenous lectins have led to a paradigmatic shift of
this original view (Gabius et al. 2004). In fact, tumor-
associated remodeling of glycans will change a cell’s
display of signals and the interaction with endogenous
lectins translates these signals into responses (Gabius
2001; Villalobo et al. 2006). Of special importance in this
respect are the spatially accessible branch-end glycans,
i.e. b-galactosides which are subject to frequent substi-
tutions and hereby enable versatile signal generation.
Case studies with galectin-1, a lectin homing in on ter-
minal b-galactosides, have underscored the clinical rel-
evance of its interaction with tumor cell glycans, because
it triggers growth regulation in several tumor classes or
tumor invasion in glioblastoma cells (Camby et al. 2002;
Rappl et al. 2002; André et al. 2005a). As documented
by structural analysis, an extended binding site is
instrumental for enabling this lectin to be target selective
(Siebert et al. 2003; López-Lucendo et al. 2004). More-
over, lectin reactivity is regulated by glycan substitutions
or by modulating the density of glycan presentation
(Unverzagt et al. 2002; André et al. 2004a; Wu et al.
2004). Thus, the concept of a functional link between
altered glycosylation and cell responses involving
endogenous lectins warrants study.

Due to the versatile functionality of galectins in
growth/adhesion regulation, we have started the analysis
of galectin-dependent parameters by immunohistochem-
ically monitoring galectin expression in a tumor model
(Saussez et al. 2005). Estrogen-induced renal tumors in
adult male Syrian hamster (SHKT) represent an exten-
sively used animal model for the study of hormonal and
renal carcinogenesis, which can potentially provide in-
sights to understanding origin and progression of related
human malignancies (Li and Li 1984, 1990; Li et al. 2001;
Liehr 1997, 2001; Liehr et al. 1986). Of note, immuno-
histochemical analysis of steroid hormone receptor
expression in human renal cell carcinomas (RCC) has
detected estrogen and progesterone receptors in a small
number of cases (Di Silverio et al. 1997; Brown et al. 1998;
Langner et al. 2004). Moreover, Orovan and Ryan (1989)
have established that 16%of patients suffering fromRCC
are positive for estrogen receptor, albeit characterized by
a low binding capacity. Also of relevance, a multicenter
population-based case-control study intimated a corre-
lation between hormonal and reproductive variables with
risk of renal-cell cancer (Lindblad et al. 1995). Regarding
therapeutic implications, combined chemoendocrine
treatment with tegafur and tamoxifen showed slight
benefit in advanced RCC (Wada et al. 1995). Previous
work of our group (Toubeau et al. 2001; Nonclercq et al.
2002) has revealed that the distribution pattern of lineage
markers in SHKT is intricate and evolves with the pro-
gression of diethylstilbestrol (DES)-induced neoplasms.
Focusing on this model, we have detected marked intra-
family differences in galectin expression when systemati-
cally studying tumor progression, galectins-1 and -3
already being present in preneoplastic cells and galectin-7

(p53-induced gene-1) only detectable in large tumors
(LTs) (Saussez et al. 2005). The chimera-type galectin-3,
which is monomeric in solution but undergoes aggrega-
tion in contact with multivalent cognate ligands (Ahmad
et al. 2004), has already been defined as a developmentally
regulated protein in baby hamster kidney cells, and its
physiological relevance has highlighted its activity on cyst
development or growth of the mouse ureteric tree (Foddy
et al. 1990; Winyard et al. 1997; Bao and Hughes 1999;
Bullock et al. 2001).

In the current study, we have taken our analysis of
galectin-dependent parameters one step further by
monitoring cell reactivity to galectins. The tissue lectins
can specifically interact with a limited set of glycocon-
jugates and also with cytoplasmic and nuclear proteins
such as Gemin4, the anti-apoptotic regulator bcl-2, the
transcription factor TTF-1, b-catenin, and oncogenic H-
Ras (Liu et al. 2002; Paron et al. 2003; Rotblat et al.
2004; Shimura et al. 2004; André et al. 2005b).

Thus, we have purified galectins-1, -3, and -7 and
prepared biotinylated derivatives. To study the contri-
bution of the collagenase-sensitive part of the chimera-
type galectin-3 to glycan binding, we have prepared its
truncated form. The questions that we address in this
study are as follows: (1) Will the galectins localize
accessible sites? (2) What is the pattern of galectin-
reactive sites? (3) Are staining profiles similar or differ-
ent? (4) Will tumor development alter galectin reactivity?
(5) Will galectin reactivity be maintained in a stable cell
line derived from the tumor model?

Materials and methods

Animals and treatment

Details of animal selection, housing, and treatment have
been presentedpreviously (Saussez et al. 2005). In brief, 11
groups of at least four animals were chronically treated
with DES following a protocol similar to that previously
reported in the literature for the same model (Nogueira
et al. 1993). Implants containing 25 mg ofDES (Sigma, St
Louis, MO, USA) were inserted subcutaneously (s.c.) in
the shoulder area of anesthetized animals and renewed
every 2.5 months to maintain a constant blood level of
DES. Hamsters were killed after 3, 8, 15 days, 1, 2, 4, 6, 7,
9, 10, and 11 months of DES exposure, respectively. A
group of untreated animals (n=8) of various ages (3–
9 months) was included as controls. Tissue specimens
used in this study were deliberately selected to match
samples examined by immunohistochemistry in the pre-
vious study (Saussez et al. 2005).

Preparation of biotinylated galectin derivatives

The different galectins produced by recombinant tech-
nology were purified by affinity chromatography on
lactosylated Sepharose 4B prepared by divinyl sulfone
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activation (Gabius 1990) as a decisive step, and were
subjected to rigorous purity and activity controls by
one- and two-dimensional gel electrophoresis, nano-
electrospray ionization mass spectrometry, gel filtration,
ultracentrifugation, hemagglutination, and solid-phase
binding assays (André et al. 1999; Kopitz et al. 2003;
Morris et al. 2004). The N-terminal section of the chi-
mera-type galectin-3 was removed by collagenase D
proteolysis to yield the C-terminal part of galectin-3 with
the carbohydrate recognition domain, as described pre-
viously (Agrwal et al. 1993). After repurification of the
truncated galectin-3, complete absence of the collage-
nase-sensitive sequence portion was ascertained by gel
electrophoresis and gel filtration (André et al. 2004b).
Biotinylation was carried out under activity-preserving
conditions (Gabius et al. 1991), and the conjugates were
rigorously controlled by solid-phase and cell-binding
assays for the maintenance of carbohydrate-binding
activity (André et al. 2004a). The extent of biotinylation
was determined by a recently established proteomics
approach (Purkrábková et al. 2003).

Galectin histochemistry

Tissue processing followed the protocol applied in our
previous immunohistochemical study (Saussez et al.
2005). Briefly, kidney samples were fixed immediately
after killing by immersion in Duboscq-Brazil fluid for at
least 48 h and embedded in paraffin according to stan-
dard procedures. Sections of 4–5 lm thickness were cut
serially with a Reichert Autocut 2040 microtome and
mounted on silane-coated glass slides. Renal tissue
samples and DES-induced renal tumors were then sub-
jected to an optimized protocol to determine the pres-
ence of accessible binding sites, using the panel of
biotinylated galectins, i.e. galectins-1, -3 (full-length or
truncated versions), and -7.

Tissue sections were processed with biotinylated
galectins following a slightly modified version of the
standard streptavidin–biotin immunoperoxidase method
(ABC method). The sensitivity of the method was in-
creased by microwave pretreatment of dewaxed sections
in 0.01 M citrate buffer (pH 6.0) for 2·5 min at 900 W.
The sections were then preincubated in a solution con-
taining 0.4% (v/v) hydrogen peroxide for 5 min to block
endogenous peroxidase activity and thoroughly rinsed in
phosphate-buffered saline (PBS; 0.04 M Na2HPO4,
0.01 M KH2PO4, and 0.12 M NaCl, pH 7.4). Thereaf-
ter, they were successively treated with avidin (0.1 mg/
ml in PBS, 20 min) and biotin (0.1 mg/ml in PBS,
20 min) solutions to block false-positive signals due to
the reactivity of endogenous biotin. After rinsing in PBS,
the sections were incubated in 0.5% casein in PBS for
20 min and exposed sequentially at room temperature to
the following reagents: (1) biotinylated galectins at the
following dilutions defined by titration studies in each
case: galectin-1 at 1/2,500, galectin-3 at 1/400, truncated
galectin-3 at 1/400, and galectin-7 at 1/500 for 1 h; (2)

ABC complexes for 30 min. Specifically bound peroxi-
dase activity was visualized by incubation with solution
containing the chromogenic substrate (0.02% 3,3¢-di-
aminobenzidine–0.01% H2O2 in PBS). After each step
of the staining procedure the sections were rinsed in PBS
to completely remove unbound reagents. The sections
were finally counterstained with PAS, hemalun, and
luxol fast blue and mounted in a permanent medium.
Controls for the specificity of galectin-dependent label-
ing included the omission of the incubation step with
labeled lectin from the processing to assess probe-inde-
pendent staining. Moreover, lactose/asialofetuin inhibi-
tion as routinely applied in histochemical glycan
profiling by lectins was included to block b-galactoside-
specific binding and protein-epitope-dependent binding
sensitive to lactose (Manning et al. 2004).

Grading of DES-induced renal tumors

Neoplasms were graded according to size and gross
morphology as detailed previously (Saussez et al. 2005).
Briefly, three stages were defined on the basis of the
following criteria: (1) tumorous buds (TB): well-defined,
small clusters of tumor cells surrounded by normal
kidney tissue (5–200 cells covering a section area of 350
to approx. 15,000 lm2); (2) medium-sized tumors (MT):
clusters of increased size with tumor cells infiltrating
normal kidney tissue (area>15,000 lm2, up to
300,000 lm2; approx. diameter of 150–600 lm); (3) LT:
invasive tumors of large diameter extensively infiltrating
the kidney (>300,000 lm2 and up to 80 mm2).

Computer-assisted morphometry

The staining profiles of the sections that were processed
for galectin histochemistry were quantitatively charac-
terized by using the software KS 400 imaging system
(Carl Zeiss vision, Hallbergmoos, Germany). As is
common practice, the labeling index (LI) is defined as
the percentage of neoplastic tissue area specifically
stained by a given probe, while the mean optical density
(MOD) denotes the mean staining intensity of the
malignant cells. This method of computer-assisted
quantification has been rigorously standardized and
described in detail (Nagy et al. 2002, 2003).

Cell culture and fluorescence cytochemistry

The HKT-1097 cell line (DSMZ no. ACC 445) was de-
rived from kidney tumors induced in male Syrian golden
hamsters by prolonged exposure to DES for a period of
11 months (Laurent et al. 1999). Cell culture was per-
formed at 37�C in a cell incubator with humidified
atmosphere at 5% CO2. For routine propagation, cells
were grown in 75-cm2 flasks containing Dulbecco’s
modified Eagle Medium (DMEM, Cambrex Bioscience,
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Verviers, Belgium) supplemented with 10% fetal bovine
serum (FBS) (HyClone, Logan, UT, USA), 25 mM N-2-
hydroxyethylpiperazine-N¢-2-ethanesulfonic acid, 2 mM
L-glutamine, 100 U/ml penicillin G, 100 lg/ml strepto-
mycin, and 0.25 lg/ml amphotericin B (Invitrogen/
Gibco, Merelbeke, Belgium). Cells were passaged once a
week, with complete renewal of the culture medium ev-
ery 2 days after seeding. For subculture, the cell
monolayers were rinsed with Dulbecco’s PBS (DPBS)
and detached from the plastic surface by treatment with
trypsin/EDTA solution. Cell numbers in suspensions
were determined in a model Z1 electronic cell counter
(Beckman Coulter, Fullerton, CA, USA).

For fluorescence studies, HKT-1097 cells were plated
at a density of 5,000 cells/cm2 on sterile round glass
coverslips in 12-well dishes. Two days after seeding, the
cell monolayers were carefully rinsed with DPBS and
fixed for 15 min with ice-cold 4% paraformaldehyde
(PAF) in the same buffer. After fixation, PAF was
changed for DPBS wherein the cells were kept at 4�C
prior to processing for staining which was performed
routinely within the next 20 h.

Cell cultures were processed for fluorescence cyto-
chemistry according to a modified procedure previously
described for immunofluorescence staining of these cells
(Laurent et al. 1999). Cell monolayers were rinsed several
times with PBS containing 0.1% Triton X-100. Prior to
incubation with a solution containing a biotinylated
galectin, cells were preincubated for 20 min in PBS con-
taining 5% normal goat serum (PBS-NGS) and 0.05 M
NH4Cl to prevent nonspecific adsorption of proteins.
Cells were exposed for 60 min to solutions containing
biotinylated galectins at a 1/50 dilution in PBS-NGS.
Labeling was completed by incubating cells for 30 min
with a solution containing Texas Red-labeled streptavi-
din (Vector Laboratories, Burlingame, CA, USA). After
final rinses in PBS, the coverslips were mounted on glass
slides using commercial anti-fading medium (Vecta-
shield�, Vector Laboratories). Negative controls were
run by omitting the incubation step with the biotinylated
probe in order to exclude probe-independent binding.

The cell preparations were analyzed by fluorescence
microscopy as indicated above. Excitation wavelength of
596 nm and emission wavelength of 615 nm were used
for monitoring of Texas Red fluorescence. The staining
profile of processed cell preparations was documented
by using a PC-driven digital camera (Leica DC 300F,
Leica Microsystems AG, Heerbrugg, Switzerland).
Microscopic fields were digitalized by a software spe-
cifically designed for image acquisition and storage
(Leica IM 50). Image adjustment and printing used
appropriate softwares (Corel PHOTO-PAINT � and
CorelDRAW �, Corel Corporation, Ottawa, Canada).

Quantitative analysis of the intracellular distribution
of fluorescence signal was performed on digitalized
images using Image J (a public domain image analysis
software developed by W. Rasband at the Research
Services Branch of the National Institute of Mental
Health, NIH). Images were analyzed in the red channel

after RGB split. For each cell, mean gray level was first
determined for the whole cell surface (whole cell signal),
followed by the determination of mean gray level in the
nuclear area (nuclear signal). Signal distribution be-
tween nucleus and cytoplasm was then assessed by cal-
culating the nuclear/whole cell signal ratio. Values given
for each biotinylated galectin are means (±SD) of more
than ten determinations.

HKT-1097 in vivo tumorigenicity

HKT-1097 cell tumorigenicity in male nude mice (Swiss
strain) (Iffa Credo, Brussels, Belgium) was exploited to
obtain tumor xenografts for galectin histochemistry on
material of the cell line grown in vivo. HKT-1097 cells
were plated at an initial density of 104 cells/cm2 in 75-
cm2 flasks. Three days after seeding, cells were harvested
by trypsinization, the cell-containing suspension was
centrifuged and the cells were resuspended in serum-free
DMEM without Phenol Red. Cell concentration in
suspensions was adjusted to 5·107 cells/ml. Two hun-
dred-microliter aliquots of the cell suspension (s.c.
injection into the left flank) were injected per animal.
Development of tumor xenograft was monitored weekly.
Xenografts were finally obtained at necropsy, fixed in
Duboscq-Brazil fluid and processed as described above
for galectin histochemistry.

Results

The first step of our study consisted in labeling the
endogenous lectins without impairing their carbohy-
drate-binding activity using the N-hydroxysuccinimide
ester derivative of biotin. As monitored by a recently
developed proteomics protocol, the pI values of the
galectins were shifted as a result of amino group substi-
tution involved in biotin incorporation, thereby allowing
calculation of the number of added biotin molecules
(Purkrábková et al. 2003). This procedure resulted in
measuring incorporation yields of 8–11 label units for
galectin-1, 4–9 for galectin-3, and 2–5 for galectin-7,
independently controlled by standard titration analysis
using avidin. Solid-phase assays in microtiter plate wells
using the surface-immobilized glycoprotein asialofetuin
as ligand—a situation resembling lectin binding to the
sections’ surface—as certained maintenance of carbo-
hydrate-binding activity. Thus, these galectins could be
introduced for monitoring the expression of binding sites
on the panel of tissue specimen which had been processed
previously for the immunohistochemical detection of
galectins (Saussez et al. 2005).

We first analyzed the reactivity of sections of normal
hamster kidneys. Binding of the labeled galectins was
detected and it was present in different parts of the tissue
sections as summarized in Table 1 for normal renal tis-
sue. Upon galectin histochemical staining, distinct
structural elements were positive in the normal kidney,
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i.e. Bowman’s capsule, perivascular tissue around arcu-
ate artery and vein, extracellular matrix (ECM) of the
outer stripe of the outer medulla (surrounding proximal
straight tubules), and the ECM of the inner stripe of the
outer medulla (except for biotinylated galectin-1)

(Fig. 1a, c, e). Staining was clearly sensitive to the
presence of a mixture of the haptenic inhibitor lactose
(0.1 M) and the galectin-binding glycoprotein asia-
lofetuin (0.5 mg/ml) indicating interaction with ligands
via the carbohydrate recognition domain. Regarding the
chimera-type galectin the staining profile was not altered
for the truncated probe without the collagenase-sensitive
part. After having revealed that the biotinylated galec-
tins can serve as histochemical tools in normal renal
tissue and determined the individual staining profiles, we
next addressed the issue as to whether malignant trans-
formation may affect the staining profile.

The tumor incidence and progression in the DES-
treated animals followed the previously described pat-
tern (Wattiez et al. 1996; Nonclercq et al. 1998; Toubeau
et al. 2001). The first cases of kidney neoplasms moni-
tored by S100 protein expression appeared after
4–5 months of DES exposure. The MTs were observed

Table 1 Staining profile of tumors by tested biotinylated galectins

Biotinylated probes Distribution profile of staining

Galectin-1 BC, PTAV, OSOM
Galectin-3 (full-length) BC, PTAV, OSOM, ISOM
Galectin-3 (truncated) BC, PTAV, OSOM, ISOM
Galectin-7 BC, PTAV, OSOM, ISOM

Abbreviations for the different areas in the kidney followed stan-
dard nomenclature for renal structures (Kriz and Bankir 1988):
BC Bowman’s capsule, PTAV perivascular tissue surrounding
arcuate artery and vein, OSOM outer stripe of the outer medulla,
ISOM inner stripe of the outer medulla

Fig. 1 Localization of binding
sites for the truncated version of
biotinylated galectin-3 in
normal renal tissue (a, c, e) and
in DES-induced renal tumors
(b, d, e). Galectin reactivity was
detected in the Bowman’s
capsule (a), perivascular tissue
around arcuate artery and vein
(c), extracellular matrix of the
outer stripe of the outer
medulla (surrounding proximal
straight tubules) (e). Galectin
reactivity was localized in the
ECM of the peritumoral area
after 7 months (b), 9 months
(d), or 11 months (f) of DES
exposure, respectively.
Magnification a, c–f 100·, b
650·
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after 6 months of DES exposure and LTs were
encountered after 9 months of treatment. As noted for
normal tissue, tumor tissue sections presented specific
and spatially distinct staining (Fig. 1b, d, f). Using these
data including those of the quantitative analysis and the
previously presented evidence on galectin expression
(Saussez et al. 2005), the course of changes in staining
parameters during tumor development could be plotted
(Fig. 2). As reported previously (Saussez et al. 2005),
galectins-1 and -3 appeared at a very early stage during
neoplastic transformation, small clusters of positive cells
being already present after 1 month of DES exposure.
Within these small clusters of preneoplastic cells, no
galectin-binding sites were revealed using biotinylated
galectins-1, -3, -3tr, and -7. In the course of tumor
progression, staining was seen in the peritumoral area of
MTs in the vicinity of fusiform cells of the interstitial
tissue, decorating the ECM (Fig. 1b, d, f). This staining
was similar for the biotinylated galectins-1, -3, -3tr, and -

7. No cytoplasmic or nuclear labeling was observed. In
LTs, galectin-reactive sites were observed in the peritu-
moral area and also in the interstitial septa within the
tumoral mass (Fig. 1d, f). Herewith, we have answered
the first two questions given at the end of Introduction.

In order to determine whether the staining profiles
with the individual probes are similar or different, we
next analyzed serial sections of tumors after different
lengths of DES exposure. Expression of the S100 protein
as a specific marker of tumor tissue was used as an
internal control (Toubeau et al. 2001). Quantitative
assessment revealed strong positivity for MOD in the
case of galectin-7 (Table 2). Staining profiles using bio-
tinylated galectins-1 and -3 (full-length and truncated
proteins) can be either very similar or different. Figure 3
illustrates that the positive staining present in the pe-
ritumoral area of a LT is sometimes close for those
probes (Fig. 3b–d) but can also be different (Fig. 3f–h).
Removal of the collagenous stalk of galectin-3 reduced
the LI of LTs conspicuously (Table 2). The homodi-
meric galectins-1 and -7 thus react differently, and
staining properties of LTs are sensitive to the presence of
the N-terminal section of galectin-3. Tumor progression
is not associated with major alterations in extent of
accessibility of sites with reactivity to galectins, herewith
only leaving the last question of Introduction unad-
dressed.
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Fig. 2 Comparison of the changes in staining profiles of galectin-1
(a), galectin-3 (b), and galectin-7 (c) as reported previously (Saussez
et al. 2005) and of the localization of accessible binding sites for
each galectin

Table 2 Quantitative aspects of galectin-dependent staining of
SHKT

Duration of DES exposure (months)

6 7 9 10 11

Gal-1
Medium-sized tumor
MOD 129 145
LI 98 98
Large tumor
MOD 145 136 141
LI 99 99 99

Gal-3
Medium-sized tumor
MOD 115 118
LI 89 98
Large tumor
MOD 125 124 133
LI 99 98 98

Gal-3tr
Medium-sized tumor
MOD 136 150
LI 84 93
Large tumor
MOD 138 128 141
LI 36 53 76

Gal-7
Medium-sized tumor
MOD 162 158
LI 7 44
Large tumor
MOD 142 135 143
LI 35 47 80

MOD mean optical density (values ranging from 0 to 255), LI
labeling index (in percent)
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In order to answer this question, the HKT-1097 cell
line derived from renal tumors (Laurent et al. 1999) was
processed by fluorescence cytochemistry using biotiny-
lated galectins. In principle, HKT-1097 cells were found
to be reactive with the galectins, as seen for sections of
SHKT. Differences were noted when comparing the
intracellular distribution profiles of the fluorescence
signal. Biotinylated galectin-1 produced a strong nuclear
signal (Fig. 4a, nuclear/whole cell signal ratio

1.89±0.25) whereas fluorescence staining was weaker
and more evenly distributed for truncated biotinylated
galectin-3 (Fig. 4e, nuclear/whole cell signal ratio
1.61±0.14) and in particular for full-length galectin-3
(Fig. 4c, nuclear/whole cell signal ratio 1.41±0.07;
Table 3). Fluorescence staining was frequently seen in
the perinuclear area and exhibited a reticular appearance
suggestive of an association of binding site with intra-
cellular membranes. When cells were xenotransplanted

Fig. 3 The staining profiles for sites reactive with galectin-1,
galectin-3, and galectin-3tr are compared in serial sections of large
tumors from animals exposed to DES for 9 (a–d) or 10 months
(e–h), respectively. In a, S100 protein has been used as marker of
tumor tissue. b–d Galectin-1, truncated version of galectin-3 and

galectin-3 histochemistry. Staining can be observed in the peritu-
moral area of large tumor and the patterns exhibit obvious
similarity. e Large tumor positive for S100 protein. f–h Pattern of
sites reactive with labeled galectin-1 (f), the truncated version of
galectin-3 (g), and full-length galectin-3 (h). Magnification a–h 650·
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and tumor xenografts were recovered after the s.c.
implantation of HKT-1097 cells, the comparison be-
tween sections of these tumors and sections of primary
SHKT revealed marked differences. Whereas neither
nuclear nor cytoplasmic staining had been observed
during tumor progression in the SHKT model, pro-
cessing with biotinylated galectin-1 resulted in a strong
nuclear and cytoplasmic staining in a small number of
cells (Fig. 4b; Table 3). The ECM was also intensely

stained. Moreover, removal of the collagenase-sensitive
N-terminal part of galectin-3 produced a clear difference
in staining pattern (Fig. 4f). Using this truncated version
of biotinylated galectin-3, we observed strong labeling of
the ECM as well as nuclear and cytoplasmic labeling in a
small subpopulation of cells (Fig. 4f; Table 3). By con-
trast, treatment with full-length galectin-3 (Fig. 4d) and
galectin-7 only resulted in a weak signal in the ECM.
Again, a difference in staining between the proto-type

Fig. 4 Fluorescent detection of biotinylated galectins in cells of the
HKT-1097 line (a, c, e). Lectin reactivity was detected using
biotinylated galectin-1 (a), full-length galectin-3 (c), or its truncated
version (e). Texas Red labeling. Magnification a, c, e 650·.

Histochemical localization of biotinylated galectin-1 (b), galectin-
3 (d), and the truncated version of galectin-3 in sections of tumors
obtained from nude mice after implantation of cells of the HKT-
1097 line. Magnification b, d, f 845·
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galectins-1 and -7 is thus noted. Using a mixture of
lactose/asialofetuin to block b-galactoside-specific
binding, we observed a clear-cut decrease of the cellular
staining (Fig. 5a, b) and a complete disappearance of
the staining of the ECM (Fig. 5c, d). This sensitivity to
presence of lactose/asialofetuin was similar for all used
probes.

Discussion

The study of cellular effectors includes two main steps:
(a) the detection of effector presence and (b) the analysis
of reactants. Previous work of our group has demon-
strated by immunohistochemistry the expression of

Table 3 Distribution of
galectin-dependent staining in
SHKT

Extracellular
matrix

Cytoplasm Nucleus Cell membrane

In vivo
Medium tumors ++ Gal-1

+ Gal-3
+++ Gal-3tr
+++ Gal-7

Large tumors +++ Gal-1
++ Gal-3
++ Gal-3tr
+++ Gal-7

Xenograft
HKT 1097 in nude mice +++ Gal-1 +++ Gal-1 +++ Gal-1

+ Gal-3 +++ Gal-3 +++ Gal-3
+++ Gal-3tr +++ Gal-3tr +++ Gal-3tr
+ Gal-7 +++ Gal-7 +++ Gal-7

Fig. 5 Control for carbohydrate-dependent inhibition of binding
using biotinylated galectin-1 (a, b) and truncated galectin-3 (c, d) in
the absence (a, c) or the presence (b, d) of a mixture of lactose and

the glycoprotein asialofetuin on sections of tumors obtained from
nude mice after implantation of cells of the HKT-1097 line.
Magnification a–d 650·
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adhesion/growth-regulatory galectins in a model of
estrogen-induced renal tumorigenesis (Saussez et al.
2005). In the current study, we used biotinylated galec-
tins as a tool to explore by histochemistry the occurrence
and distribution of reactive sites during the course of
tumor development. Taken together, present data and
our previously published immunohistochemical obser-
vations provide insights into the two sides of this
molecular system involving the adhesion/growth-regu-
latory galectins. By systematic quantitative monitoring
we could thus answer the questions listed at the end of
Introduction.

The use of different biotinylated galectins enabled us
to detect accessibility of binding sites and monitor their
spatial and temporal patterns of localization. During the
first 6 months of DES exposure, we did not observe any
sites accessible to the probes in the cortico-medullary
junction. Galectins-1 and -3 but not -7 were detected in
small, putative preneoplastic lesions (Saussez et al.
2005). It is thus likely that galectins occupy functional
sites at this stage completely. The lack of extracellular
staining is an indication for the target specificity of the
mammalian probe. A connection between steroid hor-
mones and a galectin has been drawn previously physi-
ologically. Regulation of galectin-1 expression by a
steroid hormone has been documented during implan-
tation, where its expression in mouse uterus is under the
control of ovarian steroids (Choe et al. 1997). In this
case, uterine mRNA specific for galectin-1 was up-reg-
ulated 6 h after 17b-estradiol injection and blocked by
the estrogen receptor antagonist ICI182780. Because the
reproductive and urogenital tracts in the Syrian hamster
arise from the same embryonic germinal ridge, it can be
assumed that the kidney retains estrogen sensitivity. A
putative steroid hormone receptor binding site with only
three nucleotide changes from the consensus sequence is
located in the upstream region of the human galectin-1
gene at position �210 (Gitt and Barondes 1991). Steroid
responsiveness is also seen for glucocorticoids in the
human T cell leukemia line CEM C7 and clinical
material of nasal polyps (Goldstone and Lavin 1991;
Delbrouck et al. 2002). Studies on galectin-1 expression
in postnatal development of rat lung have indicated that
translation and degradation are further levels of regu-
lation by dexamethasone (Clerch et al. 1987; Sanford
et al. 1993). Thus, galectin-1 expression observed in the
preneoplastic clusters might be attributed to DES
exposure.

Concomitantly with the progression to MT, galectin
reactivity was detected in the ECM of the peritumoral
area. Immunoreactivities for galectins-1 and -3 have
been previously detected in fusiform cells in this com-
partment (Saussez et al. 2005). Several reports support
the view that a subset of germinal stem cells are prone
to genomic instability when exposed to estrogen treat-
ment (Hou et al. 1996; Li et al. 1999). After 5 and
6 months of continuous estrogen treatment, the
expression of the early estrogen-response genes—in
particular, c-myc and c-fos—rose significantly in

estrogen-induced renal tumors (Bhat et al. 1995; Hou
et al. 1996), and chromosome 6 where c-myc is local-
ized exhibited a high frequency of trisomies and tet-
rasomies in the kidney and in primary renal tumors (Li
et al. 1999). These data suggest that the detected
estrogen-induced genomic instability after 5 months of
treatment may be a key step in the carcinogenic pro-
cess. This minimal duration of DES exposure to ob-
serve genomic instability relates to the period to detect
accessible sites for galectins.

Evidently, tumor progression is associated with in-
creased availability of accessible sites, matching the
presence of the lectins. Large tumors presented binding
sites for galectins used as probes in the interstitial septa
and in the peritumoral area without any nuclear or
cytoplasmic staining in tumor cells. Serial sections of
LTs indicated a tendency for heterogeneity of the
staining patterns. To assess the cellular stability of
galectin reactivity, we extended the histochemical
analysis of galectin-binding sites to the HKT-1097 cell
line derived from SHKT. In addition, tumor xenografts
recovered after HKT-1097 s.c. implantation in nude
mice were also processed. Fluorescence staining of
cultured cells disclosed a different distribution of
galectin-binding sites, compared with that observed in
primary SHKT. In fact, these binding sites were pres-
ent intracellularly in HKT-1097 cells. Nuclear and
cytoplasmic signals remained intense and stable when
studying sections of xenograft tumors. Thus, the pres-
ence of nuclear galectin-binding sites appears to be
linked to advanced stage of tumor progression, because
this feature is only observed in a stable tumor-derived
cell line and in tumor xenograft tissue. This finding is
consistent with the results of a study relating galectins-
1 and -3 reactivities to unfavorable prognosis for pa-
tients with grade II and III RCC (Francois et al. 1999).
Moreover, gene array analysis in RCCs has established
that galectins-1 and -3 were overexpressed, pointing to
their potential as diagnostic markers (Young et al.
2001).

In conclusion, we have extended our previous
immunohistochemical study by assessing galectin
reactivities. Herein, we analyzed the spatial and tem-
poral localization patterns of specific binding sites
with galectin-type specificity in an experimental model
of carcinogenesis. We answer the issues raised in
Introduction by showing that: (1) galectin probes re-
veal a distinct profile of staining, (2) galectin-binding
sites are primarily localized in the ECM surrounding
medium-sized and LTs, (3) differences in staining
properties are apparent between the homodimeric
galectins-1 and -7 and also an influence of the N-ter-
minal domain of galectin-3 was noted, (4) small-sized
versus medium-sized and large tumors differ in their
reactivities for galectins, and (5) the cell line and xe-
nografts acquire nuclear and cytoplasmic sites, sug-
gesting that an intracellular localization of galectin-
binding sites could be correlated to advanced stage of
tumor progression.
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C, Lensch M, André S, Pytlı́k R, Liu FT, Klı́ma J, Smetana K,
Motlı́k J, Gabius HJ (2003) New aspects of galectin function-
ality in nuclei of cultured bone marrow stromal and epidermal
cells: biotinylated galectins as tool to detect specific binding
sites. Biol Cell 95:535–545

Rappl G, Abken H, Muche JM, Sterry W, Tilgen W, André S,
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