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Abstract. Glycans of natural glycoconjugates are con-

sidered as a source of biological information relevant 

to cell adhesion or growth. Sugar-based messages are 

decoded and translated into responses by endogenous 

lectins. This mechanism assigns a func tional dimen-

sion to tumour-associated changes of glycosylation. 

Conse quently, it calls for mapping the lectin presence 

in tumours. Such an analysis has so far com monly 

been performed with the scope to determine expres-

sion of a few dis tinct proteins, e.g. from the effector 

family of galectins with focus on galectins-1 and -3. 

Due to the emerging evidence for functional di-

vergence among galectins it is timely to address the 

challenge to evaluate their presence beyond these few 

family members. Having raised a panel of non-cross-

-reactive antibodies against seven human galectins 

covering all three subfamilies, we de scribe their expres-

sion profiles in human skin. Comparison of normal 

and ma lignant tissues enabled us to de fine galectin-

type-dependent alterations, arguing in favour of dis-

tinct function alities. It is concluded that comprehen-

sive monitoring performed to define the different 

aspects of the galectin network, as documented in this 

pilot study, is advisable for future histopathologic 

studies aimed at delineating clinical correlations.

Introduction

Biological information transfer relevant to malignancy 
is mainly monitored at the level of nucleic acids and pro-
teins. Of note, a third class of biomolecules is receiving 
increasing attention based on the emerging concept of the 
sugar code (Gabius, 2009). Due to the accumulated evi-
dence on aberrations of glycosylation, the most frequent 
co- and posttrans lational modification of proteins, in tu-
mour cells, essential functions of glycans within the 
course of the disease are rendered likely (Caselitz, 1987; 
Hakomori, 1996; Gabius et al., 2002, 2004). As a marked 
conceptual advance from the initial phenome nologic 
monitoring of structural glycan modifications, a direct 
link of this as pect to its decoding by tissue receptors 
(lectins) and ensuing cellular responses has been drawn 
(Gabius, 2008, 2009). In detail, changes in glycosylation 
are thus not simply viewed as random events es tablishing 
disease-associated parameters, but they are assumed to 
carry a distinct sugar-encoded message. Its information is 
then converted by protein (lectin)-carbohydrate interac-
tions to eventually trigger specific signalling and glycan-
dependent cell activities (Villalobo et al., 2006). As a con-
sequence, detection of lectins as part of tumour 
characterization offers the perspective to define rele vant 
molecular pathways of information flow. Toward this 
aim, we focus here on a family of adhe sion/growth-regu-
latory lectins in a suitable model system.

Squamous epithelium forming the epidermis is mor-
phologically and functionally stratified. Of relevance 
regarding cell growth, only cells of the basal layer an-
chored to the basement membrane have the potential to 
proliferate (Watt, 2002). The cells of the upper layers 
are termi nally differentiated, which makes them prone 
to desquamation (Kanitakis, 2002). The stratifi cation 
predestines this type of epithelium to serve as a suitable 
model for the study of cell parameters at different levels 
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of cell maturation, as illustrated by previous deline ation 
of finely tuned glycosylation (Holíková et al., 2002). Es-
pecially carbohydrate epi topes at branch ends of glycan 
chains are subject to versatile structural modifications, 
and these readily accessible β-galactoside determinants 
can bind to – among others – members of the galectin 
family. This lectin group is further subdi vided into three 
subclasses (proto-, chimera- and tandem-repeat-type 
pro teins), the individual proteins apparently capable to 
exert diverse and cell-type-specific roles in the control 
of cell ad hesion, apoptosis, growth and migration via 
homing on distinct glycans and also peptide motifs (Ka-
sai and Hirabayashi, 1996; Gabius, 2001; Lahm et al., 
2004; Smetana et al., 2006). Their remarkable selectiv-
ity for cell surface glycans fulfils the requirement for 
eliciting distinct responses. For example, cross-linking 
galectins can modulate growth of different cell types by 
binding either ganglioside GM1 (neuroblastoma cells), 
α

5
β

1
-integrin (colon and pancreatic carcinoma cells) or 

the T
H
1-specific cell surface molecule Tim-3 (galectins-

1, -7 and -9), apical membrane trafficking by binding 
distinct N-glycans and sulphatide with 2’-hydroxylated 
long-chain fatty acid (galectin-4) or adhesion (HeLa 
cells), and cell activity (superoxide production of neu-
trophils) by binding α

M
- (of the α

M
β

2
-complex) or α

3
β

1
-

integrins (galectin-8) (Kopitz et al., 2001, 2003; Levy et 
al., 2001; Nishi et al., 2003; Delacour et al., 2005; 
Fischer et al., 2005; Zhu et al., 2005; Stechly et al., 
2009). As evident from these cases, galectins appear to 
be capable to fulfil distinct assignments by virtue of 
non-identical ligand selection. Thus, they will likely not 
be functionally redundant, as e.g. shown for activated T 
cells and induction of different routes of caspase-de-
pendent apoptosis or for neuroblastoma cells and a func-
tional divergence toward inhibition of proliferation (Ko-
pitz et al., 2001; Sturm et al., 2004; André et al., 2005a; 
Stillman et al., 2006). These results intimate to draw an 
analogy for galectins to the complexities of integrin 
expres sion and func tionality. 

It is therefore a key step on the way to understand the 
operativity of the assumed galectin network to define 
the expression profiles of different family members in 
tumour tissues. The development of non-cross-reactive 
anti bodies will make it possible to move from initial 
biochemical and RT-PCR profiling of galectin expres-
sion in tumour tissues and cell lines (Gabius et al., 1984, 
1986; Lahm et al., 2001) to immunohistochemical anal-
ysis not restricted to only one or two members of this 
family, commonly galectins-1 and/or -3. The extended 
monitoring should ideally comprise members of all 
three galectin categories. Here we report results of a pi-
lot study on immunohistochemical analysis of expres-
sion of human galectins-1, -2, -3, -4, -7, -8 and -9 (for 
classification into subfamilies, please see Table 1; of 
note, the presence of genes for galectins-5 and -6 is re-
stricted to the rat or mouse, respectively (Cooper, 2002)). 
Specimens of normal skin and basal cell carcinomas 
were processed with a respective panel of non-cross-re-
active antibodies under identical conditions.

Material and Methods

Six specimens of normal skin from breast and 17 
samples of basal cell carcinoma of the skin were ob-
tained with informed consent of donors either from the 
Department of Plastic and Reconstructive Surgery 
(Charles University in Prague, 3rd Faculty of Medi cine, 
Prague) or from the Department of Dermatovenerology. 
Tissue samples were immediately protected by Tissue-
Tek (Sakkura, Zoeterwoude, The Netherlands), frozen 
in liquid nitrogen and stored at -80 °C until further 
processing. Seven-μm-thin sections were obtained us-
ing a Cryocut-E microtome (Reicher-Jung, Vienna, Aus-
tria). The sections were mounted onto poly-L-lysine 
(Sigma-Al drich, Pra gue, Czech Republic)-coated glass 
slides, rehydrated with 20 mM phos phate-buffered sa-
line (PBS, pH 7.3) and fixed with 2% (w/v) paraform-
alde hyde in PBS for 5 min. Washed sections were first 
processed with albumin-containing solution to block 
any sites with non-specific protein-binding capacity to 
minimize protein adsorption during the next steps.

The applied galectin-type-specific polyclonal anti-
bodies had been systematically tested for specificity and 
lack of cross-reactivity, with affinity depletion being 
performed by affinity chromatography in each positive 
case followed by another round of controls by ELISA 
(Kayser et al., 2003; Nagy et al., 2003; Saal et al., 2005; 
Lensch et al., 2006; Langbein et al., 2007; Dvoránková 
et al., 2008). They were used at the constant concentra-
tion of 20 μg/ml. After extensive washing with PBS to 
remove unbound antibody, FITC-labelled swine-anti-
rabbit antibody (SwAR-FITC, AlSeVa, Prague, Czech 
Republic) diluted as recommended by the producer was 
used as second-step reagent. 4’,6’-Diamidino-2-phe-
nylindole (DAPI, Sigma-Aldrich) facilitated staining of 
nuclei in the sections. To ascertain the absence of anti-
gen-independent binding of the tested immunoglobulin 
G fractions, e.g. via binding of the F

c
 part of the anti-

body to F
c
 receptors in the tis sue, galectin-type-specific 

antibodies were replaced by a rabbit poly clonal antibody 
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Table 1. Overview of galectin fingerprinting in normal and 
transformed squamous epithelium

 Epidermis
 basal suprabasal
Galectin type cells cells BCC

galectin-1 (proto-type) – – –a/+*
galectin-2 (proto-type) ++ ++ –*
galectin-3 (chimera-type) ++ ++ –*
galectin-4 (tandem-repeat) +++ +++ –*
galectin-7 (proto-type) +++ +++ –a/+*
galectin-8 (tandem-repeat) +++ +++ –a/+*
galectin-9 (tandem-repeat) +++ +* + /++a*

–: no signal, +: weak but significant positivity, ++: medium 
positivity, +++: strong positivity, ++++: very strong 
positivity; apredominant category in cases with inter- and 
intraindividual variability, *statistically significant decrease/
increase in comparison between different types of normal 
cells and between normal and malignant cells, BCC – basal 
cell carcinoma
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5.10, Laboratory Imaging, Prague, Czech Republic) 
were employed for image analysis and data storage. 
Data were further processed to visualize quantitative as-
pects of the immunofluorescence staining (Dubový et 
al., 2002; Purkrábková et al., 2003; Cada et al., 2009), 
and calculations using the Student’s non-paired t-test 
led to assessment of significance levels for differences 
between cell types.

Results

Parallel monitoring of frozen sections of human epi-
dermis after processing with the seven antibody prepa-
rations was performed to address the issue of the extent 
of complexity of the galectin presence. The results at-

Galectin Profiling in Human Skin 

raised against the tandem-repeat-type mannose receptor, 
which is not present in this epithelial tissue. Further con-
trols to spot any antigen-inde pendent staining reaction 
were performed by omitting the incubation with first-
step re agent from the protocol. After finishing routine 
processing under conditions care fully kept constant 
throughout this study, specimens were mounted to Vec-
tashield (Vector Labo ratories, Burlingame, CA) to pre-
vent the fluo res cent signal from bleaching by UV-light. 
A fluorescence microscope (Nikon Eclipse 90i, Nikon, 
Prague, Czech Republic) equipped with filter blocks 
specific for the optical properties of FITC and DAPI and 
a high-reso lution cooled CCD camera (Cool-1300Q 
CCD camera, Vosskühler, Osnabrück, Germany) to-
gether with a computer-assisted image analyser (LUCIA 

Fig. 1. Immunohistochemical detection of different galectins from the three subfamilies, i.e. galectins-1 (A, B), -3 (C, D), 
-4 (E, F) and -7 (G, H), in frozen sec tions of normal human epidermis (Ep; A, C, E, G) and basal cell car cinoma (BCC; 
B, D, F, H). Insert in G shows nu cleolar positivity for galectin-7, nucleoli being indicated by two black arrows. Epithelial 
knots of basal cell carcinoma in D, F and H are encircled. Bar: 100 μm.
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tested the validity of the concept to extend the range of 
galectin detection to more than one or two proteins. In 
fact, our antibody panel enabled us to detect the pres-
ence of all seven different galectins tested immunohisto-
chemically, as exemplarily illustrated in Figs. 1–3. Un-
der the given experimental conditions, which were 
rigorously kept constant throughout this comparative 
study, reac tivity was mostly cytoplasmic and present at 
cell surfaces, except for nuclear stain ing of cells of the 
basal and spinous layers with the anti-galectin-7-specif-
ic antibody fraction (Fig. 1G). Monitoring of staining 
intensity revealed the intensity pattern listed in Table 1, 
galectin-1 being an exception when examining normal 
skin epithelium (Fig. 1). In this instance, a strong signal 
was re corded in the extracellular matrix of the dermis 
(Fig. 1A). An obvious difference regarding zonal cell 
positioning was noted in the case of galectin-9 and ba-

sal/suprabasal cells (Fig. 2, Table 1). Having hereby 
provided results on the normal tissue, we proceeded to 
analyse the malignant counterpart.

The manifestation of basal cell carcinomas led to a 
conspicuous and rather uniform decrease of the galectin 
presence, except for galectin-1 (Figs. 1–3, Table 1). 
However, stro mal reactivity was still detectable, and its 
extent was higher in tumour tis sue than in normal skin 
for galectin-1 (Figs. 1, 2). Underscoring operativity of 
dif ferential regulatory mechanisms, the opposite situa-
tion was measured for galectins-4, -7 and -8 (Fig. 3). 
Not exceeding background values, moni toring the pres-
ence of galectins-2, -3 and -9 practically led to no evi-
dence for stromal ex pres sion in this tumour type, further 
clear evidence for disparate regulation. 

Discussion

This study focused on endogenous lectins of the ga-
lectin family, because i) they are emerging effectors in 
the regulation of diverse cell activities, with a range of 
functions reaching the clinical level, as e.g. documented 
for clonal selection of CD4+CD7- vs. CD4+CD7+ leukae-
mic T cells in patients during progression of the Sézary 
syndrome by galectin-1 and relation of tumour suppres-
sor p16INK4a to this lectin (Rappl et al., 2002; André et 
al., 2007a), and ii) they can sense changes in glycan 
structure at branch ends or the core region that may ac-
company malignancy (Ahmad et al., 2002; Hirabayashi 
et al., 2002; André et al., 2004; 2005b, 2007b). By using 
a panel of non-cross-reactive antibodies against seven 
galectins covering all three subfamilies we moved be-
yond the scope of previous studies in this area (Smetana 
et al., 2006). Our panel enabled us to answer the perti-
nent questions on the extent of complexity of ex pres sion 
profiles and of tumour-associated changes. As a model 
system, we tested human epidermis and basal cell carci-
nomas.

It is now clear that the galectin network, at least in 
these cell types, is not restricted to only few activities. 
Our strategy therefore makes a strong case for introduc-
ing the profiling, as carried out here, to further investi-
gations and hereby gives research in this field a clear 
direction. Correlation of expression patterns to particu-
lar cellular properties may then aid in delineating func-
tional aspects for certain galectins, uncovering new 
clinical implications. In this respect, the relation ship be-
tween the galectin-9 presence in basal/suprabasal cells 
and prolifera tion may indicate a distinct role of this pro-
tein. Interestingly, galectin-9 is strongly ex pressed in 
nasopharyngeal carcinomas, down-regulated in oral and 
cervical squamous cell carcinoma cases/lines and an in-
ducer of apoptosis of MM-RU melanoma cells (Kages-
hita et al., 2002; Kasamatsu et al., 2005; Pioche-Durieu 
et al., 2005; Liang et al., 2008). Tumour-associated 
changes detected in our study pertain to dermal and stro-
mal cells in a galectin-type-dependent manner. These 
results extend previous observations in the cases of ba-
sal and squamous cell carcinomas (Lacina et al., 2007; 
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Fig. 2. Immunohistochemical detection of gale ctin-9 in 
frozen sections of epidermis (Ep; A, B) and basal cell car-
cinoma (BCC; C). The white arrows in panels A denote the 
length of the analysed tissue sector and the direction of 
quantitative fluorescence profiling illustrated in panel B. 
For further clarity of the regions under scrutiny, two sets of 
white (A) and black (C) arrows mark corresponding posi-
tions in the sections and the profiles. The background level 
is depicted by a bold line in panel B. The tumour area is 
encircled by a dashed line in panel C. Bar: 100 μm.
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Saussez et al., 2009a,b). Of note, inverse shifts between 
nuclear and cytoplasmic localization have even been 
noted for galectins from the same subgroup upon tu-
mour progression (Saussez et al., 2006, 2008).

These results argue in favour of at least partial func-
tional non-redundancy among galectins. This interpreta-
tion is supported by previous immunohistochemical ob-
servations on colon carcinomas, especially for the 
tandem-repeat-type galectins-4 and -8, and monitoring 
expression of proto- and chimera-type and tandem-re-
peat-type galectins in murine tissue (Nagy et al., 2002, 
2003; Lohr et al., 2007, 2008; Nio-Kobayashi et al., 
2009). Evidently, even members of the same subfamily 
can reveal functional divergence, a finding warranting 

thorough analysis of tissue sections or arrays. Such 
studies appear to harbour a noteworthy advantage for 
figuring out exploitable correlations compared to work 
with engineered cell systems: the manipulation of levels 
of galectin expression in vitro, a common tool to track 
down clues for functions, can entail alterations of ex-
pression levels of diverse other proteins such as integrins 
or cadherins, as seen in respective studies with galectins-
1 and -3 (Warfield et al., 1997; Matarrese et al., 2000; 
Camby et al., 2005; Mourad-Zeidan et al., 2008). This 
detected effect con founds reaching of an unambiguous 
conclusion on galectin functionality from such models, 
making immunohistochemical monitoring of clinical 
specimens indispensable. 

Galectin Profiling in Human Skin 

Fig. 3. Quantitation of fluorescence intensity in immunohistochemical de tection for the different galectins from the three 
subfamilies, i.e. galectins-1 (A), -2 (B), -3 (C), -4 (D), -7 (E), -8 (F) and -9 (G), in cells of normal epidermis (termed Cells, 
white column) and of basal cell carcinomas (termed BCC Cells, black column) as well as in dermis (termed Dermis, white 
column) and the stroma of tumours (termed BCC Stroma, black column). Sta tistical significance of differences between 
signal characteristics of normal and malignant tissues was evaluated by the Student’s non-paired t-test. Results are given 
at significance levels of P < 0.01, P < 0.02 and P < 0.05, re spectively, a cross denoting an increase and aster isk a de crease 
of extent of signal intensity. The background level measured in each case is either marked by a bold line (Cells/BCC 
Cells) or a dashed line (Dermis/BCC Stroma) in each panel.
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Because lectin activity is governed by the protein’s 
binding to ligands (glycoconjugates or peptide motifs), 
it is tempting to add a methodological aspect, which 
complements this research line. Explicitly, galectins can 
not only be detected immunohistochemically, but also 
be employed as histo chemical tools. This study design 
with a labelled tissue lectin, performed recently in the 
case of galectin-3 and skin, has already also provided 
clinical correlations by the analysis of fixed sections of 
tumours from head and neck can cer patients (Delorge et 
al., 2000; Plzák et al., 2002, 2004; Chovanec et al., 2005; 
Szabo et al., 2009). The results presented here, together 
with this perspective, under score the potential of com-
prehensive mapping of lectin-related parameters in the 
quest to define new molecular aspects relevant for the 
course of the disease.

Acknowledgements
Authors are grateful to Eva Vancová and Iva Burdová 

for excellent technical assistance and Dr. R. Hase for 
help ful discussion.

References

Ahmad, N., Gabius, H.-J., Kaltner, H., André, S., Kuwabara, 
I., Liu, F.-T., Oscarson, S., Norberg, T., Brewer, C. F. 
(2002) Thermodynamic binding studies of cell surface 
carbohydrate epitopes to galectins-1, -3, and -7: evidence 
for differential binding specificities. Can. J. Chem. 80, 
1096-1104.

André, S., Unverzagt, C., Kojima, S., Frank, M., Seifert, J., 
Fink, C., Kayser, K., von der Lieth, C.-W., Gabius, H.-J. 
(2004) Determination of modulation of ligand properties 
of synthetic complex-type biantennary N-glycans by 
introduction of bisecting GlcNAc in silico, in vitro and in 
vivo. Eur. J. Biochem. 271, 118-134.

André, S., Kaltner, H., Lensch, M., Russwurm, R., Siebert, 
H.-C., Fallsehr, C., Tajkhorshid, E., Heck, A. J. R., von 
Knebel-Doeberitz, M., Gabius, H.-J., Kopitz, J. (2005a) De-
termination of structural and functional overlap/divergence of 
five proto-type galectins by analysis of the growth-regulatory 
interaction with ganglioside GM

1
 in silico and in vitro on 

human neuroblastoma cells. Int. J. Cancer 114, 46-57.
André, S., Kojima, S., Prahl, I., Lensch, M., Unverzagt, C., 

Gabius, H.-J. (2005b) Introduction of extended LEC14-
type branching into core-fucosylated biantennary N-glycan. 
Glycoengineering for enhanced cell binding and serum 
clearance of the neoglycoprotein. FEBS J. 272, 1986-1998.

André, S., Kozár, T., Schuberth, R., Unverzagt, C., Kojima, S., 
Gabius, H.-J. (2007a) Substitutions in the N-glycan core as 
regulators of biorecognition: the case of core-fucose and 
bisecting GlcNAc moieties. Biochemistry 46, 6984-6995.

André, S., Sanchez-Ruderisch, H., Nakagawa, H., Buchholz, M., 
Kopitz ,J., Forberich, P., Kemmner, W., Böck, C., Deguchi, 
K., Detjen, K. M., Wiedenmann, B., von Knebel-Döberitz, 
M., Gress, T. M., Nishimura, S.-I., Rosewicz, S., Gabius, H.-
J. (2007b) Tumor suppressor p16INK4a: modulator of glycomic 
profile and galectin-1 expression to increase susceptibility to 
carbohydrate-dependent induction of anoikis in pancreatic 
carcinoma cells. FEBS J. 274, 3233-3256.

Cada, Z., Chovanec, M., Smetana, K. Jr., Betka, J., Lacina, 
L., Plzak, J., Kodet, R., Stork, J., Lensch, M., Kaltner, 
H., Andre, S., Gabius, H.-J. (2009) Galectin-7: will the 
lectin’s activity establish clinical correlations in head and 
neck squamous cell and basal cell carcinomas? Histol. 
Histopathol. 24, 41-48.

Camby, I., Decaestecker, C., Lefranc, F., Kaltner, H., Gabius, 
H.-J., Kiss, R. (2005) Galectin-1 knocking down in human 
U87 glioblastoma cells alters their gene expression pattern. 
Biochem. Biophys. Res. Commun. 335, 27-35.

Caselitz, J. (1987) Lectins and blood group substances as 
“tumor markers”. Curr. Top. Pathol. 77, 245-278.

Chovanec, M., Smetana, K. Jr., Betka, J., Plzák, J., Brabec 
J., Moya-Álvarez, V., André, S., Kodet, R., Gabius, H.-J. 
(2005) Correlation of expression of nuclear proteins pKi67 
and p63 with lectin histochemical features in head and 
neck cancer. Int. J. Oncol. 27, 409-415.

Cooper, D. N. W. (2002) Galectinomics: finding themes in 
complexity. Biochim. Biophys. Acta 1572, 209-231.

Delacour, D., Gouyer, V., Zanetta, J.-P., Drobecq, H., Leteurtre, 
E., Grard, G., Moreau-Hannedouche, O., Maes, E., Pons, 
A., André, S., Le Bivic, A., Gabius, H.-J., Manninen, A., 
Simons, K., Huet G. (2005) Galectin-4 and sulfatides in 
apical membrane trafficking in enterocyte-like cells. J. Cell 
Biol. 169, 491-501. 

Delorge, S., Saussez, S., Pelc, P., Devroede, B., Marchant, H., 
Burchert, M., Zeng, F.-Y., Danguy, A., Salmon, I., Gabius, 
H.-J., Kiss, R., Hassid, S. (2000) Correlation of galectin-
3/galectin-3-binding sites with low differentiation status 
in head and neck squamous cell carcinomas. Otolaryngol. 
Head Neck Surg. 122, 834-841. 

Dubový, P., Svíženská, I., Klusáková, I. (2002) Computer-
assisted quantitative analysis of immunofluorescence 
staining of the extracellular matrix in rat dorsal and ven tral 
spinal roots. Acta Histochem. 104, 371-374.

Dvoránková, B., Lacina, L., Smetana, K. Jr., Lensch, M., 
Manning J. C., André, S., Gabius, H.-J. (2008) Human 
galectin-2: nuclear presence in vitro and its modulation by 
quiescence/stress factors. Histol. Histopathol. 23, 167-178.

Fischer, C., Sanchez-Ruderisch, H., Welzel, M., Wiedenmann, 
B., Sakai, T., André, S., Gabius, H.-J., Khachigian, L., 
Detjen, K. M., Rosewicz, S. (2005) Galectin-1 inter acts 
with the α

5
β

1
 fibronectin receptor to restrict carcinoma cell 

growth via in duction of p21 and p27. J. Biol. Chem. 280, 
37266-37277.

Gabius, H.-J., Engelhardt, R., Rehm, S., Cramer, F. (1984) 
Biochemical characterization of endogenous carbo hyd-
rate-binding proteins from spontaneous murine rhabdo-
myosarcoma, mammary adenocarcinoma, and ovarian 
teratoma. J. Natl. Cancer Inst. 73, 1349-1357.

Gabius, H.-J., Engelhardt, R., Sartoris, D. J., Cramer, F. (1986) 
Pattern of endogenous lectins of a human sarcoma (Ewing’s 
sarcoma) reveals differences to human normal tissues and 
tumors of epithelial and germ cell origin. Cancer Lett. 31, 
139-145.

Gabius, H.-J. (2001) Glycohistochemistry: the why and how 
of detection and localization of endogenous lectins. Anat. 
Histol. Embryol. 30, 3-31.

Z. Čada et al.



Vol. 55 151

Gabius, H.-J., André, S., Kaltner, H., Siebert, H.-C. (2002) 
The sugar code: functional lectinomics. Biochim. Biophys. 
Acta 1572, 165-177. 

Gabius, H.-J., Siebert, H.-C., André, S., Jiménez-Barbero, J., 
Rüdiger, H. (2004) Chemical biology of the sugar code. 
Chembiochem. 5, 740-764.

Gabius, H.-J. (2008) Glycans: bioactive signals decoded by 
lectins. Biochem. Soc. Trans. 36, 1491-1496.

Gabius, H.-J. (2009) The sugar code. Fundamentals of Gly-
cosciences, in press. Wiley-VCH: Weinheim, Germany.

Hakomori, S.-I. (1996) Tumor malignancy defined by aberrant 
glycosylation and sphingo(glyco)lipid metabolism. Cancer 
Res. 56, 5309-5318.

Hirabayashi, J., Hashidate, T., Arata, Y., Nishi, N., Nakamura, 
T., Hirashima, M., Urashima, T., Oka, T., Futai M., Müller, 
W. E. G., Yagi, F., Kasai, K.-I. (2002) Oligosaccharide 
specificity of galectins: a search by frontal affinity 
chromatography. Biochim. Biophys. Acta 1572, 232-254.

Holíková, Z., Hrdlicková-Cela, E., Plzák, J., Smetana, K. Jr., 
Betka, J., Dvoránková, B., Esner, M., Wasano, K., André, S., 
Kaltner, H., Motlík J., Hercogová, J., Kodet, R., Gabius, H.-
J. (2002) Defining the glycophenotype of squamous epithelia 
using plant and mammalian lectins. Differentiation-dependent 
expression of α2,6- and α2,3-linked N-acetylneuraminic acid 
in squamous epithelia and carcinomas, and its differential 
effect on binding of the endogenous lectins galectins-1 and 
-3. APMIS 110, 845-856.

Kageshita, T., Kashio, Y., Yamauchi, A., Seki, M., Abedin, M. 
J., Nishi, N., Shoji, H., Nakamura, T., Ono, T., Hirashima, 
M. (2002) Possible role of galectin-9 in cell aggre ga tion 
and apoptosis of human melanoma cell lines and its clinical 
significance. Int. J. Cancer 99, 809-816. 

Kanitakis, J. (2002) Anatomy, histology and immuno histo-
chemistry of normal human skin. Eur. J. Dermatol. 12, 
390-399.

Kasai, K.-I., Hirabayashi, J. (1996) Galectins: a family of 
animal lectins that decipher glycocodes. J. Biochem. 
(Tokyo) 119, 1-8. 

Kasamatsu, A., Uzawa, K., Nakashima, D., Koike, H., Shiiba, 
M., Bukawa, H., Yo koe, H., Tanzawa, H. (2005) Galectin-9 
as a regulator of cellular adhesion in human oral squamous 
cell carcinoma cell lines. Int. J. Mol. Med. 16, 269-273.

Kayser, K., Hoeft, D., Hufnagl, P., Caselitz, J., Zick, Y., André, 
S., Kaltner, H., Gabius, H.-J. (2003) Combined analysis of 
tumor growth pattern and expression of en doge nous lectins 
as a prognostic tool in primary testicular cancer and its lung 
me tastases. Histol. Histopathol. 18, 771-779. 

Kopitz, J., von Reitzenstein, C., André, S., Kalt ner, H., Uhl, 
J., Ehemann, V., Cantz, M., Ga bius, H.-J. (2001) Negative 
regulation of neuroblastoma cell growth by carbo hy drate-
dependent surface binding of galectin-1 and functional 
divergence from galectin-3. J. Biol. Chem. 276, 35917-
35923.

Kopitz, J., André, S., von Reitzenstein, C., Versluis, K., 
Kaltner, H., Pieters, R. J., Wasano, K., Kuwabara, I., Liu, 
F.-T., Cantz, M., Heck, A. J. R., Gabius, H.-J. (2003) 
Homodimeric galectin-7 (p53-induced gene 1) is a negative 
growth regulator for human neuroblastoma cells. Oncogene 
22, 6277-6288. 

Lacina, L., Smetana, K. Jr., Dvořánková, B., Pytlík, R., 
Kideryová, L., Kučerová, L., Plzáková, Z., Štork J., Gabius, 
H.-J., André, S. (2007) Stromal fibroblasts from basal cell 
carcinoma affect phenotype of normal keratinocytes. Br. J. 
Dermatol. 156, 819-829.

Lahm, H., André, S., Hoeflich, A., Fischer, J. R., Sordat, B., 
Kaltner, H., Wolf, E., Gabius, H.-J. (2001) Comprehensive 
galectin fingerprinting in a panel of 61 human tumor cell 
lines by RT-PCR and its implications for diagnostic and 
therapeutic proce dures. J. Cancer Res. Clin. Oncol. 127, 
375-386.

Lahm, H., André, S., Hoeflich, A., Kaltner, H., Siebert, H.-
C., Sordat, B., von der Lieth, C.-W., Wolf, E., Gabius, H.-
J. (2004) Tumor galectinology: insights into the complex 
network of a family of endogenous lectins. Glycoconj J. 
20, 227-238.

Langbein, S., Brade, J., Badawi, J. K., Hatzinger, M., Kaltner, 
H., Lensch, M., Specht, K., André, S., Brinck, U., Alken, 
P., Gabius, H.-J. (2007) Gene-expression signature of 
adhesion/growth-regulatory tissue lectins (galectins) 
in transitional cell cancer and its prognostic relevance. 
Histopathology 51, 681-690. 

Lensch, M., Lohr, M., Russwurm, R., Vidal, M., Kaltner, 
H., André, S., Gabius, H.-J. (2006) Unique sequence and 
expression profiles of rat galectins-5 and -9 as a result of 
species-specific gene divergence. Int. J. Biochem. Cell 
Biol. 38, 1741-1758.

Levy, Y., Arbel-Goren, R., Hadari, Y. R., Eshhar, S., Ronen, 
D., Elhanany, E., Geiger, B., Zick, Y. (2001) Galectin-8 
functions as a matricellular modulator of cell adhe sion. J. 
Biol. Chem. 276, 31285-31295.

Liang, M., Ueno, M., Oomizu, S., Arikawa, T., Shinonaga, R., 
Zhang, S., Yamauchi, A., Hirashima, M. (2008) Galectin-9 
expression links to malignant potential of cervical 
squamous cell carcinoma. J. Cancer Res. Clin. Oncol. 134, 
899-907.

Lohr, M., Lensch, M., André, S., Kaltner, H., Siebert ,H.-C., 
Smetana, K. Jr., Sinowatz, F., Gabius, H.-J. (2007) Murine 
homodimeric adhesion/growth-regulatory galectins-1, -2, 
and -7: comparative profiling of gene/promoter sequences 
by database mining, of expression by RT-PCR/im mu-
nohistochemistry and of contact sites for carbohydrate 
ligands by computational chemistry. Folia Biol. (Praha) 
53, 109-128.

Lohr, M., Kaltner, H., Lensch, M., André, S., Sinowatz, F., 
Gabius, H.-J. (2008) Cell-type-specific expression of 
murine multifunctional galectin-3 and its association with 
follicular atresia/luteolysis in contrast to pro-apoptotic 
galectins-1 and -7. Histochem. Cell Biol. 130, 567-581.

Matarrese, P., Fusco, O., Tinari, N., Natoli, C., Liu, F.-T., 
Semeraro, M. L., Malorni, W., Iacobelli, S. (2000) Galec tin-3 
overexpression protects from apoptosis by im proving cell 
adhesion properties. Int. J. Cancer 85, 545-554. 

Mourad-Zeidan, A. A., Melnikova, V. O., Wang, H., Raz, 
A., Bar-Eli, M. (2008) Expression profiling of galectin-3-
depleted melanoma cells reveals its major role in melanoma 
plasticity and vasculogenic mimicry. Am. J. Pathol. 173, 
1839-1852.

Nagy, N., Bronckart, Y., Camby, I., Legendre, H., Lahm, H., 
Kaltner, H., Hadari, Y., Van Ham, P., Yeaton, P., Pector, J.-

Galectin Profiling in Human Skin 



152 Vol. 55A. Uskoković et al.

C., Zick, Y., Salmon, I., Danguy, A., Kiss, R., Gabius, H.-J. 
(2002) Galectin-8 expression decreases in cancer compared 
with normal and dysplastic human colon tissue and acts 
significantly on human colon cancer cell migration as a 
suppressor. Gut 50, 392-401.

Nagy, N., Legendre, H., Engels, O., André, S., Kaltner, H., 
Wasano, K., Zick, Y., Pector, J.-C., Decaestecker, C., 
Gabius, H.-J., Salmon, I., Kiss, R. (2003) Refined prognos tic 
evaluation in colon carcinoma using immunohistochemical 
galectin finger print ing. Cancer 97, 1849-1858. 

Nio-Kobayashi, J., Takahashi-Iwanaga, H., Iwanaga, T. (2009) 
Immunohistochemical localization of six galectin subtypes 
in the mouse digestive tract. J. Histochem. Cytochem. 57, 
41-50.

Nishi, N., Shoji, H., Seki, M., Itoh, A., Miyanaka, H., Yuube, 
K., Hirashima, M., Nakamura, T. (2003) Galectin-8 
modulates neutrophil function via interaction with integrin 
α

M
. Glycobiology 13, 755-763. 

Pioche-Durieu, C., Keryer, C., Souquere, S., Bosq, J., Faigle, 
W., Loew, D., Hirashima, M., Nishi, N., Middeldorp, J., 
Busson, P. (2005) In nasopharyngeal carcinoma cells, 
Epstein-Barr virus LMP1 interacts with galectin-9 in 
membrane raft ele ments resistant to simvastatin. J. Virol. 
79, 13326-13337.

Plzák, J., Holíková, Z., Smetana, K. Jr., Dvořánková, B., 
Hercogová, J., Kaltner, H., Motlík, J., Gabius, H.-J. 
(2002) Differentiation-dependent glycosylation of cells in 
squamous epithelia detected by a mammalian lectin. Cells 
Tissues Organs 171, 135-144. 

Plzák, J., Betka, J., Smetana, K. Jr., Chovanec, M., Kaltner, 
H., André S., Kodet, R., Gabius, H.-J. (2004) Galectin-3: 
an emerging prognostic indicator in advanced head and 
neck carcinoma. Eur. J. Cancer 40, 2324-2330.

Purkrábková, T., Smetana, K. Jr., Dvořánková, B., Holíková, 
Z., Böck, C., Lensch, M., André, S., Pytlík, R., Liu, F.-T., 
Klíma, J., Smetana, K., Motlík, J., Gabius, H.-J. (2003) 
New aspects of galectin functionality in nuclei of cultured 
bone marrow of stromal and epidermal cells: biotinylated 
galectins as tool to detect specific binding sites. Biol. Cell 
95, 535-545.

Rappl, G., Abken, H., Muche, J. M., Sterry, W., Tilgen, W., 
André, S., Kaltner, H., Ugurel, S., Gabius, H.-J., Reinhold, 
U. (2002) CD4+CD7- leukemic T cells from patients with 
Sézary syndrome are protected from galectin-1-triggered T 
cell death. Leukemia 16, 840-845.

Saal, I., Nagy, N., Lensch, M., Lohr, M., Manning, J. C., 
Decaestecker, C., André, S., Kiss, R., Salmon, I., Gabius, 
H.-J. (2005) Human galectin-2: expression profiling by 
RT-PCR/immunohistochemistry and its introduction 
as a histochemical tool for ligand localization. Histol. 
Histopathol. 20, 1191-1208.

Saussez, S., Cucu, D.-R., Decaestecker, C., Chevalier, D., 
Kaltner, H., André, S., Wacreniez, A., Toubeau, G., Camby, 
I., Gabius, H.-J., Kiss, R. (2006) Galectin-7 (p53-induced 
gene-1): a new prognostic predictor of recurrence and 
survival in stage IV hypopharyngeal cancer. Ann. Surg. 
Oncol. 13, 999-1009.

Saussez, S., Decaestecker, C., Lorfevre, F., Chevalier, D., 
Mortuaire, G., Kaltner, H., André, S., Toubeau, G., Gabius, 

H.-J., Leroy X. (2008) Increased expression and altered 
intracellular distribution of adhesion/growth-regulatory 
lectins galectins-1 and -7 during tumour progression in 
hypopharyngeal and laryngeal squamous cell carcinomas. 
Histopathology 52, 483-493.

Saussez, S., Cludts, S., Capouillez, A., Mortuaire, G., 
Smetana, K. Jr., Kaltner, H., Andre, S., Leroy, X., Gabius, 
H.-J., Decaestecker, C. (2009a) Identification of matrix 
metalloproteinase-9 as an independent prognostic marker 
in laryngeal and hypopharyngeal cancer with opposite 
correlations to adhesion/growth-regulatory galectins-1 and 
-7. Int. J. Oncol. 34, 433-439.

Saussez, S., Decaestecker, C., Cludts, S., Ernoux, P., Chevalier, 
D., Smetana, K. Jr., André, S., Leroy, X., Gabius, H.-J. 
(2009b) Adhesion/growth-regulatory tissue lectin galec tin-1 
in relation to angiogenesis/lymphocyte infiltration and 
prognostic relevance of stromal up-regulation in laryngeal 
carcinomas. Anticancer Res. 29, 59-66.

Smetana, K. Jr., Dvoránková, B., Chovanec, M., Boucek, J., 
Klíma, J., Motlík, J., Lensch, M., Kaltner, H., André, S., 
Gabius, H.-J. (2006) Nuclear presence of adhesion/growth-
regulatory galectins in normal/malignant cells of squamous 
epithelial origin. Histochem. Cell Biol. 125, 171-182.

Stechly, L., Morelle, W., Dessein, A. F., Andre, S., Grard, 
G., Trinel, D., Dejonghe, M. J., Leteurtre, E., Drobecq, 
H., Trugnan, G., Gabius, H. J., Huet, G. (2009) Galectin-
4-regulated delivery of glycoproteins to the brush border 
membrane of enterocyte-like cells. Traffic 10, 438-450.

Stillman, B. N., Hsu, D. K., Pang, M., Brewer, C. F., Johnson, 
P., Liu, F.-T., Baum, L. G. (2006) Galectin-3 and galectin-1 
bind distinct cell surface glycoprotein receptors to induce 
T cell death. J. Immunol. 176, 778-789.

Sturm, A., Lensch, M., André, S., Kaltner, H., Wiedenmann, 
B., Rosewicz, S., Dignass, A. U., Gabius, H.-J. (2004) 
Human galectin-2: novel inducer of T cell apoptosis with 
distinct profile of caspase activation. J. Immunol. 173, 
3825-3837.

Szabo, P., Dam, T. K., Smetana, K. Jr., Dvoránková, B., Kübler, 
D., Brewer, C. F., Gabius, H.-J. (2009) Phosphorylated 
human lectin galectin-3: analysis of ligand binding by 
histochemical monitoring of normal/malignant squamous 
epithelia and by isothermal titration calorimetry. Anat. 
Histol. Embryol. 38, 68-75.

Villalobo, A., Nogales-González, A., Gabius, H.-J. (2006) 
A guide to signaling pathways con necting protein-glycan 
interaction with the emerging versatile effector func tionality 
of mammalian lectins. Trends Glycosci Glycotechnol. 18, 
1-37.

Warfield, P. R., Makker, P.-N., Raz, A., Ochieng, J. (1997) 
Adhesion of human breast carci noma to extracellular matrix 
proteins is modulated by galectin-3. Invasion Metastasis 
17, 101-112.

Watt, F. M. (2002) The stem cell compartment in human 
interfollicular epidermis. J. Derma tol. Sci. 28, 173-180.

Zhu, C., Anderson, A. C., Schubart, A., Xiong, H., Imitola, J., 
Khoury, S. J., Zheng, X. X., Strom, T. B., Kuchroo, V. K. 
(2005) The Tim-3 ligand galectin-9 negatively regu lates T 
helper type 1 immunity. Nat. Immunol. 6, 1245-1252.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.16667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.16667
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.08333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /DetectCurves 0.000000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002000d>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CZE <FEFF004b006f006d007000610074006900620069006c006900740061002000500044004600200031002e0034002c0020006f0062007200e1007a006b007900200033003000300020006400700069002c0020007000ed0073006d006f00200076006c006f017e0065006e00e100200070006f0064006d006e006f017e0069006e0061002c00200063006f006c006f00720020006d0061006e006100670065006d0065006e00740020004f00460046002c0020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




