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Abstract

We have previously reported that (i) progression of malignancy in patients bearing astrocytic tumors correlates with increased
tumor levels of galectin-1; (ii) in vitro addition of purified galectin-1 to U87 human glioblastoma cells enhances tumor cell motility;
and (iii) conversely, knocking down galectin-1 expression in this cell line by stable transfection with antisense galectin-1 mRNA
impairs motility and delays mortality after their intracranial grafting to nude mice. We here used cDNA microarray analysis to com-
pare the effect on gene expression of stable transfection with antisense galectin-1 vector to mock-transfected and wild-type cells.
Among the 631 spots probing genes potentially involved in cancer that were valid for analysis on all the arrays the expression of
86 genes was increased at least 2-fold. Confirmation of increased protein levels was provided by immunocytochemistry for
p21waf/cip1, cullin-2, p53, ADAM-15, and MAP-2. Major differences in the expression patterns of ADAM-15 and the actin stress
fiber organization were also observed. U87 cells stably deficient for galectin-1 expression were significantly less motile than control.
We conclude that the stable inhibition of galectin-1 expression alters the expression of a number of genes that either directly or indi-
rectly influence adhesion, motility and invasion of human glioblastoma cells.
� 2005 Elsevier Inc. All rights reserved.
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Most of the cell-adhesionmolecules andECMproteins
that favor the migration of tumor astrocytes are glycosyl-
ated and, in particular, bear considerable amounts of
b-galactosyl residues and poly-N-acetyllactosamine
chains, which are ligands for galectins [1,2]. Galectins,
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originally named galactose-specific lectins, are synthe-
sized in the cytosol without a signal peptide and may
be released from cells by non-conventional secretory
mechanism(s) that bypass the endoplasmic reticulum
and theGolgi complex (see [1], for review).Galectins form
homodimers or oligomers that can readily bridge N- and
O-glycans as well as glycolipids present on cell surfaces
with similar glycans in the ECM [1]. Although most
galectins have been described as extracellular actors,
intracellular functions have also been reported [1].

Galectin-1 appears to be the most important member
of this family in physiological brain processes [3]. In-
deed, in patients with human glial tumors, the expres-
sion patterns of galectin-1 and -3, but not of -8,
correlate with the grade of malignancy [4–7]. In
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addition, a low level of galectin-1 expression in tumors is
associated with patients� unusually long survival periods
[4]. Conversely, high levels of galectin-1 expression have
been observed for highly invasive tumoral astrocyte,
both in the case of human surgical samples and of ani-
mal models [4,7]. In vitro, the addition of galectin-1 to
culture medium of U87 cells increased cell motility
[6,7]. These effects were associated with the reorganiza-
tion of the actin cytoskeleton and the increased expres-
sion of the small GTPase, RhoA [7]. We engineered
human U87 glioblastoma cells constitutively expressing
reduced levels of galectin-1 (U87/G1�) by means of sta-
ble transfection of an expression vector for the antisense
mRNA of galectin-1 [7]. In vivo, intracranial grafting of
galectin-1 deficient U87 cells into nude mice led to much
longer survival in comparison with mice grafted with
control cells [7].

In the present study, we used a comparative cDNA
microarray to screen which set of genes could explain,
at least partly, why galectin-1 deficient U87 cells are less
aggressive than their wild-type and mock-transfected
counterpart. For selected gene products, quantitative
immunocytochemical analysis ascertained that up-regu-
lated gene expression translated into enhanced protein
levels. Taken together, our results reveal that galectin-
1 is a pleiotropic regulator of the malignant phenotype
in the human U87 glioblastoma cell model.
Table 1
cDNA microarray analysis

Gene name Code Image ID Ratio

cyclin d3 ccnd3 327182 2.78
cyclin d3 ccnd3 358749 2.36

i

cullin-2 cul2 286287 2.60
nedd8 ubiquitin-like protein nedd8 1086357 2.41
proliferating cell nuclear antigen pcna 232941 2.53
proliferating cell nuclear antigen pcna 789182 2.64

i

cdk inhibitor p21waf/cip1 cdkn1a 152524 3.56
cdk inhibitor p21waf/cip1 cdkn1a 291705 3.04

i

tp53 Tp53 236338 2.34
cyclin g2 ccng2 21505 3.14
bag1 bag1 469256 2.78
caspase 1 casp1 120106 2.56

Overexpression of genes involved in the regulation of cell cycle and
apoptosis.
Image ID: clone identification number in the I.M.A.G.E. consortium
database. Ratio: ratio between the expression level of U87/G1� and
CT (U87/wt and U87/mock). A significant gene overexpression
is reached when ratio >2.33. For details see Materials and methods.
] indicate reproducibility between duplicate spots.
Materials and methods

Cell lines and reagents

The U87 wild-type (U87/wt) glioblastoma cell line was obtained
from the American Type Culture Collection (Manassas, VA, USA)
and propagated as monolayers [4]. The U87 cells knockdown for
galectin-1 expression (U87/G1�) and the corresponding mock (U87/
mock) cell lines were obtained by stable transfection with antisense
galectin-1 or mock vectors. As previously reported, U87/G1� cells
expressed about five times less galectin-1 than their wt or mock-
transfected counterparts [7]. To ensure specificities in view of the high
level of similarity between galectins, we checked by an in vitro
dimerization assay that the antisense galectin-1 mRNA, produced by
its expression vector, did not hybridize to other galectin mRNA (data
not shown). To exclude any contamination problems between the cell
lines, DNA fingerprinting was carried out to verify that both U87-
transfected cell lines originated from the parental U87/wt cell line. The
nine microsatellites tested showed identical profiles in the three cell
lines, so confirming that the transfectants in fact originated from the
parental U87wt cell line (data not shown).

Goat polyclonal anti-ADAM-15 (C-20) was from Santa Cruz
Biotechnology (SanverTECH, Boechout, Belgium) was used at 2 lg/ml
and the mouse monoclonal anti-p21waf/cip1 (Ab-5; HZ52; 0.2 lg/ml),
anti-MAP-2a, b antibodies (AB-2, clone AP20; 0.2 lg/ml) and rabbit
polyclonal anti-cullin-2 antibody (Ab-1; 10 lg/ml) originated from
NeoMarkers (Fremont, CA, USA).

Gene expression analysis by cDNA microarrays

Total RNA extraction. Total RNA was extracted from non-con-
fluent cells with TriPure (Roche, Mannheim, Germany) according to
the manufacturer�s instructions and was treated with DNase-I
(Invitrogen, Life Technologies). The quantity of the extracted RNA
was measured by spectrophotometry at 260 nm (Beckman–Coulter
DU640, Analis, Ghent, Belgium); its integrity was assessed by the
RNA 6000 LabChip kit (Agilent, Technologies, Massy, France) and
analyzed with the Agilent 2100 bioanalyzer as well as by gel elec-
trophoresis [8]. These checks were completed by the analysis of the
b-actin gene expression by means of a standard 25 cycles RT-PCR
method with 200 ng of loaded cDNA [8].

cDNA arrays hybridization. The arrays used in this study were from
Ipsogen (Marseilles, France). Each V1.0 cDNA nylon cancer Chip
membrane contained 1771 different clones of genes known to be in-
volved in cancer and 201 clones with unknown functions; some clones
were double spotted, giving a total of 2305 spots. Re-sequenced clones
from the IMAGE consortium database (http://image.llnl.gov) were
represented on the chips in the form of cDNA PCR fragments.
Background measurement was carried out on the basis of spotted
poly(A) sequences, PCR negative controls, non-relevant cDNAs and
empty spots (a total of 350 additional spots per membrane). After
membrane hybridization (with vector probe hybridization and 33P-la-
beled cDNAs), imaging and quantification were carried with a Fuji-
BAS5000 scanner and AIDA image analyzer software (Raytest Bene-
lux, Tilburg, NL). Two different samples of RNA were processed
independently for the three cell lines under study.

cDNA microarray data analysis. As the first step, the values
obtained were preprocessed to compare the multiple arrays. Only
the 631 spots which exhibited intensity values above the back-
ground level on each array were considered further, and the values
from a given array were normalized to the median intensity cor-
responding to this set of valid spots (i.e., the median set to 1). As
the second step, the levels of significance to reliably detect up- or
down-regulation were established as described [9]. This approach
enabled the significant detection up- (>2.33) or down- (<0.4) reg-
ulated genes.

The analysis showed that whereas that 91 spots were significantly
overexpressed, none of the 631 genes valid for analysis in the U87/
G1� cell line underwent any significant decrease in their level of
expression as compared to control (wt and mock). Some of the genes
in the microarray were probed by two different spots corresponding
to two different IMAGE clones. As illustrated in Tables 1 and 3, the
reproducibility obtained for the duplicate measurements was ade-
quate. Because of these duplicates, the 91 overexpressed spots related
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Table 2
cDNA microarray analysis

Gene name (synonyms) Code Image ID Ratio

ECM

thrombospondin-1 thbs1 160963 2.64
extracellular matrix-1 ecm1 301122 2.64

Adhesion

ADAM-15 ADAM15 713782 3.30
CD147 (EMMPRIN, basigin) Bsg 756533 2.57
integrin a7 itga7 628743 3.57
integrin a9 itga9 1086306 2.41
cadherin-6 (k-cadherin) cdh6 739155 2.98
tetraspanin-3 (TM4SF3, CO-029) Tm4sf3 509731 2.93
catenin b1a ctnnb1 774754 2.86
transmembrane glycoprotein Gpnmb 773330 6.06

Cytoskeleton

actin-capping protein Capg 1012666 2.36
microtubule-associated protein-2 map2 347503 2.77
tubulin b5 tubb5 171684 3.15

Overexpression of genes involved in the control of cell migration. Same
presentation as in Table 1.
a Catenin b1 acts also as a pivot between cell adhesion and Wnt

signaling, as a transcription factor and as a ligand for galectin-3 [31].
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to 86 different genes. These are listed in Tables 1–3. As detailed in
the Results and discussion, 22 of them attracted our attention be-
cause of their potential involvement in the control of cell growth and
migration.

Fluorescent detection of protein expression

Protein expression in the cells cultured on glass coverslips was re-
vealed by immunofluorescence as described elsewhere [8]. The binding
of the primary antibodies was detected by Alexa Fluor 488- or 594-
conjugated secondary antibodies (10 lg/ml, Molecular Probes, Eu-
gene, OR, USA). For controls, primary antibodies were replaced by
nonspecific serum or slides were incubated with secondary antibodies
alone. The organization of the actin cytoskeleton was demonstrated by
fluorescent phallacidin-conjugated with Alexa Fluor488; G-actin was
simultaneously stained with Alexa Fluor 594-conjugated DNAse-I
(Molecular Probes) as described elsewhere [7,8]. Fluorescent images
acquisition was carried out with a computer-assisted fluorescent
microscope (Olympus AX70, Omnilabo, Antwerp, Belgium) equipped
with a Megaview2 digital camera and the analySIS software (Soft
Imaging System, Munster, Germany).

Motility assay

Cell motility was quantified by a videomicroscopy cell tracking
device detailed elsewhere [7,10]. The greatest linear distance covered
by each cell was semi-automatically calculated from their recorded
trajectories, so as to yield the maximum relative distance from the
point of origin (MRDO variable). All experiments were performed
over 24 h. A minimum of 1000 cells were analyzed for each experi-
mental condition.
Statistical analysis

All the values shown are means ± standard error of the mean
(SEM). The statistical significance of the comparisons between the
different experimental groups was tested by the non-parametric Mann–
Whitney U test and is indicated by ***p < 0.001.
Results

Altered gene and protein expression in cells expressing a

reduced level of galectin-1

Among the 86 genes over expressed in the U87 cells
knock-down for galectin-1 expression, some gene prod-
ucts attracted our attention because of their potential
involvement in the complex processes of tumor aggres-
siveness, i.e., cell growth and cell migration. Nine of
these gene products known to be involved in the con-
trol of the cell cycle and apoptosis were overexpressed
in the U87/G1� as compared to the wt and mock-
transfected cells (Table 1). Overexpression was con-
firmed by fluorescence microscopy for p21waf/cip1 (Figs.
1A and B), p53 (Figs. 1C and D), and cullin-2 (Figs.
1E and F). Ten gene products involved in cell adhesion
were also overexpressed, namely, extracellular matrix
interaction (thrombospondin-1 and extracellular matrix
protein-1), matrix digestion (ADAM-15), and its con-
trol (EMMPRIN); cell surface adhesion (integrin a7
and a9, cadherin-6) or interaction with the latter (tet-
raspanin-3 and catenin b1). The increased abundance
of ADAM-15 in U87/G1� was confirmed by comput-
er-assisted quantitative immunofluorescence microsco-
py (data not shown). Interesting pattern differences
were noticed (Figs. 1G and H). For example, the
ADAM-15 protein had no preferred site in the U87/
wt cells (Fig. 1G) but showed clear peripheral labeling
and accumulated at cell–cell contact sites in the U87/
G1� cells, where it was more abundant (Fig. 1H).

Another set of three gene products are involved in
the cytoskeleton. They include the actin-capping-pro-
tein, capG, as well as the b5 tubulin isoform and the
microtubule-associated protein MAP-2. CapG overex-
pression predicts modifications to the actin cytoskele-
ton dynamics. The level of polymerized (fibrillar)
actin in relation to monomeric (globular) actin was
thus further characterized by fluorescence microscopy.
As shown in Figs. 2A and B, whereas the pool of
fibrillar actin labeled with phallacidin decreased mark-
edly in U87/G1� as compared to the wt cells, there
was no detectable change in the pool of actin mono-
mer labeled with DNAse-I. This result was confirmed
by the quantification of the red and green fluorescent
intensities of 100 cells in each experimental condition:
a �70% decreased in the intensity of the green fluores-
cence was observed in the U87/G1� cells when com-
pared to the parental U87/wt (data not shown). The
increased level of MAP-2 in the U87/G1� cells was
also confirmed directly at protein level by immunoflu-
orescence analysis (Figs. 2C and D). These modifica-
tions to the levels and patterns of expression of
proteins known to be involved in the control of cell
migration predicted altered U87/G1� motility as com-
pared to control. A significant decrease in the level of



Table 3
cDNA microarray analysis

Gene name Code Image ID Ratio

aldehyde deshydrogenase 3 aldh3a1 525221 2.47
atpase 6 d atp6d 320610 2.37
b-cell translocation gene 1 btg1 382760 2.56
cd 63 cd63 125552 2.78
cytochrome c assembly protein 11 cox11 23707 2.65
cytochrome c assembly protein 5b cox5b 549361 2.51
cytochrome c assembly protein 6a1 cox6a1 512910 2.68
cytochrome c assembly protein 7b cox7b 566862 2.55
collapsin response mediator 1 crmp1 878280 2.38
distal less homeobox 2 dlx2 1486752 2.52
dual specificity phosphatase 6 dusp6 40851 2.89
dishevelled 3 dvl3 1932820 2.74
platelet derived-endothelial cell growth factor 1 ecgf1 1944256 3.85
translation elongation factor 1alpha1 eef1a1 1683100 2.91
translation elongation factor 4a1 eif4a1 46171 2.35
ephrin receptor x1 ephx1 49995 2.34
erbb2ip erbb2ip 595089 2.42
frizzled 5 fzd5 2254555 2.89
galactose 1 phosphate uridyllyltransferase galt 68972 2.34
GAPDH gapd 153607 2.52
GAPDH gapd 50117 2.38

i

glutathione s tranferase theta 1 gstt1 1173851 2.34
gw128 gw128 262546 2.50
protein kinase h11 h11 359191 2.78
hypoxia inducible factor 1a hif1a 142934 2.96
3-hydroxy-3-methylglutaryl-coenzyme a reductase hmgcr 125682 3.47
hepatocyte nuclear factor 3a hnf3a 84786 2.42
interferon inducible protein ifi30 856447 2.39
interferon related regulator 1 ifrd1 882483 5.77
inhibin beta b inhbb 730012 2.80
jun d jund 175421 2.68
kiss-1 metastasis suppressor kiss1 812955 2.57
kynureinase kynu 252515 2.60
lim and sh3 protein 1 lasp1 592598 2.71
leukotriene a4 hydrolase lta4h 814095 2.34
malate dehydrogenase1, nad mdh1 53316 2.49
midkine mdk 309009 2.94
mucine 1 muc1 840687 2.48
nuclear receptor coactivator 4 ncoa4 25858 2.81
nuclease sensitive element binding protein nsep1 211623 2.82
nuclease sensitive element binding protein nsep1 324561 2.88

i

plexin b1 plxnb1 289743 2.61
protein phosphatase 1a (catalytic subunit) ppp1ca 1422791 2.42
tyrosine phosphatase 1a ptpra 21477 2.48
retinoblastoma binding protein2 rbbp2 509544 2.48
S100A6 s100a6 512420 2.85
scaffold attachment factor b safb 42280 2.76
carrier protein slc2a1 207358 2.80
swi/snf related, actin dependent regulator of chromatin smarce1 338519 2.50
nuclear antigen sp100 sp100 429357 2.38
stac stac 470379 3.11
stromal interaction molecule 1 stim1 41993 2.90
tbx3- isoprotein tbx3 131589 2.76
homeobox 11-like 2 tlx3 1860115 2.64
u5 snmp specific protein—116 kDa u5–116 kDa 1013232 2.36
unknown unknown 1691084 2.82
unknown unknown 33133 2.82
unknown unknown 44478 3.60
unknown unknown 545138 4.03
unknown unknown 599882 3.53
unknown unknown 655774 2.87
unknown unknown 785765 3.22
ubiquitin specific protease 4 usp4 544818 3.59
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Table 3 (continued)

Gene name Code Image ID Ratio

ubiquitin specific protease 8 usp8 1091323 2.41
tyr/trp monooxygenase ywhaq 487913 2.39
tyr/trp monooxygenase ywhaz 229706 2.41

i

Overexpression of genes involved in other biological functions. Same presentation as in Table 1.

Fig. 1. Expression level of gene products: immunofluorescence evidence. Magnification bars: 25 lm.
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U87/G1� cell motility was in fact evidenced in the case
of cells cultured on Matrigel- or fibronectin-coated
substrates, but not in the case of laminin- or vitronec-
tin-coated ones (Fig. 2E).
Discussion

Tumor aggressiveness in general, and that of high-
grade astrocytic tumors in particular, depend not only



Fig. 2. Expression and function of gene products related to cell motility: evidence from immunofluorescence. (A,B) F-actin (polymeric, green) and G-
actin (monomeric, red) were evidenced in U87/wt (A) and U87/G1� cell lines (B) by fluorescent probes. Magnification bars: 25 lm. (C,D)
Immunofluorescence pattern of MAP-2. Magnification bars: 25 lm. (E) Motility of the U87wt (filled bars) and the U87/G1� cells (open bars) as
evaluated by quantitative videomicroscopy. Themaximum relative distance from the point of origin (MRDO) traveled by living cells growing in vitro on
a substrate coated withMatrigel, laminin (LM), fibronectin (FN), and vitronectin (VN) was recorded for at least 1000 cells per condition. ***p < 0.001.
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on an imbalance between cell proliferation and cell
death favoring growth, but also on a higher propensity
of tumor cells to detach from the primary tumor site
to migrate, and to invade the surrounding parenchyma
[2]. Several of these steps involve extracellular proteoly-
sis. By immunohistochemical analysis of specimens from
patient, from animal studies and from in vitro studies of
glioblastoma cell lines as well as by SAGE screening of
invasive cells, the picture has emerged that galectin-1 is
of critical importance in astrocytic tumor cell growth
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and invasion [4,6,7,11,12]. We have therefore analyzed
stable galectin-1 antisense transfectants of human U87
glioblastoma cells for gene expression in detail; cDNA
microarray analysis revealed that a set of genes generally
regarded as involved in the regulation of cell cycle and
apoptosis is enhanced in U87 cells deficient in galectin-
1. Among these, the overexpression of p53, p21waf/cip1

and cullin-2 was confirmed at protein level.
Ras (which has importance for p21) is associated with

crucial roles within the progression of malignancy of
astrocytic tumors [13] and its biological activity necessi-
tates membrane anchorage that depends on the Ras far-
nesyl moiety and is strengthened by Ras/galectin-1
interactions [14]. Galectin-1 also acts as a negative
growth regulator in neuroblastoma cells [15], while it
does not display such a role in tumor astrocytes (data
not shown). In fact, the cell density-dependent growth
inhibition of human SK-N-MC neuroblastoma cells is
initiated by increased ganglioside sialidase activity lead-
ing to elevated cell surface presentation of ganglioside
GM1, a ligand of galectin-1 [15]. Galectin-1 is thus a
probable effector in the sialidase-dependent growth con-
trol of SK-N-MC neuroblastoma cells [15]. Astrocytic
tumor cells seem to display weak, if any, amounts of
ganglioside GM1, while oligodendroglial tumor cells
do it [16].

Integration of our present study with our previous
one [7] provides further evidence that U87 tumor astro-
cytes with galectin-1 knocking down are characterized
by modified adhesive and motile properties as compared
to parental or mock-transfected cells. Binding to a per-
missive ECM and integrin-dependent focal adhesion
dynamics is critical for cell migration. To migrate, cells
must not only repeatedly adhere to a substrate and de-
tach themselves from it in a coordinated manner; they
also need to generate a tensile force in the direction of
movement. The actin cytoskeleton and integrin-depen-
dent protein complexes that anchor the actin to specific
sites on the cell membrane generate this force. Hikita
et al. [17] have demonstrated for example that secretion
of galectin-3 by epithelial cells is required for the correct
polymerization of ECM components such as hensin (a
glycoprotein responsible for the polarization of interca-
lated columnar epithelial cells). The present study shows
that the mRNA expression of a9 integrin was increased
in U87 cells expressing a reduced amount of galectin-1.
We are now investigating in detail how a9 integrin is in-
volved in galectin-1-related glioblastoma cell adhesive-
ness. It has recently been reported that galectin-3
knocking down expression induces an overexpression
of a6 integrin with increased cell motility in glioma cells
migrating on laminin [18].

Dynamic actin remodelling is also essential for inva-
sion. An association between a decrease in the pool of
fibrillar actin and a decrease in cell motility is not
uncommon and has been reported in tumor astrocytes
[19]. In the present study, the decreased cell motility of
U87 cells expressing a reduced amount of galectin-1
was paralleled by obvious disturbances in actin polymer-
ization without any detectable changes in the pool of
globular actin. The galectin-1-related re-organization
of the actin cytoskeleton has also been described for
T-cells [20] and tumor astrocytes [7]. The highly dynam-
ic remodelling of the actin cytoskeleton required for cell
motility is under the control of numerous actin-binding
proteins [21]. One of these is CapG, a member of the gel-
solin family that exclusively caps the barbed ends of ac-
tin filaments without the severing activity of gelsolin
[21]. CapG is a key controller in the regulation of actin
polymerization and cell motility [21]. The significant in-
crease in the expression of CapG in U87 cells deficient in
galectin-1 provides additional support for the view that
defects in the dynamics of actin polymerization/depoly-
merization have profound effects on cell motility and
adhesion. Indeed, increased levels of activated CapG
are expected to induce the increased capping of the
barbed ends of actin filaments, thereby causing net fila-
ment depolymerization and impairing actin-based motil-
ity [22].

Although microtubules do not directly contribute to
the generation of the forces that drive the cell move-
ments of most cell types, they are key partners in the
polarization of actin-based motility [23]. In U87 cells
deficient in galectin-1 we found that the mRNA of
the tubulin b5 isoform and the microtubule-associated
protein-2 (MAP-2) are both overexpressed as com-
pared to U87/wt cells. Particularly interesting is the in-
creased expression of microtubule-associated protein-2
(MAP-2), a member of the family of structural MAPs
that bind microtubules and is believed to play an
important part in the regulation of microtubule poly-
merization and stabilization [24]. By interacting with
the carboxy-terminus of tubulin, these MAPs stabilize
microtubules and cross-link them to actin [24]. It is
interesting to note that some tubulin isoforms are li-
gands for galectin-2 [25].

The present report also shows that the reduced
expression of galectin-1 in U87 glioblastoma cells brings
about an increased expression of cadherin-6, tetraspanin-
3, ADAM-15, and CD147 mRNAs. Interestingly, altera-
tions to E-cadherin glycosylation with subsequent
modifications to its interaction with lectins suppress lung
metastasis formation and are associated with a reduced
level of tyrosine phosphorylation of b-catenin (also listed
in Table 2) that may play a central role in cell motility
[26,27]. Numerous reports have described the role of
tetraspanins in both cell–cell and cell–ECM adhesion.
Although tetraspanins may have pro-migratory activi-
ties, most studies of this family of proteins have empha-
sized their negative effect on tumor cell motility and
invasiveness (for a review see [28]). The ADAM family
of membrane-anchorage glycoproteins encompasses a
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catalytically active metalloproteinase domain and a dis-
integrin domain (for a review see [29]) and may thus be
involved both in the proteolytic cleavage of cell-surface
proteins and in integrin-mediated cell adhesion (includ-
ing a9b1/ADAM-15 interactions) via RGD-dependent
and -independent binding [30].

In conclusion, this report points to several potential
mechanisms whereby the level of galectin-1 expression
affects glioblastoma malignancy either directly or indi-
rectly. The cDNA microarray unravelled a complex pat-
tern of related genes whose expression is enhanced in
galectin-1 deficient cells. These properties may result
from the multifunctionality of galectin-1 and are likely
to have a profound influence on the infiltration patterns
of malignant astrocytes.
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