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Glycosylation of biological macromolecules is a com-
mon posttranslational modification. But despite its ubiquity
not much is known about exact functions and mechanisms
of action of particular glycosylation types on proteins and
lipids. It is noted that glycosylation pattern changes during
development of some malignancies [5, 13, 17]. Some of
these changes were proposed for use in diagnostics of
cancer [11]. Functional significance of alterations in glyco-
sylation remains unknown. Role of glycosylation in cell
physiology becomes better understandable as molecules,
recognizing particular carbohydrate modifications, become
known and characterized. These proteins, which have bin-
ding sites for specific mono- or oligosaccharides, are named
lectins. Several lectins were studied in relation to cancer,
some plant lectins were shown to have antimetastatic ef-
fect [15]. There are many types of lectins with specificity to
different carbohydrates and distinct properties [12].

Galectins is the family of beta-galactoside binding lec-
tins [3]. They have common binding specificity to sugars
similar in structure to lactose and all share the same pro-
tein motif (galectin signature) in carbohydrate recognition
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Galectin-1 is a lectin with specificity for beta-galactosides. It is known to participate in cell adhesion, cell cycle
regulation, and apoptosis. Since it was found upregulated in some cancers the questions were raised whether it can be
used as tumor marker during cancer diagnostics and what is its function in tumor cells. Many types of malignancies
were studied for galectin-1 expression in comparison to normal cells. Together with this attempts were made to
explain galectin-1 function in tumors, keeping in mind already known role of galectin-1 in normal tissues. Accumulated
experimental data on galectin-1 expression in tumors, and its participation in tumor cells adhesion are reviewed.
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Ãàëåêòèí-1 � ëåêòèí, ñïåöèôè÷åñêè ñâÿçûâàþùèé áåòà-ãàëàêòîçèäû. Èçâåñòíî, ÷òî îí ïðèíèìàåò ó÷àñòèå â
ðåãóëÿöèè ïðîöåññîâ êëåòî÷íîé àäãåçèè, êëåòî÷íîãî öèêëà è àïîïòîçà. Â èññëåäîâàíèÿõ, â êîòîðûõ áûëî
óñòàíîâëåíî, ÷òî ãàëåêòèí-1 ñèëüíåå ýêñïðåññèðîâàí â íåêîòîðûõ ðàêîâûõ îïóõîëÿõ ïî ñðàâíåíèþ ñ íîðìàëüíûìè
êëåòêàìè, ðàññìàòðèâàëèñü âîïðîñû î åãî çíà÷èìîñòè êàê îïóõîëåâîãî ìàðêåðà è ðîëè â ðàêîâûõ êëåòêàõ.
Âìåñòå ñ ýòèì áûëè ïðåäïðèíÿòû ïîïûòêè îáúÿñíèòü ôóíêöèþ ãàëåêòèíà-1 â îïóõîëåâûõ êëåòêàõ, ïðèíèìàÿ
âî âíèìàíèå åãî ðîëü â íîðìàëüíûõ êëåòêàõ. Â ýòîì îáçîðå îáñóæäàåòñÿ èíôîðìàöèÿ îá ýêñïðåññèè ãàëåêòèíà-1
è åãî ðîëü â ðåãóëÿöèè àäãåçèè â îïóõîëÿõ.
Êëþ÷åâûå ñëîâà: ãàëåêòèí-1, ðàê, îïóõîëåâûé ìàðêåð, ëåêòèí, ãëèêîçèëèðîâàíèå.

domain (CRD). There are currently 14 members in this fami-
ly. They are divided in subfamilies according to their do-
main composition [20]. Galectin-1 belongs to a simplest
subfamily called prototype galectins. It consists of one CRD
and usually exists as homodimer. Galectin-1 is expressed
in many tissues and organs [24]. It has no signal peptide
and secreted in non classical way [19]. Secreted protein
can be utilized by producing cell or by other cells. Its small
size (14 kDa), absence of other domains in structure, and
bivalency (ability of one dimer to bind two carbohydrate
moieties) make it suitable for crosslinking of molecules bea-
ring beta-galactoside (Galβ1→4GlcNAcβ1) modifications.
Galectin-1 has been shown to participate in cell adhesion,
apoptosis, cell cycle regulation. Role of galectin-1 in dif-
ferent cell types is well reviewed [28, 29, 31]. Participation
in such important cellular processes as cell cycle regula-
tion, adhesion, and apoptosis makes galectin-1 possible
important molecule in development of cancer. Considering
changes in glycosylation pattern during tumor progression,
role of galectin-1 as one of the lectins recognizing these
modifications could be linked to these changes. Since its
discovery galectin-1 expression and function was studied
in many tumors. Purpose of this review is to summarize
accumulated experimental data on the expression of ga-
lectin-1 in tumors cells and its role in adhesion.

Galectin-1 expression in tumors. There are at-
tempts to link galectin-1 expression to tumor develop-
ment and metastasis in reports showing correlation of
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galectin-1 expression with occurrence and/or state of
some malignancies. In most of the cases expression of
galectin-1 is upregulated in cancer cells and/or in can-
cerous stroma. Galectin-1 expression is upregulated in
thyroid carcinoma-derived cell lines comparing to the
normal thyroid primary cultures and adenoma cells as
reported by Chiariotti et al. [8]. Xu et al. [39] showed that
high levels of galectin-1 were observed in all thyroid ma-
lignancies of epithelial origin in contrast to the normal thy-
roid tissue and benign thyroid adenomas. For human glio-
mas it was demonstrated that expression of galectin-1
correlates with malignant potential [40]. Three human glio-
ma types studied later showed galectin-1 expression in
all of them [30]. Astrocytic tumors only in this case showed
correlation of galectin-1 expression with a tumor grade. It
was also shown that galectin-1 is expressed in more in-
vasive parts of xenografted tumors [30]. Galectin-1 ex-
pression is increased significantly in advanced human
uterine adenocarcinoma cells compared with normal ad-
jacent endometrium [36]. Most high-grade bladder tu-
mors examined have highly increased galectin-1 mRNA
levels compared with normal bladder or low-grade tu-
mors [10]. Cells of intrahepatic cholangiocarcinoma (ICC)
express higher level of galectin-1 comparing to normal
intrahepatic bile duct cells and the level is correlated with
histological dedifferentiation of ICC. Galectin-1 is also de-
tected in cancerous stroma of ICC [33]. There are more
reports, which detected stromal expression of galectin-1
in tumors. Van den Brule et al. [35] showed that galectin-
1 is expressed by neighboring fibroblasts and accumu-
lated in stroma of the primary prostate carcinoma tissue
and it correlated with aggressiveness of the tumor. In colo-
rectal mucosa galectin-1 is predominantly a stromal pro-
duct and its overexpression is associated with the neo-
plastic progression of colorectal cancer [32]. In pancreat-
ic cancer immunoreactivity for galectin-1 was observed
in fibroblasts and extracellular matrix cells around the tu-
mor with no expression in normal pancreatic samples [4].

There are also contradicting reports on the presence
of galectin-1 in the same types of tumor. Distinct results
are shown in two studies of HNSCC [9, 16, 18]. In a
study of Gillenwater et al. [18] the expression pattern of
galectin-1 appears to be associated with degree of
squamous differentiation (it was detected in the basal
layer of normal adjacent mucosa, in connective tissue
stroma, and at the periphery of invasive tumor islands).
In opposite, study of Choufani et al. [9] showed that in-
dependently from the histological type, the epithelial tis-
sues in HNSCC have decreased extent of galectin-1
and galectin-1-reactive sites (examined in this case);
those patterns correlate significantly with an increased
level of clinically detectable HNSCC aggressiveness.
Human malignant lung epithelial cells A549 have been
also shown to express lower level of galectin-1 than
normal lung epithelial cells BEAS 2B [7]. There is an
interesting report on the examination of galectin-1 con-
tent in the sera of carcinoma patients comparing to that
in the sera of healthy individuals. The levels of soluble
galectin-1 were found to be decreased and the levels of
galectin-1-binding glycoconjugates � increased in

comparison with these indexes in the sera of healthy
donors [1].

Although the majority of the studies showes upregu-
lation of galectin-1 expression in tumors there are con-
tradicting reports and reports showing opposite effect.
The data is summarised in the Table.

Galectin-1 and tumor adhesion. The regulation of
cancer cells adhesion is known as one of the crucial points
in the development of the tumor. The ability of galectin-1
to regulate cell adhesion in the positive or negative ways
has been shown in a number of studies [18]. The exact
mechanism of regulation is not known although it is pro-
ven to be carbohydrate dependent [18]. Two possible
mechanism of galectin-1 function are shown in Figure.
For large cell lymphoma the positive regulation of tumor
cell adhesion has been shown; galectin-1 was present
on the surface of endothelial cells and partially mediated
the adhesion of RAW117-H10 large cell lymphoma cells
to liver microvessel endothelial cells [23]. The same posi-
tive effect was observed in human prostate carcinoma
cell lines transfected with galectin-1 [14]. Although over-
all binding was not enhanced, the kinetics of binding to
extracellular matrix proteins was accelerated. The inter-
action of galectin-1 with the tumor secreted antigen 90K
has been shown to contribute to the formation of multicell
aggregates of human melanoma cells [34].

For other tumors, the negative regulation of cell
adhesion was demonstrated. Study of the A121 ovari-
an carcinoma cell line showed that pretreatment of the
cells with galectin-1 inhibited their adhesion to extra-
cellular matrix [2]. Further study showed that pretreat-
ment of A121 human ovarian carcinoma cells with glu-
cosamine analogs influence glycoprotein biosynthesis,
alter the structure of the galectin-1 receptors, and in-
hibited the adhesion of human ovarian carcinoma cells
to polystyrene plates coated with polymerised human
splenic galectin-1 [38]. The same effect was observed
if polyclonal antibodies raised against molecules me-
diating the interactions were added [38].

Table. Galectin-1 expression in tumors and its influence on cancer cell 
growth and differentiation 

Galectin-1 effects on Type of cancer 
Adhesion Growth and 

proliferation 

Expression level 
compared to 
normal cells 

Large-cell lymphoma  + ns ns 
Prostate carcinoma  + ns ↑  
Melanoma +/- ns ns 
Ovarian carcinoma  - ns  
HNSCC ns - ↑↓  
Neuroblastoma  ns - ns 
Glioma (rat 9L)  ns + ns 
Glioma ns ns ↑→  
Thyroid carcinoma ns ns ↑  
Uterine adenocarcinoma  ns ns ↑  
Bladder tumors  ns ns ↑  
ICC ns ns ↑  
Colorectal carcinoma ns ns ↑  
Pancreatic carcinoma ns ns ↑  
Malignant lung epithelium  ns ns ↓  
+ Positive regulation; � negative regulation; ↑  upregulation of expression; 
↓  downregulation of expression; → no change of expression; ns � not 
studied. 
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There are studies that show association of galec-
tin-1 presence with the level of tumor aggressiveness.
Changes in aggressiveness of the tumor and the ability
of cancer cells to migrate most probably are related to
their adhesive properties. In primary prostate carcinoma
aggressiveness of the tumor is associated with the ac-
cumulation of galectin-1 in the stroma [35]. There are
two reports studying glioblastoma cells. Galectin-1 sti-
mulated glioblastoma cell migration in vitro and was ex-
pressed in more invasive parts of the tumor [6]. In hu-
man glioblastoma xenografts, galectin-1 was preferen-
tially expressed in the most invasive parts of the
xenografts [30]. The experiments revealed that galec-
tin-1 stimulates migration of U373 astrocytes in vitro [30].
One may suppose that in these cases negative and pos-
itive regulation of cell adhesion takes place depending
on interacting partner of the tumor cell and occure through
differential expression of galectin-1 and galectin-1 bin-
ding sites on different cell types and extracellular matrix.

Concluding remarks. Galectin-1 was shown to be-
long to the proteins upregulated in tumors and thus, may
be used as a tumor marker. In the majority of the malig-
nancies examined, galectin-1 is found to be overex-
pressed in cancer cells. Several studies link galectin-1
overexpression to the level of tumor aggressiveness. The
attempts to explain galectin-1 function in cancer cells lead
to controversial results. The most obvious role of galec-
tin-1 in development of tumor could be its participation in

cancer cell adhesion. The studies performed show that it
can be both positive and negative regulator of tumor cell
adhesion but do not clearly indicate the exact mecha-
nism of such regulation. At the same time, galectin-1 was
shown to be involved in the regulation of cell cycle in cer-
tain cell types [37]. Although there are just few studies on
cell cycle regulation by galectin-1 in tumors, they show
that galectin-1 has opposite effects in different tumors
[21, 22, 27]. It is reported also that galectin-1 may induce
apoptosis in activated lymphocytes and may serve as a
shield protecting tumor from the immune response [25].
Very few studies examined galectin-1 expression and
function simultaneously with the research of  galectin-1
binding glycoconjugates in the tumor and neighboring cells
[1, 5]. Also, the role of individual glycoproteins or glycolipids
able to bind galectin-1 is poorly studied yet [26].

The fact that galectin-1 is a lectin with specificity to
a certain type of beta-galactosides makes it potential-
ly highly universal in terms of ability to participate in
different physiological processes. Simultaneous ex-
pression of galectin-1 ligands on different cell compo-
nents (proteins or lipids) and galectin-1 expression
could regulate multiple functions of cells.

The results of functional studies reviewed here could
be explained by differential expression of galectin-1
binding sites in the cells. Binding to different proteins
with proper posttranslational modifications intracellu-
larly or on cell surface, galectin-1 may modulate dif-
ferent signaling pathways. Further studies will clearify
the exact functions of galectin-1 in cancer cells and
prove its role as a potential tumor marker.
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