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Abstract
Increased concentrations of free circulating galectin-3 
are commonly seen in the blood circulation of patients 
with many types of cancers including colorectal cancer. 
Recent studies have shown that changes in circulating 
galectin-3 levels in cancer patients may contribute 
significantly to the metastatic spread of disseminating 
cancer cells by enhancing their ability to adhere to blood 
vessel endothelium and by helping their avoidance of 
immune surveillance. Thus, targeting the galectin-3 
actions in the circulation may hold significant promise 
for future development of novel therapeutic agents to 
prevent metastasis and reduce cancer-associated fatality. 
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INTRODUCTION
Galectin-3 is a galactoside-binding, small molecular weight 
(about 30 kDa) protein that is expressed in many types of  
human cells, in particular epithelial and immune cells. As a 
multi-functional protein with multiple cellular localizations, 
galectin-3 is over-expressed and abnormally localized in 
many types of  human cancers and has attracted significant 
interest in cancer research over the past decades[1,2].

CELL-ASSOCIATED GALECTIN-3
Many earlier investigations were focused on the expression 
and roles of  the cell-associated form of  galectin-3. 
Galectin-3 is synthesized in the cytoplasm as a cytosolic 
protein but can be transported to multiple subcellular 
localizations in the cell nucleus, to the cell surface or can 
be secreted to the outside of  cells. Cytoplasmic galectin-3 
functions as an apoptosis inhibitor by suppressing mito
chondrial depolarization and preventing the release of  
cytochrome C[3], while nuclear galectin-3 acts as a mRNA 
splicing promoter[4], and in contrast to cytoplasmic gale
ctin-3, has pro-apoptotic activity[5]. Loss of  galectin-3 
nuclear localization and its accumulation in the cytoplasm 
is commonly seen in many types of  human cancers, inclu
ding colorectal[6,7], prostate[8] and tongue carcinoma[9]. 
Change in galectin-3 localization from the nuclei to the 
cytoplasm closely correlates with tumour progression.  
In vitro studies have shown that accumulation of  galectin-3 in 
the cytoplasm by stable galectin-3 gene transfection increases 
cancer cell invasion and promotes tumour angiogenesis[5].
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Cell surface-associated extracellular galectin-3 interacts 
with basement matrix glycans (e.g. laminin and fibronectin) 
and promotes tumour cell release from the primary 
tumour sites by increasing tumour cell adhesion and 
invasion[2]. Over expression of  the cell surface-associated 
galectin-3 in epithelial cancer cells increases the interaction 
of  cancer cells with galactoside-terminated glycans 
expressed on the surface of  adjacent cells and promotes 
cancer cell homotypic aggregation and heterotypic 
adhesion to endothelium in cancer cell haematogenous 
dissemination[10,11]. The cell surface-associated galectin-3 
has also been shown to be required in stabilization of  
epithelial-endothelial interaction networks during cancer 
cell extravasation[12]. Suppression of  galectin-3 expression 
in melanoma cells reduces tumour cell invasiveness and 
capacity to form tube-like structures on collagen[13], while 
suppression of  galectin-3 expression in metastatic human 
colon[14] and breast[9] cancer cells before inoculation of  
the cells into nude mice results in significant reduction of  
tumour growth and metastasis. 

CIRCULATING GALECTIN-3 IN THE 
BLOODSTREAM
Galectin-3 is also found in the bloodstream. While little 
is known of  a physiological role for free galectin-3 in the 
circulation of  healthy people, recent investigations have 
shown that the concentrations of  circulating galectin-3 
is significantly increased in the bloodstream of  cancer 
patients. For example, up to 5-fold increase of  galectin-3 
concentration was reported in the sera of  patients with 
colorectal cancer[15]. Compared to healthy people, galectin-3 
concentration was also significantly higher in the serum of  
patients with breast, lung[15], head and neck[16] cancers and 
melanoma[17]. Furthermore, patients with metastatic disease 
have higher concentrations of  circulating galectin-3 than 
those with localized tumours. The source of  increased 
serum galectin-3 in cancer patients remains unknown but 
has been speculated to be generated by the tumour cells as 
well as the peri-tumoral inflammatory and stromal cells[15].

Recently, it has been revealed that introduction of  
recombinant galectin-3 at pathologically-relevant circulating 
galectin-3 concentrations induces a significant increase of  
cancer (such as colon and breast cancer and melanoma) cell 
adhesion to both macro- and micro-vascular endothelial 
cells in vitro under static as well as fluid flow conditions[18]. 
These effects of  galectin-3 are thought to be related to 
the binding of  galectin-3 to the Thomson-Friedenreich 
carbohydrate (galactose β1, 3N-acetylgalactosamine-, TF) 
antigen expressed by the transmembrane mucin protein 
MUC1[19].

The TF antigen is the core 1 structure of  O-linked 
mucin type glycans. Unsubstituted TF antigen does not 
appear in normal epithelial cells but is found in over 
90% of  all types of  human cancer cells studied[20]. The 
increased expression of  TF antigen is one of  the most 
common glycosylation alterations in human cancer. The 

transmembrane mucin protein MUC1 is a large and hea
vily glycosylated (up to 50% of  the molecular weight) 
protein that is over-expressed (up to 10-fold) and is 
aberrantly glycosylated in most epithelial cancer cells[21]. 
It is one of  the major cell surface glycoproteins that carry 
the unsubstituted TF antigen in gastric and colorectal 
adenocarcinomas[22,23]. The increased occurrence of  TF 
antigen and the increased expression of  MUC1 are each 
independently associated with high metastatic potential 
and poor prognosis in several types of  human cancers, 
including colorectal and breast cancers[24,25].

Earlier investigations have shown that MUC1 protrudes 
over 10 times higher from the cell surface than the typical 
cell surface adhesion molecules[26] and promotes tumour 
cell release from the primary tumour sites by inhibiting 
E-Cadherin-mediated cell-cell and integrin-mediated 
cancer-matrix interactions[27,28]. It has recently been shown 
that the huge size and length of  MUC1 form a protective 
shield around the cell surface and prevent adhesion of  
cancer cells to endothelial cells[18]. Binding of  galectin-3 to 
cancer-associated MUC1 breaks up the protective shield 
of  MUC1 by causing MUC1 cell surface polarization and 
the subsequent exposure of  the cell adhesion molecules, 
including CD44 and ligand(s) to endothelial-associated 
E-selectin, which results in adhesion of  the cancer cells to 
endothelial cells. As is the increased expression of  MUC1 
by cancer cells, the increased expression of  the galectin-3-
ligand TF antigen by cancer-associated MUC1 and increased 
circulation of  galectin-3 are all common features in cancer. 
It is most likely that an increased interaction between 
circulating galectin-3 and cancer-associated MUC1 in the 
bloodstream of  cancer patients enhances disseminating 
cancer cell adhesion to the blood vessel endothelium, 
which then promotes cancer cell haematogenous spread 
to remote metastasis sites. This is supported by the in vivo 
experimental metastasis assays that showed pre-treatment 
of  the MUC1 positively-, but not negatively-, transfected 
human melanoma cells with recombinant galectin-3 before 
inoculation of  the cells into immune deficient mice causes 
significant reduction of  metastasis-associated animal 
survival[18].

Free circulating galectin-3 may also be involved in 
the regulation of  T cell activity and may play a role in 
the inhibition of  anti-tumour immunity[29]. T cells play a 
critical role in cancer immune surveillance for the control 
and destruction of  tumour cells[30]. Cell surface binding 
of  soluble galectin-3 has been shown to activate tumour-
reactive T cells to produce immunosuppressive cytokines 
(e.g. IFNγ) and to induce T cell apoptosis. Interestingly, 
these effects of  galectin-3 are seen to occur only in tumour-
experienced but not naïve T cells, indicating that initial T 
cell receptor activation may induce changes in cell surface 
glycosylation in antigen-experienced T cells that make 
such T cells more sensitive to galectin-3 binding and 
activation. The concentrations of  soluble galectin-3 for 
T cell activation and apoptosis induction in these studies 
usually occur at ≥ 25 μg/mL, which are much higher than 
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the concentrations of  the circulating galectin-3 in cancer 
patients. However, cell surface binding of  galectin-3 often 
induces clustering of  the cell surface receptors[19,31,32]. 
There is evidence that clustering of  galectin-3 receptors 
could enhance the galectin-3 binding affinity by as much as 
10 000-fold[33]. Thus, it is possible that a higher galectin-3 
concentration could be achieved at a local galectin-3 binding 
site/microenvironment in the circulation that would allow 
galectin-3 to drive tumour-reactive T cell activation and 
apoptosis and, therefore, help the avoidance of  tumour cell 
destruction by immune surveillance. 

CONCLUSION
Recent investigations have demonstrated that increased 
levels of  free circulating galectin-3 in the blood circulation 
of  cancer patients may play an important role in promoting 
disseminating cancer cell survival and haematogenous 
spread to remote tumour sites. This implies that targeting 
the actions of  circulating galectin-3 in the blood circulation 
may have significant implications for the development of  
novel therapeutic agents to prevent metastasis and reduce 
cancer-associated high fatality. 
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