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ABSTRACT 

Conventional drugs used in cancer therapy have extended the survival time of patients, however mortality has not significantly decreased. It 

is evident that there is a need to develop a new, more effective and less toxic compounds in cancer treatment. A promising new approach is 

based on the deciphering of biological information encoded in β-galactose-containing glycoconjugates and to find out the biological role(s) 
of carbohydrate binding proteins/galectins, which able to convert encoded information into biological and pathological reactions. Galectins 

can alter cellular interactions and have important roles in cell cycle, apoptosis and metastases. This review aimed to provide an overview on 

the potential advantages concerning understanding the mechanism of action of galectin-3 (gal-3) as a therapeutic agent for cancer. Galectin-
3 has been found to be upregulated in many types of cancer including colon, gastric, renal and non-small cell lung cancer. Results of several 

studies indicating that gal-3 plays a dynamic role in the tumorogenesis and metastatic process, and showing that blockers/inhibitors of gal-3 

could have important therapeutic potential in cancer. 
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ÖZET 

Kanser tedavisinde kullanılan konvesiyonel ilaçlar hastaların ömrünü uzatmakla birlikte ölüm oranları anlamlı düzeylerde azaltılabilmiş 

değildir. Günümüzde kanser tedavisinde kullanılmak üzere toksisitesi azaltılmış ve etkinliği artırılmış yeni ilaçların geliştirilmesinin 
gerekliliği ortadadır. Glikokonjugatların yapısında şifrelenmiş olan biyolojik bilgiyi çözmeye yönelik çalışmalar ile bu bilginin deşifre 

edilip biyolojik ve patalojik olaylarda kullanılmasına aracılık eden karbonhidrat bağlayan proteinlerin/galektinlerin üzerine yapılan 

çalışmalar ümit vermektedir. Galektinler hücreler arası etkileşimde, hücre siklusunda, apoptozisde ve metastazda rol oynamaktadırlar. Bu 
derlemenin amacı galektin-3’ün kanser tedavisinde hedef olarak seçilmesinin avantajının ne olabileceği ve bunun mekanizmasının 

anlaşılmasına yönelik genel bir bilginin verilmesi amaçlanmıştır. Kolon, mide, böbrek ve küçük hücreleri olmayan akciğer kanserlerinde 

galektin-3 sentezinin uyarıldığı görülmüştür. Çok sayıda çalışmadan elde edilen bulgular galektin-3’ün tümörogeneziste ve metastazda rol 
oynadığını göstermiştir. Kanser tedavisinde galektin-3 blokörlerinin/inhibitörlerinin kullanılma potansiyelinin yüksek olduğu görülmüştür. 

Anahtar kelimeler: Galektin-3; Kanser; İlaç; Karbonhidratlar. 
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INTRODUCTION 

Based on the widely held belief that carbohydrates 

are dull compounds and that they serve only as 

structural or protective materials (e.g., cellulose in 

plants and chitin in insects) and as an energy source 

(glycogen in animals), but lack any biological 

specificity, a long time proteins and carbohydrates 

were considered separate classes of natural products. 

However, there is expanding evidence that 

carbohydrates act as recognition determinants in 

different physiological and pathological processes [1-

11]. Following the realization that carbohydrates 

endowed with a huge potential for encoding 

biological information, researches conceived that 

carbohydrates can play an important role in different 

physiological and pathological processes [12,13]. 

Biological information encoded in the carbohydrate 

structures are deciphered through interactions with 

complementary sites on carbohydrate-binding 

proteins/lectins [14].  

Oligosaccharides present in human tissues are 

often linked to lipids or proteins. The resultant 

glycoconjugates are found within the cells, both in the 

cytoplasm and subcellular organelles, and in the cell 

membranes as well as in extracellular space [15]. 
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Oligosaccharides are to be encountered in the 

macromolecules, such as structural proteins, transport 

proteins, enzymes, hormones, immunoglobulins and 

cell adhesion molecules [15]. The biological role of 

these carbohydrate structures may include the 

modulation of the functional activity of a protein 

masking of such epitopes and the provision of ligands 

for specific binding sites that mediate cell-cell or cell-

matrix interactions. 

Alterations in the expression and localisation of 

O- and N-glycan chains of glycoproteins were 

detected in tumour cells. Branching and sialylation of 

N-glycans in cancerous tissues is proven, while O-

glycans are often truncated and sialylated [16-18]. 

The new branches come into existence in tumour cells 

provides attachment places for additional N-

acetyllactosamine (LacNAc) chains, sialic acid 

residues and other carbohydrate structures that may be 

in action in the cell adhesion or other biological 

processes and in the protection of the cancer cell 

surface, promoting survival in the blood stream and 

invasion of tissues [18,19]. Abnormal glycosylation 

patterns in colon cancer tissues are revealed. 

Likewise, changed carbohydrate activities in human 

colorectal polyps are reported. 

After realization that lectins have a gift to decipher 

the encoded biological information in the 

carbohydrate structures and they play numerous 

biologicals roles such as in cell growth and 

differentiation, in interactions of cells with their 

environment, and also in a variety of pathological 

processes, studies on lectins increased promptly. An 

expanding body of studies is focusing on biochemical 

properties and physiological roles of galectins.  

Galectins are carbohydrate binding proteins with 

15 different members. According to the structure of 

the carbohydrate recognition domain (CRD) galectins 

are divided into 3 subgroups: proto-type, tandem-

repeat type and chimera-type. Galectin-3 is the only 

galectin in the chimera-type. Galectins can be 

expressed by almost all cell types, however different 

cells usually express different type of galectins 

[20,21]. They are synthesized on cytoplasmic 

ribosomes and don’t cary any signal peptide to be 

targeted for classical ER/Golgi secretion pathway 

[21]. Galectins can be found virtually in all 

organelles, outside the cell, at the cell surface or in the 

extracellular matrix (ECM) [20]. Depend on the 

biological function of cells they can have ability to 

secrete galectins, strictly controlled during 

development, transformation or in health or disease. 

The localization of galectins can affect the role of 

these proteins. Actually intracellular or extracellular 

localization of galectins may have opposing effects. 

For example, while intracellular gal-3 protects cells 

from apoptosis extracellular gal-3, however induces 

cell death. 

Studies on galectins provided that galectins are 

involved in a wide variety of cellular processes that 

include pre mRNA splicing, cell growth regulation, 

cell adhesion, embryogenesis, inflammation, immune 

function, apoptosis, angiogenesis and tumor 

metastasis. Studies focused on the role of gal-3 in 

different malignancies revealed that expression of gal-

3 in the head, neck, gastric or anaplastic large cell 

lymphoma tumors, thyroid and central nervous system 

(CNS) tumors is up-regulated. Contrary to these 

statement expression of gal-3 is down-regulated in 

carcinomas of the uterus, breast and ovary. Based on 

the NWGR motif primarily associated with the C-

terminus of gal-3, this protein exhibits similarities 

with the anti-apoptotic protein Bcl-2. This anti-

apoptotic activity is abolished with a single amino 

acid substitution, such as glycine 182 to alanine 

[22,23]. 

GALECTIN-3 AS A MODULATOR OF 

CELLULAR PROSESSES 

Galectin-3 is a carbohydrate binding protein with 

a molecular weight about 29-35 kD showing binding 

specifity for galactose residues, particularly prefers to 

bind LacNAc structures. Galectin-3 is a unique 

chimera-type member of galectin family
 
containing 

three different structural domains such as an NH2-

terminal domain which contains a serine 

phosphorylation site, a collagen-like sequence and a 

COOH-terminal domain containing a single CRD 

with Asp-Trp-Gly-Arg amino acid motif (NWGR) 

responsible for the anti-apoptotic action of gal-3 [24-

30]. Galectin-3 participates in numerous biological 

processes like cell adhesion, cell activation, cell 

growth and differentiation, cell cycle, and apoptosis 

[31–34]. Like other galectins, gal-3 is present both 

inside and outside cells [35–37] and interacts with 

other intracellular and extracellular ligands. Main 

localization site of gal-3 is cytosol, however it can 

also passes membranes reaching the nucleus, 

mitochondria and the extracellular environment. 

Galectin-3 localized in the extracellular space has 

innumerous binding sites, mostly polylactosamine-

rich molecules in the ECM or on the cell surface. 

Through the binding to multivalent carbohydrates gal-

3 can form pentamers that modulate intracellular 

signaling cascade [34]. Extracellular gal-3 acts like an 

adhesion molecule by cross-linking neighboring cells 

or cells and ECM components. Due to these 

interactions with polylactosamine-rich molecules gal-

3 plays a key role in the extracellular modulation of 
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tumor progression [31]. Overexpression of gal-3 in 

various human solid tumors is well known fact.  

Protein glycosylation is to be seen almost in the all 

healthy tissues and it so widespread that nearly half of 

all known proteins in eukaryotes are being 

glycosylated. Oligosaccharide residues in proteins 

secreted or expressed on the cell surface or within the 

cell affect protein conformation, localization as well 

as its role playing in biological processes. Alterations 

in the carbohydrate residues of proteins may have 

relevant effects of the cell behavior and cell activity. 

Even a tiny aberration in glycosylation of proteins 

may have huge harmful effects on the physiological 

and pathological events, such as cell growth, 

migration, cell adhesion, endocytosis and tumor 

development and metastasis [31]. 

Galectin-3 present inside of the cells is mostly a 

monomeric soluble protein [31]. Interaction of gal-3 

with specific carbohydrate residues of glycoproteins 

or glycolipids leads binding of the other gal-3 

monomers via N-terminal domains to this complex 

establishing a pentameric structures. This multivalent 

complex consist of five gal-3 and their carbohydrate 

structures makes galectin–glycan clusters termed 

lattices cross-linked with carbohydrate-containing 

glycoproteins or glycolipids can modulate cell 

function [31]. 

In tumor progression, due to the alterations in 

some cancer cells they gain the ability to invade 

surrounding tissues and through blood or lymphatic 

vessels they can penetrate basement membranes and 

endothelial walls, son they can colonize in distant 

organs. This complex and dynamic process accounts 

for the majority of cancer-related deaths [38,39]. 

Based on the changes in proteins related in cell–cell 

and cell–matrix adhesions invasion and metastasis 

processes of cancer cells are quite complex event. 

Extracellular gal-3 seems to play a crucial role in 

these processes [31,38]. Several studies proved that in 

migration and invasion of cancer cells gal-3 

expression is up-regulated. Up-regulation of gal-3 

expression is detected especially in lung cancer, breast 

cancer, melanoma [31], gastric cancer [40], sarcoma 

[41], and in leukemia [31]. Interactions of adhesive 

molecules with ECM is crucial for cell migration [42]. 

To this end, it is proven that gal-3 interacts with ECM 

localized specific glycoproteins such as fibronectin, 

collagen IV, elastin, laminin, and hensin [31]. 

Growing and multiplying of tumor cells need 

continuous delivery of nutrients and oxygen. Delivery 

of these substances is requiring neovascularization or 

angiogenesis. Establishing new capillaries is a quite 

complex process demands activation of endothelial 

cells and migration of them. In this neovascularization 

process for the activation and migration of the 

endothelial cells gal-3 plays an important role. 

Galectin-3 increases motility of endothelial cells and 

to promote angiogenesis by interacting with integrins 

and other cell surface molecules.  

It is a well-known fact that diminishing of 

intercellular adhesions pav the way for tumor cells to 

invasion and metastasis. Binding of gal-3 to N-

cadherin destabilizes the cell–cell junctions, which 

might favor cell migration process. Interaction with 

cancer-associated transmembrane mucin protein 

(MUC1) and gal-3 increases tumor cell aggregation 

and survival. Studies performed showed that in a 

galectin-null sarcoma cell line adhesion of cancerous 

cells to laminin decreased remarkably.  

GALECTIN-3 INHIBITION AS A TOOL TO 

PREVENT TUMOR GROWTH AND 

METASTASIS 

It is proven that gal-3 is a oncogenic protein and 

plays crucial role on the regulation of cell growth, cell 

adhesion, cell proliferation, angiogenesis, and 

apoptosis. Intracellular gal-3 promotes malignant cell 

transformation by stimulating cell growth and 

inhibiting apoptosis [31]. Some studies reported that 

inhibition of gal-3 expression in certain human 

carcinoma cell lines resulted in the loss of the 

malignant cell phenotype and slower tumor growth. 

Galectin-3 promotes cell cycle progression by 

downregulating the expression of cyclin E and cyclin 

A and upregulating the expression of cell cycle 

inhibitors p21 and of cyclin D. Galectin-3 has a role 

in tumor progression by regulating apoptosis. It is 

shown that increased expression of intracellular gal-3 

in certain cancerous cells protected these cells from 

apoptosis. Galectin-3 maintains mitochondrial 

integrity and block release of pro-apoptotic factors, 

thereby preventing apoptotic cell death. Using 

anticancer drugs translocates gal-3 either from the 

cytosol or the nucleus to the mitochondria and blocks 

changes in the mitochondrial membrane potential. 

Inducing of translocation of gal-3 to mitochondria 

prevents apoptosis. 

Studies on the role of gal-3 in tumor growth and 

metastasis gave us a clue that tumor growth or 

dissemination of cancer cells throughout the body 

could be prevented by targeting gal-3. Galectin-3 

blockers that specifically inhibit this lectin are needed 

to be design and set as drugs. Numerous approaches 

could be taken to target gal-3 for therapeutic 

intention. Carbohydrate residues specific for gal-3 

could be taken as target molecules using 

peptidomimetics to block LacNAc structures or 

galactose residues. Once they are blocked by certain 

drugs, it is no more possible for gal-3 to act as a 
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mediator in cancer progression. In addition to the 

binding sites for gal-3, this carbohydrate binding 

protein itself could be taken as target molecule. 

Carbohydrate based compounds contains binding sites 

for gal-3 could be taken into consideration as a gal-3 

blockers. For example, intravenous injection of 

modified citrus pectin (MCP), gained by degradation 

of highly branched citrus pectin, into mice widely 

blocked melanoma cells metastasis to the lung. 

Furthermore, it is proven that MCP inhibits binding of 

melanoma cells to laminin and oral intake of MCP in 

mice inhibits tumor growth, angiogenesis and 

metastasis [42-46]. Furthermore, the thiodigalactoside 

diester Td131_1 has been revealed to be very specific 

molecule inhibits gal-3 effectively [47-49]. 

CONCLUSION 

The roles of gal-3 in human cancer are well 

known. Targeting the actions of galectins in the 

tissues of cancer patients may help to prevent cancer 

progression and attempts to cure cancer patient by 

targeting of gal-3 represent a promising therapeutic 

strategy for preventing cancer progression. Numerous 

inhibitors to target gal-3 can be isolated from natural 

products but also they can be synthesized chemically. 

Clinical outcomes of anti-Bcl-2 drugs in cancer 

therapy the best results for patients with cancer may 

be achieved by using gal-3 inhibitors such as MCP, 

thiodigalactoside diester Td131_1, with other 

anticancer drugs. 
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