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What do genes offer?

30.000       chimpanzee

30.000                    mouse

13.000                            fly

19.000                      worm

30.000 human

 number of genes                                   genetic similarity     

99% similarity to humans

70% similarity to humans

60% similarity to humans

20% similarity to humans

99.9% similarity between humans



„New biologies”

Non-coding DNA

Epigenetics

“RNAs”

Posttranslational modifications...



Scientific Reports 1,90  
doi:10.1038/srep00090
13 September 2011 

PTMs Greatly Expand Chemical Diversity of the Genetic Code:

*  

*  

*  

*  

Source: Public Domain: Wikipedia

“50% of all proteins are glycosylated”
Apweiler et al. Biochim. Biophys. Acta, Gen. Subj. 1473, 4–8 (1999). 

Percentage glycosylated is much higher, if you include O-GlcNAc!

Proteome-wide post-translational 
modification statistics: frequency analysis 
and curation of the swiss-prot database

Phosphorylation is not the most common PTM!



We still live in a 
“Protein and Nucleic 
Acid Centric World”

The molecular 
building blocks 
of life

Glycans are one of four 
principal components of a cell!

There are 68 molecules that contribute to the synthesis 
and primary structures of the four fundamental 
macromolecular and structural components of all cells 
including the - NA, proteins, glycans, and lipids.
Glycans derive initially from 34, and possibly more, 
saccharides used in the enzymatic process of 
glycosylation and are often attached to proteins and 
lipids, although some exist as independent 
macromolecules



The cell membrane

WRONG



Plasma membranes are covered with glycoconjugates

cytosolGlu



Cell surface glycans serve as points of attachment for 
other cells, bacteria, viruses, toxins, hormons, etc.

Zeng X. et al., 2012, Anal. Bioanal. Chem.Zaia J, 2011, Nature Met.



Glycoconjugates



Glycans are encrypted throughout the genome 

10% of the mammalian 
genome encodes 
proteins that produce 
and modify glycan 
structures



GLYCOSYLATION GLYCATION
• complex, highly specific and strictly regulated

co-translational process
• covalent bonding of complex sugar structures

on proteins and lipids 
• occurs in ER and Golgi apparatus
• mediated by enzymes and transporters
• numerous important physiological roles

• random mechanism
• the reducing ends of free sugars (glucose, 

fructose, galactose) covalently attach to 
proteins, creating glycated products

• occurs in the bloodstream
• impairs protein function and stability
• consequence of diabetes mellitus



Revised dogma of molecular biology

 glycan structures are characteristic 
for each cell, tissue, organism 
(GLYCOME)

 there is no template for glycan 
synthesis

 gycan structure depends on 
enzyme expression and activity, 
substrate specificity and availability 
of the precursors

DNA RNA Protein Enzyme

Glycan

LipidOrganism

Cell Glycoconjugate



Sources of glycan diversity
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1. Monosaccharide sequence

2. Glycosidic bond position

3. Anomeric configuration
(α or β) of glycosidic linkage

4. Number of branching points

5. Position of branching

pentamer ABCDE       nuber of isomers

oligosaccharides 2 144 640

oligopeptides 120



At least 2000 different glycan determinants are 
being attached to polypeptide backbones

Glycoproteome is several orders of 
magnitude more complex than the 

proteome



Problems in glycome solving

• Complex, unlinear structures

• There’s no template for their synthesis

• “Assembly-line” system, which includes hundreds of gene products

• Numerous glycosylation sites on which different glycans are attached

• Specific cell, tissue, organ glycosylation patterns, dependent on the state 

and the activity of the system

• There is no why to synthesize lager amount of glycans in vitro

• It is not possible to change specific glycan/glycoconjugate

• Lack of specific, sensitive and user-friendly techniques for glycan analysis



Plasma N-glycans separated by HILIC-UPLC

Gordan Lauc’s group / University of Zagreb Faculty of Pharmacy and Biochemistry



Changes in plasma N-glycom and/or IgG glycosylation

• Aging

• Acute systemic inflammation

• Higher risk of type 2 diabetes

• Features of Inflammatory Bowel Diseases

• higher risk for future diagnosis of rheumatoid arthritis 

• Major depressive disorder symptom severity and the antidepressant response

• Colorectal cancer (prognosis)

• HIV persistence during antiretroviral therapy

• Chronic obstructive pulmonary disease (COPD)

• N-glycans discriminate HNF1A-MODY (Maturity onset diabetes of the young) 

from other subtypes of diabetes

• …



Cell surface glycans serve as points of attachment for 
other cells, bacteria, viruses, toxins, hormons, etc.

Zeng X. et al., 2012, Anal. Bioanal. Chem.Zaia J, 2011, Nature Met.



LECTINS
- physiological receptors of glycoconjugates

interaction of galectin-3 CRD and βGal14βGlcNAc12αMan13(βGal14βGlcNAc12αMan16)βMan14GlcNAc

- “interpreters” of biological informations stored in 
oligosaccharide structures of glycans

– cell-cell interactions

– infection

– immune reactions

– metastasis formation



Galectins

CRD – Carbohydrate Recognition Domain (that specifically recognises -galactoside structures)

de Jong ZGHM et al, 2019, Cell Mol Life Sci

Cleavage sites (MMPs & PSA)

Short N-terminal domain; 
phosphorylation

9 collagen-like
repeat units

Ability of aggregation
via the N-terminal tail, the CRD, or both



• One of 15 galectin family members                                  

• Monomer, Mr 26200-30300, 249 aa

• N-terminal and 9 rich Gly/Pro (collagen-like) domain

• C-terminal carbohydrate binding domain

• Preferentially binds poly-LacNAc chains 

• LGALS3 gene (chromosome 14, locus q21-q22, 17 kb, 6 exons, 5 introns)

• Present in almost all cellular compartments depending on cell type and 

in extracellular space 

Galectin-3

lactose

N-terminal  
domain

(Hughes, 2001)

β1,6

n



Galectin-3: A protein of 1001 function

Dumić J et al, 2006, BBA Gen Subj

Intracellular functions of galectin-3 Extracellular functions of galectin-3



The role of Gal-3 in cell apoptosis, adhesion, migration, 
angiogenesis and inflammation

Anti-apoptosis Pro-apoptosis

apoptosis

Gal-3inflammation Adhesion/migration

angiogenesis

VE-cad ↑
IL-8 ↑
VM ↑

EGR-1 ↓

L-selec�n ↓
ERK 1/2 ↑

IL-8 ↑
Monocytes activation

PKC-dependent pathway

VCAM -1 ↑ 
Eosinophils trafficking

Th1/Th2 balance

Bcl-2 sequence similarity
Cystein protease ↓

Cytochrom c ↑ 
Caspase-3 ↑

Mitochondrial apoptosis ↑
ABC transporters ↓

ABC, ATP-binding cassette; EGR-1, early growth response-1; PKC, 
protein kinase C; VCAM-1, vascular cell adhesion molecule-1; VE-
cad, vascular endothelial-cadherin; VM, vasculogenic mimicryadopted from Li L.-Ch. et al, 2014, J Pharmacol Exp Ther



Dumić J et al. 2006, BBA Gen Subj

Galectin-3 in inflamation

• Gal-3 - a regulatory 
molecule acting at 
various stages along the 
continuum from acute 
inflammation to chronic 
inflammation and tissue 
fibrogenesis





• EXPRESSION OF GAL-3 IS REGULATED BY TRANSCRIPTION 
FACTORS NF-B & AP-1

• LGALS3 (GAL-3 GENE) IS AN EARLY IMMEDIATE GENE

• GAL-3 IS INVOLVED IN ACTIVATION OF BOTH ALTERNATIVELY
(M2) AND CLASICALLY (M1) ACTIVATED M

• MORE PRONOUNCED EXPRESSION IN M2c THAN IN M2a 
suggested ITS IMPORTANCE IN TISSUE REMODELING

Ruđer Novak



The profibrotic network of Gal-3 
secreted by macrophages and fibroblasts in tissue fibrosis

tissue
fibrosis

CXC chemokine

TNF-α

IL-4, IL-8

inflammation

ECM adhesion

TGF-β

stress, injury

fibroblasts

myofibroblasts
(α-SMA)

fibroblasts

macrophages

Gal-3

collagens

tissue injury

adapted from Li L.-ch. et al., 2014, J Pharmacol Exp Ther



Gal-3 is a critical participant in patogenesis of many
inflammatory, fibrotic and neoplastic diseases

Secreted in small amounts
normally by a number of cells
predominantly by macrophages

secreted Gal-3

Bind to cell surface and
matrix glycoconjugates
• Modulate cell 

signalling
• Promote cell-cell 

interactions
• Promote cell-matrix 

interactions

Markedly increased in
• Inflammation
• Fibrosis
• Cancer 

GALECTIN-3
PROMOTES

PATHOLOGY 

It is most prominent
galectin secreted in disease



Girard A & Magngiani JL, 2018 Trends Glycosci & Glycotech

Clinical trials targeting Gal-3



• First publication on Mac-2 in 1982 (Ho MK, Springer TA. J Immunol. 1982 Mar;128(3):1221-8)

• Until 1994 when the new nomenclature introduced (galectins) <100 scientific papers

• 1994 – 2019 – 3891 papers in PubMed

• 1994 – 2009 – 602 papers in PubMed

• In 2018 – 394 papers in PubMed

• In 2019 – 329 papers in PubMed
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Galectin-3 - a biomarker of cardiovascular diseases, risk 
stratification, evaluation of therapy response and predictor 
of short-term and long-term prognosis

• 30-50% of heart failure patients have an 
inherently progressive form of the disease 
mediated by high levels of Gal-3

• measuring Gal-3 can provide information to 
optimize patient care decisions

• in 2013 the American College of Cardiology 
Foundation and the American Heart Association 
Guideline for the Management of Heart Failure 
recognized the role of Gal-3 testing

http://www.biomerieux-diagnostics.com/heart-failure



Galectin-3 levels & associated risks

McCullough PA et al, 2011, Rev Cardiovasc Med.



• First publication on Mac-2 in 1982 (Ho MK, Springer TA. J Immunol. 1982 Mar;128(3):1221-8)

• Until 1994 when the new nomenclature introduced (galectins) <100 scientific papers

• 1994 – 2019 – 3891 papers in PubMed

• 1994 – 2009 – 602 papers in PubMed

• In 2018 – 394 papers in PubMed

• In 2019 – 329 papers in PubMed
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Fibrotic remodelling in the heart

• cardiac remodelling - one of the main 
components of heart failure (HF)

• immune cells are recruited to the 
myocardium after acute or chronic 
damage or with age

• normal cardiac aging is characterized by morphological and structural changes that 
increase cardiomyocyte size, increased number of apoptosis with decreased number in 
myocytes, increased collagen deposi�on, and func�onal changes at cellular level → 
fibrotic remodelling



Galectin-3 in heart failure 

Ibrahim NE et al, 2016, Circulation: Heart Failure

• Gal-3 is released in the 
myocardium, via a paracrine 
effect, stimulating proliferation 
of myofibroblasts and 
procollagen-1 deposition



Deep and detailed understanding of molecular processes 
is prerequisite for revealing biological role(s) of Gal-3 
and its (re)evaluation as a biomarker and drug target


