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Eficient patient stratification is the holy 
grail of precision medicine
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Despite technical success, the Human Genome 
Project did not fulfill expectations of both 

general and scientific public
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Genes do not define everything

Only 20% of longevity and 30% of
most complex diseases is genetic
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Genetic polymorphisms are very far away 
from the phenotype

Dumas, Mol Biosystems, 20��
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Glycans are important structural 
component of nearly all proteins
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2012: US National Academies

• �glycans are directly involved in the 
pathophysiology of every major disease�

• �additional knowledge from glycoscience will be 
needed to realize the goals of personalized 
medicine and to take advantage of the 
substantial investments in human genome and 
proteome research and its impact on human 
health”

Walt et al, National Academies Press, 2012
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Glycan analysis is very complex
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LUMC
NIBRT

Genos

MPI

High-throughput glycomics is globally deficient

Beijing
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NIH office for Strategic Coordination launched The 
Common Fund programme for glycoscience
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With over 100,000 
analysed samples

Genos is the global 
leader in high-

throughput
glycomics

* Analysed 
in NIBRT

Cohort Plasma glycome IgG Glycome
10001 Dalmatian 2,000 5,000
Orcades 2,000* 3,000
TwinsUK 4,000 4,500
KORA - 2,000
SABRE 2,000 -
EPIC 3,500 3,500
Global population study - 2,700
FINNRISK - 1,200
Estonian biobank - 1,300
China 1,000 2,000
CRC 2,000 2,000
IBD 3,000 5,700
SLE - 1,200
Type 1 Diabetes 3,000 1,000
Type 2 Diabetes 3,000 4,000
Down syndrome - 800
Low back pain 6,000 2000
PTSD 600 600

Total 33,100 42,500
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Mining the gold from big glycomics datasets
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Glycomics is becoming a mainstream science
High-impact papers in

2017- 2019
IF RANK

Suchre et al, Nature
Communications 8:14357

12.4 3/64

Shen et al, Nature 
Communications 8:447

12.4 3/64

Benedetti et al, Nature 
Communications 8:1483

12.4 3/64

Lauc et al, Nature 
Communications 9:2916

12.4 3/64

Bermingham et al, Diabetes 
Care, 41:79-87

13.4 5/143

Juszczak et al, Diabetes 
Care, dc180422

13.4 5/143

Menni et al, Circulation
Research, 117.312174

14.0 1/70

High-impact papers in
2017 - 2019

IF RANK

Krištić et al, Nature Chemical
Biology, 14:516.

15.1 5/290

Šimurina et al, 
Gastroenterology, 154:1320

20.8 1/80

Clerc, Gastroenterology, 
155:829-843

20.8 1/80

Monaghan, Gastroenterology, 
published online

20.8 1/80

Josipović et al, Nucl Acid 
Res, published online

11.1 14/298

Klarić et al, Science 
Advances, in press

12.8 4/69

Peng et al, Circulation, 
published online

23.1 1/65
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Glycome composition differs significantly between 
individuals

Lauc et al, Front Genet, 2014
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Levels of individual glycans in the IgG glycome 
are heritable between 30% and 80%

Menni et al, PLoS ONE, 2013

Craig Gibson
www.gibbers.co.uk

Prof. Tim 
Spector
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IgG glycans are chemical structures that are being
inherited as complex traits

Krištić et al, Nat Chem Biol, 2018

Prof Grant 
Morahan
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Lauc et al, Nature Precedings, 2009

Genome-wide association (GWA) studies can 
be used to map genes involved in glycosylation
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The first GWAS study of human glycome 
identified HNF1A as a master regulator of 

plasma protein fucosylation

Lauc et al, PLoS Genetics, ����

Ana Mužinić
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Mutations in HNF1A cause Maturity Onset Diabetes 
of the Young (HNF1A-MODY)

Latent 
Autoimmune 
Diabetes in 

Adults

Mitochondrial 
mutation

Hepatocyte 
Nuclear Factor-
1a mutation

Other

Severe Insulin 
resistanceGlucokinase 

mutation

Type 1

Type 2
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Antennary fucosylation of plasma proteins is 
a robust biomarker for HNF1A-MODY

Thanabalasingham et al, Diabetes, 2013

Mislav Novokmet

Juszczak et al, Diabetes Care, 2018

Prof. Mark
McCarthy

Prof. Olga Gornik
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Glycans are active participants in the development of 
diabetes

INSULIN SECRETION

MGAT 4A

4 REGULATORY CpG

INSULIN SECRETION

4 REGULATORY 

ION TRANSPORT

ION TRANSPORT

INSULIN SECRETION

MGAT4A TRANSLATION

HNF1A REGULATED 
MGAT4A TRANSCRIPTION

HNF1A HNF1A
TRANSLATION

HNF1A TRANSCRIPTION4 REGULATORY CpG SITES IN HNF1A

Glucose uptake
GSIS

FOXA2

Ohtsubo et al. 2011 Nature Med

GLUT2

Improper glycosylation affects membrane half-life of glucose transporters

21
www.genos-glyco.comGENOS UNI-ZG

Hyposialylated IgG (S component of the GlycanAge) 
promotes obesity-induced insulin resistance

INSULIN SECRETION

MGAT 4A

4 REGULATORY CpG

INSULIN SECRETION

4 REGULATORY 

ION TRANSPORT
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Plasma glycome can 
predict development of 
type 2 diabetes in some 

individuals
Finrisk

Orkney SABRE

Keser et al, Diabetologia, 2017
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Glycans predict T2D in a prospective cohort
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T2D – predictive performance
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Plasma glycome is a very good predictor for 
hyperglycemia in acute disease

Keser et al, Diabetologia, 2017
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DiabRisk test is starting large intervention trial in China

Keser et al, Diabetologia, 2017
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Glycan biomarkes in prediction of diabetes

• Changes in the glycome (the DiabRisk® test) are
visible several years before any other symptoms
• elevated blood glucose of HbA1c

• Apparently only a subgroup of future diabetes
patients (~20%) have this risk factor
• Altered glycans are not only a biomarker, but active

effector in disease development
• We need a new clasification of diabetes

• Ongoing clinical trials to see whether this risk is
preventable by lifestyle or pharmacological
interventions Keser et al

Diabetologia, 2017
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IgG glycosylation is functionally important

Garber K, 
Nature Biotechnology, 2018
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Regulation of IgG glycosylation is very complex

Lauc, Plos Genet, 2013
Shen, Nat Comm, 2017

Wahl, Front Immunol, 2018
Sharapov, Hum Mol Genet, 2019

Klaric, Science Advances, 2019

Prof. Yurii 
Aulchenko

Lucija Klarić

Dr. Christian 
Gieger

Annika Wahl
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Genes that 
govern IgG 

glycosylation 
show 

pleiotropy 
with multiple 
diseases and 

traits

94 different phenotypes 
have at least one SNP in 
common

Size of letters depends on  
number of SNPs in common

Klarić et al, Science Advances, 2019
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Alternative glycosylation is analogous to coding 
mutations

Subedi and Barb, 
Structure, 2015
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Changes in IgG 
glycosylation associate 

with numerous diseases

Gudelj et al, Cellular Immunology, 2018

Ivan Gudelj Marija Pezer
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Immunosuppresive potential of IgG 
is decreased in IBD patients

A) UC from controls
(Italy)

B) CD from controls
(Italy)

C) UC from CD (Italy)
D) UC from controls

(USA)
E) CD from controls

(USA)
F) UC from CD (USA)

Šimurina et al, Gastroenterology, 2018

Vito 
Annese

Dermot 
McGovern

Manfred 
Wuhrer

Jack
Satsangi
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Are glycosylation changes in a disease a 
cause or a consequence?
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IgG glycosylation changes in RA are 
present years before diagnosis

Gudelj et al, BBA Mol Bas Dis, 2018
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IgG glycome associates with hypertension

Prof. Wei 
Wang

Yu et al, Medicine, 2016
Gao et al, OMICS, 2017
Liu et al, J Hum 
Hypertension, 2018
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IgG glycome strongly associates with 
cardiovascular disease risk score

Prof. Tim 
Spector

Menni et al
Circulation Res, 

2018

Prof. Jim 
Wilson
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Glycans predict CVD events in a prospective cohort
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CVD – predictive performance
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IgG glycosylation may be a functional 
effector in the development of hypertension

Sundgren et al
Hypertension, 2015
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ManNAc-induced sialylation of IgG seems 
to prevent hypertension in obese mice

Peng et al
Circulation, 2019
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Age is a very strong confounder for IgG glycome

Jasminka
Krištić

Toma Keser

Frano
Vučković

Kristic et al, J Gerontol, 2014
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IgG glycome composition is an excellent 
biomarker of chronological and biological age 

Kristić et al, 
J Gerontol, 2014

Gudelj et al, 
Int J leg Med, 2015

Jasminka
Krištić

Ivan Gudelj
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After correcting for chronological age, glycan age 
index associates with “unhealthy” life

Kristic et al, J Gerontol, 2014
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Galactosylation of IgG strongly associates with expected 
lifespan and the “Human Development Index”
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27 populations, 100 individuals from each
– As wide as possible age span
– Fully randomised accross 32 96-well plates
– IgG Fc glycosylation analyses on glycopeptide level by LC-MS
• Separate data for IgG1, IgG2+3 and IgG4

Jerko Štambuk

Stambuk et al,
BioRxiv, 2018
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Changes of IgG glycome in many diseases resemble ageing

Lauc G, BBA, 2016
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Many diseases can be prevented by early interventions

Schultze, Immunity, 2018
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What contributes to the dynamics of 
changes in the biological age?

Genes

Epigenetics

Environment

Biological age
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How can I change my biological age?

Diet

Physical …Stress

Sleep

Factors contributing to 
biological age of person A

DietPhysical …

Stress

Sleep

Factors contributing to 
biological age of person B
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GlycanAge test is available commercially

www.glycanage.com
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How can we change our glycans?

Central adiposity seems to drive 
proinflammatory potential of IgG
Russel at al, Immunobiology, 2018

One patient improved for over 30 
GlycanAge years in 6 months after 

bariatric surgery 
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Lifestyle interventions can change IgG 
glycome composition even in older adults

Prof. Eline 
Slagboom

53
www.genos-glyco.comGENOS UNI-ZG

Intensive excersize makes IgG glycome more pro-
inflammatory, but only transiently

Prof. Markus 
Perola

Sarin, 
Front. Immunol, 2019
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Glyco-group in Zagreb
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