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Despite technical success, the Human Genome
Project did not fulfill expectations of both
general and scientific public

Genes do not define everything
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Only 20% of longevity and 30% of
most complex diseases is genetic
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Genetic polymorphisms are very far away Glycans are important structural
. from the phenotype component of nearly all proteins
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Glycan analysis is very complex
2012: US National Academies
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High-throughput glycomics is globally deficient NIH office for Strategic Coordination launched The

Common Fund programme for glycoscience
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Cohort Plasma glycome 1gG Glycome
10001 Dalmatian 2,000 5000 Mining the gold from big glycomics datasets
. Orcades 2,000* 3,000
With over 100,000 _ . . 4000 4500
analysed samples o0 _ 2,000
Genos is the global gagge 2,000 -
leader in high- EPIC 3,500 3,500
throughput Global population study - 2,700
glycomics FINNRISK - 1,200
Estonian biobank - 1,300
China 1,000 2,000
CRC 2,000 2,000
1BD 3,000 5,700
SLE - 1,200
& Type 1 Diabetes 3,000 1,000
Type 2 Diabetes 3,000 4,000
R Down syndrome - 800
G E N os : Low back pain 6,000 2000
PTSD 600 600
Total 33,100 42,500
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Glycomics is becoming a mainstream science

High-impact papers in High-impact papers in
2017- 2019 2017 - 2019

Suchre et al, Nature 124 3/64 Kristi¢ et al, Nature Chemical 15.1 5/290
Communications 8:14357 Biology, 14:516.
Shen et al, Nature 124 3/64 Simurina et al, 20.8 1/80
Communications 8:447 Gastroenterology, 154:1320
Benedetti et al, Nature 124 3/64 Clerc, Gastroenterology, 20.8 1/80
Communications 8:1483 155:829-843
Lauc et al, Nature 124 3/64 Monaghan, Gastroenterology, ~ 20.8 1/80
Communications 9:2916 published online
Bermingham et al, Diabetes  13.4 5/143  Josipovic et al, Nucl Acid 11.1 14/298
Care, 41:79-87 Res, published online
Juszczak et al, Diabetes 134 5/143  Klari¢ et al, Science 12.8 4/69
Care, dc180422 Advances, in press
Menni et al, Circulation 140 1/70 Peng et al, Circulation, 231 1/65
Research, 117.312174 published online
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are heritable between 30% and 80%
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Levels of individual glycans in the IgG glycome ‘
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Menni et al, PLoS ONE, 2013

{%GENOS www.genos-glyco.com

Genome-wide association (GWA) studies can
be used to map genes involved in glycosylation
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Glycome composition differs significantly between
individuals
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Lauc et al, Front Genet, 2014
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1gG glycans are chemical structures that are being
inherited as complex traits
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The first GWAS study of human glycome
identified HNF1A as a master regulator of
plasma protein fucosylation
| ot Ana MuZzini¢
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Lauc et al, PLoS Genetics, 2010
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Mutations in HNF1A cause Maturity Onset Diabetes
of the Young (HNF1A-MODY)

Severe Insulin
resistance

Glucokinase Mitochondrial
mutation

mutation

Hepatocyte
Nuclear Factor
1a mutation

Latent
Autoimmune
Diabetes in

Adults

Type 1
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Glycans are active participants in the development of
diabetes

Ohtsubo et al. 2011 Nature Med 4 REGULATORY CpG SITES IN HNFIA HNF1A TRANSCRIPTION
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Improper glycosylation affects membrane half-life of glucose transporters S
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Plasma glycome can
predict development of

type 2 diabetes in some -
individuals )
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Antennary fucosylation of plasma proteins is
a robust biomarker for HNF1A-MODY
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Thanabalasingham et al, Diabetes, 2013 Juszczak et al, Diabetes Care, 2018
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Hyposialylated IgG (S component of the GlycanAge)
promotes obesity-induced insulin resistance

JCI The Journal of Clinical Investigation

Hyposialylated IgG activates endothelial IgG
receptor FcyRIIB to promote obesity-induced
insulin resistance

Keiji Tanigaki, ... , Philip W. Shaul, Chieko Mineo

J Clin Invest. 2018;128(1):309-322. htips//doi.org/10.1172/JC189333,
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Type 2 Diabetes Mellitus is Associated with
the Immunoglobulin G N-Glycome through
Putative Proinflammatory Mechanisms in an
Australian Population

Zheng Zheng Guo, Holfeng Hou, Manshu Song

and Wl Wang
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Glycans predict T2D in a prospective cohort
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T2D - predictive performance

Glycan-based T2D prediction in comparison to the non-
invasive German Diabetes Risk Score

Discrimination

Model improvement

Model Cindex (5%
[ 0.83(0.78-0.88)
GSgtage  0.87(082:091)

GDRs 0.88(0.82-0.92)

GS,),#GDRS 0.9 (0.85-0.94)

G750 ghyean score for type 2 diabetes
GORS: German Diabetes Risk Score

Glycan-based T2D prediction in comparison to clinical
risk markers (HbA1c and glucose)

Discrimination

Model  Cincenoswc)
GSyp 083(0.78-0.88)
[ 088(0.83-0.92)
SSpgt OWerr,  091(087-095)

G150 glycan score for tye 2 diabetes

ndex G50+ GORS S
 coesioswoy
Ripos 042 (0.37-046]
Rl 020(019022)

NEL 062053073

R reclssfiation ndex 1o T20
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NAY: net reclssécation index

Model improvement

[T —
Glue, [95% C1)
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0.22(0.21-023)
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DiabRisk test is starting large intervention trial in China
A
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1gG glycosylation is functionally important
(A) (B)

Fab

Fab Garber K,

Nature Biotechnology, 2018

Galactose i requised for high affinty C1q binding
[21) Removal of galaciose efher increases o Removal of fumse echances HG
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Plasma glycome is a very good predictor for
hyperglycemia in acute disease
A
% 'AUC: 0.947 (0.907-0.987)
8 s
|I0 0'8 0?6 0‘4 0'2 OIO
Specificity 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 HbA1lc

* 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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Regulation of 1gG glycosylation is very complex
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e} Lauc, Plos Genet, 2013
Shen, Nat Comm, 2017
Wahl, Front Immunol, 2018

Sharapov, Hum Mol Genet, 2019

Lucija Klari¢

Klaric, Science Advances, 2019
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Genes that ChOleSter_OI total
govern IgG o
glycosylation e
show
pleiotropy
with multiple
diseases and
traits

Myocardial infarction

-Type 1 diabetes

Systemic Lupus Erﬁhematdsus

Hematology traits

p

'Sudton carsisc rrest

94 different phenotypes
have at least one SNP in
common

Size of letters depends on
number of SNPs in common

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

Hypothesis 1 Hypothesis 2 > = = = =
N-glycosylation stabilizes N stabilizes . =
IgG1 Fc 4" structure local IgG1 Fe structure

1961 Fe 1961 Fe

Subedi and Barb,
Structure, 2015
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Aging.
H Autoimmune diseases’
Changes in IgG s j s
H H Other diseases Cancers’
glycosylation associate Ailmune dssasss
. . Inflammatory diseases and states ) | Parkinson's disease
with numerous diseases  uommune dsesses
Cancers*
it doaies
Other diseases.
Alloimmune diseases Aging
Visceral leishmaniasis Inflammatory diseases and state]
Thyroid cancer Autoimmune diseases’
Hypertension Infective endocarditis
Galactosaemia Colorectal carcinoma
Chronic kidney disease
Type Il diabetes
Inflammatory diseases and states
Alloimmune diseases Jaans
Infectious diseasest Autoimmune diseases”
s Hepatocellular carcinoma
Galactosaemia.
mpeﬂension
Ivan Gudelj Marija Pezer
Gudelj et al, Cellular Immunology, 2018 L T

Mannose © Galactose # W-acetylneuraminic acid @
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Are glycosylation changes in a disease a

cause or a Consequence?
L eicand ematon

Anti-citrullinated protein antibodies acquire
Abeerant IgG Galacuosylation Precedes Disease Osset, i ¢ glycosylation ph
Correlates With Discase Activity, and Is Prevaeat in
Autoantiodies 5 Raeumatosd At

ap ycosy prior
to the onset of rheumatoid arthritis

Yoann Rombous.’ Ewoud Eweg,” Loe Aven de Stat” Maurie H 1 Seiman
Leendert A Trouw, André M Deskder,” Tom W J Hulinga,' Marred Wutver,”
Dkfan van Schaardenburg ** Rk € M Toes, Hans U Scheer’

Comms s oretate i SoamcaSont
E EBioMedicine

Research Pager

Galactosylation and Sialylation Levels of IgG Predict Relapse in Patients With PR3-ANCA
Associated Vasculitis

Michael | Kemna “**, Rosina Ploenp **, Pleter van Paassen **, Carolien AM. Koeleman ¢, Bas C. Jansen®,

Jan GM.C Damotseaux %, Jan Willem Cohen Tervaert **%, Manfred Wahrer
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Immunosuppresive potential of IgG ‘
is decreased in IBD patients

B c Vito Dermot
B Annese McGovern|

ack  Manfred
Satsangi  Wuhrer

E F
A) UC from controls
(italy)
g 5 B) CD from controls
i i (italy)

€) UC from CD (italy)
D) UC from controls

(USA)

. - . - P . 4 E) CD from controls

e e P (UsA)
IBDBIOM F)  UC from CD (USA)

Simurina et al, Gastroenterology, 2018
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1gG glycosylation changes in RA are
present years before diagnosis

3
.
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Residual GO
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Time from sampling to diagnosis (Years)

Gudelj et al, BBA Mol Bas Dis, 2018
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1gG glycome associates with hypertension
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Yu et al, Medicine, 2016
S Gao et al, OMICS, 2017
Liu et al, ) Hum
Hypertension, 2018
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Glycans predict CVD events in a prospective cohort
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I1gG glycosylation may be a functional
effector in the development of hypertension

IgG Receptor FcyRIIB Plays a Key Role
in Obesity-Induced Hypertension

Nathan C. Sundgren, Wanpen Vongpatanasin, Brigid-Meghan D. Boggan, Keiji Tanigaki,
Ivan S. Yuhanna, Ken L. Chambliss, Chicko Mineo, Philip W. Shaul

Sundgren et al
Hypertension, 2015
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1gG glycome strongly associates with
cardiovascular disease risk score
= = - Prof. Tim
— — — Spector
|
; ;7 ; Prof. Jim
Wilson
: : _: Menni et al
Circulation Res,

Effoct size with 96% CI
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A 1 ROCcurves

B ROC curves
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CVD - predictive performance

,/~- CVD prediction in men
Discrimination Model improvement
Model Cindex (95% CI) AHA-ScoresGIycans v,
Index  AMA-Score (95% CI)
B —_Index_AHA-Score (95%C1)
Gy 0.66(0.60-0.72) T 0,01 (:0.03-0.08)
GSoypeage 071(065.0.77) R, 0.31(030032)
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CVD prediction in women

7 Discrimination

Model improvement

Coindex (95% C1)
064(0550.73) i
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Index_ANA-Score (95% CI
o 050(0.46:058)

NRI__0.58(049.067)
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ManNAc-induced sialylation of IgG seems
to prevent hypertension in obese mice
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Peng et al
Circulation, 2019
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Age is a very strong confounder for IgG glycome
KoA ORCA TWINS wis

Jasminka
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A Kristic et al, J Gerontol, 2014
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After correcting for chronological age, glycan age
index associates with “unhealthy” life

Oloacy Vis snd Korcula

Beta P Beta r
Insulin 00758 922E08 00402 LSE01
Frisogen anis? | S8EO06 00167 LXMLOS
HbAIC alioe 28506 D008L 1108
BMI 005%5 167TEM 003 L0as00
Triglycerades 00092 LISE 00130 1.206-08
Glocose anis 209E04 0000 47TE2
Waist circumierence 01468 208EM
Calcium oo 235E4 0.0002 TMED
D-dimer 29670
Cholesterod Q0036 00201 SSIE0s
L ano3 00186 6.0RE-06
Uric scid 10773 L2EM 0,7620 965504

Note: HbALC = glyoosylatod hemogiobin, BMI = body muss mdex;
LA = low-demsity Sipoprotein; p = p value: hets = rogression coelBicient
Kristic et al, ) Gerontol, 2014
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1gG glycome composition is an excellent
" biomarker of chronological and biological age

hian Gudali alo el R 5 Iacminka

Aurmts © The dahor 2001 Pubisted by Crgoet Uveraey Poss on B of The G

Sty of Amorics
s reereed Ko fermismam. ey ¢ ot e

Guest Editorial

Are Glycans the Holy Grail for Biomarkers of Aging?
(Comment on: Glycans Are a Novel Biomarker of
Chronological and Biological Age by Kristic et al.)

David G. Le Couteur.'** Stephen J. Simpson.*™ and Rafael de Cabo®

LA

R =0.827
RMSE = 9.77 years

Gudelj et al,

2 40 Kristi¢ et al,
IntJ leg Med, 2015 GlycanAge(Years)

J Gerontol, 2014

«¥ GENOS wwwgenos-glyco.com

Galactosylation of 1gG 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
— IgGFc ion analyses on ide level by LC-MS Stambuk et al,
« Separate data for IgG1, IgG2+3 and 1gG4 BioRxiv, 2018
)
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Jerko Stambuk
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Changes of 1gG glycome in many diseases resemble ageing

GO total G2 total S total

i
i

Effect

'

Many diseases can be prevented by early interventions

| waosen Severe Prenctypes

IMMUNOLOGICAL LIFE HISTORY
£G. Infection, Antibodies, Antigen Contact

Epigenome
- Transcriptome

e Schultze, Immunity, 2018

Cohort Lauc G, BBA, 216
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What contributes to the dynamics of
changes in the biological age?

Biological age

»P GENOS
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GlycanAge test is available commercially

St. Catherine

SPECIALTY HOSPITAL

www.glycanage.com

GLYCANAGE®
o cee
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Lifestyle interventions can change IgG
glycome composition even in older adults

Prof. Eline
Slagboom

www.impactaging.com - ry 2016, Vol. 8 No 1

Research Paper

Metabolic effects of a 13-weeks lifestyle intervention in older adults:
The Growing Old Together Study

Ondine van de Rest™”, Bianca A.M. Schutte®”, Joris Deelen’”, Stephanie A.M. Stassen’, Erik B.
van den Akker™, Diana van Heemst’, Petra Dibbets-Schneider’, Regina. A. van Dipten-van der
Veen', Milou *, Thomas ®, Simon P. Mooijaart’, Jeroen van der Grond®,
Jeanine J. ing-D 7, Marian ?, Edith ).M. Feskens’, and P. Eline
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How can | change my biological age?

Factors contributing to Factors contributing to
biological age of person A biological age of person B

AR S
W
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A Russel at al, Immunobiology, 2018
02—+
| One patient improved for over 30
s GlycanAge years in 6 months after
bariatric surgery
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How can we change our glycans?

GOy Gy 3
05

our Bl 4

Central adiposity seems to drive
proinflammatory potential of I1gG

03

Intensive excersize makes IgG glycome more pro-

inflammatory, but only transiently

GP1s GP1s aP16 aP19 Prof. Markud

Perola
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