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Glycans are important structural
component of nearly all proteins
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Core fucose
disables ADCC
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® Man converts IgG in
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A number of different glycans can be
attached to IgG
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Hypothesis 1:
N-glycosylation stabilizes
1gG1 Fc 4° structure

Hypothesis 2:

N-glycosylation stabilizes
local IgG1 Fc structure

19G1 Fc
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Small local effects of glycans on protein structure
can have dramatic physiological efects

Alternative
glycosylation is
analogous to

coding

mutatlons
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Subedi and Barb,

Structure, 2015
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High-throughput glycomics is globally deficient
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Osam od 10 najprodavanijih lijekova u
Europi su glikoproteini

2008 2009 2010 2012 2013

1 Lipitor Lipitor Seretide Humira Humira
(atorvastatin) (atorvastatin) | (fluticasone/ | (adalimumab) | (adalimumab)

salmeterol)

2 Seretide Seretide Lipitor Seretide Seretide
(fluticasone/ (fluticasone/ | (atorvastatin) | (fluticasone/ (fluticasone/
salmeterol) salmeterol) salmeterol) salmeterol)

3 Plavix Plavix Humira Herceptin Enbrel
(clopidogrel) (clopidogrel) | (adalimumab) | (trastuzumab) | (etanercept)

4 Herceptin Enbrel Enbrel Enbrel Herceptin
trastuzumab (etanercept) (etanercept) | (etanercept) | (trastuzumab)

5 Enbrel Herceptin Herceptin Lipitor Mabthera

__(etanercept) trastuzumab) | (trastuzumab) | (atorvastatin) | (rituximab)

6 Zyprexa Humira Lovenox Mabthera Remicade
(olanzapine) adalimumab) | (enoxaparin) (rituximab) (infliximab)

7 Lovenox Lovenox Mabthera Lovenox Lovenox
(enoxaparin) (enoxaparin) (rituximab) (enoxaparin) | (enoxaparin)

8 Glivec Glivec Avastin Remicade Avastin

(imatinib) (imatinib) izumab (infliximab) bevacizumab

9 Pantozol Zyprexa Remicade Avastin Lucentis

(pantoprazole) | (olanzapine) (infliximab) | (bevacizumab) | (ranibizumab)
10 Symbicort Mabthera Glivec Spiriva Lyrica
(budesonide/ (rituximab) (imatinib) (tiotropium) (pregabalin)
formoterol)
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2012: US National Academies

« “glycans are directly involved in the
pathophysiology of every major disease”

- “additional knowledge from glycoscience g =
needed to realize the goals of personalize s mms
medicine and to take advantage of the =
substantial investments in human genom:
proteome research and its impact on hurr
health”

Walt et al, National Academies Press, 2012
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NIH office for Strategic Coordination launched The
Common Fund programme for glycoscience

(@ U.S. Department of Health & Human Services D) National Institutes of Health Division of Program Coordination, Planning, and Strategic Initiatives (DPCPSI)

National Institutes of Health Q
Office of Strategic Coordination - The Common Fund o o o

Common Fund Programs Common Fund Research Funding News & Media Common Fund Highlights About Common Fund

N .
Glycoscience >|{C}ﬁc1ence

Common Fund » Common Fund Programs » Glycoscience

Glycoscience Glycoscience Save the date!
For the Publ ;mgl aml\;fjlikles Glycoscience 2019 Annual Meeting
or the Public uman
Oligosaccharides The next annual meeting for the
Public Health Relevance £ Glycoscience program will take place
Highlights Learn More... May 29-30, 2019 at the NIH campus in

Bethesda, MD.
For Researchers

i L e
The 2018 annual meeting took place
Funded Research ®eooo > July 2 - 3. View the meeting agenda
Funding Opportunities Program Snapshot X0 and group photo.
Program Resources The Glycoscience program aims to create new <N .
DR methodologies and resources in the study > I)%CIG"CG New Funding Opportunities!
of glycans that are accessible to the broader ha S S S—,
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Genos is global leader in high-throughput
glycomics

TECHNOLOGY FEATURE |

nature methods

Metabolism: sweeter paths in glycoscience

Vivien Marx

Carbohydrates are tough molecules to study, but glycoscientists are developing and democratizing the
needed tools.

Stanford: Carolyn Bertozzi; Harvard: Richard Cummings; Genos: Gordan Lauc

+¥ GENOS
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Cohort Plasmaglycome 1gG Glycome

Genos and our 14001 paimatian 2,000 5,000
partners already Orcades 2,000* 3,000
invested over TwinsUK 4,000 4,500
KORA - 2,000

Euro 30 million  gugxe 2,000 )
in glycan EPIC 3,500 3,500
anaIYSiS and Global population study - 2,700
FINNRISK - 1,200
analysed over ¢ nianbiobank - 1,300
70,000 samples 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 800 2000
PTSD 600 600

Total 27,900 42,500
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Shen et al, Nature Communications 8:447
Benedetti et al, Nature Communications 8:1483
Bermingham et al, Diabetes Care, 41:79-87
Simurina et al, Gastroenterology, 154:1320
Kristi¢ et al, Nature Chemical Biology, 14:516.
Clerc et al, Gastroenterology, 155:829-843
Menni et al, Circulation Research, 117.312174

Lauc et al, Nature Communications 9:2916

www.genos-glyco.com

Main Genos research papers in 2017/2018
| R | IF_|RANK

Suchre et al, Nature Communications 8:14357

12.4 3/64
12.4 3/64
12.4 3/64
13.4 5/143
20.8 1/80
15.1 5/290
20.8 1/80
14.0 1/70
12.4 3/64

The Human Glycome
Project

directly involved in the

major dise

US National Academies, 2012

The Human Glycome Project addresses this

major societal challenge.

Full Members

Prof. Michael Pierce, University of Georgia

.# GENOS

News

Oct 2,2018

Official Launch of the
Human Glycome Project

Following the successful meeting of
the Human Glycome Project Initiative
in May 2017, we are happy to announce
that the Human Glycome Project will
be officially launched in a beautiful city
of Dubrovnik (Croatia). This will
happen on Saturday, October 6" 2018
during the GlycoCom conference
attended by many of the brightest
minds in the field of glycobiology. Any
principal investigator dedicated to our
cause can apply for the membership by
sending the email to info@human

glycome.org while any company or

www.genos-glyco.com

The Human Glycome Project was launched on
Oct 6th, 2018 in Dubrovnik

human-glycome.org W glycomehuman

Latest Tweets

Tweets
®

HMSCG

CHE

Less than 2 weeks before the Inaugural
Symposium of the #HMS Center for
Glycoscience. We are very close to full
capacity for the event, please RSVP here to
secure a seat and a free lunch:

tinyurl.com/y964admk#Glycotime

Harvar ical School
Cente oscience
Inaugu osium

Wednesday, October 24, 2018
7.

Joseph B. Martin Conference Center - HMS
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IgG glycosylation is functionally important
(B)

Fab Al Fab

Galactose is required for high affinity C1q binding

[21]). Removal of galactose either increases or “‘Removal of fucose enhances IgG
decreases affinity for FcyR, depending on specific affinity for FCyRIIIA [24].
FCyR and IgG subtype pairig [22]. /

3

Asn?97

Endoglycosidase-S isolated from
Straptococcus pyogenes cleaves the
core GIcNAc residues, leaving all but
the reducing GIcNAc (and fucose if
present).

“Anti-inflammatory” properties (presence " . "

of sialic acid decreases binding to Elxgo‘:zﬁ?‘ C.;SICN::enres.:ue:‘e"(,aGtg.g
FcyRIIVIV, but maintains functional FcyRIII grtyhrili )[23

B interaction) [20]. arthritis) [23].

{}Sialic acid @ Galactose B GicNAc @ Mannose A Fucose
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Complex genetic regulation of I1gG glycosylation

Prof. Yurii
Aulchenko

Lucija Klari¢

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

# GENOS

www.genos-glyco.com

29/10/18



29/10/18

Genes that Cholesterol total

heumatoid arthritis (ACPA-negative)
ove rn I G Febrile seizures (MMR vaccine-rel \ated
Multiple SC|9FOSIS

RHEUMATOID ARTHRITIS Asthma and hay fever

3 " is G i Lung adenocarcinoma
g ch o syl atl on Chronic Hepatitis C infection Ovariay Cancﬁ BRCAT mutation carriers
PULMONAFQJ‘Q!Q Epithelial ovarian cancer

Male-pattern baldness

Subcortical brain region volumes

VIGAL CAl
S h OW UG AN tevets Myocardial infarction
Pancreatic Neoplasms d H b

. Heraneacarenes 1YPE 1 diabetes
e dvanced age related macular degeneraﬂon
Platelet Count -§ E Longevity Anti—cyclic C\trqunaled Peptide Antibody

8 SC| Myasthenia gravis
Hematology trans‘ g Peanutalergy | SCHI og\cz'a-, RN Acnenmical taits

>> Hodgkin's lymphoma  Alopecia areata o

. . .
Autoimmune hepatitis type—1 o
w I t h m u Iu p I e Multiple myeloma se Bone mineral denswly Her\eurologlca\ (S

8 N rate levels Lep
Cholesterol LDLE YgRe anXEVEISCOmCO b%\a/‘x hesion Molecules
lic

Self-reported a\lergyg mlmmunoglobulln ‘AMetabolic syndrome

d isea ses a n d Follicular lymphoma & & Lymphoma wenarche (agles\ero\iz);cho’fo:[\:

"éﬂ?&@‘%{gﬂé’s\s Biood metab ome levels

2
Ulcerative colitis aslo a §
2

.
o
t ra Its Interstitial lung disease oommemem 5 ot CAvets R hopaston
RAL N

EMPO DEMENTIA
LUNE B\QDNR SARCOIDOSIS SUSCEPTIBILITY TO 2 Asthma
Muliple myelom (hypercipioidy) Ankylosing spondylis " Asthma (childhood onsef)
d rmia Non-aloumin profein levels
SLC22A4 POLYMORPHISN - Trogresae upfamicicar paisy
HEPATOCELLULAR CARCINOMA - CELIAC DISEASE
Seruin tofal roten evel, Coronary heart disease

94 different phenotypes Parkinson's Disease
have at least one SNP in Fractional exhaled nitric oxide (Clmll?gcrag\'lal “olume

Inflammatory bowel disease
Waist-to-hip ratio adjusted for body mass index
common Stevens—Johnson syndrome and toxic epidermal necrolysis (SJS-TEN)
Idiopathic pulmonary fibrosis

Idiopathic membranous nephropathy

Blood pressure
Breast Neoplasms

Sudden cardiac arrest

Multiple sclerosis—Brain Glutamate Levels

Systemic Lupus Erythematosus

Size of letters depends on
number of SNPs in common
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Aging
Cha nges in IgG Autoimmune diseases’
Infectious diseases Alloimmune diseases
. . Other diseases Cancers'
glycosylatlon aSSOCIate Aging Alloimmune diseases
. . Inflammatory diseases and states Parkinson's disease
with numerous diseases  rutommune discases
Cancers*
Infectious diseases
Other diseases A
Alloimmune diseases ‘Aging
n\“e‘iﬂ leishmaniasis Inflammatory diseases and states
yroGicancen Autoimmune diseases!
Hypertension Infective endocarditis
Galactosaemia Colorectal carcinoma
Chronic kidney disease
Type Il diabetes
Inflammatory diseases and states Agi
Alloimmune diseases ¢ B
Infectious diseases® . : .
N Autoimmune diseases
Multiple myeloma

Hepatocellular carcinoma
Galactosaemia
Hypertension

Ivan Gudelj Marija Pezer X , |
T T
P Fab Fc
Gudelj et al, Cellular Immunology, 2018 atigen-binding effectorfunctions

W N-acetylglucosamine ¥ Fucose ® Mannose O Galactose @ N-acetylneuraminic acid @ A
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Glycan biomarkers developed in Genos

1. GlycanAge — biomarker of biological age
* Awarded patents in EU, USA and China
* Sales starting in EU and China
2. DiabRisk — predicts risk of type 2 diabetes
* PCT patent application favourably evaluated
* Entering national phases
3. CardioRisk — Predicts CVD risk
* Patent application in preparation

.# GENOS
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GlycanAge — the best biomarker of biological age

Home | Daily Mail Online 110116 11:00

GLYCANA( [ o) EITIIITIY © sty

“MailOnline

Your heal

Our GlycanAge test
number and take con

(4~
{2&
%
s A ﬂ 7
BODY

divorced and ives En-m\SuwD-veM retied civi servant who ives in Romford in Essex with his wife; .hn-L.m mmwﬂmmm--m
zumsuamnn-x ‘cock and food writer, and Sonia eamington Spa.

® 197 comments I3 2videos *. 151 shares

scientists, The fest is said 1o be the most

Karen La Borde,
L
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IgG glycome composition is an excellent
biomarker of chronological and biological age

hian Gudali o o % lacminla
Journals of Gerontology: BIOLOGICAL SCIENCES © The Auhor 2013. Published by Oford Universiy Press on behalf o The Gerontological Sociey of America
Cite journal as: J Gerontol A Biol Sci Med Sci Al rights reserved. For please e-mail: journal
doi:10.1093/gerona/git202

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®
/ li;' g0 " R =0.827
. enl. ®  RMSE =9.77 years
ﬁg .

Gudelj et al, 5 A o & Kristi¢ et al,

Int J leg Med, 2015 GlycanAge(Years)
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After correcting for chronological age, glycan age
index associates with “unhealthy” life
Orkney Vis and Korcula
Beta P Beta p
Insulin 0.0755 9.22E-08 0.0402 3.50E-01
Fibrinogen 0.0157 1.98E-06 0.0167 8.83E-05
HbAlc 0.1106 2.63E-06 0.0084 3.16E-03
BMI 0.0585 1.67E-04 0.0344 1.04E-02
Triglycerides 0.0092 1.75E-04 0.0140 1.20E-04
Glucose 0.0113 2.09E-04 0.0091 4.77E-02
Waist circumference 0.1468 2.08E-04
Calcium 0.0010 2.35E-04 0.0002 7.04E-01
D-dimer 2.9670 8.24E-04
Cholesterol 0.0036 3.07E-01 0.0201 5.51E-08
LDL 0.0031 3.26E-01 0.0146 6.08E-06
Uric acid 1.0773 4.02E-02 0.7620 9.68E-04
Note: HbAlc = glycosylated hemoglobin; BMI = body mass index;
LDL = low-density lipoprotein; p = p value: beta = regression coefficient.
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Changes within an individual generally
follow trends observed in a population

Female Male

?dO

€LdO

»d GENOS
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Changes of IgG glycome in many diseases resemble ageing

GO total G2 total

Cohort

SLE1

SLE

S RA
=0 = cD
w uc
T2D

CRC

AGE

S total

—

Cohoh
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IgG glycome strongly associates with
cardiovascular disease risk score

0.00 0.05 0.10 0.05 0.00

Effect size with 95% CI

[ ORCADES | Mata-Anstys
Total IgG glycans (neutral + charged)
y == =pe ===
pre | —m A il
pro e e e
Total IgG glycans - derived parameters
FGS/F+FG+FGS] —— —— ——
FStotar — e - — .
FBS1FS1 —_—— —— e
FBS1/FS1+FBSY, S pm— —p—
Neutral IgG glycans
GP6r e —_—
L i =
GP14 S—— —— ——
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~ Circulation Res,

Proi‘. Tim

Spector

Prof. Jim
Wilson

Menni et al

2018

ROC Curves for Comparisons

1.00

CardioRisk can predicts future CVD events

0.75
Parameter

C-Index

GlycScore + AHA

AHA Score

Sensitivity
o
wm
o

0.7 (0.65, 0.75)

GlycScore (+age & sex) 0.7 (0.64, 0.75)
0.68 (0.62, 0.73)

0.25

0.00

0.00 0.25 0.50 0.75 1.00
1 - Specificity

ROC Curve (Area)
Model (0.7704)
GLYC_SCORE_CVD (0.7508)
AHA SCORE (0.7310)
AHA+GLYC_SCORE_CVD (0.7654)

www.genos-glyco.com
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Inter-individual
differences
dominate over
genetic variation in
I1gG galactosylation

27 populations, 100
individuals from each

— As wide as possible age
span

— Fully randomised
accross 32 96-well plates

— 1gG Fc glycosylation
analyses on
glycopeptide level by LC-
MS

* Separate data for IgG1,
18G2+3 and IgG4

.# GENOS

Agalactosylation, IgG1

o

.
.
5 $ s

Engleskas
Evenki
Mongoli
Papua

Uganda

s A
EngleskaT S .. -
SR = —
—
— e—
3 — ——
— —
— 1
=

N

www.genos-glyco.com

H

30-

20-

0-

TartariR
EngleskaT

Monogalactosylation, IgG1

Engleskas

Uganda
Evenki

Jamaika
Romi
indija
Turska

Mongoli
Papua

Galactosylation of I1gG strongly associates with expected

lifespan and the “Human Development Index”

19G1_Agalactosylation

7o

1gG1_Monogalactosylation

1gG1_Digalactosylation

29/10/18

g
B

Glycanindex

HDI

27 populations, 100 individuals from each
— As wide as possible age span
— Fully randomised accross 32 96-well plates
— 18G Fc glycosylation analyses on glycopeptide level by LC-MS
* Separate data for IgG1, IgG2+3 and IgG4

.# GENOS
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Can we change our GlycanAge?

glycanage GOyourscore G2.yourscore S yourscore.
0.16-
0.150
0.36
4- 0.147~
035 0.1
E]
S73-
3
> 0.144 -
034
. 0.14
0.141~

3 3
Sample
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Intensive excersize makes IgG glycome more pro-
inflammatory, but only transiently
a GP14 G2 GP18 GP16 GP19
300 —_ o 200 — 5.0 = 4.0 7
300 o
15.0 - 3.0
B T == . cad— .
P | ——= fwl——— ¢ i P £ |
';: —_— '.:.' — ?m.o \‘T\?~ - ';'“ e '.:.'z.a 7/7‘:~_
2,00 H H — 32 H =
10.0 5.0 1o 1.0
00 00 0.0 00 0.0
re Mid Post re Mid Post Pre Mid Post re Mid Post re Mid Post
Time Time Time Time Time
b GP14 G2 GP18 GP16 GP19
300 200 5.0 4.0
300 o
15.0 ) 3.0
229 3 = — 23.0| — =
c = ,:_za.o = £140.0| =—— ';' 20
1 g 2 2,50 [ E————
< 10.0 < < < < =
10.0 50 1o 1.0
00 00 00 00 0.0
re Mid Post re Mid Post Pre Mid Post re Mid Post re Mid Post
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Lifestyle interventions can change IgG
glycome composition even in older adults

Prof. EIine
Slagboom

www.impactaging.com AGING, January 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 Kelderman, Thomas Hankemeier®, Simon P. Mooijaart?, Jeroen van der Grond ®,
Jeanine J. Houwing-Duistermaat’, Marian Beekman?, Edith J.M. Feskens?, and P. Eline
Slagboom?

¥ GENOS
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B.
Plasma glycome can
predict development of
type 2 diabetes in some |
individuals o
*] Finrisk
C. [ X o o o o o

Specificity

08
I
08
1

06
06

JAUC: 0.666 (0.598-0.733) AUC: 0.724 (0.690-0.757)

Sensitivity

Sensitivity
04

04

0.2

Orkney

0.0
L
0.0
L

T T T T T T T T T T T T
10 08 06 04 02 00 10 08 06 04 02 00
Specificity Specificity
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T2D - predictive performance

ROC Curves for Comparisons

1.00

0.75

= Parameter C-Index
£ 050 GDRS+HbA1c+Glycans 0.84 (0.8, 0.87)
& GDRS+Glycans 0.81(0.77, 0.85)
GDRS+HbA1c 0.83 (0.8, 0.87)
028 GlycScore (+age) 0.8 (0.76,0.84)
GDRS 0.79 (0.75, 0.83)

0.00
0.00 0.25 0.50 0.75 1.00
1 - Specificity

ROC Curve (Area)
Model (0.9108)
GDRS+HbA1c (0.8885)

GDRS+Glycans (0.8756)
Glycans (0.8656)

GDRS (0.8431)

»¥ GENOS www.genos-glyco.com

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 HbAlc

* Only a subgroup of future diabetes patients (10 -
20%) have this risk factor

* Altered glycans are not only a biomarker, but active
effector in disease development

* We need a new clasification of diseases
* Ongoing clinical trials to see whether this risk is
preventable by lifestyle or pharmacological

interventions Keser et al
Diabetologia, 2017

»¥ GENOS www.genos-glyco.com

29/10/18
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DiabRisk test is starting large clinical trials in China

o

0.8

0.5

/
/AUC: 0.

Sensitivity

04
!

0.2
1

0.0

& Diab
kh*2  Risk

947 (0.907-0.987) Bright Oceans Corporation

Lo

1.0 0.8 0.6 0.4
Specificity

# GENOS

# GENOS

0.2 0.0
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