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What do these have in common?

HIV infection

Cardiovascular disease

H. pylori infection

Rheumatoid arthritis

SARS-CoV-2 susceptibility and infection
Diabetes

Kidney function and disease

Modulation of the inflammatory response
Cancer metastasis

Regulation of apoptosis

Seaweed
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Objectives

Understand:

What glycomics is and where it fits in relation to other “omics” in clinical
care

Importance of glycans in human health and disease; examples of diseases
where glycans play a critical role

Importance of glycans in infections eg. influenza and SARS-Co-V-2

What the endothelial glycocalyx is, and how to clinically assess and
improve its function
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Glycomics:

The study of the entire complement of sugars, both
free and as part of complex molecules
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Glycome: The main class of post-translational modifications

Turnbull & Field, Nat Chem Bio (2007)
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Glycans: Polymer chains of covalently linked monosaccharides
Main classes of human glycoconjugates.

Glycoproteins
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Glycoprotelns are synthesized in the ER and Golgi

Sequential concerted multi-step
process thru ER and Golgi

\ @y = COPIl transport vesicle

e Initiation: determines target proteins
@ cu«

Immediate core extension: options for
different core structures

Elongation / Branching: expands,
repeats common structural motifs

Capping: terminates oligosaccharide
13 SaniT chains

l1265dy|1
ns..mt

a2,3 Sialyl-T * 02,3 Sialyl-T
2.6 Sialyl-T * 2.6 Slalyl-T

trans

. . S P b . Y -
M L -2 e
N8 ' ' N

Complex N-glycans
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Glycosylation is highly conserved across mammalian
cells

16 distinct pathways with ~200 glycosyltransferases:

- 2 types of lipid glycosylation

- 14 distinct types of protein glycosylation
- 11 types of O-glycosylation

- N-glycosylation

- C-mannosylation

- GPI anchor generation

Greatly amplifies the proteome by producing diverse forms with myriad properties and functions
~1% genes directly involved in glycosylation
~50% all proteins are glycosylated, majority of human nuclear and cytoplasmic
> 85% secretory proteins are glycosylated
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Glycans have myriad roles and functions in health

Immune cell interactions are mediated by surface molecules
that drive cellular activation via binding of membrane-bound
glycoconjugates to sugar-specific receptors

Endothelial cell-leukocyte interactions — crucial for trafficking —

are controlled by glycan adhesion molecules also regulated by
glycosylation

Crucial and multifaceted roles in B cell and T cell
differentiation

Effector functions of antibodies

Marking of apoptotic cells for clearance
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Glycans have myriad roles and functions in disease

Congenital disorders of glycosylation (CDGs)
Host microbial recognition
Immune evasion in pathogens and symbionts

Pathogenesis of autoimmune disease, e.g. RA, IgA nephropathy,
IBD

Diabetes involves abnormal O-linked
N-acetylglucosamine-mediated signaling, enhanced glycation of
multiple proteins

Influence metastatic properties, inhibition of apoptosis, resistance
to chemotherapy
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Histo Blood Group Antigens (HBGAS)

Small intestine

First glycan antigenicity Galp1-4GlcNAc Vibrio choloras
established O— Type 2 chain
Surface of RBCs, gut and Bombay (Oy) # l FUT [Mucus layer

respiratory epithelia, secretions
Fuco1-2GalB1-4GlcNAc

Expression regulated by

glucosyltransferase genes in ARbarngen
ABO, FUT1-2 loci.

L. Group O = | ABO Production of
Polymorphlc In human Colonization cholera toxin

. Secret Non- t
populations 1 ABO*B ABO*A 1 Blood group A, B, AB_ . Blood group O Allblood erzlf:s
Influence SUSCGpthIlIty to Gala1-3(Fuca1-2)Galp1- GalNAca1-3(Fuca1-2)Galf1-
infection, inflammation
B antigen A antigen
IN THE CLINIC Cooling, Clin Micro Rev (2015)

Blood group O more severe V. cholerae infection Heggelund et al., PLoS Path (2016)
Human norovirus selectivity for ABO(H) and Lewis antigens
Blood group O resistance to SARS-CoV-2 infection — early evidence
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Glycans: N-linked

- Structural components, e.g. cell wall,
ECM
- Modify protein properties, e.g. stability,

Heavy

. chain

Core Fuc

B4

B4

Reily et al., Nat Rev Nephr (2019)

solubility h ~N-glycan ¢
- Direct trafficking of glycoproteins bl ab
- Mediate cell signaling, cell—cell and

cell-matrix interactions ' Feregion

IMMUNE SYSTEM IN THE CLINIC

- T and B cell differentiation .

- Migration targeting mycobacterial infections

- Unique effector functions, altered .

Fc and other receptor affinities
- Self vs non self, pro- vs.
anti-inflammatory
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PRO-INFLAMMATORY
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ANTI-INFLAMMATORY

Pharmaceutical therapeutics — etanercept, infliximab
rituximab
Lack of different glycosylation in expression hosts leads

to non-identical synthetic proteins >> immunogenicity
e.g. Alpha-gal allergy, Neu5Gc

Sialic acid- and gal-deficient IgG — RA, SLE, IBD, HIV,
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GlycA is a biomarker of inflammation

* Acute phase reactants are almost all
N-linked glycoproteins.

* Hepatic glycosyltransferases activity evolves /y .
during the inflammatory process. .. At phase reactans
. . . H IL-1 TNF-a
Extension of glycan residues, increased N o ‘/I\

branching, removal of sialic acid/galactose e

residues. Macro':};l;ges / fibrijogen- l_ c-;!p A-GlP ha pt‘!l bin
* Number and complexity of N-glycan side Zg %’__/
chains attached to acute phase reactant e
proteins '
* Elevated in acute and chronic inflammation
 CVD, RA, IBD, psoriasis, lupus, predicts
death

2.1 2.0 1.9
ppm

Ballout and Remaley, JLPM (2020)
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Glycans: O-linked

Extracellular, secreted glycoproteins
Mucins: many O-linked glycans,
extended cores create highly
protective gel-like substance
(mucus)

IMMUNE SYSTEM
Protection from infection and self-recognition

B- and T- cell surfaces, modulated for
cellular differentiation, activation, e.g.,
CDA43, CD45

Regulate T cell functions:  migration,
receptor signaling, survival, apoptosis

IN THE CLINIC
Infected burn wounds

Gal-deficient IgA1 nephropathy
Diabetes, cellular response to insulin
Cancer cell immune modulation

MEMBRANE-BOUND MUCIN

P O-Linked
y / Glycans
Extracellular -
Domain
Protein
Backbone

000000000000000000000000
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Transmembrane \.. ‘
Domain /W/acOzH

Cytoplasmic Tail

Martinez-Saez et al., Chem Soc Rev (2019)

- i IQL - t/
Wheeler et al., MIT News
(2019)

‘ Anti-Gd-IgA1-
A B \ “ auto A%A

Mucosal surface and

associated lymphoid tissue % Polymeric galactose-deficient IgA1 /

B cell IgA1+

5.5 94
f

Rodrigues et al., CJASN (2017)
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Mesangial immune
complex deposition
(Gd-IgA1/anti-Gd-IgA1-Ab/C3)



Glycans: Other classes

Post-cavil | Chemokine Chemokine  Chemokine L-selectin  Regulating
OSaplEIINEnEe oligomerization presentation immobilization binding  accessibility of
. and gradient adhesion
Glycosaminoglycans (GAGs) [ sukoeyle formation molecules
Extended, negatively charged, n V
high water content, functionally
: . . ! Chemokines L-selectin
diverse sugar chains Roling w M

leukocyte

Large portion of proteoglycan
molecular mass
Crucial to GCX formation, integrity

HS core proteins ICAM-1

Vascular endothelium

Stromal cells
and ECM

Retention  Regulation  Protection Release upon
Proteog chans of soluble  of receptor  from tissue injury
_ Endothelial mediators  interactions  proteolysis
ECM g |yCOprOte|nS glycocalyx fﬂlf
containing W

Contain canonical N-and O-glycans
Long sugar repeats (GAGs) bind to
O-linked motifs

Inflammation, infection, cancer
metastasis.

HSPGs
:LVTM ~ T’; S8

Collins & Troeberg, J Leuk Bio (2018)
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CD55 CD59

X chromosome Brodsky, JC/ (2019)
Glycans: Other classes _§ 1T
Complement
GPI an ch ors ) acthation — No hemolysis
. Healthy RBC
Complex cell surface molecules with =
X chromosome
d common core q"g
Apical side of polarized cells Fied] _— >
Highly dependent on proper Golgi @ Ll ’ 0 —» Thrombosis
Sortl ng PIGA-PNH RBC Hemolysis
IN THE CLINIC
a3 @ Glucose
. u u O Galactose
Glycosphingolipids (GSLs) oty acid B GioNAc
. . . Sphin-‘g-osine4_ 4_ Cer Cer & Cer<_ [ GalNAc
Sphingolipid with glycan attached to ciccer  Lacoer - @ Neurc
Ceramlde oo . Aerts et al., Cur Opin Chem Bio (2019)
Among most abundant glycolipids in 7 ey e Dy TR
humans st
L H : Acid ceramidase sa Earber er
Cell membrane lipid bilayer A eeramid Aol disease ¢
2: Glucocerebrosidase Gba1 3;:‘;2‘2 GlcCer
Tay-Sachs
5: B-Hexosaminidase HexA/B /Sandhoff GM2
disease




Glycosylation
Disorders

IN THE CLINIC

CDGs: often embryonic
lethal, underlying vital role
of glycans; multisystemic,
wide spectrum and clinical
severity

Type |I: abnormalities in
formation of oligosaccharide
structure on glycolipid

precursors before attachment
(ER)

Type ll: defects in control of
N-linked branching structure
on nascent glycoproteins
(Golgi)

Cell Ligand Effector
adhesion binding function
Antlbod@;‘
" Processing and Receptor
- activity reggulation Ectodomain ?‘ng: dimerization
' cleavage e l O

a ' Slgnalllng :
Gi@j Signalling Signalling /

Processing by

______ pro-protein Schjoldager, Nat Rev Céll Bio (2020)
i convertases 3 T
S
___Eﬁ_x_x_&ns_{__
Cell—cell 7 I/n/tracellular Bacteria—host
interaction R o trafficking interaction
Siglecs --ooooe .ﬁ} GOlg-r"’ " a0 P
Selectins eeco@ Ll o ' ﬁg’ D= Adhesins
‘wo \ -~ CGlycoprotein
Galectins | ‘ — folding
Nucleus ?

@g%o’% DNA POI Wy o Pathogen mimicry
~ Nutrient sensing

Endocytosis and signalling



Glycans: Microbial

Bacterial LPS, gram (-) PGN, teichoic acids, viral
capsules, fungal mannans

Display host-like glycans for immmune evasion,
including symbionts, e.g. gut microbiome

Glycosylation enzymes can modify host proteins
for benefit, e.g. carbon source, cell adhesion

Guillain-Barré

B3 syndrome G,
B3

o3 B4
pa Molecular % 1
i mimicry = B4

Cer
Neuron cell

Ocal @ctc [canac @pNeusac

R = any underlying linkage

Poole et al., Nat Rev Micro (2018)

Group B Strep

Enteric

Host Abs to shared
glycans can be beneficial, ™
e.g. suppress allergy

IN THE CLINIC ) Patel & Kearney, J Immunol (2018)

Toxins — cholera, botox, STEC, cytolethal distending toxin B

Vaccines — pneumococcal, MCC

Pathogen-host glycan similarity can be associated with risk of

autoimmunity via molecular mimicry .
Y7 CALROY  arter@sil
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Glycans: Molecular pattern ligands and receptors

. @ Path o Immuno-stimulatory ( Immuno-suppressive ~
I nte g rat|0 N Of these S|gna IS IS Cr|t|Ca| tO \ aulogenassocas Damage-associated Molecular Damage-associated Molecular
Y Molecular Pattems (PAMPs) I , )
. . . " BEs i St Patterns (DAMPs) Patterns (DAMPs)
gu Ide Immune SyStem d ISCErn ment pAh:AaIJDor Diacyl or Triacyl LPS Flagellin Viral Viral dsRNA MitoDNA HMGB1 CRT  ATP PtdSer Annexin |L33 K+ PGE,
> O | ipopeptides RNA DNA ssRNA CpG DNA Hsps DDla Al

DAMP’s, PAMP’s, SAMP’s DAMPs
Core inflammatory pathways, e.g. IBD, . l

N

A

ac1d
. . . . . Plasma "
sepsis, cancer, chronic disease in aging Membrane or
.. . . Endosomal
Promising immunotherapeutic targets Membrane

Punnerglc.?Scavenger FPR2 ST2 Na'/K* EP1-4
receptors * receptors FPR1? ATPase

TLR1/2 TLR3 TLR4 TLR5 TLR6 I TLR7/8 TLR9 RAGE LRP1

\

Immunogenic

" DANGER SIGNALS x 2

Cytosolic DNA/RNA Phagocytosis
sensors
Infl
(e.g. RLRs, ALRs, OLRs) l nflammasome

4
Tolerogenic
Phagocytosis

Alarmins Pathogen-associated
Al Molecular Patterns (PAMPs)

~ 7 or su
= = Microbes-associated NG :
Molecular Patterns (MAMPs) i : y :
\ Pattern- ¢ ' 4
. recognition S ce-. L A i
" receptor ;

A

(PRRs)
"\ agonists =
\ Thi cells A Th2 cells
B CTLs . ) Treg cells
Th17 cells ' Th17 cells
Yo T cells MDSCs or Yo T cells

M1 Mature Activated : MO/M2  immature  suppressed
Garg & Agostinis, Immuno Rev (2017) | macrophages  DCs neutrophils macrophages DCs neutrophils




(C) Immune Evasion (D) Immune Evasion by

using Secreted/Shed Molecular Mimicry and
Glycan Shielding e.g. /

. GPs e.g. Arenaviruses, <>
Glycans: Viral
. ' ' Coronavirus, Influenza ( 0

o (E) Attachment
: e 4e23 Factors & Enhanced
; A N Uptake by Host Cells

e.g. Alphavirus,
Phlebovirus

Viral envelope
shielding with
host-derived glycans
for immune evasion

Viral glycan shedding
for immune evasion

(B) Viral
Release e.g. o)\
Influenza  MESEER

(A) Glycoprotein (F) Host Glycans as

Interference with host Folding %5 i e /
i e e,
glycosylation Infected Host Cell g /
Attachment factors (H) Glycans ﬁ = (G) Soluble Lectins -
as Antibody Innate Immune System and
Epitopes e.g. Complement Activation
HIV, DENV e.g. HIV, DENV, EBOV

Watanabe, Biochim Biophys Act (2018)

IN THE CLINIC

Vaccines: influenza, HIV, MERS
Neuraminidase inhibitors
Neutralizing antibodies

-— _—
Lassa GPC Ebola GP Influenza HIV-1 Env Coronavirus Nipah F
HA S protein protein

Host Cell

Target Host Cell



Important role of glycans on SARS-CoV-2 Spike protein

RNA viral genome

M . - - ‘/,;‘,‘-‘J e “k . .
uItlpIQ MS-based approac_hes wosee B SRS S e
glycomic and glycoproteomic

Spike

Envelope

Static and dynamic models of S
alone + glycosylated soluble ACE2 P e :
complex : R

Simulations of glycosylated ' L8 .
S-ACE2 interaction

Wiese et al., J Clin Path (2020) I HMERS2 BEEZ

Glycans are essential in receptor-viral binding and S
shielding

22 sites of S show site-specific N-linked microheterogeneity
6 sites of human ACE2 receptor show N-linked
microheterogeneity

IN THE CLINIC

Strategic vaccine design

Competitive inhibition with decoy soluble extracellular domains of
ACE2 as decoy Watanabe et al., Cell Host Micr (2020) g




“Glycosylation is associated with cancer hallmark

capabilities”

Migration, invasion,
proliferation, and metastasis:

Receptor tyrosine kinases
(RTKs) activated by altered
receptor glycosylation,
gangliosides, GAGs

Increased N-glycan branching on
E-cadherin impairs cell-cell
adhesion, downstream signaling

Glycosylation modulates tumor
micro-environment, cell-ECM
interactions; facilitates
integrin-dependent signaling
>>> cell growth and survival

space

Cancer cell

Modulation of Modulation of
cell-cell interaction cell-matrix interaction

Receptor activation

Extracellular

cytoplasm |

Migration, Invasion, Proliferation, Metastasis

T
-\;&v N-glycan %f% Glycosphingolipid \Glycosaminogl)lcan >>\\ 2‘;{?&9”‘”3“

Mereiter et al., Cell Cancer (2019)

IN THE CLINIC
Altered glycosylation is a near-universal feature of tumor cells
Promising targets for many biomarker and therapeutic applications



Glycan-based cancer
markers

Blood:

CA15-3 (MUC1), CA19-9, CA125
(MUC16), CEA, PSA, AFP-L3

Limited sensitivity, specificity; used for

prognostics, monitoring
Extracellular vesicles (EVs)
Circulating tumour cells (CTCs)

Tissue:
MALDI-IMS imaging
Differentiation, margins

IN THE CLINIC

Breast, Ovarian, Prostate
—sialic acid, Hepatocellular,
Pancreatic, Colorectal

Lectin

Cell

Ligand

Acquired
glycan
alteration

Selectins Siglecs MGL DC-SIGN Galectins
. Monocytes
Endothelial cells '
Platel Macrophages, DCs, DCsand LS Various cells
atelets N macrophages macrophages
NK cells, CD8* T Cells - '
E;seilerznctin 9.9 L4 ‘
P-selectin i & & % f} *’k

Expression of Increased Truncation of Increased Increased
sialyl Lewis sialylation O-glycans and fucosylation branching
antigens altered ganglioside

expression

Mereiter et al., Cell Cancer (2019




Glycosylation modulation for precision cancer therapeutics

Current
clinical
situation

Future
outlook

Glycosylation and endogenous lectin

interference for mono- and combination therapy

Glycoform specific
targeting

Glycan and glycoform
specific biomarker

=( ‘é’ imune evasi Extravasation -.(\-
]
' . €0 N M
A
RTK - Tumor heterongeneity.
"’ Migration 4 L Heterogenous
Invasion > @ = response to treatment.
' Proliferation Intracefm:lar si‘gnalirg A Host cell Cancer cell
- (/ mmune respc.mser
l NN M)
\) ) G NNCNN
DS RTK % o
.O Patient stratification
* ¢ & ¢ A e Host cell Cancer cell
Modulation of oncogenic Combination therapy Drugs blocking

signaling through glycan

interference

with drugs targeting
cancer glycosylation

Glycan-based
immunomodulation

glycan-mediated
metastatic process

Novel drugs for
cancer glycoforms

Biomarker for cancer
prognosis and patient
stratification

Mereiter et al., Cell Cancer (2019)



Glycation and the AGE-RAGE axis

Hi gh Lipid & Senatus & Schmidt, Front Genet (2017)
(Western diet ) : o ® @ xl
Glycation: non-enzymatic, often - G'“°°S°\ ;S;ESZ - §|
multi-step reactions between Aging —— .- = I
reducing sugars, e.g. glucose, and HiiFood = = = % Es'mduc;; 4|§Glyoxalasel
proteins, lipids, or nucleic acids @ [reration Temperatures RAGE * = (GLOT)

ENDOTHELIUM
>>> Tobacco Products RAGE ey

Advanced glycation end products e

(AGEs) U

aka glycotoxins

Inf ){_:I mmatior & R

HbA1C = Amadori product of

Vv
hemoglobin and glucose TAfte"a' TE“""““"}”' “_ AGEs
Pasupulati et al., Biomol Con (2016) - \ Stiffness | Dysfunction ] -, T Migration
Generatiqn of Free Y " ar.l:i t
\PW" ‘ | Protein \Pfoteiﬂ ) \Protein ) Ra:{:;als TAlteration of ECM Architecture eeruttmen
Y ’ ’ ? Oxidative Stress l Inductiqn of
H,(:l.\H e Adhesion

IT

N H—N H—N : : : .
o . g P T ECM Protein Cross-link Formation molecules
Hours - Days H—C—H —C— g
I . | - | Weeks/Months | .AG ® e
| 7 (CHOW), — =~ F= = Oxidation COOH . Macrophages and

(lcwon)4 o CH,0H (CHOH), CML gt Other Immune Cells
2

CH,OH éHZOH ::__’:?tosidine AGEs

Glucose Schiff’'s base Amadori product GOLD \v/ CA L R OY arte r@s”
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Intravascular imaging reveals the endothelial glycocalyx
(EGX)

A microscopically thin gel-like layer of glycoproteins, proteoglycans, and
GAGs coating the luminal side of the vascular endothelium

Platelets

Endothelial cell
Estimated glycocalyx thickness

RBC column

Estimated glycocalyx thickness
Endothelial cell

Endothelial cell
P~ Estimated glycocalyx thickness

Iba & Levy, J Thromb Haamost (2019)
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Roles of the endothelial glycocalyx

Regulates permeability =
as a selective sieving 7
barrier

Helps regulate surface
inflammatory response

,\, ".

Harbors coagulation « monocy 7/
regulatory factors L "

- Arterial anti-adhesive

Houses SOD - potent
anti-inflammatory
antioxidant

~ Triggers production of R
nitric oxide (NO) —_—— e

WV CALROY | arteresil
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Healthy EGX turnover is a balance of shedding and

Physiological Balance Pathological Conditions
Disturbed flow == Shedding == Increased HA’HS' sdc-1
shedding degradation
@) Y W
W o W f i o
3 — — —
~Y
/::L/\ V\?A absorpt|on k /r I P<I Gouverneur et al., J Int Med (2006)
| N {)
Yimaz et 3 Ciin kid 1 (2019) < | - Unhealthy eGCX:
’\/‘ Heparan sulphate (HS)
H . \’\M Glypican
Shedding: da.mage generates eGCX fragments © o Increased leukocyte and platelet
then released into plasma il adhesion, thrombin generation
Hyaluronan (HA)
Sheddases: Heparanase, MMPs, ROS, TNF-a Albumin
— Increased macromolecule
leakage, oxidative stress
IN THE CLINIC ,
Systemic or local inflammation Ischemia-reperfusion (I-R) injury Reduced NO production

Sepsis (TNF-a induced) Renal disease
Hyperglycemia, DM ~ Atherosclerosis \V/CALROY arter@sil
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Endothelial glycocalyx: A proxy for endothelial health

Causes of EGX
degradation:

High blood glucose, insulin
Inflammation

Oxidative stress

Toxins

Infections/sepsis
Lifestyle factors, e.g. stress,
sleep deprivation, sleep apnea

Genetic factors
Trauma

Electrolyte imbalances
High blood pressure
Surgery

IV fluids

Aging

monocytou

adheriig \»
platele s | '’
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Endothelial glycocalyx in sepsis

Severe generalized infection >>> systemic multiorgan sequelae

Key molecular cause of gram (-) is outer membrane glycan LPS >>> inflammasome

iInduction
Increases sheddases and glycocalyx destruction.

GPI-specific

Hyaluronidase,
MMPs, ADAMs,

PLC, hydrolyses

= Proteoglycan core
* Profibrogenic protein ectodomains
* Sequester growth « Short— | HamP
factors, cytokines, heparan 2
anti-thrombin Il “«-— < s e chains
 Increases stability asu Ny
e Low-mio scular | Activate TLR4 |
- Distract leukocytes e :::;gr:;:t: =
from invading Activated MMPs: Activate TNFa
H° ivate Modify CD44-HA binding
eparanase-1,

.....
.......
Trapenttif T ey,
o

.............

A
B0 ;% Adherent leukocyte
e TR

-

AP Accumulated platelets
\ !' ]

- ° RBC column
ek Qj—— Adherent leukocyte
" "~ T Endothelial cell

3 S ,

—l}."'

Lysosome-
related
organelles
(LRO)

T S -

Iba & Levy, J Thromb Haamost (2019)
Goligorsky & Sun, Am J Path (2020)

Increased permeability, thrombogenesis, platelet
aggregation, leukocyte infiltration, exosomes
formation, loss of glycocalyx of formed
elements (“fingerprinting” by degraded
endothelial glycocalyx)




EGXIn
COVID-19

Early evidence:

Reduced total and
perfused vascular
density in sublingual
microvessels in
ventilated patients

MYSTIC:
Microvascular

dysfunction in
COVID-19

Mod-sev or critical

Intravital microscopy +
circulating markers

Replicated early
evidence + direct eGCX
damage

Legend
Heparan
sulphate X

Hyaluronic J
acid ~

Healthy

Syndecan-1 ()

Shed ACE2 “
ectodomain

Angiotensin </
Il

TIE2 Y
Heparanase A

vWillebrand
factor

ADAMTS13 <9

Tight =
junction

Adherence x
junction

COVID-19

Endothelial inju

Angpt-2
Syndecan-1
Hyaluronic acid
TIE2

VEGF-A

sFLT-1
Thrombomodulin
ACE2

t

Inhibition h
Stimulation ™

sARs-Cov2

Microcirculation

RBC Velocity
Capillary density
Glycocalyx thickness

shed ACE2 t “ :

ectodomain

Inflammation

IL-6
TNF-a
PCT
CRP
Ferritin

f

Capillary leak - ARDS

Glycocalyx

Intraluminal space



Associated pathologies 2 sroke

Alzheimer’s Disease

Hypertension

Cardiovascular disease
Stroke

Macular
Degenration

Portal
Hypertension

Atherosclerosis

___ Heart Attack n 97

0
Peripheral artery disease Diabetes m Heart Failure [N
. ‘ | Angina ' '
Renal dlsease Renal p ;?‘ Pulmonary 1
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Glycocalyx functions in
the gut

Secreted and transmembrane glycoprotein
layers over entire tract; protects mucosa from
pathogens, mechanical stress

In small intestine, covers entire epithelia cell
surface; overlaying mucus layer can be thin
and discontinuous

Highly diverse glycoproteins, glycolipids act as
receptors for bacterial adhesion, including
normal flora to limit pathogen colonization

Mucosal lubrication and hydrophobicity;
prevents auto-digestion and ulceration;
participates in cell signaling; selective diffusion
barrier to exclude deleterious microbes

IN THE CLINIC
GCX impairment implicated in several Gl diseases,
e.g. IBD, cancer




N-acetyl glucosamine (GIcNAC)
tested in a phase 2 trial with IBD

Oral GIcNAc was reported to
promote mucus production in
intestinal tissues of children with
severe treatment-resistant IBD
8 of 12 children given GICNAc
achieved clinical remission

GIcNAc is an immunomodulatory
agent and promoter of epithelial
barrier integrity

Intestinal Glyco-therapeutics

Structural properties . Protein (growth factors and cytokines) sequestration

Fibrous
specific
sequence
High Viscoelastic
compression ; :
forces cight wa oy
retention

Co-factor in ligand-receptor interaction

Growth
factor

Enhance or inhibit | Receptor
receptor interaction | Hachim et al., J Contr Rel (2019)
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Glycomics: Approaches and Technologies

Glycan-binding
protein arrays

Decodmg the glycome ]




Diagnostics: Clinical glycan profiling

A Before Dietary Intervention

Tegtmeyer et al., NEJM (2014)
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Direct-to-consumer:
Biological age

Van Scherpenzeel et al., Glycocon J (2014)
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Microarrays, global glycan profiling

Next generation:

Multiplex bead arrays — boost throughput
Cell-based arrays — near-native environment
Liquid arrays — densely conjugated, DNA-barcoded
virions

Parallel shotgun glycomics + proteomics
Site-specific glycopeptide mapping

Glycans, lectins, mucins:

State-of-the-art, key resource for many years
Limited by number of pre-specified glycans
(~100s) vs. 1000s possible in vivo

IN THE CLINIC
Glyco Liver Profile
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O
[Hlinker|-x

25

O
05

remin | om0 S
X
Chemical O Iy . ,

. . /\ 7\ m x ) — e v 4 3 .
OH . - R R e et e bl B o B S Ttione lauseia;::ozmzams:zazgacar213343536
Glycan probes Counts vs, acquisiion e (i)

~ X = OH, NH,, SH, lipid, etc Couns v acasion i
& B-o-B-0-B-O-B-on \J L 4
— Sequence-defined pnnt,ngl 0O-glycome
oligosaccharides
\ // sg 2
i '-. 'f? % -.
( . . {(5) . ’ i ] : e s SIS SRS I AR AAETT IR LA MeRgnet
Binding partner 30 i P, SEVEV RO RS SERIIIVEY RO RS L
information - . 20 v 8 1 88,8, ¢
rotein washing, - IR DI RTR <o
[ H H detection % “‘L”‘ Pl ] e KNAIKEGONZESITLK.C oo sces RNIOGATGOYKC ...
‘— 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 20 30 31 32
Counls vs. acquesition ime (min)
Oonl 0=l mqmﬂﬂﬂmﬂmﬂﬂ
Probe Glycan microarray on e —_>
\_ surface-functionalised support / Glycolipidome

Li et. al, Nat Prot, (2020)



Diagnostics: Endothelial status and function

. . . C FMD brachial artery
Previous methods are invasive Contol 605 4min

Diagnostic | Adenosine i.c. diameter after ischemia  after NTG ..
and/or challenging to administer angiographyJ 1630 ug il .
Intra-arterial .:f;'mm : 'mm ‘ ‘_ .mm
D5W | ACh10% ACh10%| ACh10¢| NTG | AChinfCi‘on | —— = S :

EndoPat — reactive hyperemia in ; e .
finger microvasculature

A Coronary endothelial function by i.c. ACh B Forearm plethysmography by i.a. ACh

Hemodynamics Doppler blood flow signal ‘
coronary angiogram

P

Silastic Iburmqum

Easy to access and perform nfusion caheter
Automated

Low interobserver and intra-
observer variability

Correlation with invasive
microvascular vascular function

Daiber et al., Int J Mol Sci (2019) <

Temporary Blood"Flow Occlusion

Pulse wave velocity — volume wave - B —
form information via finger probe “ ‘
Arterial stiffness @
Vascular tone

EndoPat, Itamar Medical




Sidestream dark field imaging allows real-time eGCX
assessment

Hand-held videomicroscope records sublingual
mucosal microvasculature (5-25 pm)

Software automatic calculation of measurements:

capillary density blood flow
capillary blood volume red cell velocity

Perfused boundary region (PBR) =
inversely proportional to EGX thickness

) = = ' median median
Pring, F., BMC Blog (2013) Treu et. al, Arch Derm Res (2014) RBC column width RBC column width



Endothelial glycocalyx is a therapeutic target

Restoration
requires days (5-7) to achieve
functionality after an insult

Preservation

precipitous degradation, exigent
requirement for restitution

acute I-R, sepsis, burns, surgical
stress, aortic clamping / CV
bypass, toxin-producing infection

gradually accruing imbalance
between synthesis-degradation,
leading to defects

DM, chronic CV diseases, CKD,
tumors, chronic inflammatory
processes, aging

Inhibitors of
MMPs,
heparanase,
hyaluronidase

:> Substitution
< with exogenous

NO donors,
Small
peptides

organelles
(LOR)

GAGs

Liposomal
nanocarriers of
preassembled

glycocalyx

Goligorsky & Sun, Am J Path (2020)
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EGX is a therapeutic
target

Existing compounds:

albumin

FFP — preserves integrity and SYND1, source

of albumin, protease inhibition, induces
endothelial cell release of preformed SYND1

glucocorticoids — anti-inflammatory actions,
incl cytokine-induced vascular barrier
damage on vascular barrier

systemic high MW hyaluronic acid (HA)
HA infusion + chondroitin sulfate
doxycycline — MMP inhibition

NAC - opposes shedding in hyperglycemia

Inhibitors of Liposomal
MMPs, e i f
i — susin || o
hyaluronidase \é:kG:xogenous glycocalyx

........

Sheddases e,

NO donors, Lysosome-
Small j‘> related
peptides organelles
(LOR) Goligorsky & Sun, Am J Path (2020)

Novel compounds:

heparin aggregates (Corline) — anti- Heparin-mimetics

thrombotic (Sulodexide) — HS +
selectin-targeting anti-adhesive coating dermatan sulfate GAG,
(EC-SEAL) — dermatan sulfate backbone  sheddase inhibitor

+ selectin-binding peptides  S1P/Albumin S1P

—sheddase inhibitor
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Glyco-therapeutics

Rhamnan sulfate, a sulfated

Alginate Chitin / chitosan _
e (creb and shrimp cells) polysaccharide from green seaweed
i o L Marine Rapidly absorbed and incorporated into
* Inhibition of thrombin lvsaccharides ' p y p
* Enhance of anti-thrombin Ill power poly the endOthelial glycocalyx
TT Carrageenan Fucoidan
Anti-coagulant | (red alga) (seaweeds, sea cucumber) Improves endothelial function
ﬁ Anticoagulant

* |nactivation of pro-inflammatory cytokines

"P\olvsacch@ [ >|Anti-inflammatory | >+ Modulation of NO, COX2 and PGL2

* Modulation of NF-kb and MAPK pathways

" - Antithrombotic

[ Anti-cancer ]

J

Antiviral effects

® Ruiaase of pres nfiammatony cyiokines Modulates intestinal immune responses

* Increase of the activity of the NK cells
* Apoptosisinduction
* TLR-4,CD14 activation Ruoco et al., Molec (2016)
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THANK YOU

g

Lawler, Circ Res (2018)
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