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Bacterial glycans
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Geodia cydonium Zebrafish Xenopus laevis

Humans
Prototypical Chimeric Tandem repeat
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Basophils

Eosinophils

Mast cells

Glycocalix: diversity
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Infectious disease

Cancer

Carbohydrate-based vaccines in development

Indication

Enterohaemorrhagic Escherichia coli
Group A Streptococcus spp.
Group B Streptococcus spp.

Haemophilus influenzae
(non-typeable)

Pseudomonas aeruginosa
Salmonella typhi

Shigella dysenteriae
Shigella flexneri

Shigella sonnei
Streptococcus pneumoniae
Vibrio cholerae

Aspergillus fumigatus

Candida albicans

Cryptococcus neoformans

Leishmania spp.

Plasmodium falciparum
HIV-1

Breast cancer

Epithelial cancer

Melanoma

Prostate cancer

Vaccine

O-specific polysaccharide—protein cenjugate
Glycoconjugate of Group A polysaccharide with TT

Glycoconjugates of type la, Ib, II, lll and V polysaccharides
linked to carrier proteins

Subunit-detoxified lipooligosaccharide conjugate

Octavalent glycoconjugate of O-polysaccharide with toxin A
rEPA-Vi conjugate vaccine

O-specific polysaccharide—protein conjugate
O-specific polysaccharide—protein conjugate
O-specific polysaccharide—protein conjugate
Glycoconjugates of synthetic 6B polysaccharide motifs
Lipopolysaccharide-protein conjugate
B-Glucan—-CRM197 conjugate

Cell surface oligomannosyl epitope (various conjugates)
B-glucan-CRM197 conjugate

Glycoconjugate of capsular polysaccharide with TT
B-glucan-CRM197 conjugate

Lipophosphoglycan

Lipophosphoglycan conjugates
Glycosylphosphotidylinositol-KLH conjugate

Man a(1—2)Man oligomannosyl epitope (various conjugates,
engineered yeast strains and modified glycoproteins)

Unimolecular hexavalent conjugates
(Clobo H-GM 21 ewis*—sTn-TF-Tn-R)

sTn(c)-KLH plus OS-21 as adjuvant

Globo H-GM2-Lewis*—~MUC1-32(aa)-sTn(c)-TF(c)-Tn(c)-KLH
conjugate vaccine plus OS-21 as adjuvant

GM3NPhAc-KLH

Unimolecular hexavalent conjugates
(Globo H-GM2-Lewis'—sTn-TF-Tn-R)

TH(c)-KLH plus OS-21 as adjuvant
Tn(c)-KLH and Tn(c)}-palmitic acid

Globo H-GM2-Lewis'-MUC1-32(aa)-TF(c)}-Tn(c)-KLH
conjugate vaccine plus Q5-21 as adjuvant

Phase of
development

Phase '8
Preclinical®®

Phase II'%

Preclinical'®®

Phase |I1'*¢
Phase |I[3*%
Preclinical®
Phase I1'%
Phase II1'*
Preclinical®
Phase [*%
Preclinical %%
Preclinical®®*
Preclinical®®®
Phase I*®
Preclinical®®
Preclinical®’
Preclinical*®®
Preclinical®

Preclinical*”
113-118,165

Preclinical'*®

Phase I

Phase I

Preclinical®**

Preclinical'*®

Phase 113
Phase [**

Phase 1I*®

Astronomo RD & Burton DR
Nat Rev Drug Discov 2016

(modified)



Table 2 Carbohydrate tumor markers

Marker® Cancer type
AFP Hepatocellular

3-hCG Testicular, ovarian

CA 15-3 Breast, lung, prostate

CA 19-9 Gastrointestinal (pancreatic)
CA 27.29 Breast, lung, prostate

CA 125 Ovarian

CA 549 Ovarian

CEA Colorectal

CEACAMs Colorectal, pancreatic
HER2 Breast

onfFN Thyroid

PLAP Testicular, muscle

PSA Prostate

sTn antigen Colon, other

TAG-72 Owarian, other

TG Thyroid

T'n antigen

Colon, breast, cervical, other

Stowell SR et al. Annu Rev Pathol 2015



Loss of Abs to tumor-associated carbohydrates (TACAS)
In human primary antibody deficiencies

Color key and histogram
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CARBOHYDRATE-
SPECIFIC T-CELLS

CD4+T cells, spleen, BALB/c mice
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Net Fluorescence Units (NFU)

GLYCAN ARRAY - PREVIOUS STUDIES
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Antibody repertoire: glycan immunogenicity linked to structure
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Dietary uptake and metabolic incorporation of non-human sialic acid

Neu5Gc uptake of ingested Neu5Gc
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Non-human sialic acid enriched in human tumors

GM3(Neu5Gc) in colon cancer
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14F7 antibody against xenogeneic GM3(Neu5Gc)
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Non-human sialic acid enriched in human tumors
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Glycan involved

Growth and proliferation
N-glycans

O-glycans

O-glycans

Glycosphingolipids

Heparan-sulphate
proteoglycans

Hyaluronan
O-GlcNAc

Tumour invasion

N-glycans
N-glycans

O-glycans

Glycosphingolipids

Heparan-sulphate
proteoglycans

Chondroitin-sulphate
proteoglycans

Hyaluronan

Tumour metastasis

O-glycans

N-linked and O-linked
glycans

Glycosphingolipids

Tumour angiogenesis

N-glycans

Heparan-sulphate
proteoglycans

Tumour immunity

Glycosphingolipids

Proposed major function(s)

Suppress apoptosis; growth-factor
signalling

Mucin (MUC4)-mediated activation of
ERBB?2 receptors

Suppress apoptosis (possibly through
galectin-3 binding to tumour O-
glycans expressing terminal galactose)

Control of signalling through lipid rafts

Coreceptors for tumour growth
factors

Signaling through hyaluronan
receptors (for example, CD44)

Madify oncogene phosphorylation

Alter E-cadherin-dependent tumour
adhesion

Tumour repulsion (for example,
polysialylation)

Stimulate migration; potentiate
migration of tumour cells through
inhibition of cell-cell contacts (for
example, sialyl Tn on mucins)

Tumour repulsion (for example, G, ;)

Matrix growth factor storage
(heparanase substrate)

Modulate tumour-matrix attachment

Coordinate tumour growth signalling
with cytoskeletal events during
migration

Facilitate tumour adhesion during
haematogenous metastasis (SLe%,
SlLe* and other selectin ligands);

Promote tumour aggregation
(galectin-3 binding)

Tumour adhesion (sulphated selectin
ligands)

Promote migration of endothelia

Co-receptor for growth factors; matrix
growth factor storage; co-receptor for
matrix proteins

Immune ‘silencing’ (ganglioside
shedding)

Possible therapeutic targeting

Alkaloid inhibitors of N-linked
processing

Immunotherapy targeting MUC4
(similar to other mucin-targeting
immunotherapy)

Galectin-3 inhibitors (3-galactosides)

Ceramide glycosylation inhibitors;
ganglioside-targeted vaccines

Heparin derivatives as
heparan-sulphate competitors;
sulphotransferase inhibitors

Hyaluronan oligomers; adenoviral
delivery of hyaluronan-binding protein
genes

O-GlcNAc transferase inhibitors

Alkaloid inhibitors of N-glycan
processing

Sialyltransferase inhibitors

Vaccines (for example, conjugated
sialyl Tn)

Glycosphingolipid inhibitors;
ganglioside-targeted vaccines

Heparin fragments and analogues;
sulphotransferase inhibitors; xylosides;
antisense RNA to perlecan

Xylosides

Target tumour hyaluronan receptors
(for example, gene silencing of CD44)

Disaccharide primers of glycosylation
(reduce tumour SLeX); competition by
intravenous heparin

Galectin-3 inhibitors (3-galactosides)

Disaccharide primers; competition with
heparin

Alkaloid inhibitors of N-linked
glycosylation

Heparin fragments and analogues;
sulphotransferase inhibitors; xylosides;
antisense RNA to perlecan

Ganglioside vaccines

Examples of
neoplasms

Breast, melanoma,
Ewing’s sarcoma

Breast

Colon, pancreatic

Breast

Pancreatic, ovarian,
renal, hepatic

Colon, breast

Pancreatic

Breast, colon

Neuroblastoma,
lung (small cell)

Breast, gastric,
ovarian

Melanoma,
neuroblastoma,
breast

Breast, colon,
hepatic, lymphoma,
melanoma

Melanoma, glioma,
lung

Breast

Colon

Melanoma

Colon

Prostate

Colon, renal,
melanoma, breast

Melanoma,
neuroblastoma,
breast
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Deciphering the glycan code

Sensor system (lectins,...)

ru C-type lectins
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Siglec expression on immune cells

Stem cell
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B cell
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Mast cell

Basophil
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Myeloid progenitor cell

Eosinophil

Siglec-3, -5, -9,-10

Siglec-8, -10

Monocyte

Neutrophil

Macrophage
Siglec-3, -5, -7, -9,
-10, -11, -14, -15

z >
Siglec-3, -5, -9, -14 ‘ ‘
-+

2
00’

Siglec-1, -3, -5,
-11,-15,-16

lllustration by Aldona von Gunten



Flow cytometry: Siglec-7 and -9 ligands on cell lines Tissue section: Siglec-7 Ligands in melanoma

Primary melanocytes Mel 1
J 7 Mel 2

Me222.6
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Me290

Me310

Me23s

A375

Hepatocellular cancer HepG2
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Pancreas cancer c Panc-1
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T84
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Colon Adenocarcinoma

Cervical Cancer Hel.a
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NSC Lung Cancer AS49

Breast Cancer
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Haematological malignancies

Siglec-7L Siglec-9L

400 300 200 400

Ratio GMFI Ratio GMFI

Jandus C & Boligan KF et al. J Clin Invest. 2014



The sialoglycan shield

Siglec-7L Siglec-9L
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Desialylation of target cells enhances NK cell antitumor activities
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Humanized mice with reconstituted human Siglec-7* NK cells

Accelerated elimination of desialylated K562 and HelLa cells in vivo
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Siglecs on CD8 T cells?
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Siglec-9* CD8 T cells in melanoma
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Specific lysis (%)

Glycosylation as immune checkpoint for Siglec-9* cytotoxic T cells
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Siglec-9 nucleotide chain frequency (%)

Telomere length (Kb)
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Siglec-9" CD8 T cell undergo clonal expension
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Siglec-9" CD8 T cells as targets for immunotherapy in melanoma
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