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Glyco-
Disorder Defect protein Clinical symptoms
U-Mannosidosis U-mannosidase major none type I: infantile onset, progressive mental retardation,
(types I and 11) hepatomegaly, death between 3 and 12 years

type II: juvenile/adult onset, milder, slowly progressive

b-Mannosidosis b-mannosidase major none severe quadriplegia, death by 15 months in most severe cases;
mild cases have mental retardation, angiokeratoma, facial
dysmorphism

Aspartylglucosa aspartyl- major none progressive, coarse facies, mental retardation

minuria glucosaminidase

Sialidosis sialidase major minor  progressive, severe mucopolysaccharidosis-like features, mental

(mucolipidosis I) retardation

Schindler (types | U-N-acetyl- yes ? type I: infantile onset, neuroaxonal dystrophy. severe psychomotor

and II) galactosaminidase and mental retardation, cortical blindness, neurodegeneration
type 1l: mild intellectual impairment, angiokeratoma, corpus
diffusum

Galactosialidosis  protective major minor  coarse facies, skeletal dysplasia, early death

protein/cathepsin A

Fucosidosis U-fucosidase major minor  spectrum of severities includes psychomotor retardation, coarse
facies, growth retardation

GM1 b-galactosidase minor major  progressive neurological disease and skeletal dysplasia in severe

gangliosidosis infantile form

GM2 b-hexosaminidase minor major  severe form: neurodegeneration with death by 4 years less severe

gangliosidosis form: slower onset of symptoms and variable symptoms, all

relating to various parts of the central nervous system
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Enzyme or protein
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Disease name deficiency Clinical symptoms

Tayi Sachs b-hexosaminidase A severe: neurodegeneration, death by 4 years
less severe: slower onset of symptoms, variable symptoms all relating to parts
of the nervous system

Sandhoff b-hexosaminidase A same as Tayi Sachs

and B

GM1 gangliosidosis

b-galactosidase

see Table 41.1

Sialidosis

sialidase

see Table 41.1

Fabry

U-galactosidase

severe pain, angiokeratoma, corneal opacities, death from renal or
cerebrovascular disease

Gaucher 06s

b-glucoceramidase

severe: childhood or infancy onset, hepatosplenomegaly, neurodegeneration
mild: child/adult onset, no neurodegenerative course

Krabbe b-galactoceramidase early onset with progression to severe mental and motor deterioration
Metachromatic arylsulfatase A infantile, juvenile, and adult forms can include mental regression, peripheral
leukodystrophy (cerebroside sulfatase)  neuropathy, seizures, dementia

Saposin deficiency

saposin precursor

similar to Tayi Sachs and Sandhoff
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Enzyme deficiency
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Glycosa
mino-
glycan
affected

Clinical symptoms

MPS I H Hurler, U-L-iduronidase DS, HS Hurler: corneal clouding, organomegaly, heart disease, mental retardation,
Hurler/Scheie, death in childhood
Scheie Hurler/Scheie and Scheie: less severe, individuals survive longer
MPS I Hunter iduronate-2-sulfatase DS, HS severe: organomegaly, no corneal clouding, mental retardation, death before
15 years
less severe: normal intelligence, short stature, survival age 20i 60
MPS Il A Sanfilippo A heparan N-sulfatase HS profound mental deterioration, hyperactivity, relatively mild somatic
manifestations
MPS III B Sanfilippo B U-N- HS similar to 11l A
acetylglucosaminidase
MPS Il C Sanfilippo C acetyl CoA: U- HS similar to 11l A
glucosaminide
acetyltransferase
MPS 1ll D Sanfilippo D N-acetylglucosamine 6- HS similar to 1l A
sulfatase
MPS IV A Morquio A galactose-6-sulfatase KS, CS distinctive skeletal abnormalities, corneal clouding, odontoid hypoplasia,
milder forms known to exist
MPS IV B Morquio B b-galactosidase KS same as IV A
MPS VI Maroteaux-Lamy  N-acetylgalactosamine DS corneal clouding, normal intelligence, survival to teens in severe form; milder
4-sulfatase forms known to exist
MPS VI Sly b-glucuronidase DS, HS, wide spectrum of severity, including hydrops fetalis and neonatal form
CS
multiple sulfatase modifying all sulfated  hypotonia, retarded psychomotor development, quadriplegia
sulfatase factor converts glycans

deficiency

cysteinedfytimer my |
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Sodium hyaluronate (Orthovisc)™® Ardeparin sodium {Normiflo)? " Dalteparin sodium (Fragmin)™?
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Table 1 | Small-molecule selectin antagonists in preclinical and clinical trials

Name and structure

=
Cylexin (CY-1503)  HO

-
i

| 4
H'D 2': HH#’_J%;H&RH“’_/’{L;H - {CH}]G ’JH:H%\..-"/LHQJJ\VH COzH

o
e

OH

Bimosiamose (TBC-1269)

CH,NH
N

O)-R9188
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Specificity
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E-,P- and

L-selectin
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Disease Institution  Status Refs
Cardio- Cytel Stopped 179
vascular injury

Asthma and Revotar Phase lla 150
psoriasis

Allergic Nippon Preclinical 181
dermatitis Organon



o dzls Oc tsdzd MlsT  Mj dzj € lsd dzts o 18

e 1 E-,P-and Sickle cell Glyco- Phase | 182
: ;DB: . I:Ir/ } “T/ ™0 L-selectin crisis Mimetics
Hp— =l A s |
=iy SR S
L / | NHO o ]
— =0 ' o~
o I .0 T
OH H;OHO# ~r N-_z NH S0.H
OH | ] |y
HO u\ﬁ“{_'}{]{ ,[e’% "“‘Q‘;_]\
GMI070 O HOS” 50
COH P-selectin  Athero- Wyeth Phase | 183
. ,L,_ OH _~_ _d thrombotic
oY = and venous
PN thrombotic
diseases
T PSI-697
OH E-, P- and Metastatic Kanebo Unknown 184
) j{j}-l (’l o Cy4Hag L-selectin cancer
Na0380— 3 —0—_\——
3 N
Q L] y an GVL\.CIJHIQ
OH
HO| g
OH £ f - OH
OH
HO GSC-150
- E-and Psoriasis Bayer Preclinical 185
' P ‘ : ‘ § § P-selectin
HHH’;,-#‘M‘H - N N T :-;f“m s
OH 0 OH O 0 OH ']:i OH
T N e e P

—
lin

Efomycin M



19

[dJHdUyUd a2zl OV cdzd € i

1 OCIsjted Odz! dzOW OH ¢
O dzs@HG J L Jsdzdz®OC Bgzed Odz2 dzOW Is j



1 OCkjtedOd dzOW OHEjL dw: o O

a) Pili or Fimbriae b) Afimbrial Adhesins
M:lm;t Tip
Stzpi‘lji')‘ adhesin

Host extracellular
matrix glycoprotein
(e.g., fibronectin)

‘ Host cell-surface /7T
NN glycoprotein or .
& Host glycolipid glycan

Host cell-
or glycoprotein surface integrin
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Organism Target tissue Carbohydrate Structure
E. coli Type 1 Urinary Mana3Mano6Man GP
E. coli P Urinary Galo4Gal GL
E. coli S Neural NeuAc (02-3)Galp3GalNAc GL
E. coli CFA/1 Intestinal NeuAc (02-8) GP
E. coli F1C Urinary GalNAcp4Galp GL
E. coli F17 Urinary GlcNAc GP
E. coli K1 Endothelial GlcNAcP4GIcNAc GP
E. coli K99 Intestinal NeuAc(02-3)Galp4Glc GL
C. jejuni Intestinal Fuco2GalpGlcNAc GP
H. pvlori Stomach NeuAc(02-3)Galp4GlcNAc GP
Fuco2Galp3(Fuco4)Gal GP
K. pneumoniae Respiratory Man GP
N. gonorrhoea Genital GalP4Glc(NAc) GL
N. meningitidis Respiratory [NeuAc(u2-3)] GL
Galp4GlcNAcP3Galp4GlcNAc
F. aeruginosa Respiratory L-Fuc GP
Respiratory Gal [53GIC(NAC}B3GEII[34GFC GL
S. typhimurium Intestinal Man GP
S. pneumoniae Respiratory NeuAco2-3Galp1-4GleNAcp1- GL
3GalPp1-4Glc
S. suis Respiratory Galo4Galp4Gle GL
GP = glycoprotein, GL = glycolipids
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BACTERIA ADHERE to tissues selectively. Hairlike protrusions called fimbriae on
the bacteria bind exclusively to certain surface carbohydrates. These interactions
determine which tissues are susceptible to bacterial invasion. Rod-shaped Esche-
vichia coli bacteria are shown here on tissue from the urinary tract.

22
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SELECTIVE EFFECTS of carbohydrates on bacteria are il- can still cling to epithelial tissue (left). A constituent of the
lustrated in these photographs. These E. coli have a lectin P glycolipid binds to the bacteria’s lectin and prevents ad-
for the P glycolipid. Bacteria incubated in the sugar mannose hesion (right).
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7.  Comprehensive Glycoscience. From Chemistry to System Bigla@g, Ch. 3.28.3.1, 1636 (2346)
22. Glycoscience and Microbial Adhesid. Lindhorst, S. Oscarson (Eds.), 2009, 186 pp.
61. A. Bernardi,et al. Multivalent glycoconjugates as aifathogenic agent€hem. Soc. Re2013 42, 4709.
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a) Influenza
Viruses

_» Neuraminidase (NA)
~ Hemagglutinin (HA)

HA promotes
binding & entry

NA allows
budding & release
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b) Herpes Simplex
Virus

Cell-surface
proteoglycans
(heparan
sulfate)

Glycoproteins
gB & gC of HSV

Membrane fusion
and viral penetration

c) HIV/AIDS i
Virus

U gp41
. gp120

CD4 receptor
binding

Conformational

change in gp120;
gp41ican initiate
fusion

o d P fr
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REOVIRUSES (gastroenterites respiratoric diseases
conjunctivite)

Sialo-oligosaccharides (sialgDS)

ORTOMIXOVIRUSES (influenza):

Sialo-OS

A, B NeuS5A@2-6Galb1-4GIcNAcb-

4 9-O-Ac-NeuSAa-
PARAMIXOVIRUSES : SEV, NDV (respiratoric diseases) Sialo-OS
ADENOVIRUSES (gastroenterites respiratoric diseases Sialo-OS

conjunctivite)

CORONAVIRUSES (gastroenterites respiratoric diseases)

NeuSAa@?2-3Galb1-4Glch-

PAPOVAVIRUSES (oncology) Neu5A@2-3Galb1-4Glcb-
PHYLOVIRUSES (hemorragic fever) GAGs
HERPESVIRUSES HSV, EBV, CMV (oncology) GAGs
CALICIVIRUSES : NV (gastroenteriteg H (type 1)
RETROVIRUSES: HIV-1, 2 (AIDS) GalCer
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Viruses

Tl aifgors A/NIB/23/89M A/NIB/26/90M
(HIN1) (H3N2)
Coos G
Human tracheal 0.1 >10 0.5 >10
mucin
Human nasal mucin >10 >10

6°SLN-PAA 0.01 0.05 0.5
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N-Acetylneuraminic linker
acid (NeuSAc)
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Cholesterol GSL Candidates: GC, SGC, GM3, Gh,
GalCer

Glycosphingolipid

\\ NN >
: W
Role in HIV Infection %

Galactosyl ceramide

gp120 receptor on CD4 negative

Galactosyl ceramide

Viral transmission to CD4 T cells -
3

GM3 ganglioside

gp 120 receptor, fusion cofactor

GM3 ganglioside

Resistance to HIV

Gb,

‘ i . Long chain fatty acid
gp 120 receptor, fusion cofactor

Gb,

Resistance to HIV
Sphingosine

Sugars CERAMIDE
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LeY Fucal-2Galb1-4(Fucal-3)GIcNAc

Dimeric LeX Galb1-4GIcNAcb1-3Galb1-4GIcNAC
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Table 3 | Expression profiles of tumour-associated carbohydrate antigens on malignant tissues

Tumour Tumour-associated carbohydrate antigens*
sLex Le* sLe® Le® sin Tn TF Ler GlobcH PSA GD2 GD3 FucosylGM1 GM2

B-cell lymphoma ND ND ND ND ND ND ND ND ND ND v ND ND v
T ND  ND / ND Y Y ND ND ND  ND /
Colon ND ND v ND v ND v ND ND ND ND ND <
Lung v ND ND ND v ND ND v ND ND ND ND <
Melanoma ND ND ND ND ND ND ND ND ND ND 4 7 ND v
Neuroblastoma ND ND ND ND ND ND ND ND ND v v v ND <7
Ovary ND ND ND ND v ND v v ND ND ND ND 7
T ND ND ND ND /s v ~ ND ND ND ND  ND /
Sarcoma ND ND ND ND ND ND ND ND ND ND v v ND 7
Small celllung ND ND v ND ND ND ND ND o v ND ND e 7
Tiron ND v v v VR ND ND ND  ND /

Globo H, globohexaosylceramide; Le, Lewis; ND, not detected at given threshold; PSA, polysialic acid; s, sialyl; TF, Thomsen—Friedenreich; Tn, 2-6-a-N-acetyl-
galactosaminyl. *Antigens present on at least 50% of cancer cells in at least 60% of biopsy specimens based on REFS 191,192,
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Examples of carbohydrate-based therapies

Biosynthesis of unnatu-
ral carbohydrates on the
tumor surface

Biosynthesis of unnatu-
ral carbohydrates on the
tumor surface

Biosynthesis of unnatu-
ral carbohydrates on the
tumor surface

Biosynthesis of unnatu-
ral carbohydrates on the
tumor surface

Raise antibodies to the tumor-
associated carbohydrate anti-
gens to develop a vaccination
strategy

Use antibodies generated from
the tumor-associated carbo-
hydrate antigens to deliver
agents to cancer cells

Inhibit the carbohydrate pro-
cessing enzymes

Inhibit the interactions of the
tumor-associated carbohydra-
tes with the lectin receptors,
to minimize metastasis

Carbohydrate antigens on protein carrier for
potential treatment of prostate, colon and breast
cancer; theratope (sialyl-Tn antigen conjugate
vaccine) for metastatic colorectal and breast
cancer

Ligand-targeted liposomal therapeutics

Naturally occurring aza and imino sugars, as well
as synthetic derivatives—inhibition of metastatic
tumors and tumor growth, as well as pulmonary
and colon cancers

Multivalent sialyl-Le* derivatives, as potential
antimetastatic agents
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Scheme 8. Synthesis of Hib Capsular Repeating Unit 50 Used for Conjugation to Human Serum Albumin or Tetanus Toxoid
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Table 1 | Licensed carbohydrate-based vaccines

Indication

Haemophilus influenzae type b (Hib)

Neisseria meningitidis A, C, Y
and W-135

Salmonella typhi

Streptococcus pneumoniae 4, 6B, 9V,
14,18C, 19F and 23F

Streptococcus pneumoniae 1, 2, 3, 4, 5,
6B, 7F 8,9N,9V, 10A, 11A,12F, 14, 15B,
17F 18C, 19F 19A, 20, 22F, 23F and 33F

Vaccine

Glycoconjugugate, polysaccharide with
tetanus toxoid (TT)

Diphtheria toxoid (DT), TT and acellular

pertussis adsorbed, inactivated poliovirus
and Hib—TT conjugate vaccine

Hib conjugate (meningococcal protein
conjugate)

Hib conjugate (meningococcal protein
conjugate) and hepatitis B (recombinant)
vaccine

Glycoconjugate, meningococcal
polysaccharide with DT

Meningococcal polysaccharide

Vicapsular polysaccharide

Pneumococcal polysaccharide
7-valent-CRM197 conjugate

Pneumococcal polysaccharide,
23-valent

7) 9 S H dz )

Manufacturer
(Trade name)

Sanofi Pasteur (ActHIB);
GlaxoSmithKline Biologicals
(Hiberix)

Sanofi Pasteur
(Pentacel)

Merck &6 Co
(PedvaxHIB)

Merck 6§ Co

(Comvax)

Sanofi Pasteur
(Menactra)

Sanofi Pasteur

(Menomune-A/C/Y/W-135)
Sanofi Pasteur (TYPHIM Vi)

Wyeth Pharmaceuticals
(Prevnar)

Merck 6§ Co

(Pneumovax 23)
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Table 2 | Examples of 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

Vaccine

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

Glycoconjugates of type la, Ib, I, 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

Phase of

development
Phase [**

Preclinical*®*®

Phase I*®*
Preclinical®®

Phase IlI*%®
Phase II[3-1#7
Preclinical*
Phase [[*®®
Phase Il[*%*
Preclinical®*

Phase I**°

Preclinical ®-%®

Preclinical®™®

Preclinical®™®®
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Cryptococcus neoformans

Leishmania spp.

Plasmodium falciparum

HIV-1

Breast cancer

Epithelial cancer

Melanoma

Prostate cancer

ZI‘

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|

(Globo H-GM2-Lewis*—sTn—TF-Tn-R)
sTn(c)-KLH plus QS-21 as adjuvant
Globo H-GM2-Lewis*-MUC1-32(aa)—sIn(c)-TF(c)-Tnl{c)}-KLH

conjugate vaccine plus Q5-21 as adjuvant
GM3NPhAc—KLH

Unimolecular hexavalent conjugates

(Globo H-GM2-Lewis*—sTn—TF-Tn-R)

TF(c)-KLH plus Q5-21 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

J 90Cyddzr o tOL ts@s

Phase |*°
Preclinical®®®
Preclinical®
Preclinical®®
Preclinical®

Preclinical*”
113-118.165

Preclinical**®

Phase ¥

Phase I'¥

Preclinical®*?

Preclinical**®

Phase [**
Phase [***

Phase I1**
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