%,
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Immunity (defence — protection)
the resistance against diseases, microbes

harmful species and in particular the capability

to avoid infections

-* %  The ensamble of cells, tissues
and molecules which mediate such resistance

is called IMmune System

IASOC
IAS C) 21st-25t Sept. 2014, Ischia, Italy
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Innate Immunity, is nonspecific immunity,
is the natural resistances with which a
person is born.

It provides resistances through several
physical, chemical and cellular approaches.

EITY

Adaptive Immunity, sub-divided into two major types:

Naturally acquired immunity occurs through not deliberate contact with
a disease causing agent

Artificially acquired immunity develops only through deliberate actions
such as vaccination.

IASOC
IAS C) 21st-25 Sept. 2014, Ischia, Italy
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Innate Immunity Adaptive Immunity
x
%
o4 o
OO &% 5
{ &y e
el @ 8?) 2k Humoral

Naive B cell Antibodies

@6 #F

Phagocytes Dendritic cells 9 ‘ b ) (
oL & %‘ §Z A Cell-mediated

Naive T cell Effector T cells
Plasma proteins NK cells

( Hours ) ( Days )

o 6 12 1 3 5
Time after infection

Specificity (for antigens structurally non-self —
Self antigens are safe)
Immunologic memory (remember an ecounter

with a antigen)

s IASOC
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Immune System

Protection
Immunity
Surveillance

L

Immuno-response vs.
Tumors & Transplantation

() "
I -
Specifically identify and eliminate

tumor cells on the basis of their TSA or TAA “Self or Non Self’
(celluar stress of harmful chemicals) .
It makes the difference

IASOC
IAS C) 21st-25t Sept. 2014, Ischia, Italy
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Tumor & Immune System

Tumor & Immune System

Cancer immunoediting

Elimination
(Cancer immune surveiliance)
= TSA: Non Self epitopes
' = TAA: Tumour Tumoral Markers
r— | Tumour ¢ Specific
: ot ! A
i ospiions] o, saagive ity Associate Antigen
‘and/or apoptosis: .
Facdaion| | s e 1 Antigen
i
@ ‘
Loss of polarity | ey
Pt end - . _
| ; v ‘
o
MICA/B, ULBP  Tumor  RAE1, H60 IFN-/B
AR D Kot Ay e
(L0, i ackd e oM prockxse) (Le. exings o suppresion
= -
@ & & o ® e - =
M MDSC M2 » NKT NK co8* Treg CD4* Tumor Tumor cells resistant
macrophage macrophage T cell coll coll T et T cell coll o mmune system-

HyoROPHOBC
SEGMENT OF s
Aaneix prOTEN &_o

J.B. Swann & M.J. Smyth The Journal Clin Invest. 2007, 117, 1137 & -
’, IASOC ’, IASOC
lAS C 21st-25t Sept. 2014, Ischia, Italy |AS C

21st-25th Sept. 2014, Ischia, Italy
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Carbohydrate-shell: the Glycocalix Tumor & Immune System

Cancer immunoediting

Molecular Recognition: o e
Physiological vs. Pathological Events 3 s Escape

— : | Mechanisms

gzl Ot . vt ana
C, mm""";';""f“ ?ﬁ% ” ‘adaptive immunity
daions| | R 1
s Somsson
; Vil necion .
5 Loss of potaty 5 =Reduce immunogenicity
. Lossof £ contac 2
$ Transformed P‘:,,l'f,,} .
S ; T e e =Attenuate antitumor
) inaannn IRmeyr™ [mnfpoe " broume) e Immune response
= I, |
§3 2
omene : UERN
i , =
e \\\\%\\\ W (Lo, uric m%umgcm Procucts) (e, entrinsio tumor suppresion)

Is it possible
® 9 90 ® o @ -> 33 | finding a work around?

w1 MDSC M2 ® NKT NK coe: Treg oo+ Tumor  Tumor colls resstant
macrophage macrophage T cell col col Teol T cel ool lommune sysiem-

IASOC IASOC
|AS C) 21st-25t Sept. 2014, Ischia, Italy |AS C)

21st-25th Sept. 2014, Ischia, Italy
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Tumor & Immune System

: \». Chemiotherapy

Radiation theraphy
Biological therapies

Immunotherapy

Immunotherapy : stimulate the tumour-
bearing host immune system, making it able to
recognize tumour antigens and fight against
neo-plastic cells.

IASOC
21st-25t Sept. 2014, Ischia, Italy
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The Sugar Code

by )
Carbohydrate-based
Drug Discovery Fundamentals of Glycosciences.

Essentials of

Glycobiology

Carbohydrate-Carbohydrate
Recognition & Inhibition

‘ Enzyme
Inhibitors
Carbohydrate

' Epitopes ’ Anti-
Infectives

Immunotherapies

Synthetic
Vaccines

IASOC
21st-25th Sept. 2014, Ischia, Italy
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Pathogen
Bacteria

Escherichiacolitype 1pil

Helicobacter pylori

Pseudomonas aeruginosa (PA-IL and PA-IL)
Neisseria gonorrhoea

E.coltK99

E.col CFAL

Klebsiella pneumonite

Campylobacter ejun

E.coliK1

E.coliP

E-coliS

Haemophylus influenzae
Neissertameningtidis

Salmonella typhimurium

‘Streptococcus pneumoniae

Streptococcus suis

Viruses

Influenza A

Humen perainfluenza virus type 1
Norwalkvirus

Papilloma virus L1
Polyomaviruses (CV and BKV)
Simie SVa0

Vbnirersati dogle S oucdt b

Binding epitope

Mana(1-3Mana(1-6Man
NeusAca(z-3)Galf(1-91Gle

o Galactoside and Lews*
Galp(1-41GIcNAC
NeuSGealz-3)Gelp1-4)Gle
NeusAca(z-8)NeusAc

Man
Fuca(1-2)Galp(1-4)GIcNAC
GleNACB1-4)GIcNAC
Gala(1-4)Gol
NeuSAca(2-3)Gal(1-#1GalNAC
NeusAca(2-3)Galf(1-#)GlcNAC
NeusAca(2 3)Golp(1-H1GIcNAC
Man

NeusAca(z-3)Gel
Gala(1-4)Gala(1-4)Cle

a(2-3) or a2-6Hinked sialic acid
a(2-3)SLN and siolyl Lewis®
HandLe*blood types

Sialylated glycans
3-O-sulphated heperin sulphate
Blood group antigens

Sialylated glycans
Glycosaminoglycans

Sialylated glycans

Heparan sulphate

al2-3) or a2-6linked sialic acid

Beat Ernst & John L. Magnani

Nature Reviews Drug Discovery, 8, 661-677, 2009

tectin PA-IIL; PA-IL, PA-| galactophilic

K Ritternhouse-Olson et al.
Vaccine, 29, 8802-8826, 2011

IASOC
21st-25t Sept. 2014, Ischia, Italy

Tumour Associated Carbohydrates Antigens (TACAs)

v Mucin-related TACAs (Tn, STn & TF)

v Blood group Lewis-related TACAs (SLeA, SLeX)

v Globo-series (Globo H)

v The gangliosides (GD2, GD3, GM1, GM2, GM3 and NeuGcGM3)

. Antigens
Prognostic . =~
O Q)
Cancerous Normai
Prostate Cell Prostate Cell

& Immune Cell
(Killer T Cell)

Therapeutic Vaccines G /

@ IASOC
Ischia, Italy
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Tumor & Immune System

Carbohydrate Carbohydrate
Epitopes Mimetics

v GMs lactone mimetic (melanoma, colon, lung)
v" a-Tn mimetic (breast, colon, pancreas ..)

“.. The selection of a vaccine target is based not only on the presence
of the antigen on a variety of tumour tissue but also on the role this

antigen plays in tumour growth and metastasis ...”

Heimburg-Molinaro, J., Ritterhouse-OlsonK. et al. Cancer
vaccines and carbohydrate epitopes. Vaccine, 2011, 29,
8802.

IASOC
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Gangliosides as TAAs

Melanocites vs. Melanoma

HOOC oH O HN (CHZ)1SCH3
Ho Q o A CH,)12CH
*High density of GM3 AcHN \/\(\/( 2)12CH3

*Lower pH of cancer cells GM3 gangl|05|de

"In vivo" lactonization

GMs lactone is 10 times more

. . . OHOH H AN chaechy
immunogenic than GMs ganglioside Q o\/'\‘/\,(cuz)ﬂcu3

HO
OH
GM, lactone
AcHN
HO
Singhal, A. and Hakomori, S. Molecular changes in
carbohydrate antigens associated with cancer. BioEssay,
1990, 72, 223.
IASCOC 2, laly
21st-25th Sept. 2014, Ischia, Italy
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Gangliosides as TAAs

OH
HO HOOC OH HN (CH2)16CH3
AcHN ~ (CH2)123H3

6M3-gangl ioside

HO OH @l (CH2)16CH3
/é&o\/Y\/(CHz)uCHa

AcHN ° GM3-lactone
HO

&
<

Ganglioside GM3 in a lipid bilayer (gray) from a molecular dynamics
simulation using the GLYCAM force field.

DeMarco, M. D., and Woods, R. J. Glycobiol., 2009, 19, 344-355

IASOC
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Under physyological pH GMs-lactone is hydrolitically unstable and unfit
for any possible use in immunotheraphy

o)

OH k(CH2)1eCH3
IéﬁzOV\‘/\/(CthzCHs
GM3-lactone
Tietze (1997, 2000)
Magnusson et al. &
(1992, 1995)

OH-OH
OHOH QH Ogg/o’o
o] 0.
OHoogS’o-o HO H o
HO%NH OH
OH
o AcH
AcHN %o

HO
Lactame Ether

IASOC
IAS C) 21st-25th Sept. 2014, Ischia, Italy
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Gangliosides as TAAs A Thioether-bridged GM3 Lactone Mimetic
o
S f the A Hog‘o:l, &O\H\/ NGy
tate of the Art o (CHa)13CH3
HO oo S V\(\/

HOH

, Hooc 0 HO & GM; thioether
(CHZmCHs HoAcHN oH
GcHN (CH2)120H3 OH
o (CH2)16CH3
HO o 0\/\‘/\,(CH2)13CH3

OAcHN  OH glycosylceramide

||IZ

N-glycolyl GM; ganglioside

tricyclic spiro-fragment

N-glycolyl GM3/VSSP NGcGMs3/ very small size proteoliposomes
Approved in Argentina in 2013 for lung cancer

OH OH HOO
(0] . -
o o  M9wmo
K. Perez, J. Hernandez, L.E. Fernandez et al. s AcHN OH

Cancer Menagement and Research 2012, 4, 341.345.

electron-poor electron-rich
IASCOC lasoc IASOC diene dienophile IASOC
21st-25t Sept. 2014, Ischia, Italy 21st-25th Sept. 2014, Ischia, Italy

Inverse Electron Demand [4+2] Cycloaddition A Thioether-bridged GMs Lactone Mimetic

OB;
’ & CHCI. x RO 02 Twisted-boat conformation
BnO: RO {0} 3 RO Q
Sno + —_— = * S ‘
o o rt CQ) o % o
BnO S BnO, S S
BnO o] RO _OR ¥
Dienophile Diene BnO 0 =
OBn o OMe

OBn Bno
n OBn o
21 BnO Lactone: twisted-boat conformation Thioeth: @rof. Lucio Toma &
OR o ioether Dr. Laura Legnani
RO HsC University of Pavia
OH
AcHN
s O
N To p RO_OR
Chair conformation Q OMe
S
° Bott He
RO J ottom 3
OH
OR AcHN
DFT approach at the B3LYP/6-31G* level (in vacuum and in a
continuum solvent model, C-PCM to simulate water)

G. Capozzi, R.W. Franck , C. Marzabadi, S. Menichetti, C. Nativi

etal. Angew. Chem. Int. Ed., 1996, 108, 805.
G. Capozzi, S. Menichetti, C. Nativi et al. Chem. Eur. J., 1999, 5, 1748. IASOC IASOC
IAS C A. Bartolozzi, S. Menichetti, C. Nativi et al. J. Org. Chem., 2003, 68, 8529. 21st-25t Sept. 2014, Ischia, Italy IAS C 21st-25th Sept. 2014, Ischia, Italy
19 20
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Synthesis of the Electron-poor Diene

HO _OH HO _OTBDMS BnO _OH
o TBDMSOTf o 1) BnBr/ NaH/ DMF, 3hr.t. 0.
HO 2> —— . > TBDMSO 2> —————————>HOo =

Py 0°C 2) TBAF / DMF 4h r.t.
95% 97% PivCl /Py
70%| CH,CI,
8hr.t.
) OPiv
BnO OPiv ) OPiv Ph,P/HBr BnO
. - HOA___
HO O CgHg80°C  Ho OH  3drt
3h, 97% 90 %
IBX
EtOAc /80 °C
75%
BnOo _OPiv
BnO _OPiv BnOo _OPiv o °
g&zo PhtNSCI /py o m - o
0 0, o
S CHCI, 30'r.t. of| mam S~y
[\ ¢

IBX = ortho-iodobenzoic acid
S C A. Bartolozzi, G. Capozzi S. Menichetti, C. Nativi IASOC
IA Org.Lett., 2000, 1, 233. 21st-25t Sept. 2014, Ischia, Italy
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A Thioether-bridged GM3 Lactone Mimetic

OH
HO, on OH
AcHN—Z97 >cooCH;
HO'
CH,Cl,, rt
TBDMSOTf \, 81%
Py
OTBDMS OTEDMS
TBDMSO, OH OH r::?(;aﬁ, TBDMSO SOMS on
ACHNZ,97 > Co0CH, — » AT OH
TBDMSO TBDMSO
40 °C, 40% [NalO,,
(over two steps) | MeOH/H,0
OTBDMS OTBDMS
TBDMSO, Tebbe TBDMSO OH
) Py P00
AcHN 1% AcHN
TBDMSO ° TBDMSO

Cycloaddition: Low Yield
& Two Unseparable Stereoisomers

IASOC
IAS C) 21st-25 Sept. 2014, Ischia, Italy
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1 R=NHAc (NeuAc)

HO _oOH

gi\
o=
H 0—(CH,);5CH;
s
Electron-poor

OR' Diene

Prof. Mugnai, Dr. Hakomori and
Dr. Kiyotoshi Sekiguchi

Electron-rich
Dienofile R'O

IASOC
IAS C) 21st-25! Sept. 2014, Ischia, Italy
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H
_oH v' Stereochemistry of the stereocentres
HO «— @x v Top or bottom attach
Ho v' Conformation of the cycloadduct h

Prof. Lucio Toma < Dr. Laura Legnani

OH
=0"' University of Pavia
HQ oH H
o[-0
HO HO e
HO

HOOH

D-Manno D-Galatto D-Gulo

D-Man D-Gal

DFT approach at the B3LYP/6-31G* level (in vacuum and in a continuum solvent
model, C-PCM to simulate water)
IASOC

IAS C) 21st-25th Sept. 2014, Ischia, Italy
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Man_bottom TS (0.00 Kcal/mol) Man_top TS (9.72 Kcal/mol)

J

1vs2
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. Dr. B. Richichi

University of Florence
BulLi ‘ fo)
o— o Ph3PCH; Br o) 9-BBN, THF
OH TMEDA - THF o or PO M0, NaOH, H,0,
—_
d rt, 15-20h o X 1.5 h, 65-70% 0

7<° R=H
R = Ac (85 %) PCC, CH,Cl,

1h, 70%

\

Tebbe reag.
-78°C -rt

1h; 60 %

A. Haudrechy, P. Sinay, J.Org. Chem., 1992, 57, 4142

A\
IASEICYY
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A Thioether-bridged GM3 Lactone Mimetic

Amberlite 200
BnQ ~OPiv BnO ~OPiv Ly [B OPiv
PhtNSCI
(Co_ oo (Lo "o |
o o o o o 0| g0
SNPht S )\,o‘-
o}
o
K,CO;4
LR e
-

/\/\?
|
7 %}\fﬁz~&~@

|
1 / g

Dr.Andrea Ienco
ICCOM (CNR, Florence)

IASEICYY
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A Thioether-bridged GM3 Lactone Mimetic

i) guanidine
MeONa
MeOH
FeCl, ii) HC1 (10%)

AcO _OAc  CH,ClL, Bno OAc CHCI:—MeoH BnO _OPiv
o rt, se°/ o 'i):
o R 0 Ac;O py
r S y,>90%
[0)
AcO" ¥ N AcO
\C
AcO OAc

AcO OAc . e\d
Red-Al (0\
CH,Cl,, - 78 °C (9
93% o
ACO -OAc Cy4H,4OH, AgOTf

P CH,Cl, - 40°C
= Cp,HfCl, -
o R = o
/\/P—j/\s /\/Pﬂ/\
AcO RO
AcG [OAc - R: F(78%) $

OR MeONa[-R=
RO Mo =R

OR
— F
Diethylaminosulfur N- s\
trifluoride —J
gg‘rzncllnz 30’ L. Toma, E. Di Cola, A. lenco, L. Legnani, C. Lunghi, G.
Moneti, B. Richichi, S. Ristori, D. Dell’Atti, C. Nativi
IAS C) ChemBioChem 2007, 8, 1646. IASOC

21st-25t Sept. 2014, Ischia, Italy
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Tumor & Immune System

Immune Response is a mutistep process

v Antigen Recognition (Signal 1)

v Microbes and innate response against them Pathogen-mediated
or host dameged cells by pathogens (Signal 2) = Signal

v Limphocytes Activation (adaptive immune response - Signal 3)
Signal 1 Signal 2 Signal 3
T cell ‘ L céj T cep e

gy ol Hprh
MHC AO8 Y Cosoy
class i AR J[L\ﬂ.l/]

¢

KLH-GM3 Lactone Mimetic Glycoconjugate

Versatile structure
1) DAST, CHCl,

<30 °C 30 min OH
OAc 2) CpHICl, AgOTS
e o -40°C, 1h. 80% -0
NSNS Ns — A~~~ N
=\ *+HO 3) MeOH, MeOH Q ~ © 3
90%

Q s OH o
o
HORd o

HO PhsP; THF - H,0

OAc
ACaco OAC o e

OH
0~n/\/\)oj~ U Noj Hogg\
O ) o o, X o SNSANH:
O2N KLH (Keyhole Limpet Hemocyanin)
Qxygen-carrying metalloprotein (Cu 2+)
of shelfish_ 140 Lysine

DIF, it
6h, 87% HOPY !

OH
HO A
%S\ ; o NO, KLH 4 G35
= N Buffer pH 7.2 G
o o~ E/\/\)LOJ@ ? ,:{é':"’!ﬁr
o P
,\(?{ S8 Loadindg 24%

OH
HOKO oH @"02
HO

\ A h
C /£ C
h = pe % P 2 \ e F'X R J o Arcangeli A., Toma L.; Contiero L.; Crociani C.; Legnani L.; Lunghi C.
e e Cytokines Nesti E.; Moneti G.; Richichi B.; Nativi C.; Bioconjugate Chem, 2010,21, 1432
IASOC B o o ASOC IASOC Avery, 0.T.; Geobel, W.F. J. Exp. Med. 1929, 50, 533. IAsOC
217251 Sept. 2014, Iscnia, Italy 21525 Sept. 2014, Ischia, Italy
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HO,
HO,

on M o H N
“ % H H
&) o M L
Prof. G. Catelani s no Mo OH. o o N _/NHBoc
75 University of Pisa on P N\(_)a
~ M Y e
‘o ‘o

on o PAMAM

HO OH. o /
OH. HN'()‘ o
~% W)r o —Q w0,
2 H

Ho HO "
_OH TETRAM \_&"\‘\ Ho/% I}j ?
OH z
PN o
¢ % J:;ﬁ
XN, =
X NN
\/‘Y@_ ! © N 'VjNo ) . o
H

NH
HO oH o
e
. K i \
\P o

K 5 Prof. O. Renaudet
[~ University of Grenoble, 0, Prof. A. Marra
| K. K France 5 ( University of Ferrara
p
RAFT
RAFT_Melan

31

N N
N, ¢
- C s lc [} Prof. L. Pasquato
N University of Trieste

N 01 ,N,—NN K(\ J—OH
N 2 N\ o ~OH
N ]) WO T Y
0o OH

o
N, o R
.? 1N ﬂ[l—&s Q F"/’—‘ S\m_
NH OH
N )6 HO oH

o
N
(E @
Ny [ N-N 10
n O\/\o/\/ \\\ n GNP1 d=25nm
0 © GNP2 d=6nm
NP HO \\‘o
N~ 7_1 H
N7 oo
.F‘J\o o OH NNl/\ a0ancingth ks
s N N
) OH
\W’ O’. Dr. C. Meynard-Moyon
CNRS - Strasburg

- IASOC
21st-25th Sept. 2014, Ischia, Italy
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Nativi, C.; Toma, L.; Richichi, B. PCT n° 9896 PTWO, 2011.

IASOC
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GMs3 Lactone Mimetic Glycoconjugates

v’ Stable under physiological conditions
v MIM_GM-3 antigen raises an immune Secondary tagged Ab}nx,m\, \
response “in vivo” |
v Abs (anti MIM_GM-3) recognize the GM3 Specific Abs ('QM)/J 7 L\/J L\
iper-expressed on melanoma cells

GM3-ganglioside

Melanoma cell line W
012 aM,

The supernatant binds GM, whereas no
00 ! appreciable binding to GM, was observed.

IASOC
IAS C) 21st-25t Sept. 2014, Ischia, Italy
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CRM197 Glycoconjugates

Coating OVA-MIM 10ug/ml of protein in PBS pH 7.2

100000

Anti MIM 1gG

CRM197
Non-toxic mutant of
Post 1 Post 2 Post 3 Diphtheria toxin
inject. inject. inject.
No aspecific reactions
vs. the linker or Ova

F. Berti, M. Romano, M. Tontini, Novartis Vaccines - Siena

IASOC
IAS C) 21st-25 Sept. 2014, Ischia, Italy

DCs Activation

Antigen Presentation 5

The phagocyte

dendritic cell presents the antigen
to a helper T cell

©W

1. 2.
A phagocyte "eats”  Parts of the bacteria
a bacteria. (antigen) goes to the
surface of the phagocyte (9)(9)

=
activated / helper T cell
helper T cell

—

The helper T cell
is activated.

W. De Haes et al. http://dx.doi.org/10.5772/51583

IASOC
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12

B7.10% B7.1%0
B7.2%% B7.28

antigen

+ migration licensing
o > S5O
maturation o
stimulus
040 1371
immature DC mature DC CDaoL 0137 ) )
Prof. Javier Rojo
€D4* cell €D8"* cell CSIC, Sevilla

oy z S
R St
Y \/\oN

W. De Haes et al. http://dx.doi.org/10.5772/51583 NNJ_/

IASOC
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. .
DCs fenotype stimulus (24h) DCs Activation
120
100
g 807 Or. Clara Ballerini
% mDCs LPS (24h) University of Florence
< 607 ' DCs mim 10ug (24h)
* ] = DCs mim 50ug (24h) MLR Stimulus
14
20 1
12
0 - 5 10
HIA-DR  CDSO D86  CD83 %
o c 8 mLPS
Noéq o 2
/_, ,(\) : b ° j ,_; ° .
- h £
.? N% wj,) Ly )NJ,\/. & 4 e
. o i 2
Jﬁj i h,,fﬁg:/\ :
T R 2
- 3{ J wh-e CD4+ 10000DC  CDA4+ 1000 DC CD4+100DC
.7» L A A= Mim 10 ug
< St ? B= Mim 50 ug

38
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DCs fenotype B s
stimulus (24h) Py 0o
120 .29;&5 Pt
L& AT
TCna iR
jval Y
80 "
 DCs alone

mDCs LPS (24h)
= DCs AJGO60 10ug (24h)

% positive cells
@
3

= DCs AJGO60 50ug (24h)
40

20

HLA-DR CD80 CD86 CD83

39

GM3 Ganglioside & Its Biological Functions

.. the knowledge of the role that the carbohydrate antigen plays in tumour growth

and spread ..

for tumours have the ability to mutate losing the expression of a

specific antigen unless that antigen plays a key role in the tumour spread or adhesion

The molecular mechanism of cancer “malignacy”

\iﬁH;j\ Ve éﬁ/ (CH2)1SCH3
g O

0] (CH2)12CH
AcHN \/Y\/ 2)12CH3

GM3- Gangllosuie

OH
oH MNcranechs
\/\(\/(CHz)wchs

o GM3-lactone

IASOC
|AS C) 21st-25t Sept. 2014, Ischia, Italy
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Adhesion / Migration Molecules

v Integrins
v Cadherins
v Galectins

v Glycosphingolipids (GLS)—» ©M-2 L Fl

v’ Tetraspanins (TSPs)
v Grow factors

Detachment from
primary tumor

GM-3
ganglioside

Micheal, B., Gerd, Reasearch on melanoma, 2011

Ed. by Mandi Murph.

41

;s_‘ Angiogenesis

Intravasation into
blood system

Association with
leukocytes and
platelets

Metastasis

IASOC
21st-25t Sept. 2014, Ischia, Italy

z

—
§ ) Vniseriaic doyts: S rca

%

GM3 Ganglioside & Its Biological Functions

Glycosynapse type 1

» BECM
P
el o
P o a

GMs is overexpressed in Glycosynapses where interacts with transmembrane
receptors or signal transducers involved in cell adhesion and signaling

S. Hokomori, PNAS, 2002, 99(1), 225-232; S.Hokomori,
FEBS Letters, 2010, 584, 1901-1906; A. R. Todeschini,

S. Hokomori, Biochim. Biophys, Acta, 2008, 1780(3),
421-433; S. Hokomori, K. Handa, K. Iwabuchi, S. Yamamura,

|AS C A. Prinetti, Glycobiology, 1998, 8(10), xi-xix. JASOC
21st-25t Sept. 2014, Ischia, Italy
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How Cancer Spreads

\Q@’-— Attachment

Hakomori, S.-I. FEBS Letters, 2010, 584, 1901.
Rojo, J., Bernad, A., Penadés, S. et al. 2004, 5, 291.

IASECY

Multivalent GM-3 — containing constructs

_|-> Cell Adhesion - Invasion

) anchorage R
Normal cell

J  Epithelial cel
Matrix
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Anoikis

Metastatic colony in secondary organ

e
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B. Richichi, P. Chiarugi, C. Nativi, L. Toma et al.

Bioorg. Med. Chem., 2013,
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Cells Adhesion, Migration & Anoikis
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B. Richichi, P. Chiarugi, C. Nativi, L. Toma et al. IASOC
Bioorg. Med. Chem., 2013, 21st-25t Sept. 2014, Ischia, Italy
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Cells Adhesion, Migration & Anoikis

40% ====
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35%
Western blot:
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20% oty ame e Akt
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BT
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YIF

% Apoptotic cells
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Anoikis induction

in suspended A375

i 1
? IS X1 cells.
PSR
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Increasing vs control
(Apoptotic cells)

Sinergistic effect
Calix & Gold NPs
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Migration in Hypoxia

Hypoxia
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150 |
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Number of migrated cells
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Adhesion in Hypoxia

Hypoxia

110 | Normoxia

Number of invaded cells
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Mucin-antigen type

\ \

A large central region formed of multiple tandem
repeats of 10 to 80 residue sequences in which \)\VV j\r(N\)J\ COOH
up to half of the aminoacids are Ser or Thr

The peptidic backbone is saturated with o on - Ho O o oz
hundreds of O-linked oligosaccharides Ho%rﬁ T oA O%ﬁ

a-Tn a-TF
a-TF antigen
Normal mucin Tumor-associated mucin
rormal
carbobydrate
epitopes
exraceliotar l"'m”'“’ Lid

IASOC
21st-25th Sept. 2014, Ischia, Italy

50

#m’ 2 2
) Vbniieradti doglt St e Forene

Mucin-antigen type

State of the Art

G.J. Boons et al. PNAS 2012, 109, 261

R.J. Payne et al. Angew Chem Int Ed 2011, 50, 1635

H. Kunz et al. Angew Chem Int Ed 2010, 49, 3688

A. Zettl, C.R. Bertozzi et al. Angew Chem Int Ed 2004, 43, 6112.

S.J. Danishefsky et al. J. Am Chem Soc 2002, 124, 9833

IASOC
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¥ Mucin-antigen type
T >( /<
HOA N\,
o - NHBoc 45°C

Dr. Rosa Bosco
University of Florence

70%

COOBn
%L/NHBoc

1) cacooul cooBn

CH,Cly, rt
2) Et;N, CHCI,
40 °C, 65%

Synthesis of a
o-Tn mimetic

Ho ~OH %
0 1) Pd(OH),/ C o
1) HF-Py H2 rt90°/3’
rt 2h
2) LiOH/ HZO 2) Ser(OMe),
0 °C, 39% (over g S O DMF, NMM
two steps) HATU r, 9390
HN
COOBn

COOH
(I;\ (\COOMe

IASOC
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CH;OMe| COOBn

Synthesis of a

0°C, 60 % . .
° o-TF mimetic
ISi\
HO oy HO OH HO _OH o _o
o} O o 0
Ho&vogﬁ L HF/Py, it Ho%o%
OH SO 2)LiOH/ H,0 OH S o
NS 56% over 2 steps NS
HN HN
COOH COOMe

ASECYY
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0T Prof. J.Jimenez Barbero e
B Dr. Ana Arda
CoCH CSIC - Madrid
OH
HO OH
0
HO
= o)
O =
HN HOL
w i a2 0
o N v~ N” COOH
H § ¢ H
HO
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Mucin-antigen type - Conformational Studies

In solution by NMR & Mol. Modeling:

Vicinal proton-proton coupling constants for the

pyranose ring of Gal residue: unique presence of the

4C, chair conformation, as expected for natural galactosides.

Interaction with Viscumin Album Agglutinin (VAA)

Mim_Tn competes with lactose for the lectin site,
It is recognized as lectin ligand

STD NMR e O

Reference 'H 1D ‘ ‘
Protein Ligand

S

Selective irradiation [’EI

STD

non-Ligand

IASOC
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Mucin-antigen type - Conformational Studies

Interaction with Viscumin
Album Agglutinin (VAA)

OH

% oH

82% o —\

Negligible STD effects on ~ 13°°°"
the protons of lactam units

Three Gal specific Lectins

- Human Macrophage lectin 2 (HML2) — Gal, GalNAc, Tn
- Erythrina Cristagalli lectin (ECL) —> Galp1-4GIcNAc, Galp
- Helix Pomatia agglutinin (HPA) —> GalNAca1-3Gal; B-GalNAc;

HML2 lectin provided by Prof. H.J. Gabius as extracellular

GlcNAcB1-4Gal

fragment of HML2 (aa68-316), containing the carbohydrate

recognition domain (CRD, aa187-316).

IASEICY

IASOC
21st-25th Sept. 2014, Ischia, Italy
56




PVbnsineriatic (/PIJ‘: V7%

STD Intensity (1:100-ECL:

120

100 :/*
60
B L 2
=8

Erythrina Cristagalli Lectin (ECL)

Mim ratio)
HO OH
Q
Ho\gﬁ
S o
- oA
7
HN
OH
(¢}
n
/ —&— RBO072
# - aOMeGalNAc
/ — RBOO071

HO OH
/
o s “m 0
= \z HO
S

20

H1 H2 H3 H4 H5 Hé

IASECY

- < (¢)
0. =

ﬁ HM

H7a  H7b H8

IASOC
21st-25t Sept. 2014, Ischia, Italy

57

PVbnsreriic (/P/J‘: Slocids b Frenae

OH_oH cg’i\ 80-100%

- - - - O 0/
Erythrina Cristagalli lectin (ECL) Ho&;; HOo-3 80-70%
AcHN 0P 70-60%

OMe
o
mﬂ
j)z o “OH

..... e comsGablAG
d . Me aOMeGalNAc

”J\M\AMMA\M A

M ,J\JML«JNLWM = STD competition exps s

suggest that

E

k) .
a Wm the binding site for Tn_Mim

12 5 _/\“«MJM (- LN and Me Gal is the same

&

2

i

2

-
~
w

i = Tn_Mim binds better than

aOMeGalNAc
1105 JESRY VW, N S et Jurtn
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RAFT-Based Multivalent MIM Tn

O Mock <O Adjuvant 4@ Mucin + Adjuvant |

1.0 CpGig6 immuno-adjuvant Dr. Benmohamed Lbashir
Medical School; Irvine
2 o
a 0.8 & s
< Q-w’ Y
° o
[
= 0.6
= 0
=]
= Q/ Lys—_ __Lys ©
(g, Gly Ala Pro
2 0.4 / . /
- L S
S Pl VS ~1ys— *~aiy
=
s 0.2
€ @ NH,
S

B T T J
32x10% 1.0x10% 33x10% 10x10%

Serum Dilution

Three groups B6 mice (n =10) immunized
subcutaneously two times with an interval of 14 days JASOC

o . . 21st-25th Sept. 2014, Ischia, Italy
B. Richichi, O. Renaudet, L. BenMohamed, C. Nativi et al. Angewsghem Int. Ed. 2014 in press




IgG/IigM Binding with TA3Ha
Cancer Cells
Mean Fluorescent Intensity (MFI)

MCF7
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TA3Ha mice mammary tuomor cells
MCF7 human mammary tumor cells

B. Richichi, O. Renaudet, L. BenMohamed, C. Nativi et al. Angewe?hem Int. Ed. 2014 in press
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RAFT-Based Multivalent MIM Tn
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B. Richichi, O. Rehaudet, L. BenMohamed, C. Nativi et al. Angewsghem Int. Ed. 2014 in press
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