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Nano is important in medicine

Lungs

Liver

Spleen

Kidneys

f&q nat

Do Q%O Oi: IO

-

>150 nm 20—150 <5 nm

20— 150 nm

—

20—150 nm

= [

o
10 -

o B

M. Ferrari et al. Nature Biotech. 2015, 33, 941-951
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A promising platform for controlled drug delivery

Biocompatibility

Incomplete elimination and bioaccumulation issues hinder a
faster clinical translation as nano-medical tools

M. Vallet-Regi, J. Zink, T. Bein, G. Stucky, R. Ryoo R, C. Hyeon, C. Brinker, K. Cai, U. Wiesner, ...
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Nanoscale, 2016, 8, 7240-7247
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L. Maggini et al. Nanoscale, 2016, 8, 7240-7247
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Leana Travaglini and LDC Chem. Mat. In press
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And many others...

[iﬁ

E.A. Prasetyanto, A. Bertucci, D. Septiadi,

R. Corradini, P. Castro-Hartmann, L. De Cola
PCT Int. Appl. (2015), WO 2015189402 Angew. Chem. Int. Ed. 2016, 55, 3323-3327
A120151217
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Eko Prasetyanto

Angew. Chem. Int. Ed.
2016, 55, 3323-3327

GDCh

International Edltlon Chem’e

www.angewandte.org

2016-55/10

Q A Journal of the Gesellschaft Deutscher Chemiker 't

A breakable shell ... \(;—;/,f‘ 3

... for the encapsulation of proteins allows their delivery into cells and subsequent
release. In their Communication on page 3323 ff., L. De Cola, E. A. Prasetyanto et al.
describe the construction of a breakable shell comprising silica units that are held
together by disulfide bridges. Once the encapsulated proteins are internalized in cells,

reduction of the disulfide groups results in disintegration of the shells and release of the
proteins, which retain their activity throughout the process. WI LEY'VCH
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agp %\IIIII

% 2/20/2014 | dwell HV HFW pressure —
° | 1:12:14PM | 5ps | 20.00kV | 829 nm | 1.66e-4 Pa | 500 000 x ISIS



B e scionce In Vitro Breakability

UNIVERSITE DE STRASBOURG et d’lngénierie

/ Supramoléculaires

A

g protein — protein@nonBS route
Q© protein@shell — protein@BS route

=

Yar

Sl
X

..

lysosome and
endosome fusion

‘bb induced

lysosomeand ®  aPoptosis
endosome fusion

endosome

endosom

0o 00
protein@BS ©

Angew. Chem. Int. Ed. 2016, 55, 3323—-3327
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Physical cross-linking Chemical cross-linking

i 3D networks composed of
: cross-linked hydrophilic

transient polymer chains
crosslinks

from Chem. Soc. Rev., 2012, 41, 6195

hydrophilifl character

biocompatibility

am Ghapl Bl size adapted from Nature, 2010, 463, 339-343
and Carbohydrate Polymers, 2015, 125, 103-112

O. Wichterle, D. Lim, Nature, 1960, 185, 117
F. Lim, A. M. Sun, Science, 1980, 210, 908
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Poly(amino amide)-based hydrogels:

HoN NH,

o o Hv)\ S
\)]\N/\N)]\/ 4+ NH; 4 H2N/\(/ 4NH2 + HyN 2 >
H H HN - NH2
(0} 0 (o}
COOH molecular . /\)I\ )]\/\ /\)I\ )I\/\ - -—
crosslinker N N/\N N N/\N N~ , —
O < H H H H ; —
- > N HoN oy, 2aars NH
N b
O o] N ll\l

Reaction that proceed in water
At body temperature
Very fast and quantitative
No catalyst or external factors
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v Reversible swelling/collapsing
behavior

v % H,0 = 93% (weighting method)

v’ Self-healing ability even after 15 days

v Very elastic thanks to the presence of
MSNs

inverse test tube
method

3/13/2014 | dwell L ‘ ._»,.,v-f"—
;4 r
Size of the pores
ranging from 30 to 80 um

?& 3/13/2014 | dwell 1\ HFW pressure a |  =——300m—
® | 7:41:08PM | 10 ps | 10.00kV | 1.04 mm | 6.01e-4 Pa | 400 x ‘
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c Bl MSN-hydrogel
B pristine hydrogel

‘ Federica Fiorini
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a HaN KH, SDF@MSN-hydrogel

Concentric Cylinder Hydrogel
(SDF@CCH)

NH3
HiM

- HaN
k‘@%

Stromal cell-Derived
Factor 1a (SDF-1a)

Interface
between

inner core (I)
and

outer layer (O)

F. Fiorini in collaboration with Dr. E. Tasciotti Methodist Hospital Houston
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Interface Outer (MSN-free) Inner(MSN-gel)
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releasing SDF-1a

Colony formation

Scale bar is 50 um
where non marked.
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In collaboration with Silvana Perretta group IRCAD, Strasbourg
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Injection of the pre-hydrogel
solution between the mucous and
the serous membrane of an

explanted pig’s stomach.

Federica Fiorini and Pietro Riva



’ ISIS
Institut de Science

Vv TRASB R P
UNIVERSITE DE S SBOURG et d’Ingénierie

Hydrogel in tissue

J Supramoléculaires

After about 5 minutes the tissue was cut opened, to expose the
different layers. The hydrogel was perfectly gelified and integrated
with all the anatomic structures

In collaboration with IRCAD and IHU, Dr. Silvana Perretta
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World

Both sexes
Estimated number of cancer cases, all ages (total:14090149)

(13.0%)

Other: 4969278
(35.3%)

(11.9%)

Bladder: 429793
(3.1%)

Oesophagus: 455784
(3.2%)

Lung: 1824701

east: 1676633

—————Colorectum: 1360602
(9.7%)

———————— Prostate: 1111689
(7.9%

St h: 951594

%e%zx) uteri: 527624 / (6.8%)

Liver: 782451
(5.6%)

front view

3 1
Gastric cand
D

Pyvlorng
sphincier

muscle
] Carcinoma

Ansular
b

nolich

Canadian Scientific Journal 2 (2014)
Comparative survival analysis of patients with stomach cancer after combined surgery

Stomach cancer is the 5th most common in the world
and the 3rd for mortality

IARC, World Cancer Report 2014
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NS solution dPAA hydrogel Degradable hydrogels able to release drugs

Biodegradation
and release

Endoscopic
Submucosal
Dissection

1 hour

Submucosal fluid cushion (SFC)

v Formation of a solid SFC

v’ Significant mucosal lifting

v"No change in shape and
consistency

_ _ L. De Cola, G. Alonci, F. Fiorini, P. Riva, S.
v’ Long-lasting and reliable SFC

Perretta Int Patent filed January 2017
Manuscript submitted
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Angew. Chem. Int. Ed. 2016, 55, 3323
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v’ Clear and stable mucosal elevation

v’ Use of electrocautery tools

v’ Protecting layer of hydrogel under the resected mucosa:
potential release of antibiotics

ESD performed by P. Riva



’ ISIS
Institut de Science

UNIVERSITE DE STRASBOURG e
et d’Ingénierie

J Supramoléculaires

Injectability and gelation time in vivo

Approx 3 min

L. De Cola, F. Fiorini, P. Riva, S. Perretta
Int Patent filed January 2017
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Self-assembled systems
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Self-assembled structures for self-assembling
proteins...
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b>High emission N 2% gg E(%

S. Huo Inorg. Chem., 2010, 49, 5107

> Tunable emission color

B> Chemical and photochemical stability

&

b High tendency to stack & % & % & “{
. 4 xc"‘ :ﬁ g“ ﬁ

VWW Yam J. Am. Chem. Soc., 2002, 124, 6506
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MO of monome of monomer Nt #ill
A
dx2 - y2 dx2 - y2
nt — LUMO %
> LC/MLCT
=)
O
c
L
dm, % _H_“OMO dm
oz 4l T
Changes in the R. Eisenberg, V. Yam,
excited stat® nature G. Williams, ME Thompson

C.-M. Che, M. Kato,
D. Bruce, F. Castellano
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C. A. Strassert, et al. Angew. Chem. Int. Ed., 2011, 50, 946 - 950
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M. Mauro, L. De Cola et al.
Chem. Commun. 2014, 50, 7269-7272
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Kinetically-trapped metastable
supramolecular assembly (A) NH(CH2CH,0)3CH3
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Kinetically-trapped metastable
supramolecular assembly (A) NH(CH2CH,0)3CH3
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Kinetically-trapped metastable Thermodynamically stable
supramolecular assembly (A) NH(CH,CH,0);CH;  supramolecular assembly (C)
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A. Aliprandi, M. Mauro, L. De Cola Nature Chemistry 2016, 8, 10
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00:00:00

A. Aliprandi, M. Mauro, L. De Cola Nature Chemistry 2016, 8, 10
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6.19 + 0.54 um 8.42 + 0.81 um 14.17 + 0.86 um

A. Aliprandi, M. Mauro, L. De Cola Nature Chemistry 2016, 8, 10
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Making light of
self-assembly path
~
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MULTIVALENCY
Sugar-coated fullerenes fight infection

NICKEL CATALYSIS, —
Activating amides

SUPRAMOLECULAR GELS
Metal-organic cages branch out
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N Reversibility of the mechanocromism

w’

Adv. Funct. Mater. 2016, 26, 5271
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normalized PL intensity

-> highP -> 0

450 500 550 600 650 700 750 800 850
emission wavelength (nm)
In collaboration with Prof. M. Kappes, Dr. S. Lebedkin, KIT, Germany
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What happen at the nanoscale?
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Dr. Damiano Genovese
(KIT)

Dr. Michael Hirtz, Karlsruhe Institute of Technology (KIT)
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D. Genovese, M. Hirtz et al. Adv. Funct. Mater. 2016, 26, 5271-5278
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We use an AFM tip to write information in the nanoscale on a micrometer
sized mechanochromic support

Michael Hirsch and Damiano Genovese

Cantilever and tip

itten ribbon the tip is kept under constant
force, in contact mode
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Douglas, T.; Young, M., Nature 1998, 393, 152-155.

Adolph, K. W.; Butler, P. J. G.,
J. Mol. Biol. 1974, 88, 327-341.
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Can we induce a change in the shape with a self-assembled template?
Can we create highly luminescent virus like particles by self-assembly?
What will be the biological implication of the new “virus”?

o o Bk
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in collaboration with J. Cornelissen, University of Twente
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Disassembly of native CCMV into RNA and CPs
Cowpea chlorotic mottle (CCMV)

cowpea plant
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Pt(ll) amphiphiles
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