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_ Nanotechnology and medicine . Nanomedicine
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and their conjugates
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Duncan, R., Nanotoday (2005). dendrimers




When was nanotechnology born ?
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Nanotechnology and Drug Delivery Systems (DDS)
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Required properties of an “ideal” vector for drug and biomolecules

> Characteristic sizes

Nano-capsules or nano-objects (10-200nm)

» Stability
Blood circulation, encapsulation, functionalization...
» Furtivity to blood proteins (stealth)
Design of hydrophilic and inert surfaces (PEG,...)
» Targeting properties
Surface functionality of nanovectors
» Stimuli-responsive behavior

Development of smart systems



_B/ock Copolymers and Surifactant Self-Assembly
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Design and synthesis of the targeted molecules
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Our macromolecular chemistry toolbox

Polypeptide-based Roa-Coil : macroinitiator strateqy

Anionic Polymerization (styrene, butadiene, isoprene)

Controlled Radical Polymerization (styrene)

Ring Opening Polymerization (lactide, s-caprolactone, trimethylene carbonate
peptides)

NCA- Ring Opening Polymerization
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Macromolecules 2000, 33, 7819 / Macromolecules 2001, 34, 9100 / Macromolecules 2003, 36, 1118 / Adv. Mater. 2001, 13, 1217/ Faraday
Discussion 2004, 128, 179.



Our macromolecular chemistry toolbox

« Click Chemistry » strateqy i
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Macromolecules 2007, 40, 5653
Macromol. Rapid Comm. 2008

Polysaccharide-based copolymers

Chemical modification of common polysaccharides : chitosan, dextran, hyaluronan, alginate ...

Patent in progress



Solution self-assembly of polypeptide-based
block copolymers




Solution Self-Assembly of amphiphilic block copolymers

Example: PB ,-b-PGAy series

Organic solvent

(THF, CH,Cl,) Water
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Angewandte 2002, Eur. Phys. J. 2003, Langmuir 2005




Block copolymer vesicles or polymersomes
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BC Vesicle, a synthetic moadel of a viral capsid
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Herpes Simplex Virus Capsid

- Self-assembly of block copolymers with same range of molecular weight as

proteins used in virus

- Size range (100-200nm) comparable to viral capsids
- Stability, membrane thickness and permeability very similar



Stimuli-responsive BC MicellesVesicles
- p H
-T
- Magnetic field



DPH-responsive nanoparticles



Polypeptide-based Rod-Coll : pH ResponsiveVesicles

PB,;-b-PGA,
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» Stimuli-responsive effect as a function of pH

» Change in internal volume up to 300%
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E Chécot et al. Langmuir 2005, 21, 4308.
J. Babin et al. Faraday Discussion 2005, 128, 179

PB40-b-PGA100

R (nm)

150 ——
140 |
130 |
120 | 4
110 | b

100 '/

| A PB48-b-PGA56

50

48

46

44

42

40

38

o o R 52
! ! --; ]
1 I B --k--Z -
1, - 1
I ) 1 7
1 ! 1
A / 1
| ) 1 i
N 1
R 1
1 ,A 1
[ 1 —
1 1
1) 1
1, 1
1A 1 N
f !
A 1
" 1 N
" 1
1 1
1 1
1 1 i
1 1
1 1
1 1
1 1 7
1 1

L 1 1 |

90 I P I ! ! ‘ 36
6 8 10 12 14

pH




Diblock copolypeptides PGA-b-Plys . reversible pH assembly

acid pH (<4) Neutral pH (5<pH<9) basic pH (>10)

R,=175nm
H R,=110nm

Schizophrenic vesicles! K\

JACS 2005, 127, 2026.
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_ D/_'block copolypeptides PGA-b-PLys
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JACS 2005, 127, 2026.



D/block copo/ypepﬂa’es PGA -b- PL Js
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- rod-rod interaction — flat interface — vesicles !!!



Temperature-responsive nanoparticles
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Temperature Responsive PTMC-b-PGA BC Vesicles
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T-Responsive PTMC-b-PGA BC Vesicles : WHY?7?

Heat Flow (m\W/g)
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T-Responsive PTMC-b-PGA BC Vesicles . Mechanism?
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Multi-responsive nanoparticles



Multi-responsive block copolymer nanoparticles (T , pH, ions)
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Magnetic-responsive nanoparticles



Magnetic micelles and complexes (y-Fe,0;)
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| increase in the MRI contrast
- > (x 10)
- Gao et al. Adv. Mat. 2005
100 nm Lecommandoux Adv. Mat. 2005, Progress in Solid State Chem. 2006
e J. Mag. Mag. Mat. 2006

Electrostatic complexes

The branched poly(ethylene imine) (PEI) was used for the
first layer (red), and poly(ethylene oxide)-b-poly(glutamic

acid) (PEO-PGA) was used for the second layer (blue and
green, respectively)

Mohwald, Langmuir 2006



Magnetic vesicles : response to a magnetic field (1)

i

« fluid magnetic membrane »

» Alignment of the magnetic baggies
» Easy redispersion
» Easy process

> Increase of contrast for MRI

Advanced Materials 2005, 17, 712 | J. Mag. Mag. Mat. 2006, 300, 71



Magnetic vesicles : response to a magnetic field (2)

SANS

Scattering from the nanoparticles in the
vesicle membrane

B=540G B=1050G

R

Magnetically induced membrane deformation and permeability

Advanced Materials 2005, 17, 712
http.//nano.cancer.gov/news._center/nanotech_news_2006-07-31b.asp

« fluid magnetic membrane »

- diagnostic (MRI)
- multi-responsive release (pH, magnetic field, hypertermia)

“there are opportunities to design nanosized, bioresponsive systems able to diagnose and then deliver
drugs (theranostics)” (Ruth Duncan, Nanotoday 2005), EU FP7



Magnetic vesicles : interactions with living cells

First in vitro experiments with HMECS5 , 2H exposition

- Cellular internalization
- No cytotoxicity

Collaboration K. Petry, U-Bordeaux 2



Magnetic nanoparticles and hyperthermia

Hyperthermia in its advanced state referred to as heat stroke, which occurs when the body
produces or absorbs more heat than it can dissipate

Hyperthermia can be created artificially by drugs or medical devices. In these instances it may
be used to treat cancer and other conditions (local hyperthermia)

Different types of energy may be used to apply heat, including microwave, radiofrequency, and
ultrasound... and magnetic hyperthermia!!

magnetite cationic liposomes (MCLs)
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BC Vesicle: a versatile and
multi-functional platform for drug-aelivery and diagnosis

Encapsulation
(hydrophilic and
hydrophobic species)

peptide (RGD)

receptor

Surface functionalization

oligosaccharide



Polymer Nano-Assemblies for Therapeutic Applications

+» Sébastien Lecommandoux, Professor (Group Leader)
+» Christophe Schatz, Assistant Professor

+» Jean-Francois Le Meins, Assistant Professor
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Physico-chemical characterization
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