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Chronic Inflammatory Diseases (CID)

 Severe conditions of immunological disorders, most of the time involving auto-immunity

• Multiple Sclerosis (MS)
• Rheumatoid Arthritis (RA)
• Psoriasis
• Inflammatory Bowel Diseases (IBD; Crohn’s Disease, Ulcerative Colitis)
• Chronic Obstructive Pulmonary Disease (COPB)

 Current graduate treatments to reduce/resolve inflammation

• glucocorticoids / Non-Steroidal Anti-Inflammatory Drugs (NSAIDs)
• methotrexate
• bio-engineered proteins (biologics): soluble receptors and monoclonal antibodies (mAbs; especially anti-TNFa)
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Chronic Inflammatory Diseases (CID)

cytokine

mAb

cytokine receptors

 The principle of biologics: highly specific inhibition of a pro-inflammatory mediator, “ON/OFF” effect

 Opportunities for competitors of biologics:

• target only ONE cytokine of the inflammatory network
efficacy overcome with time due to redundant functions of cytokines

• immunogen (induce the production of antibodies, although fully humanized)

• immuno-suppressive, potentially enhancing infections and cancers

• contra-indications (eg, heart diseases)

• therapeutic failure for 20% of patients
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A “lead” dendrimer with anti-inflammatory properties

Dendrimers:

multivalent, non-linear polymers,
perfectly defined size and structure

(iterative stepwise synthesis) 

Composed of:
• a core
• 1 or more series of branches
• surface functions

ABP dendrimer:

cyclo-triphosphazene (N3P3) core
6 Poly(PhosphorHydrazone) (PPH) branches

12 AzaBisPhosphonate (ABP) end groups

generation 1 dendrimer
(1 series of branches)

MW = 5817 Da, Rh ≈ 2-3 nm
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A “lead” dendrimer with anti-inflammatory properties

Poupot M. et al., FASEB J. 2006
Rolland O.  et al., Chemistry 2008

Fruchon S. et al., J. Leukoc. Biol. 2009
Rolland O. et al., Tetrahedron Lett. 2009

Marchand P. et al., Bioorg. Med. Chem. Lett. 2009
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D. Portevin et al., J. Transl. Med. 2009
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tumour cell

Griffe L. et al., Angew. Chem. Int. Ed. 2007
Poupot M. et al., Nanomedicine 2016

-

Y. Degboé et al., Arthritis Res. Ther. 2014

anti-inflammatory

human PBMC
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IL-1 ra-/-IL-1 ra+/-
IL1-ra = IL1-Receptor Antagonist

in vivo "Proof of Efficacy": mouse model of Rheumatoid Arthritis (RA)

A “lead” dendrimer with anti-inflammatory properties
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systemic and joint
inflammation

cartilage
degradation

MMP secretion
(Matrix Metallo-Proteases)

osteoclast
differentiation

bone
resorption

pro-inflammatory
cytokines TNF-a, IL1-b …

0

2

4

6

8

10

12

14

8 10 12 14 16 18 20 22

A
rt

h
ri

ti
c
 s

c
o

re

Age (weeks)

0

2

4

6

8

10

12

14

4 6 8 10121416182022

Age (weeks)

A
rt

h
ri

ti
c
 s

c
o

re Control I.V

ABP 10 mg/kg I.V

Control P.O

ABP 10 mg/kg P.O

Arthritic score: from 0 to 3 for each paw

1st administration,
then weekly

(also active at 1 mg/kg I.V)

in vivo "Proof of Efficacy": mouse model of Rheumatoid Arthritis (RA)

constitutive inflammatory activation

A “lead” dendrimer with anti-inflammatory properties



11/20/2017  | 8 Rémy Poupot – Occitanie Network on Monocytes-Macrophages 1st Symposium – Montpellier

in vivo "Proof of Efficacy": mouse model of Rheumatoid Arthritis (RA)
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untreated arthritic mouse
arthritic mouse treated with

10 mg/kg of ABP
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ex vivo "Proof of Efficacy": culture of human rheumatoid synovial membrane
(informed consent, Rheumatology Dept, Toulouse Hospital)

differentiation
medium

osteoclast counts: 61 ± 12 / nm2 202 ± 24 / nm2 92 ± 17 / nm2

osteoclast differentiation inhibition

TRAP
labelling

differentiation
medium

+ ABP 20 µM
control medium

Hayder M. et al., Sci. Transl. Med. 2011

The ABP dendrimer is a drug-candidate
for the treatment of Rheumatoid Arthritis

A “lead” dendrimer with anti-inflammatory properties
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in vivo "Proof of Efficacy": mouse model of Multiple Sclerosis (EAE model)
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IL-10 mediated efficacy
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A “lead” dendrimer with anti-inflammatory properties

optimized surface function:
AzaBisPhosphonate (ABP)

surface function = variable
size/generation = constant
outer shell density = constant
internal scaffold = constant
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optimized generation:
generation 1

6 PPH branches
(12 ABP surface functions)
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A “lead” dendrimer with anti-inflammatory properties

surface function = optimized
size/generation = variable
outer shell density = constant
internal scaffold = constant
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A “lead” dendrimer with anti-inflammatory properties

surface function = optimized
size/generation = optimized
outer shell density = variable
internal scaffold = constant
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The outer shell density is:
↗ by modifying the core dimension (N3P3 → N4P4)
↘ with the number of branches (core locking strategy)



11/20/2017  | 15 Rémy Poupot – Occitanie Network on Monocytes-Macrophages 1st Symposium – Montpellier

O

N

P

P

O
OH
ONa

ONa

OH

O

O

N

P

OHNaO

O
P

OH

ONa

O

P

S

O

N

N

Me

A “lead” dendrimer with anti-inflammatory properties

surface function = optimized
size/generation = optimized
outer shell density = variable
internal scaffold = constant
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optimized outer shell density:
10 and 12 ABP surface functions

The outer shell density is:
↗ by modifying the core dimension (N3P3 → N4P4)
↘ with the number of branches (core locking strategy)
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A “lead” dendrimer with anti-inflammatory properties

Molecular
Dynamics

initial conformation
equilibrated conformation in the experimental conditions

1 nm

water box with 150 mM Na+ Cl-

1 nmABP
1 nmABP

surface function = optimized
size/generation = optimized
outer shell density = optimized
internal scaffold = variable

assay of 13 different scaffolds having approximately the same 
size and number of surface functions as the ABP dendrimer

molecular simulations vs anti-inflammatory bioactivity
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+ + + + + + + + + + + + + +

0 0 0 0 0 0

ABP

A “lead” dendrimer with anti-inflammatory properties

Bioactivity towards human monocytes

surface function = optimized
size/generation = optimized
outer shell density = optimized
internal scaffold = variable

assay of 13 different scaffolds having approximately the same 
size and number of surface functions as the ABP dendrimer

molecular simulations vs anti-inflammatory bioactivity
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ABP dendrimer (active) 6b-G2 dendrimer (inactive)

A “lead” dendrimer with anti-inflammatory properties

Caminade A.M. et al., Nat. Commun. 2015

3D-directionality is key to have anti-inflammatory ABP-capped dendrimers
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Opportunities …

 The principle of biologics: highly specific inhibition of a pro-inflammatory mediator, “ON/OFF” effect

 New concept: rehabilitation of inflammatory monocytes/macrophages with the ABP dendrimer

interleukin-6

interleukin-1

TNF-a

interleukin-17

monocytes/macrophages
ABP dendrimer

cytokine

mAb

cytokine receptors
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The “nanoworld” versus regulatory agencies

… and challenges

Non-biodegradable nano-objects

- long term effects related to bio-accumulation?
- genotoxicity, immune response (sustained micro-inflammation)?

Biodegradable nano-objects

- they are eliminated/secreted
- genotoxicity, immuno-safety?
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chemically and biologically
characterized

… and challenges
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Biodegradable nano-objects

- they are eliminated/secreted
- genotoxicity, immuno-safety?

Non-biodegradable nano-objects

- long term effects related to bio-accumulation?
- genotoxicity, immune response (sustained micro-inflammation)?


ABP slowly degrades in vitro
in physiological solutions

The “nanoworld” versus regulatory agencies

… and challenges
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 Genotoxicity: BN Ames’ test

• Salmonella typhimurium, 3 mutants, with or without metabolic activation
no significant increase of revertants no genotoxicity

 Early toxicity: Maximal Tolerated Dose (MTD)

• single IV administration:   MTD = 100 mg/kg
(next dose: 150 mg/kg)

• single IV administration:   MTD = 100 mg/kg
(next dose: 200 mg/kg)

Pasteur Institute, 2004 Ricerca Biosciences, 2011

… and challenges

• repeated IV administrations:   MTD = 60 mg/kg/day
(daily, 7 consecutive days) (next dose: 120 mg/kg/day)

Ricerca Biosciences, 2011Therapeutic Index > 25
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 Early toxicity and immuno-safety in Non-Human Primates

• 4 monkeys, 4 IV injections each, ABP at 10 mg/kg with 1 week intervals (sub-chronic toxicity)

• a 56 day follow-up:

clinical observations: body weight & temperature, behaviour, food uptake …
local reactions at the site of injection
clinical pathology: 10 biochemical & 16 hematologic/clotting parameters
immunological studies: 23 serum immune mediators, ex vivo assessment
histo-pathological study of main thorax and abdomen organs

… and challenges

CYNBIOSE, Lyon, 2012
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 Early toxicity and immuno-safety in Non-Human Primates

• 4 monkeys, 4 IV injections each, ABP at 10 mg/kg with 1 week intervals (sub-chronic toxicity)

• a 56 day follow-up:

clinical observations: body weight & temperature, behaviour, food uptake …
local reactions at the site of injection
clinical pathology: 10 biochemical & 16 hematologic/clotting parameters
immunological studies: 23 serum immune mediators, ex vivo assessment
histo-pathological study of main thorax and abdomen organs

CYNBIOSE, Lyon, 2012

• values in the physiological range, some subacute variations
• back to normal level within 2/3 days
• no cumulative effect during the time-course of the injections

no immuno-suppression, no adverse effect

Fruchon S. et al., Nanotoxicology 2015

… and challenges
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What is next?

from "hit" to "lead"

2004 2005…2007…2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

4,000

3,000

2,000

1,000

2004 05 06 07 08 09 10 11 12 13 14 15 16

cumulative granted funding (k€)       … only institutional so far …

NK

PoE
RA

NHP

http://www.imd-pharma.com
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Working in synergy on frontiers

biology computation

chemistry

Cédric-Olivier Turrin / Anne-Marie Caminade
L. Griffe, O. Rolland, A. Ouali, A. Maraval, P. Marchand

Laboratoire de Chimie de Coordination
CNRS UPR8241, Toulouse

Rémy Poupot
Séverine Fruchon, Myriam Hayder

M. Poupot, D. Portevin, Y. Degboé,
J.-L. Davignon, J. Ledall, Annie Behar,
C. Goursat, R. Jebbawi, N. Beton

Roland Liblau / Abdel Saoudi

Centre de Physiopathologie de Toulouse Purpan
INSERM U1043, Toulouse

Giovanni M. Pavan
M. Garzoni, D. Bochicchio

Department of Innovative Technologies
SUPSI, Lugano

http://www.imd-pharma.com


