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Etude in vitro  de l'activation endothéliale ADCC-dépendante  
en réponse aux Thymoglobulines ® 

Tristan Legris1, Chloé Dumoulin2,3, Julie Raujol2,3, Luc Lyonnet2, Jéremy Bez4, Philippe 
Poncelet4, Yvon Berland1, Francoise Dignat-George2,3, Stéphane Burtey1,3 et Pascale Paul2,3  
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Introduction:  Les Thymoglobulines de lapin (ATG) sont des anticorps polyclonaux 
engendrant une importante déplétion lymphocytaire. Le mécanisme d’action implique entre-
autre une lyse complément-dépendante. Du fait de leur capacité à lier les récepteurs Fc 
humains, les ATG pourraient exercer leur action par un mécanisme d’ADCC  (antibody 
dependent cell cytotoxicity) impliquant les cellules Natural Killer (NK). Les ATG 
reconnaissent également plusieurs antigènes endothéliaux. L’impact de la reconnaissance 
endothéliale par les ATG est peu étudié.  

Notre objectif est d’étudier in vitro l’impact des Thymoglobulines® sur l’activation et la 
vésiculation endothéliale, induites par un mécanisme ADCC.  

Matériel et Méthodes:  La liaison des ATG à diverses cibles endothéliales macro- et 
microvasculaires a été évaluée par cytométrie de flux. Les cibles endothéliales recouvertes 
ou non d’ATG ont été mises en contact avec des lymphocytes NK effecteurs de l’ADCC,  
avec ou sans complément. L’engagement des récepteurs Fc CD16 et la dégranulation NK 
ADCC ont été évalués par cytométrie de flux. L’activation endothéliale a été analysée par 
l’expression de CD54 (ICAM) et la libération de microparticules. L’activité procoagulante des 
microparticules endothéliales dans les surnageants a été évaluée par un test de génération 
de Facteur Xa (microparticules purifiées/lavées par centrifugation rapide). 

Résultats:  Les ATG lient fortement in vitro les cellules endothéliales micro et macro-
vasculaires. La reconnaissance par CD16 du fragment Fc des ATG induit une activation 
ADCC vis-à-vis de l’endothélium (baisse du pourcentage de NK CD16+ de 82.5% ; 
augmentation de la dégranulation NK de l’ordre de 3 fois). Nous montrons que cette 
activation peut agir de manière indépendante ou en interaction avec le complément. Cette 
réponse immune s’accompagne d’une expression membranaire de CD54 et d’une production 
accrue de microparticules endothéliales procoagulantes. L’activité endothéliale 
procoagulante est nulle en présence d’ATG seules et fortement induite en présence d’ATG 
et de cellules NK (augmentation du Vmax spécifique du Facteur Tissulaire de 0 à 73 
RFU/min) 

Discussion et conclusion : La liaison des ATG à l’endothélium pourrait entraîner une 
activation NK ADCC-dépendante se traduisant par la libération de microparticules 
procoagulantes. En sus de l’engagement du complément, la réponse ADCC du receveur 
pourrait contribuer à une activation délétère de l’endothélium in vitro. 
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CD146 mediates VEGF-induced melanoma  
cell extravasation through FAK activation 

 

Nathalie Jouve1*, Richard Bachelier1*, Nicolas Despoix1, Maryam Khalili Matinzadeh1, Stéphane 

Poitevin1, Michel Aurrand-Lions2,3, Nathalie Bardin1, Marcel Blot-Chabaud1, Frédéric Vely4,5,6, 

Françoise Dignat-George** 1,6, Aurélie S Leroyer** 1. 

 

CD146 is an adhesion molecule expressed by both melanoma and endothelial cells and thus is well 

positioned to control melanoma dissemination. Nevertheless, during melanoma metastasis, the 

involvement of CD146 expressed within tumor microenvironment has never been analyzed. To 

investigate whether host CD146 mediates the extravasation of melanoma cells across the endothelium, 

we generated CD146 KO mice. We demonstrated that host CD146 did not affect melanoma growth or 

tumor angiogenesis but promoted hematogenous melanoma dissemination to the lung. Accordingly, 

the survival of CD146-deficient mice was markedly prolonged during melanoma metastasis. 

Interestingly, vascular endothelial growth factor (VEGF)-induced vascular permeability was 

significantly decreased in CD146 KO mice. We also provided evidence that VEGF-induced 

transendothelial migration of melanoma cells was significantly reduced across CD146 KO lung 

microvascular endothelial cells (LMEC). CD146 deficiency did not affect the expression of the 

VEGF/VEGF receptor system but altered both focal adhesion kinase (FAK) activation and VE-

cadherin phosphorylation in response to VEGF. In addition, inhibition of FAK phosphorylation 

reduced transmigration of B16 cells across WT LMEC at the same level that across CD146 KO 

LMEC. Altogether, we propose a novel mechanism involving the VEGF/CD146/FAK/VE-cadherin 

network in melanoma extravasation across the vessel barrier that identifies CD146-targeted therapy as 

a potential strategy for the treatment of melanoma metastasis. 
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Comment une toxine urémique, l’acide indole-3 acéti que, 
stresse la cellule endothéliale ? 
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Activation of Neutrophils by ATP is required  
to initiate arterial thrombus formation in mice. 
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IMPLICATION DE LA CYTOTOXICITE NK DE TYPE ADCC DANS  LA 
PHYSIOPATHOLOGIE DES VASCULARITES SYSTEMIQUES 

PA Jarrot1, 3, C Dumoulin2, A Wideman1, F Dignat-George1, 2, P Paul1, 2, G Kaplanski1, 3 

1 INSERM UMR-S 1076 « Endothélium, Pathologies Vasculaires, et Cibles Thérapeutiques » 
2 Laboratoire d’Hématologie, Hôpital de La Conception, Marseille 
3 Service de Médecine Interne, Hôpital de La Conception, Marseille 

Les vascularites systémiques constituent un groupe hétérogène de maladies rares. Initialement classées 
selon la taille du vaisseau atteint, les vascularites primitives ont été reclassées en 2012 dans la 
nouvelle classification de Chapel-Hill suite à l’introduction de marqueurs immunologiques. En effet, 
la découverte des anticorps dirigés contre le cytoplasme des polynucléaires neutrophiles (ANCA) a 
permis d’ajouter à la classification anatomique initiale une dimension physiopathologique où on 
distingue actuellement 3 mécanismes : les vascularites à mécanisme immunitaire cellulaire (Maladie 
de Horton), les vascularites par dépôt de complexes immuns (cryoglobulinémie mixte (CM)) et les 
vascularites associées aux ANCA (granulomatose avec polyangéite…). Pour autant, ces auto-anticorps 
ne sont pas retrouvés dans l’ensemble des vascularites à ANCA, si bien que nous avons voulu savoir si 
d’autres cellules et mécanismes de l’immunité innée comme les cellules natural killers (NK) et 
l’antibody cell dependent cytotoxicity (ADCC) pouvaient être impliqués dans la physiopathologie des 
vascularites des petits vaisseaux. A l’inverse de la cytotoxicité naturelle, l’ADCC est dépendante de la 
présence d’anticorps, et active les NK via l’engagement du CD16, un récepteur de faible affinité des 
Immunoglobulines G. 

Récemment le test CHAT®, développé au sein de notre unité INSERM, a permis d’étudier l’ADCC 
dans le rejet humoral de greffe, via les variations de fluorescence du CD16 d’une part, et l’expression 
de Lamp-1 (lysosomal associated membrane protein-1) un marqueur de dégranulation cytotoxique des 
NK,  ainsi que la production d’INF-g d’autre part. La 1ère hypothèse était d’appliquer cette technique à 
la mise en évidence d’anticorps (des anticorps) anti-cellules endothéliales (AECA), préalablement 
rapportés dans les vascularites systémiques. Nous n’avons pas détecté d’ADCC dirigée contre les CE 
traduisant soit l’absence de ces anticorps, soit leurs faibles concentrations et nos travaux n’apportent 
pas plus d’éléments convaincants sur l’existence et le rôle pathologique des AECA. Nous avons 
ensuite testé l’hypothèse d’une ADCC des cellules NK dirigées contre des PNN recouverts d’ANCA. 
Nous avons retrouvé une faible activation des cellules NK se traduisant par un engagement du CD16, 
associée à une production d’interferon �  (IFN� ). De plus, nous avons observé une augmentation de 
l’expression d’Intercellular adhesion molecule (ICAM-1) à la surface des cellules endothéliales après 
incubation avec le surnageant de co-culture ADCC ANCA/PNN.  

Il existe donc une ADCC dirigée contre les PNN médiée par les ANCA qui pourrait être impliquée 
dans la physiopathologie des vascularites systémiques, via la production d’IFN� , en participant d’une 
part à la formation du granulome, et d’autre part à l’adhésion leuco-endothéliale par l’augmentation de 
l’expression d’ICAM-1. 
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MICROWAVE ASSISTED SYNTHESIS OF NEW QUINAZOLINE 
DERIVATIVES AND EVALUATION OF THEIR ANTITUMOR 

PROPERTIES  

Youssef KABRI1, Armand GELLIS1, Alessandra PAGANO2, Hervé KOVACIC2 and Patrice VANELLE1 

1 Equipe de  Pharmacochimie Radicalaire, Institut de Chimie Radicalaire, CNRS UMR 7273, Aix-
Marseille Université, Faculté de Pharmacie, 27 Bd J. Moulin, CS 30064, 13385 Marseille Cedex 05, 
France 
2 Centre de Recherche en Oncologie Biologique et Oncopharmacologie, Aix-Marseille Université, 
Inserm, CRO2 UMR_S 911, Faculté de Pharmacie, 13385, Marseille Cedex 05, France 

Protein tyrosine kinases are enzymes that provide a central switch mechanism in cellular signal 
transduction pathways. As such they are involved in many cellular processes such as cell proliferation, 
metabolism, survival and apoptosis. Several protein tyrosine kinases are known to be activated in 
cancer cells and to drive tumour growth and progression. 

Among the different medicinal properties presented by some quinazoline derivatives, the most 
interesting clinical application was developed in oncology.1 Effectively, molecules such as gefitinib 
(Iressa®) are known to be efficient tyrosine kinase inhibitors. The interest of the quinazoline derivatives 
for medicinal chemistry led us to develop the synthesis of new quinazolines, under microwave 
irradiation. 

N

N
R2NH2

2 steps

R1MW

ClO

NH2

N

NH
Cl

R1

O 1) SRN1 or SN2

MW

2) Chlorination

�

The 4-chloroquinazolines were synthesized in 5 steps under microwave assisted protocol and in high 
yields. Microwave technology applied to Suzuki-Miyaura cross coupling reaction or to a SNAr reaction, 
allowed us to prepare a new series of 4-substituted quinazolines. 
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N
R2

R1

Cl

N

N
R2

R1

Ar

MW

Suzuki-Miyaura

N

N
R2

R1

N
R3

SNArcross-coupling reaction

R4

 

EGFR pathway is well known to control of cell proliferation. For each synthesized quinazoline 
derivative, a screening assay based on cell viability evaluation (MTT assay) was performed on cell 
models with high (A431), moderate (HT29-D4) or no (SW620) EGFR expression. This procedure 
allowed us to discriminate compounds affecting cell proliferation and viability through EGFR via other 
mechanisms. Results concerning the different derivatives are presented and discussed. 
Characterization of the specific targeting of EGFR for the selected compounds is under evaluation on 
EGFR phosphorylation. 

�

�����������������������������������������������������������
1 Lipunova, G. N. Pharm. Chem. J., 2000, 34(1), 19-22 
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Searching for new antileishmanial lead-compounds  
in 8-nitroquinolin-2(1H)-one series 
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Activity: IC50 L. donovani (pro.) =  6.6 µM; IC50 L. donovani (ama.) =  6.5 µM 

Cytotoxicity: CC50 J774 (murine) = 105 µM; CC50 HepG2 (human) = 126 µM

Refs: - pentamidine : IC50 = 6.0 µM (pro.) / >20 (ama.); CC50 = 1.0 µM (J774) / 2.3 µM (HepG2)
          - miltefosine   : IC50 = 3.1 µM (pro.) / = 11.6 (ama.); CC50 = 94 µM (J774) / 50 µM (HepG2)
          - amphotericin B  : IC50 = 0.1 µM (pro.) / = 0.2 (ama.); CC50 = 3.1 µM (J774) / 8.8 µM (HepG2) �
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Manganese (III) acetate mediated free radical synth esis  
of antileishmanial amidoxime derivatives 
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Microwave-Assisted Sonogashira Cross-Coupling  
Reactions in 5-Nitroimidazole Series. 

Kevin NEILDE, Maxime D. CROZET, Thierry TERME, Patrice VANELLE* 

Aix-Marseille Université, CNRS, Institut de Chimie Radicalaire ICR, UMR 7273, Laboratoire de 
Pharmaco-Chimie Radicalaire, Faculté de Pharmacie, 27 Bd J. Moulin -CS 30064- 13385 Marseille 
cedex 05, France. 
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2 (a) Walsh, J. S.; Wang, R.; Bagan, E.; Wang, C. C.; Wislocki, P.; Miwa, G. T. J. Med. Chem. 1987, 30, 150. 
(b) Crozet, M. D.; Botta, C.; Gasquet, M.; Curti, C.; Rémusat, V.; Hutter, S.; Chapelle, O.; Azas, N.; De Méo, 
M.; Vanelle, P. Eur. J. Med. Chem. 2009, 44, 653. 
2 Roche, M.; Terme, T.; Vanelle, P. Tetrahedron Lett. 2012, 53, 4184. 
3 Neildé, K.; Crozet, M. D.; Terme, T.; Vanelle, P. Synthesis 2013, submitted. 
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Antiplasmodial Structure-Activity RelaTionshipS In  
2-trichloromethylquinazoline Series 
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CCl3

R

N

N

X

CCl3

R

N

X

CCl3

R

S

X = NH, R = 2,4-diCl
X = NH, R = 3-CF3
X = O, R = 4-Cl
X = S, R = 4-Cl

X = O, R = 4-Cl
X = S, R = 4-Cl

X = NH, R = 2,4-diCl
X = NH, R = 3-CF3
X = O, R = 4-Cl
X = S, R = 4-Cl

IC50 K1 P. falc : 0.4 - 1.8 µM
CC50 HepG2 : 16 - >125 µM

IC50 K1 P. falc : 1.1 - 1.5 µM
CC50 HepG2 : >16 - 31 µM

In progress

Non-mutagenic Non-mutagenic

Chloroquine
Doxycycline

IC50 K1 P. falc CC50 HepG2
0.5
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30
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Ref er ence drug (µM)

N-3
suppression

ring
modi f ication

�

 
1 Verhaeghe, P.; Azas, N.; Hutter, S.; Castera-Ducros, C.; Laget, M.; Dumètre, A.; Gasquet, M.; Reboul, J.-P.; 
Rault, S.; Rathelot, P.; Vanelle, P. Bioorg. Med. Chem. 2009, 17, 4313-4322. 
2 Castera-Ducros, C.; Verhaeghe, P.; Hutter, S.; Garrigue, P.; Dumètre, A.; Mbatchi, L.; Laget, M.;  Remusat, V.; 
Sifredi, F.; Rault, S.; Rathelot, P.; Vanelle, P. Eur. J.  Med. Chem. 2011, 46, 4184-4191. 
3 Verhaeghe, P.; Dumètre, A.; Castera-Ducros, C.; Hutter, S.; Laget, M.; Fersing, C.; Prieri, M.; Yzombard, J.; 
Sifredi, F.; Rault, S.; Rathelot, P.; Vanelle, P.; Azas, N. Bioorg. Med. Chem. Lett. 2011, 21, 6003-6006. 
4 Senhorães, N.; Dias, A. M.; Conde, L. M.; Proença, M. F. Synlett, 2011, 2, 181-186. 
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Oncopharmacologie (CRO2, U911 INSERM, Aix-Marseille Université).  
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Interaction Tau/tubuline : Rôle des modifications p ost-
traductionnelles dépendantes de l’oxydation.  
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Interplay between microtubule-associated proteins  
and microtubule-targeting anticancer agents. 
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Functional characterization of an anion superoxide production 
peptide modulator in a colon cancer cell model 
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PIVL, A NEW SERINE PROTEASE INHIBITOR FROM MACROVIP ERA 
LEBETINA TRANSMEDITERRANEA VENOM, IMPAIRS MOTILITY OF 

HUMAN GLIOBLASTOMA CELLS 

 
M. Morjen 2, O. Kallech-Ziri 2, A. Bazaa 2, H. Othman 2, K. Mabrouk 3, R. Zouari-Kessentini 2, 
L. Sanz 4, J.J. Calvete 4, N. Srairi-Abid 4, M. El Ayeb 2, N. Marrakchi 2, J. Luis1.  
 
1Centre de Recherche en Oncologie Biologique et Oncopharmacologie (CRO2), INSERM 
UMR 911, Faculté de pharmacie, Aix-Marseille Université, France. 
2Institut Pasteur de Tunis, Tunis (Tunisie); 3CNRS UMR 6264, Marseille; 4Instituto de 
Biomedicina de Valencia, Valencia (Espagne). 
 
A novel Kunitz-type serine proteinase inhibitor, termed PIVL, was purified to homogeneity 
from the venom of the Tunisian snake Macrovipera lebetina transmediterranea. It is a 
monomeric polypeptide chain cross-linked by three disulfide linkages with an isotope-
averaged molecular mass of 7691.7 Da. The 67-residue full-length PIVL sequence was 
deduced from a venom gland cDNA clone. Structurally, PIVL is built by a single 
Kunitz/BPTI-like domain. Functionally, it is able to specifically inhibit trypsin activity. 
Interestingly, PIVL exhibited an anti-tumor effect and displayed integrin inhibitory activity 
without being cytotoxic. We show that PIVL is able to dose-dependently inhibit the adhesion, 
migration and invasion of human glioblastoma U87 cells. Our results also show that PIVL 
impairs the function of � v� 3 and to a lesser extent, the activity of � v� 6, � v� 5, � 1� 1 and � 5� 1 
integrins. Interestingly, we demonstrate that the 41RGN43 motif of PIVL is likely responsible 
for its anti-cancer effect. By using time lapse videomicroscopy, we found that PIVL 
significantly reduced U87 cells motility and affected cell directionality persistence by 68%. 
These findings reveal novel pharmacological effects for a Kunitz-type serine proteinase 
inhibitor. 
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QUANTITATIVE ANALYSIS OF MAP-MICROTUBULE INTERACTIO NS 
USING FRET AND FRAP IMAGING 

Gilles Breuzard*, Roqiya Nouar, Diane Allegro, François Devred, Pascale Barbier, Vincent 
Peyrot 
 
Centre de Recherche en Oncologie Biologique et Oncopharmacologie (CRO2), INSERM 
UMR 911, Faculté de pharmacie, Aix-Marseille Université, France. 
* Tél : (+33)4.91.83.55.26 ; courriel : gilles.breuzard@univ-amu.fr 
 

Several neurodegenerative and cancer pathologies directly implicate microtubule-
associated proteins (MAP) tau and stathmin. Their well-known functions are respectively to 
stabilize or depolymerize microtubules (MTs) [1, 2]. However, details of their interaction with 
MTs remain unclear, likely due to the difficulty to investigate MAP-MT complexes in cells. 
For 4 years, we explored the spatio-temporal distribution of MAP-MT interactions using 
quantitative FRET (Förster Resonance Energy Transfer) and FRAP (Fluorescence Recovery 
After Photobleaching) analysis by confocal imaging. These approaches were performed in 
cells following two MAP labeling strategies: either cells expressed the couple tau/tubulin 
fused to fluorescent proteins (EGFP and mCherry), or stathmin and tubulin proteins were 
immunostained (FITC and TRITC).  
 First, we succeeded in demonstrating a specific interaction between tau and MTs 
characterized by FRET hotspots along MTs. Focusing on single MTs in cells, time-lapse 
sequences of FRET showed that (1) hotspots were regularly spaced along MT with a 0.4 µm-
periodicity and (2) recovery of MT assembly was supported by the appearance of a hotspot. 
Moreover, FRAP experiment revealed dynamic binding between free and MT-interacting tau 
following a two-component diffusion model. This specific tau-MT interaction would be 
originated from either a greater recruitment of tau or a spatial rearrangement of the tau-MT 
complex leading to regulate the MT dynamic instability. 
 Second, we showed that the stathmin-tubulin/MT interaction was observed both as 
FRET hotspots at the plus-end of MTs and surprisingly upon MTs. To confirm our 
observations, we examined the influence of stathmin phosphorylation on three serine amino-
acids (Ser16, 25 and 38). For Ser16-phosphorylated stathmin, no FRET hotspot was observed 
in cells indicating the absence of stathmin-MT interaction, a result in accordance with 
previous ones reported in vitro [3]. Moreover, the interactions of Ser25- and Ser38-
phosphorylated stathmins with MT were mainly distributed along MT. 
 In conclusion, we provide critical details about the specific interaction between tau or 
stathmin and MT necessary for their function as MAPs. Using FRET and FRAP methods, we 
were able to monitor and quantify the MAP-MT interactions in the complex environment of 
the cell cytoplasm. Other works are in progress to demonstrate how microtubule-targeting 
agents such as taxol and post-translational modifications of tubulin such as acetylation are 
going to affect both MAP-MT interaction and MAP functions. 
 
[1] Weingarten MD, Lockwood AH, Hwo SY and Kirschner MW. PNAS (1975) 72, 1858-
1862. 
[2] Belmont LD and Mitchison TJ. Cell (1996), 84:623-631. 
[3] Larsson N, Marklund U, Gradin HM, Brattsand G and Gullberg M. Mol Cell Biol (1997) 
17(9):5530-9.  
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EB1 overexpression promotes glioblastoma  progressi on and 
sensitizes to microtubule-targeting agents in vitro  and in vivo 

R.Bergès, H.Gallardo, A.Kruczynski§, S.Honoré and D.Braguer 
 
 

INSERM UMR 911, Centre de Recherche en Oncologie Biologique et en Oncopharmacologie, Aix-
Marseille Université, 27 Boulevard Jean Moulin, 13385 Marseille Cedex 5, France. § Centre de 
Recherche d'Oncologie Expérimentale, Institut de Recherche Pierre Fabre, Toulouse, France. 
 
 

Background: End-binding protein 1 (EB1) is a microtubule (MT) plus-end-tracking protein 
(+TIP) that regulates MT dynamics and that serves as core component of the +TIPs network. 
EB1 is essential for cell migration and it has been described as an oncogene. We previously 
demonstrated that EB1 is involved in the antimigratory effect of MT-targeting agents (MTA) 
in endothelial cells and in glioblastoma (GBM) cells. GBM are the most frequent and lethal 
brain primary tumors, for which uncontrolled proliferation and abnormal cell migration are 
the two major characteristics. They display a very invasive behavior that represents a major 
obstacle to an effective treatment.  

In this in vitro and in vivo study, we have analyzed the implication of EB1 expression level (i) 
in GBM proliferation and migration and (ii) in the response to the microtubule-
depolymerising drug vinflunine regarding the cytotoxic and anti-migratory effects. 

Material and methods: GBM U87 cells, EB1-overexpressing U87 clones and shRNA EB1 
U87 clones were assessed for in vitro proliferation (72 h using sulforhodamine B assay) and 
migration (5 h using transwell assay). The drug response was assessed after vinflunine 
incubation for 72h and 5h respectively. Control U87 cells or EB1-overexpressing GBM cells 
were orthopically implanted in striatum of nude mice, then animals were treated with 
vinflunine (i.v.) or with vehicle. Measurement of tumor volumes and mice survival analysis 
were performed. 

Results: EB1 expression was positively correlated with both cell proliferation and migration 
of GBM cells. Moreover, tumor progression was strongly enhanced and survival was 
decreased in EB1 overexpressing U87 grafted animals. Interestingly, vinflunine was more 
cytotoxic in EB1-overexpressing clones compared to control cells. Moreover, cell migration 
was inhibited in these clones, at concentrations that did not affect U87 control cells. 
Furthermore, vinflunine significantly increased the overall median survival only for animals 
transplanted with EB1-overexpressing U87 cells. 

Conclusion: EB1 is a potential poor prognosis biomarker in GBM in our experimental 
models. Importantly, EB1-overexpression sensitizes GBM cells to a microtubule-
depolymerizing drug suggesting that EB1 may be used as a predictive marker of sensitivity to 
MTA. Further work is needed to understand the role of EB1 in MTA mechanism of action and 
to explore EB1 as a potential biomarker for GBM patient therapeutic strategy.  
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Validation of a Taqman Real-Time PCR method for the  Genotyping 
of the Inosine triphosphatase and solute carrier ge nes 
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A case report of voriconazole therapeutic drug moni toring  
in a heterozygous ultrarapid CYP2C19*1/*17 patient 
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DOSAGE REGIMEN INDIVIDUALIZATION OF THE ONCE-DAILY 
AMIKACIN TREATMENT BY USING KINETICS NOMOGRAMS. 

MAROUANI Hafedh, CONTARGYRIS Claire, ANASTOPOULOS Stamatios, KARTSONAKIS Ioannis, 
WOLOCH Christian, ILIADIS Athanassios  
 
Dpt. of Pharmacokinetics, UMR INSERM 911 CRO2, Aix-Marseille University, France. and  Intensive 
care Dpt., Laveran Military Hospital, 13 Bd Laveran, 13013 Marseille, France. 

Objective : Amikacin is concentration-dependent antibiotic used against severe gram-negative 
infections. The use of amikacin is difficult because of its narrow therapeutic index (renal and auditory 
toxicities) and its wide pharmacokinetic variability. The aim of this work is to propose, in a population 
of critically ill patients, a rapid and simple bedside tool which allows precisely reaching the amikacin 
efficiency target concentrations of 80 mg/L without exceeding the toxic threshold of 2.5 mg/L for 
residual concentrations. 

Method s: 1) Population PK study: sparse, retrospective therapeutic drug monitoring data for amikacin 
were obtained from 91 critically ill septic patients during the first 24 to 96 hours after treatment. All 
patients received 30 min intravenous infusion of doses ranging from 750 mg to 4 g of amikacin in a 
once daily regimen. Population modeling was performed using Monolix software [1]. Covariate 
analysis included weight, gender, age, total proteins and renal clearance (RC). 2) Kinetic nomograms 
(KN) [2]: based on the population analysis, three groups of patients were identified according to the 
renal impairment status. For each group, kinetic nomograms were obtained for the individualization of 
amounts and schedules in the regimens. All calculations were performed with the MATLAB software 
[3]. 

Results : A two-compartment model with first-order elimination best fitted the amikacin concentrations. 
RC was revealed significant covariate in the final model; it allows identification of 3 groups of patients: 
RC<20, 20<RC<90 and 120<RC ml/min. Population analysis confirmed the wide interindividual PK 
variability (51.5% for amikacin clearance) and subsequent need for individual dosage adjustment. For 
each group, the first KN uses the assayed amikacin concentration from samples drawn between 0 and 
6h to adjust the amount of the next administration, and the second KN uses assayed drug 
concentration between 18 and 30h to adjust the timing for the next administration. 

Conclusion : KN were successfully developed for amikacin therapy in critically ill septic patients. They 
allow reliable dosage and schedule adjustment immediately for the second administration of amikacin. 
Based on only two samples, dose and schedule of further amikacin administration were individualized, 
thus maximizing bactericidal killing while minimizing the risk for adaptive resistance and avoiding 
severe drug toxicity. 
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A NEW MATHEMATICAL MODEL FOR DESCRIBING METASTATIC 
SPREADING: VALIDATION IN TUMOR-BEARING MICE, 

CONFRONTATION WITH CLINICAL DATA AND IN SILICO 
SIMULATIONS TO OPTIMIZE TREATMENT MODALITIES . 

Severine Mollard, Joseph Ciccolini, Niklas Hartung, Christian Faivre, Sébastien Benzekri, 
Guillemette Chapuisat, Assia Benabdallah, Florence Hubert, and Dominique Barbolosi 
 
Pharmacokinetics Unit, UMR S_911 CRO2, Aix-Marseille Univ, Marseille, France; 
LATP UMR 7353, Aix-Marseille Univ - CMI, Marseille, France. 
 

Occult metastatic disease is a major concern in clinical oncology because optimal therapy 
can not been undertaken in a timely manner. Developing mathematical tools for describing 
and anticipating early metastatic stages would help clinicians to choose the most adequate 
therapeutic strategy, even if no metastasis is yet detectable at bedside. We have developed 
a mathematical model that provides a Metastatic Index (MI). We used a phenomenological 
approach based on a structured transport equation with non local boundary condition for the 
colony size distribution of metastases. The velocity of this transport was related to a 
Gompertz law's growth. The colonization rate of the tumors reflects not only the metastatic 
diffusion but also some fractal dimension of the blood vessels infiltrating the tumors. This 
model is mostly based upon few parameters and can integrate the impact of surgery or 
chemotherapies on tumor growth and spreading. Model structure and parameters were first 
adjusted by fitting the predictions with observed data from several experiments performed in 
mice bearing the MDA-231LUC+ breast orthotopic xenograft. Three-dimmensional 
bioluminescence monitoring was carried out so as to detect early metastases as small as 
105 cells. A pre-validation step was carried out to check the ability of bioluminescence 
imaging to discriminate small metastatic sites from artifactual signals. Various molecular 
markers (A-cadherine, alcohol dehydrogenase, metaloproteases) were studied from tumor 
biopsies to refine some of the model parameters. Data were finally compared using Monolix 
software and Visual Predictive Check confirmed the ability of the model to predict accuratelly 
both tumor growth-rate and invasiveness. Additionally, we compared the in silico predictions 
of the model with clinical data from 2648 breast cancer patients (a.k.a. the Koscielny cohort) 
with a follow-up of metastatic reccurence depending on the initial tumor size measured upon 
surgery. Results showed that the model's predictions matched the clinical observations 
(r2=0.98), thus suggesting that our MI could be a useful tool indeed to forecast metastatic 
spreading in patients with cancer. Finally, in silico simulations were performed to study the 
impact of surgery or treatment with cytotoxics alone or combined with antiangiogenics. 
Marked variations in efficacy were observed depending on the treatment modalities. The 
resulting simulations suggest therefore that our mathematical model could be used as well to 
determine in silico the best scheduling and dosing of cancer chemotherapy, especially when 
anti-angiogenic and cytotoxic drugs are associated. 
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PHARMACOGENETIQUE-PHARMACOCINETIQUE DU 
BEVACIZUMAB : ETUDE PILOTE CHEZ LE PATIENT ATTEINT DE 

CANCER COLORECTAL METASTATIQUE TRAITE PAR 
L’ASSOCIATION AVASTIN-FOLFIRI. 

Anne-Sophie Chantry, Joseph Ciccolini, Laetitia Dahan, Jean-François Seitz, Sylviane 
Olschwang, Bruno Lacarelle 

Laboratoire de Pharmacocinétique, UMR S_911 CRO2, Aix Marseille Univ, Oncologie Digestive, UMR 
S_911 CRO2 APHM, Génétique Médicale, APHM, Marseille. 
 
 
 
Malgré les avancées notables faites dans les traitements utilisés en oncologie médicale et clinique, les 

variabilités interindividuelles de réponse aux médicaments peuvent limiter l’utilisation des protocoles 

de chimiothérapie. La pharmacogénétique présente un intérêt majeur en routine clinique orientant le 

clinicien vers le choix d’une molécule chez un patient sensible et vers une adaptation des posologies, 

permettant ainsi une individualisation et une optimisation du traitement anticancéreux, tout en 

préservant une efficacité optimale et en limitant les effets toxiques. Il est alors possible d’associer 

d’une part, une approche pharmacogénétique et d’autre part une approche pharmacocinétique avec le 

suivi thérapeutique pharmacologique des agents anticancéreux, afin d’ajuster les schémas 

posologiques permettant ainsi une véritable personnalisation des traitements.  C’est dans cette 

optique que notre étude s’est intéressée chez 70 patients à l’évaluation de l’impact des 

polymorphismes de VEGF, VEGFR-1, VEGFR-2 et HIF1�  sur la réponse au bevacizumab dans le 

cancer colorectal métastatique. De plus, la validation d’une méthode de dosage ELISA du 

bevacizumab a permis d’évaluer sur un groupe satellite de 30 patients le degré de variabilité 

pharmacocinétique inter-individuelle de ce médicament. Les résultats préliminaires de cette étude ont 

mis en évidence l’association significative entre la présence de l’allèle C du polymorphisme 1772C/T 

du gène HIF1�  et la survie sans progression des patients, ainsi qu’une forte variabilité interindividuelle 

des concentrations plasmatiques du bevacizumab de plus de 100% chez les patients atteints de 

cancer colorectal métatastique traités par FOLFIRI-bevacizumab. Il convient de poursuivre les 

investigations sur un échantillon de patients plus large afin de confirmer le statut de marqueur prédictif 

de réponse au bevacizumab du polymorphisme génétique affectant HIF1� . De plus, la mise en 

évidence d’une forte variabilité interindividuelle dans les taux résiduels plasmatiques en bévacizumab 

plaide pour la mise en place d’un suivi thérapeutique de routine, de façon à cadrer un maximum de 

patient dans la zone d’efficacité de cette molécule.  
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DPD FOR DUMMIES: EFFICACY AND TOXICITY IN DIGESTIVE  
CANCER PATIENTS WITH PHARMACOGENETIC-DRIVEN  

ADAPTIVE DOSING OF 5-FU. 

Joseph Ciccolini, Laetitia Dahan, Alexandre Evrard, Muriel Duluc, Emmanuelle Norguet, 
Bruno Lacarelle, and Jean-François Seitz 

Pharmacokinetics Unit, UMR S_911 CRO2, Aix-Marseille Univ, Marseille, France;  APHM, 
Marseille, France;  Caremeau General Hospital, Nîmes, France. 

5-FU remains the backbone of most regimen in digestive oncology. Drug-related toxicity is a 
major concern at bedside that shows in 10-20% of patients administered with standard 5-FU. 
In particular, patients presenting with DPD-deficiency, a pharmacogenetic syndrome 
resulting in the partial or total lack of ability to detoxify 5-FU in the liver, will experience 
severe or lethal toxicities. Pre-therapeutic screening for DPD-deficiency should help to 
improve the efficacy/toxicity balance of 5-FU through adaptive dosing strategies. In this POC 
study, a total of 40 adult patients with a variety of digestive cancers scheduled for 5-FU-
based regimen were included. DPD-deficiency was screened primiraly using a simple and 
rapid surrogate phenotypic test based upon the UV-HPLC monitoring of the endogenous U to 
UH2 ratio in plasma. In addition, search for the DPYD*2A allelic variant was scheduled. 5-FU 
doses were tailored (ie, up to 50% cut in dosing) according to DPD functional status. 5-FU 
administration was precluded in patients displaying total DPD-deficiency. Toxicity was 
monitored using standard CTC 2.0. grading. Efficacy was evaluated at 3-month using 
standard RECIST criteria. Seven out of 40 patients (ie, 17%) displayed mild (4 patients, 
10%), strong (2 patients, 5%) and severe (1 patient, 2.5%) DPD-deficiency. No patient with 
total deficiency was observed. Accordingly, no patient bearing the IVS14+1G>A 
polymorphism was found. 5-FU dosage was cut by 15% to 50% in patients with DPD-
deficiency. As a result, mean 5-FU total dose was 3643 ± 1484 mg in normal patients, and 
2257 ± 1310 mg in the other group (ie, -38%, p=0.011). Despite the marked differences in 
dosing, efficacy in DPD-deficient patients whom dosage had been cut displayed a response 
rate (CR+PR: 57%) similar to that of patients with full dosage (CR+PR: 45%). G1-G2 
toxicities were recorded in 82% of patients with normal DPD status and given standard 
dosage, and in 72% of patients with DPD-deficiency administered with reduced dosing. No 
severe toxicities were encountered in both groups. Here, we have demonstrated that rapid 
and cost-effective pre-therapeutic screening for DPD-deficiency associated with a simple and 
geometric scale for tailoring 5-FU dosing can reduce the risk of drug-related toxicities. 
Despite the significantly lower doses administered in patients showing mild to severe DPD-
deficiency, no loss of clinical efficacy was observed. Additionally, no >G2 toxicities was 
recorded, whereas 5-FU normally leads to 10-20% of severe toxicities. This study suggests 
that the efficacy/toxicity balance of 5-FU can been improved indeed, and that immediate 
clinical benefit can be achieved in patients. Despite the small sample-size and the 
heterogeneity of the regimen, this pilot study advocates for the pre-therapeutic screening of 
DPD-deficiency in patients scheduled for any 5-FU-based therapy. 
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PHARMACOGENETIQUE DE LA CYTIDINE DEAMINASE : ETUDE DE 
L’IMPACT DES POLYMORPHISMES GENETIQUES DE LA CYTIDI NE 

DEAMINASE DANS LES TOXICITES DECLAREES SOUS 
GEMCITABINE : Etude FFCD-1004-PRODIGE-GERCOR (Eudra CT 

n°2010-022987-11) 
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ACCELERATION METASTATIQUE ET RECHERCHE DES 
SEQUENCES OPTIMALES DES COMBINAISONS  

ANTI-ANGIOGENIQUES/CYTOTOXIQUES :  
APPLICATION A L’ASSOCIATION BEVACIZUMAB/PACLITAXEL 

DANS LE CANCER DU SEIN. 
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Les thérapeutiques anti-angiogéniques constituent une approche innovante dans la prise en 
charge de nombreuses tumeurs solides. L’effet pharmacodynamique sur l’architecture 
vasculaire tumorale des anti-VEGF peut se traduire par l’apparition d’un état transitoire et 
paradoxal de normalisation vasculaire se traduisant alors par une perfusion tumorale accrue 
[1,2]. Cette normalisation vasculaire pourrait être mise à profit pour administrer des 
cytotoxiques qui verraient alors leur atteinte du tissu tumoral optimisé, permettant ainsi une 
plus grande efficacité anticancéreuse [3]. Le chef de file des anti-angiogéniques 
(bévacizumab, Avastin) est toutefois administré en pratique clinique de routine de façon 
concomitante avec la chimiothérapie. Par ailleurs, des travaux expérimentaux suggèrent que 
les thérapies ciblées jouant sur la vasculature tumorale peuvent induire dans certaines 
conditions des accélérations métastatiques délétères [4]. La modélisation mathématique 
appliquée à l’oncologie translationelle permet de mettre à la disposition du chercheur 
oncologue des outils formels décrivant des phénomènes dynamiques complexes. Appliqués 
à la problématique de l’association anti-angiogéniques/cytotoxiques, les modèles 
mathématiques développés par notre groupe « mathématique-oncologie »  ont permis de 
simuler in silico qu’un délai de plusieurs jours était nécessaire pour maximiser l’impact 
antiprolifératif des chimiothérapies associées au bévacizumab [5]. Afin de tester cette 
hypothèse, nous avons développé un modèle animal porteur de cancer du sein sur lequel 
nous avons testé diverses séquences d’association bévacizumab-paclitaxel afin de vérifier 
les performances du modèle mathématique. Cinquante souris NSG ont été xénogreffées 
orthotopiquement au niveau mammaire par 150 000 cellules humaines MDA-MB-231-LUC+ 
sous 60% de matrigel. Les animaux ont été ensuite randomisés en 6 groupes distincts 
(contrôle, bévacizumab monothérapie (B), paclitaxel en monothérapie (P) bévacizumab et 
pacitaxel concomitant (B+T), bévacizumab puis paclitaxel (B/P), paclitaxel puis bévacizumab 
(P/B)). Le suivi des masses tumorales et l’apparition des lésions métastatiques dans le 
temps étaient réalisés par bioluminescence 3D (Ivis Spectrum, Caliper LS).  Le critère de 
jugement principal était la comparaison de la survie globale des animaux. Les critères de 
jugements secondaires étaient la vitesse d’apparition et la croissance des divers sites 
métastatiques, la tolérance aux traitements et le suivi des masses tumorales primaires des 
animaux. Les résultats ont confirmé qu’un effet séquence existe lors de l’association anti-
angiogénique/cytotoxique. En terme de survie, les  combinaisons (B+T) et (B/T) ont permis 
d’obtenir les meilleurs résultats.  A 60 jours, les survies globales étaient de 100% (B/T), 85% 
(B+T), 75% (T), 65% (T/B), 35% (B) et 0% (contrôle).  Les différentes modalités de 
combinaison avaient un effet sur l’apparition des métastases tant au niveau temporel que 
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spatial. Le bévacizumab en monothérapie se traduit par une accélération de l’invasion 
métastatique, avec un raccourcissement de 4 jours dans l’apparition des lésions 
métastatiques comparativement aux animaux non-traités.  

Par ailleurs, la combinaison (B/T) réduit le risque d’invasion axillaire de manière significative 
par rapport aux autres séquences de traitements (10% (B/T) vs. 25 et 40% pour (B+T) et 
(T/B), respectivement), alors que 100% des contrôles ont présenté une atteinte axillaire.  La 
variabilité inter-individuelle dans la mesure des masses tumorales primaires n’a pas permis 
de mettre en évidence une différence significative entre les traitements en fin d’étude. 
L’association (B/T) a présenté la meilleure tolérance, en termes de suivi des masses 
pondérales et d’état général des animaux.  Nos données montrent que l’impact du 
bévacizumab sur l’architecture tumorale peut être mis à profit pour optimiser l’efficacité des 
chimiothérapies associées, et confirment que sous certaines conditions, un traitement anti-
angiogénique peut se traduire par des effets délétères en termes d’accélération des 
processus métastatiques. Par ailleurs, les données recueillies, bien que préliminaires, 
valident les prédictions de notre modèle mathématique comme outil aidant à l’identification 
des séquences optimales d’utilisation des combinaisons cytotoxiques/anti-angiogéniques. 
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DEADLY-GIFT : PROFIL PHARMACOGENETIQUE DIVERGEANT 
DONNEUR-RECEVEUR DE GREFFE HEPATIQUE -CONSEQUENCE 

EN ONCOLOGIE PEDIATRIQUE 
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Nouvelle clé dans la réponse aux agents de chimioth érapie anti-
microtubulaires : communication microtubules-mitoch ondries 
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Tumor selective cytotoxic action  
of thiomorpholine hydroxamate inhibitors in cancer 

Lynda Mezil1, Carole Berruyer-Pouyet2, Olivier Cabaud1, Emmanuelle Josselin1, 
Patrice Viens1, Yves Collette1, Daniel Birnbaum1, Marc Lopez1, Sébastien Combes1, 

Jean-Michel Brunel1 

 

1- Centre de Recherche en Cancérologie de Marseille (CRCM), Inserm U1068, Institut Paoli-
Calmettes, Aix-Marseille Univ, Marseille, F-13284, France.  
2- Centre d’Immunologie de Marseille-Luminy (CIML), Aix-Marseille Univ,Campus de Luminy, case 
906, 13288 Marseille cedex 09, France.  

The development of targeted therapies, associated with standard chemotherapies, have improved 
breast cancer care. However, primary and acquired resistances are frequently observed and the 
development of new concepts is needed. High-throughput approaches to identify new safe active 
molecules with or without an “a priori” are currently developed. Also, repurposing already-approved 
drugs in cancer therapy is of growing interest. The thiomorpholine hydroxamate compound TMI-1 has 
been previously designed to inhibit metalloproteinase activity for the treatment of rheumatoid arthritis. 
We present herein drug repositioning of TMI-1 in breast cancer and the design of a series of 
thiomorpholine hydroxamate cap derivates with improved properties.  
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We measured the effects in vitro and in vivo on i) cell survival, ii) cell cycle, iii) extrinsic and intrinsic 
apoptotic pathways, iv) association with doxorubicin, docetaxel and lapatinib, v) cancer stem cells 
compartment. 

References 

Mezil et al., PLoS One 2012;7, e43409. Mezil et al., J. Med. Chem., in preparation. Mezil et al., U.S. Patent 
pending  

�

�



�� ��� ����	
������
�������	����
���
������
���������	�����������	���

��

�
�

��������	�

	��
��	������������
����	���������	� �����������
����
�
��������� !�"����#$���	���

���� ��%��$�"��	�
���
&�
'�(�)���*�+!�,��#��$$����"���%�(�)���*�+!�,��#�� � ����"�---'.��	�����'�
�/"�	�'0	�

� Identification of novel functions associated  
to the Prickle cell polarity protein 

Avais M. Daulat1, Stéphane Audebert1, Stéphane Angers2,3, and Jean-Paul Borg1 

1Team “Cell polarity, Cell signaling and Cancer” 
Centre de Recherche en Cancérologie de Marseille, UMR 1068 INSERM, UMR 7258 CNRS, 
Institut Paoli-Calmettes,  Aix-Marseille Université, 27 bd Leï Roure BP 30059, 13273 
Marseille Cedex 09  
2Department of Pharmaceutical Sciences, Leslie Dan Faculty of Pharmacy, University of 
Toronto, Canada 
3Department of Biochemistry, Faculty of Medicine, University of Toronto, Canada 
 

An evolutionary conserved group core of proteins is implicated in b-catenin-independent Wnt 
signaling during Planar Cellular Polarity (PCP) and Convergent-Extension (CE) cell 
movement during gastrulation.  PCP refers to the polarization of a field of cells within the 
plane of a cell sheet.  CE is the process by which the tissue of an embryo is restructured to 
converge (narrow) along one axis and extend (elongate) along a perpendicular axis by cellular 
movement.  Emerging concepts describe the role of PCP core proteins in cancer metastasis. 
Recently, several groups showed that these proteins are implicated in cancer cell migration. 
Prickle, one of the core components of these processes, is asymmetrically localized to the 
proximal apical cortex in Drosophila wing cells and accumulates locally within plasma 
membrane subdomains in cells undergoing CE. We previously demonstrated that 
phosphorylation by Mink1 is required for Prickle fine tune localization and therefore its 
function. Here we will present the implication of Prickle and Mink1 in cancer cell migration 
and we will show the characterization of a novel Prickle interactor. 
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Erbin, a polarity protein involved in development  
and tumorigenesis of murine mammary gland. 

Traore S1, Machetto S1, Meunier C1, Ginestier C2, Santoni MJ1 and Borg JP1 

1-Team Cell polarity, Cell signaling and Cancer, 
2- Molecular Oncology Centre de Recherche en Cancérologie de Marseille, UMR 1068 INSERM, 
UMR 7258 CNRS, Institut Paoli-Calmettes,  
Aix-Marseille Université 27, bd Leï Roure BP 30059, 13273 Marseille Cedex 09�

Eighty-five percent of human tumors are caused by malignant transformation of epithelial 
cells caused by deregulation of oncogenes and tumor suppressor genes. The tumor 
phenotype is frequently accompanied by alterations of the cyto-architecture, by an increase 
of cell migration and resistance to apoptosis. These features lead ultimately to the 
development of metastasis.  

Breast cancer is a public health issue. The breast tissue consists of an epithelial tree 
embedded in a fibro-adipose stroma. It develops through a hormonally regulated process 
during the reproductive life. Like all epithelia, breast tissue presents a highly polarized 
organization at the cell and at the tissue scale. Our team has identified, Erbin (ErbB2 
interacting protein) for its involvement in the basolateral localization of the ErbB2 oncogene 
in epithelial cells via its PDZ (PSD95-Dlg-ZO1) domain. 

The aim of this project is to study the function of Erbin during the development and the 
tumorigenesis of the mammary gland using mouse models. First, we determined that Erbin is 
expressed during the mammogenesis in the luminal cell compartment. We observed that 
virgin mice deficient for Erbin have a delayed development of the mammary epithelium and 
that this defect is cell autonomous. We observed that Erbin deficient mice lost their pups. Our 
investigations have shown that Erbin loss is associated with a lactation defect. These results 
indicate that Erbin participates to the formation and differentiation of mammary glands. 

Second, we have also generated a mouse model which overexpresses ErbB2 (MMTV-Neu) 
within the mammary gland of Erbin deficient mice. Compared to control mice expressing 
Erbin, these mice show a delayed appearance of mammary tumors. We find that Erbin is 
required for the stabilization and activation of ErbB2 during the oncogenic process. We show 
that Erbin levels were higher in human breast tumors and correlated with ErbB2 levels and 
tumor grades. We conclude that Erbin is required for ErbB2 tumorigenicity. 

As Erbin has been described by our team and others for playing a repressive role in TGF-� , 
MAP-K or ErbB2 signaling pathways, we are currently investigating how loss of Erbin 
impacts on these pathways in mammary gland development and tumorigenesis.  
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ROLE OF THE PTK7 TYROSINE KINASE RECEPTOR IN PLANAR  
CELL POLARITY AND COLORECTAL CANCER 

�������B�&������$��������1���$������3�	������������ �����&��.����J3�����2����
,�����
�
���$�e��

� 
�
����/�� ��

� �����
���� ���� ������� ���� ��� ��� ���������� ��� ����	��
����� ��� ������

��� (��� � !+F�
%�&'����(���*#"F����&��%��������3��
�)��
$��������� ��)������

��(��,�����	�#*�������f�������.3� !!"Q�� � #* �
������

��������!Q�
�

3
�������

�
�
����/�83�39���6�����������
�
���B��� ����6���6��
���6���

��A����������

����
�6� �� ��

� �����<� ����� 6��$� �6� 
�
���B������ ��� ����� ���� 6��� ��,����� ��

�
��� 
��������� ���
,������������ ���
������ ���,������� ���������� 8�'9�� � ��� �����
���$���� �6� 3�3� ��� �
����
��
�
��������������
���������<�����
��������6�

�����
�
 ���B�����������������������������������,���
6��$� 1����
��
�� ��� @����������� ���� ��$�� 3�3� 
������ � ���� ��)����
����� ����� ��� 3�G*�
83��������/�������I������*9�A����������
/���������� �B��<�3�G*������A�

)������,�����

����6����
3�3� ����
���� ����� ��
����� ��� ���� �/������� I������ �� ��
���� 8��G9� ��
��6�$�
/<� 3�G*� ��� ��
����
/����

/�������,����G��$

������������������
� �������)��������
�N���
���A�/�<��

����$�
��

����/� �6� ��,�
�
$����
� 
��������� ����� �$ 

�/�3�3� ������ 
�������� ����� ��
������ ������ �6� ��������� $�/� ���$� 6��$� ��6������/� �6 � 3�3� 6��������<� %�� ��$��� ���������
������
����� ��
�������� �6� ���$ � $���� ���� ����� �
����/� ����$������ ��� ��
��� ��$����
���
������ ��
��� ��������� 
�
$����/� ������������$��� ���� �������� �������<� �
������� 3�G*�
6�������� ���� ����� �������� 6��� ��,���
� /������ ���� 
� ������ $�������$� �6� ������� �6� 3�G*�
��$������
���
/�����������<��

����6�������$��6������A��I������������,����������

 ���I��A��
�����8�9�����������
���8�9�
�6�3�G*������������������������
���������
�/���
��� ��
�
�,�
<��������������$��6������
��;����������
�,�
����� ���� ��$��������� ���E��� 
��$���������� ��
�� �6�3�G*� ��� ��
��� �������<�%�� ��
������
�
�������� 3�G*� ��� ��
������� ��� 
�A� 
�,�
�� ��� ���
�� �� �$�
� �������� ���� �
)����
����� ���
������������$�<� N�� ������
/� ��������� �� ��
��� ������ � ������� ���������/� 8��

<� A���� ����
1�
���$����� �6� ������
�>���
��/� ���� .��
����
��/� �6 �%�������� 3��
�)��
$�����9�A���� ����)
3�G*� ����������� ����6����� �,����
�������� �6� ���� ��� �
���� ��� ���� ������ �6� ��$

��<�%�� �����
����/��3�G*� ��
�������� ��� �����
�����A���� �� 
���� 
� �������<� (����� ��� ,����� ����/���A�� ���A�
�����3�G*���������$

����������
��
�6���������6���
 ������
����������

�<�4��������A���
������A�
�����3�G*���������66����������������������<�(������ �

�����I�����

���������A����$���������
�����3�G*�����
��$�������/��66����������
������
��� �������

�<�N�������������
/���,�����������
�	� ���� � ���� ��
�� �6�3�G*� ��� ��$��� ���A��� ����$���������� �� � ��
������
� ������� ���� ��/���� ���
��������3�G*�
���A�/��������������������6���������6 �3�G*�������
����<�

�

�

�

� �



�� ��� ����	
������
�������	����
���
������
���������	�����������	���

��

�
�

��������	�

	��
��	������������
����	���������	� �����������
����
�
��������� !�"����#$���	���

���� ��%��$�"��	�
���
&�
'�(�)���*�+!�,��#��$$����"���%�(�)���*�+!�,��#�� � ����"�---'.��	�����'�
�/"�	�'0	�

4-indolylcoumarin Exhibits Potent Activity Against Renal 
Carcinoma Cells without Affecting Hematopoietic Sys tem 
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Inhibition of Protein-Protein Interfaces: New tools   
to filter PPI chemical space through dedicated  

Support Vector Machine 

���&���	� @	����������$������
���
�.��������������)J������.�� ����3��
�

��������0�?�,��������

��

��������	 �4�����
������$���3������)3��������������������833% �9���,�������I�
���A�/�6��$�����
�������
�
��������������/������$�������
��,������������������ �����������
�����
�������
��������,�
/��,����$���
33%�������A�������������
��$����������������������� ����,��/�������������$���
�������6�
�������
���A��I��O�P<�����������/����
/�6�A��$�

�$�
���
�� �A����������6��������,�
����������������������6�33% ���
��������$����
�I�
/�����������������6�������������� ��������6�����
/�����,���,��������
�����������
��$��������������<�%���������������
��������������� ���6���������A�$��I����
����$
������� �	������� �
�

����������,�������������
���
�����

�/���������� ����������������������B����
������
���
��
��������6 �
������
������)
������������6���������������$���
��� ��<�����������$��A����,��������
/���,�
�
���
#3#%1. �O#P��������)�����������������
�������������������� 
������)
���������$

�����6���A��������
�����
����
������)�����������������������I��A��8 ���
HEE#
#���<����)$��<6� 9<�4��$��������
������
/�����6�������
�����6��������$��
���
����
���$������A����������6�� �����������������������������������������
��/��6�
33%��O P<�%��������$��A�/�����
��������6����������� ������,��
��
�����#3#% 1. �����
�������������6���������6�
����e��
�)�6)6���h�����������
�����������������B��3 3%�������������O�P<�(�����1��2>��������
�����������
&�

����@���������������
������$��A���������������� �����
�
������
�#3#% �(��'� ����6�
����
�������
�
������������33%�$���
������6��$�
�������

��������� 6���$
�����<����������,���,�����
����������
�


��������������6�F< �$�

������$
������6��$����� e����,������h����������� �	������� �33%�6�������
���$���
�
��������<�4���������
�������A����


����� ��������$�����

/��$
�������
��,�
��������66�
���
����������������������������������

�A�����������
� �6��$�6
��
���������
�������������������

/)��,���� �
���$���
�
�����/��6���+F ���$
������O-P<�����$�
��� 
�����,�������
���������6��$�����
��,�������
���������� +-)A�

�

��������������������
/�������� �����������������33%���������8���������1� E3" 9�
����,�
��������������
��/�������������������������� �����
�������������$
�����<�


�����
���� �

O�P�?<�����

����<�.���������3<�������� ��������	���� �����8� �-� 8#!��9���)*<�

O#P��<J<�.������&<�.��B����<�.���������&<�.��B����� .<����������@<���$����?<�����

���3<�������� "�������
'��
�����8 �.� �8#!� 9�81�������������9��1F#-)*<�

O P��<�.����������<)J<�.������?<�����

���3<������� ��;�#��"� ��-�/�0� 8#!�!9���Q"QF<�

O-P�@<���$����J<�<�.����
��&<���$������<J<�.������3 <��������?<�����

��� ��
8���� 8���  �	8 �8#!� 9�
1>%H��!<�! QE� �1!!!�F1�

�

�

�



�� ��� ����	
������
�������	����
���
������
���������	�����������	���

��

�
�

��������	�

	��
��	������������
����	���������	� �����������
����
�
��������� !�"����#$���	���

���� ��%��$�"��	�
���
&�
'�(�)���*�+!�,��#��$$����"���%�(�)���*�+!�,��#�� � ����"�---'.��	�����'�
�/"�	�'0	�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
B� ���3������#�>�=��,#��

>3�?���B��,$�
*�4�#
�������
5	�(������





B
������������	������	�
�����
������>
0�����������
���&	�.���
���?��	4�
�����

B��>&?�
�

� �



�� ��� ����	
������
�������	����
���
������
���������	�����������	���

��

�
�

��������	�

	��
��	������������
����	���������	� �����������
����
�
��������� !�"����#$���	���

���� ��%��$�"��	�
���
&�
'�(�)���*�+!�,��#��$$����"���%�(�)���*�+!�,��#�� � ����"�---'.��	�����'�
�/"�	�'0	�

Implementation of computer tools for the real-time epidemiological 
surveillance of abnormal events based on clinical m icrobiology 

laboratory data. 

 
Authors: C. Abat1, P. Colson1, D. Raoult1, and J.M. Rolain1 * 

Affiliations: 1 IHU Méditerranée Infection, Aix-Marseille Univ., URMITE UM 63 CNRS 7278 
IRD 198 INSERM U1905, Facultés de Médecine et de Pharmacie, 27 boulevard Jean Moulin, 
13385 Marseille CEDEX 05, France  

Background: Infectious diseases represent major causes of morbidity and mortality and are 
unpredictable. Efficient surveillance systems are warranted. We aim to implement at IHU 
Méditerranée Infection new tools for their real-time surveillance based on clinical 
microbiology laboratory data. 

Material and methods: A Microsoft Excel database containing 500,124 bacteria isolated 
from January 2002 through December 2012 at our clinical microbiology laboratory was 
created then sorted. This historical database included 603 different bacterial species isolated at 
least once during the study period. Then, we implemented a first real-time surveillance system 
that automatically compares the weekly number of each bacterial species isolated to the mean 
number of isolation plus two standard deviations during the 11 previous years. In addition, the 
main � -lactam susceptibility phenotypes described in the literature for our ten most frequently 
isolated bacterial species were registered in a second real-time surveillance system dedicated 
to antibiotic resistance. 

Results: Among around 430 isolates/week, 10 bacterial species represent 78% of all isolates. 
Our home-made tool detected several abnormal features. For instance, first, Streptococcus 
agalactiae was unexpectedly identified as the 7th most frequent bacterial species (12) from 
any samples. Second, we identified in October 2012 an abnormal increase of the number of 
Haemophilus parahaemolyticus (5; critical threshold 4 (1+/-3) isolated from cystic fibrosis 
patients (3). Third, antibiotic resistance surveillance system allowed identifying new � -lactam 
susceptibility phenotypes, for example K.pneumoniae strains with extending-spectrum � -
lactamase susceptible to tazocillin (44 since January 2013). 

Conclusion: Our home-made computer tools are now routinely used to survey in real-time 
abnormal events in our laboratory and led to investigate and declare several of these events 
(35 alerts were emitted since May 2013, leading to 9 official alerts and statements to the 
“Agences Régionales de Santé”). We are currently creating a computer platform for more 
accurate handling, vizualisation and transmission of the data generated. 

�

�

�

�

 



�� ��� ����	
������
�������	����
���
������
���������	�����������	���

��

�
�

��������	�

	��
��	������������
����	���������	� �����������
����
�
��������� !�"����#$���	���

���� ��%��$�"��	�
���
&�
'�(�)���*�+!�,��#��$$����"���%�(�)���*�+!�,��#�� � ����"�---'.��	�����'�
�/"�	�'0	�

High Prevalence of Colistin Resistance Carriage in Asymptomatic 
Healthy Individuals and Patients in Southeast Asia and France. 
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Detection and isolation of giant viruses in environ ment samples,  
in clinic samples and in stool of great apes 

Dorine-Gaëlle Ikanga Reteno, Isabelle Pagnier, Bernard La Scola  

URMITE, UM 63, CNRS 7268, IRD 198, INSERM 1095 

Abstract: 

 Giant viruses belong to the super family of nucleocytoplasmic large DNA viruses 
(NCLDVs). According to recent studies, they share a common ancestor, and could compose a 
fourth domain of life. These viruses infect different hosts eukaryotes, such as vertebrates, 
insects, algae, and protists. NCLDVs super family is divided into six families among others 
Mimiviridae family and recently discovered Marseilleviridae. These two families are 
primarily parasites of amoebae. Recent studies have suggested that like other micro organisms 
associated with amoebae, Mimivirus may be etiologic agent of pneumonia but, this hypothesis 
remains controversial. Our PhD work is to isolate and characterize giant virus from human 
sample and from stool of great apes. An indeed studies have demonstrated that it is possible to 
detect human pathogens from stools of apes.  

We firstly developed a new protocol. This protocol combines the usual amoebal co-culture 
methods and flow cytometric high throughput screening (HTS). The module high throughput 
sampler allows us to analyze 96 wells plates. It lets us a reliably detect of amoebic lysis of a 
large numbers of samples. We first tested the effectiveness of the protocol with 28 
environmental samples before applying to 734 bronchoalveolar lavages and on 10 samples of 
sewage. From environmental samples, we could isolate 11 Mimivirus and 1 Marseillevirus. 
However, in BAL analyzed we have not yet isolate virus. All sewage samples analyzed were 
positive, characterisation is in progress. For the rest of our work, we will test other protists as 
support of culture and we will continue to search giant viruses in the human samples followed 
by seeking in the stool of great apes.�
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Complete genome sequence of Tunisvirus, a new membe r  
of the proposed family “Marseilleviridae” 

Sarah AHERFI1,2, Mondher BOUGHALMI 1, Isabelle PAGNIER1, Ghislain FOURNOUS1, 
Bernard LA SCOLA1,2, Didier RAOULT1,2, Philippe COLSON1,2 

1 Aix-Marseille Univ., Unité de Recherche sur les Maladies Infectieuses et Tropicales 
Emergentes (URMITE), UM63 CNRS 7278 IRD 198 INSERM U1095, Marseille, France; 2 

Institut Hospitalo-Universitaire (IHU) Méditerranée Infection, Pôle des Maladies Infectieuses 
et Tropicales Clinique et Biologique, Fédération de Bactériologie-Hygiène-Virologie,Centre 
Hospitalo-Universitaire Timone, Assistance Publique – Hôpitaux de Marseille, Marseille, 
France 

Marseillevirus is the founding member of the family “Marseilleviridae”which is the second 
discovered phylum of giant viruses that infect amoebae. These viruses have been recovered 
from environmental water samples and, more recently, from asymptomatic persons. 
Tunisvirus was isolated from fountain water in Tunis, Tunisia,by coculturing on 
Acanthamoeba spp. and is a new Marseillevirus. We describe here its 380,011 base pair 
genome. A total of 484 proteins were identified, among which 320 and 358 have an ortholog 
in Marseillevirus and Lausannevirus (e-value<1e-2), respectively, and 259 and 299 have best 
reciprocal hits with a Marseillevirus and a Lausannevirus protein, respectively. In addition, a 
significant hit was found in organisms other than Marseilleviruses in 144 Tunisvirus proteins, 
indicating extensive lateral gene transfers, as has been previously demonstrated for 
Marseillevirus. Finally, a total of 21 bona fide ORFans were identified. Phylogeny 
reconstructions and analyses of the gene repertoires of marseilleviruses, including the 
proportion of orthologs and the mean amino acid identity between genes in pairs, suggest that 
the family “Marseilleviridae” encompasses three lineages. Lineage A is composed of 
Marseillevirus, Cannes8 virus, Senegalvirus, Fontaine Saint-Charles virus and Giant Blood 
Marseillevirus; lineage B is represented by Lausannevirus alone; and lineage C has Tunisvirus 
as its first member. Taken together, these findings suggest that the marseilleviruses display a 
substantial level of diversity�  
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Gorilla gorilla gorilla gut culturomics  
and seeking for human bacterial pathogens 

��$�����.<�G��������������3��������J���)�������
��� ��������'����1�
�
������1����������
������4����
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The main objective of this work is to explore the gorilla’s potential role as reservoir for pathogenic 

bacteria. We used both Culturomics and real-time PCR to detect human pathogens bacteria in gorillas’ 

feces. The Culturomics applied to one index gorilla allowed to test 12,800 colonies and identified 147 

different bacterial species including 5 news species<�� any opportunistic human pathogens were found, 

including 8 frequently associated with human disease ����� ��� �.��
������� � 
������� �� ��������
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<� 8 FZ9�� ��������� �

<� 8 +Z9�� ��(������ 
��	����� 8�#Z9�� -������. ��

C��������� 8*<+Z9�����������������,������ 8�Z9<�%������
������� the gorillas share many bacterial pathogens 

with humans, which suggest that gorillas might be a wild reservoir for their emergences. �
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Détection de la contamination bactérienne dans  
les concentrés plaquettaires par MALDI TOF. 
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Study of the multidrug resistant microbes  
in patients with cystic fibrosis 
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Genotoxicity of intraperitoneal injection  
of lipoamphiphile CdSe/ZnS quantum dots in rats. 
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Azo dyes and their photoactivated products  
as intercalating agents. CI Disperse Red 1 genotoxi city study. 
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ETUDE COMPARATIVE DU NICKEL, DU CADMIUM ET DE 
L’ALUMINIUM SUR L’ENVIRONNEMENT CELLULAIRE. 

C. Belliardo, V. Tassistro, D. Bergé-Lefranc, F. Chaspoul, Ph. Gallice 
 
UMR CNRS 7263 IMBE - FR CNRS 3098 ECOREV 
Equipe Biogénotoxicologie - Santé humaine et environnement 
Unité Chimie Physique, Prévention des Risques et Nuisances Technologiques 
Aix Marseille Université, faculté de pharmacie, Marseille. 
 
 
 De par leur présence dans notre environnement proche, le nickel, le cadmium 
et l’aluminium, sont au centre de notre étude. 
Le cadmium est un des toxiques majoritaires contenus dans les cigarettes et d’une 
façon plus générale, il est également présent dans l’alimentation (épinard, salade 
verte et autres végétaux). Le nickel quant à lui est un métal des plus allergisant, 
fréquemment utilisé (pièce de monnaies, bijoux, fermetures éclairs…). Près de 12% 
de la population française y est réactive. L’aluminium pour sa part est retrouvé dans 
divers domaines: ustensiles de cuisine, produits cosmétiques, médicaments… 
Les effets sur la santé liés à l’exposition à ces métaux ne sont pas clairement 
connus. 
 
Si Ni et Cd sont reconnus comme étant, partiellement ou non cancérigènes, la 
nocivité de Al n’est qu’en partie avérée. Quant à leur mécanisme d’action il reste, 
dans tous les cas, méconnu. 
 
L’objectif de cette étude prélimianire est donc de mettre à jour ces mécanismes par 
une étude globale de leur impact cellulaire. 
La thermogénèse de fibroblastes humains en culture est ainsi étudiée par 
microcalorimétrie isotherme et la respiration de ces cellules par oxymétrie. La 
viabilité cellulaire est suivie par test WST-1 et l’intégrité cellulaire par coloration DAPI 
et Phalloïdine. 
 
Les résultats indiquent que : 
 -  Ni n’induit pas d’effets délétères significatifs aux concentrations étudiées (< 
103µM). 
 - Cd présente une forte cytotoxicité. 
 - Al induit une inhibition de la respiration cellulaire dose dépendante laissant 
donc présager une altération de la fonction mitochondriale sans toutefois impacter la 
viabilité. 
 
Ces travaux serviront de base pour l’étude comparée des différents mécanismes 
d’action impliqués et ainsi de contribuer à la compréhension de ces métaux. 
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MALDI imaging and in source decay identification  
of glioma markers 

 
Ait-Belkacem Rima1, Villard Claude1, Berenguer Caroline1, Ndiaye Sega1, Ouafik L’Houcine1, Braguer 
Dominique-Figarella1, Chinot Olivier1, Lafitte Daniel1  
 
1 Aix Marseille Université. INSERM UMR 911, Centre de Recherche en Oncologie biologique et en Oncopharmacologie CRO2. 
Faculté de pharmacie. Plateforme Protéomique et Innovation Technologique Timone PIT2, France  
Contact: rima.ait-belkacem@univ-amu.fr  
 
Glioblastoma multiforme (GBM) is one of the most common intracranial tumors encountered in adults. 
This tumor of very poor prognosis is associated with a survival median rate of approximately 14 
months. The major issues to better understand the biology of this tumor and to optimize the therapy 
are to identify prognostic and predictive factors in response to treatment and to obtain the molecular 
structure of glioblastoma. MALDI imaging mass spectrometry (MALDI IMS) enables location of 
molecules in tissues without labeling. However, molecular identification in situ is not an easy task. In 
source decay (ISD) fragmentation has already proven to be effective for protein characterization. 
MALDI imaging coupled to in source decay fragmentation allows the combination of location and 
identification of proteins directly on tissue.  
 
In this study, we provided MALDI molecular images up to 30 � m lateral resolution of mouse brain 
GBM tissue sections showing the heterogeneity of the glioblastoma. On the various zones and at 
various development stages of the tumor, using our top down strategy, we identified several proteins 
which play key roles in tumorigenesis. These proteins defined specific molecular profiles of the normal 
brain and glioblastoma regions with more precise defined areas in the tumor (necrotic area, 
perinecrotic area and vascular proliferation). A particular attention was given to the necrotic area with 
characterization of hemorrhage, one of the most important poor prognosis factors in glioblastoma.  
 
These profiles could be proposed for evaluation of chirurgical resection limits to be a complementary 
tool helping for pathological diagnosis.  
 
Since ISD profiles of the tumor regions have been acquired, we will now apply MALDI imaging and 
ISD also after chemotherapy in order to compare and quantify expression of prognostic proteins and 
therefore analyze treatment efficacy. We will also follow pharmacokinetics of these treatments.  
 
 
 

Key words:  
Biomarkers, glioblastoma, MALDI in source decay, MALDI imaging mass spectrometry, top 
down  
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FC antibody fragments analysis using MALDI ISD 
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Etude de patients atteints de syndrome métabolique et présentant 
des anomalies de l’enveloppe nucléaire. 

Pauline ARNAUD, Nathalie BONELLO-PALOT, Françoise MERONO, Nicolas LEVY, 
Catherine BADENS  

Unité INSERM UMR_S910 – Equipe “Enveloppe nucléaire et pathologies” 

Le syndrome métabolique est une affection fréquente. Notre hypothèse de travail est qu’il 
existe un sous-groupe de patients dont la pathologie évolue selon un mécanisme 
physiopathologique proche de celui des laminopathies. 

Au sein d’une cohorte de patients atteints de ce syndrome, notre équipe a caractérisé au cours 
d'une étude précédente, un sous groupe de patients présentant des anomalies de l’enveloppe 
nucléaire. Parmi ces patients, certains présentent des variations de séquence dans des gènes 
codant pour des protéines de l'enveloppe nucléaire (LMNA, ZMPSTE24 et TTN). 

Notre travail a consisté à apporter des éléments supplémentaires quant à la pathogénicité des 
variants identifiés dans les gènes LMNA et TTN. Nous avons réalisé des techniques d'analyse 
de transcrits qui nous permettent de conforter l'hypothèse d'un effet fonctionnel des mutations. 
Des expériences de transfection transitoire de cellules normales ont permis de montrer une 
augmentation franche du pourcentage de noyaux anormaux dans les cellules exprimant les 
cDNA portant les mutations à tester par rapport aux cellules exprimant la prélamine A 
normale. Ceci est valable sur deux types cellulaires différents. L'utilisation d'oligonucléotides 
antisens ciblant le site d'épissage du transcrit lamine A sur des cellules de patients mutés dans 
le gène LMNA entraîne une diminution des anomalies nucléaires. Ceci nous permet de 
conclure que le lamine A est en grande partie responsable du phénotype cellulaire anormal 
observé, et non la lamine C. 

Etant donné le nombre important de protéines partenaires de la lamine A à tester dans ce 
contexte, nous avons programmé la réalisation du séquençage de l'exome entier par des 
techniques de haut débit pour tous les autres patients avec anomalies nucléaires sans mutation 
identifiée. Ces techniques très prometteuses nous permettront d’analyser en un temps court un 
grand ensemble de gènes. 
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ADAPTATIVE RESISTANCE  

OF ENTEROBACTER GERGOVIAE TO PRESERVATIVES 

Marina Périamé, Jean-Marie Pagès, Anne Davin-Regli 

UMR-MD1, “Transporteurs Membranaires- Chimiorésistance- Drug Design”, Aix 
Marseille Université/IRBA, Faculté de Médecine, 27 boulevard Jean Moulin, 13385 
Marseille cedex 05, France 

 

Sixty strains of Enterobacter gergoviae from diverse origins were studied in order to 
contribute to a better understanding of preservatives effects bacterial adaptation to 
cosmetic products preservatives. Recurrent contaminations of cosmetic products by 
a same strain were shown in a short time by epidemiological typing, but in most 
cases, isolates were epidemiologically unrelated. MIC and MBCs values of E. 
gergoviae to preservatives and antibiotics show a significant level of resistance to 
preservative. Decrease of MIC values in presence of efflux pump inhibitor was 
observed for the preservatives Kathon CG and Irgasan (Triclosan) suggesting the 
involvement of efflux pumps in bacterial response. Tolerance was observed in 
variants obtained by cultivating them with increasing preservative concentrations. 
Study of membrane proteins (Omps) by SDS-PAGEs and immunoblotings indicated 
modifications in Omps variant. The Biolog investigation of variants show altered 
metabolic activities compared to parent strain. No direct relationship between 
preservatives and antibiotic resistance was found. This study demonstrated that 
preservative adaptability of E. gergoviae is consequences of metabolic and proteomic 
mechanisms. 

 

Keywords:  Antibacterial agents, Enterobacteriaceae, biocides resistance 
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DRUG DESIGN AND SYNTHESIS  
OF ANTIBIOTIC RESISTANCE INHIBITORS 

Joannah N’Gompaza Diarraa, Véronique Hamonb, Estelle Dumonta, Philippe Rocheb, 
Gérard Boyera, Jean-Michel Bollaa, Jean-Marie Pagèsa, Sandrine Aliberta 

aUMR-MD1, “Transporteurs Membrabaires- Chimiorésistance- Drug Design”, Aix Marseille 
Université/IRBA, Facultés de Médecine et Pharmacie, 27 boulevard Jean Moulin, 13385 
Marseille cedex 05, France 

bLaboratory of integrative Structural and Chemical Biology (iSCB), Centre de Recherche en 
Cancérologie de Marseille (CRCM), CNRS UMR 7258, INSERM U1068, Institut Paoli-
Calmettes, Aix Marseille Université, 13009 Marseille, France 

Antibiotic resistance is a worldwide health problem. The continuing spread of multi-
drug resistant (MDR) bacteria drastically reduces the efficacy of antibiotic families 
and consequently increases the frequency of therapeutic failure. Because of the clear 
involvement of the AcrAB-TolC / MexAB-OprM transporters family in the increased 
frequency of MDR clinical Gram-negative bacteria, efflux pumps are now considered 
as an attractive target for the development of a combinatorial therapy using efflux 
pump inhibitors as escort molecules for usual antibiotics3. 

Identification of the pharmacophores recognized by bacterial efflux pumps would 
provide important information for the design of future ligands and for the rational 
synthesis of new molecules restoring the intracellular concentrations of antibiotics. 

Based on screening results, the quinazolinone scaffold was selected for rational 
synthesis. Pharmacomodulations consist to modify substituents on the scaffold for 
optimizing the chemosensitizing activity of molecules. 

The strategy of pharmacomodulations was based on: 

·  The removal or replacement of chemical groups with unfavorable effect on 
activity 
·  The introduction of chemical groups with favorable effect on activity 
·  The modification of the space positioning of chemical groups 

Molecule activity is determined in real-time efflux (RTE) assays that allow classifying 
the derivative set as blocking pump agents considering their different efficiency on 
the efflux of selected dyes. 

Three-dimensional quantitative structure activity relationships (3D-QSAR) are also 
used to identify and improve the functional groups that can alter the efflux pump 
activity in the biological assays and to guide further chemical synthesis. 
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HOW TO DETERMINE THE MODE OF ACTION  
OF MDR BLOCKERS IN BACTERIA ? 

Lome Vincent a, Brunel Jean-Michel b, Pagès Jean-Marie a, Bolla Jean-Michel a 

aUMR-MD1, “Transporteurs Membranaires- Chimiorésistance- Drug Design”, Aix 
Marseille Université/IRBA, Faculté de Médecine, 27 boulevard Jean Moulin, 13385 
Marseille cedex 05, France 

bLaboratory of integrative Structural and Chemical Biology (iSCB), Centre de 
Recherche en Cancérologie de Marseille (CRCM), CNRS UMR 7258, INSERM 
U1068, Institut Paoli-Calmettes, Aix Marseille Université, 13009 Marseille, France 

 

Gram-negative bacteria are naturally resistant to many classes of antibiotics because 
they are able to control the accumulation of drugs. The main bottleneck to the 
accumulation of antimicrobial agents is the membrane barrier permeability and the 
presence of efflux pumps that can expel drugs outside the bacteria. One of the most 
promising solutions consists in inhibiting non-specific mechanisms of resistance to 
restore antibiotic activity. Therefore this approach could lead to a combined therapy 
using an intracellular-targeted antibiotic with an adjuvant or escort molecule. Such 
adjuvants could act either as cell-wall permeabilizer to promote the penetration, or 
could act as efflux pump inhibitor to retain antibiotic molecules close to its target. In 
order to define key parameters involved in this objective, we have developed a series 
of experiments to: 

·  seek for adjuvant activity 
·  determine the adjuvant mode of action 
·  quantify the activity on target 
·  define the best antibiotic-adjuvant combination on the targeted bacteria 
Those assays are being fully automated in order to generate data that will lead to, a 
better understanding of resistance inhibition, helping drug-discovery, and stimulating 
the pharmacomodulation. 

 

Keywords : Multidrug-resistant, Combination therapy, Drug discovery 
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Adaptation of Enterobacter gergoviae 
to preservatives in cosmetic products 

M. Periame, J.-M. Pagès and A. Davin-Regli  

UMR-MD1, Facultés de pharmacie et médecine, Aix-Marseille Université, IRBA, Marseille, France 

Summary 

Background: The study concerned contribution towards a better understanding of preservatives 
effects used in cosmetics formulations on Enterobacter gergoviae, which is responsible of recurrent 
contaminations of cosmetics products. We studied 60 strains of Enterobacter gergoviae from different 
sources.  

Methods: Epidemiological typing was used to investigate possible relationships between strains 
collected. Susceptibility testing of preservative compounds and antibacterial agents was evaluated by 
measurement of their MIC and MBCs values, use of inhibitor of efflux component: PAbN (Phenyl 
Alanine Beta naphtylamide) was introduce to investigate efflux involvement, SDS-Pages and 
immunobloting were used to study membrane proteins or structure modifications, the  Biolog 
(Omnilog) is used to investigate metabolism cellular respons to preservatives exposition.  

Results: Epidemiological typing confirmed that most of the cosmetic formulations were contaminated 
with unrelated strains. E. gergoviae presented significative levels of resistance to preservatives with 
values of MIC and MBC, higher than concentrations normally used in cosmetics. Addition of 
preservatives in the bacterial culture showed a bacteriostatic effect on growth. Moreover, a high level 
of tolerance appeared on derivative variants by cultivating E. gergoviae under increasing preservatives 
concentrations. Variant strains obtained on increase concentrations of  KathonCG and Irgasan were 
studied for their adaptation to preservatives: (i) they presented migration modifications of major outer 
membrane proteins comprising porins, efflux components and  lipopolysaccharide, but no 
modification in their level expression. These results were evident with higher Kathon resistant variant, 
indicating a modification in outer membrane composition. (ii) MIC value of 2 preservatives was 
susceptible to PAßN, indicating involvement of some efflux mechanisms, (iii) study of their 
metabolism on Omnilog system showed a more metabolic activity compared to parent strain, 
illustrating adaptation of strains for their cellular response after exposure to preservative, (iv) they 
presented no modification of antibiotic phenotype, indicating absence of relationship between biocide 
and antibiotics resistance.  

Conclusion: This study demonstrated the diversity of Enterobacter gergoviae contamination sources 
and its high adaptability to grow in presence of preservative agents. 
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Novel antimalarial thieno[3,2- d]pyrimidin-4(3 H)-ones  
 
Anita COHEN,a Pierre VERHAEGHE,b Jean-Charles LANCELOT,c Suzanne PEGGY,c 

Aurélien LESNARD,c Sébastien HUTTER,a Michèle LAGET,a Aurélien DUMETRE,a Maxime 
D. CROZET,b Pascal RATHELOT,b Patrick DALLEMAGNE,c Patrice VANELLE,b Sylvain 
RAULT,c Nadine AZASa  
 

a. Aix-Marseille Université, MD, Infections Parasitaires, Transmission, Pharmacologie et 
Thérapeutique IP-TPT UMR MD3, Faculté de Pharmacie : 27 Boulevard Jean Moulin - CS30064 - 
13385 Marseille cedex 05, France.  
 
b. Aix-Marseille Université, CNRS, Institut de Chimie Radicalaire ICR UMR 7273, Laboratoire de 
Pharmaco-Chimie Radicalaire, Faculté de Pharmacie : 27 Boulevard Jean Moulin - CS30064 - 13385 
Marseille cedex 05, France.  
 
c. Université de Caen Basse Normandie, CNRS, Centre d’Etudes et de Recherche sur le Médicament 
de Normandie, CERMN UPRES EA 4258, FR 3038, UFR des Sciences Pharmaceutiques: Boulevard 
Becquerel- CS1432 - 14032 Caen cedex, France.  
 
Malaria is a devastating pathology which in 2010 affected 219 million people worldwide (range 154 – 
289 million) and caused 660 000 deaths (range 610 000 – 971 000) [1]. Important and durable 
progress has been recorded for a few years, with the estimated incidence of malaria globally reduced 
by 17% since 2000. Moreover, malaria-specific mortality rates were also reduced by 26% between 
2000 and 2010. Nonetheless, the growing drug resistance of parasites around the world remains a 
real and ever-present danger, attributable mainly to P. falciparum. Currently, the only fully effective 
antimalarial drugs are artemisinin and its derivatives: artemisinin-based combination therapies have 
now been recommended as the first line of treatment in endemic areas. However, a P. falciparum 
treatment by artemisinin derivatives failure was identified and confirmed on the Cambodia-Thailand 
border in 2009. In this context, all innovative practices and encouraging results are being sponsored 
and shared [2], so as to accelerate the development and licensing of new antimalarial drugs.  
 
In view of our general interest in the study of new heterocyclic compounds displaying antiplasmodial 
activities [3], we desired to investigate the biological properties of new analogs that contain a 
thienopyrimidinone ring of which some pharmacological properties have already been described in the 
literature.  
 
A series of original thieno[3,2-d]pyrimidin-4(3H)-ones was synthesized and showed good in vitro 
antiplasmodial activity: IC50 between 45 nM and 800 nM (W2 and K1, chloroquine and multidrug 
resistant strains) and low in vitro cytotoxicity: CC50 between 15.02 � M and 68.17 � M (HepG2 and CHO 
cell lines). Selectivity indexes were included between 9 and 533 revealing the interesting therapeutic 
potential of such compounds [4,5].  
 
 
 
 
 
References  
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Etude de l’organisation des microtubules  
au cours de la mort cellulaire programmée chez Leis hmania. 
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 Avec 50 000 dèces par an, les infections à Leishmania représentent toujours à l’heure 
actuelle un problème majeur de santé publique dans le monde [1]. En l’absence de traitement 
réellement satisfaisant [2-4], il apparaît nécessaire de trouver de nouvelles solutions pour la 
prise en charge de ces parasitoses. Au cours de ce travail, nous avons montré une 
réorganisation des microtubules, passant d’un corset subpelliculaire à un anneau, dans 
différentes conditions de mort cellulaire (déprivation en sérum, ajout de drogues anti-
leishmaniennes). L’étude des modifications post-traductionnelles que sont les 
déglutamylations a montrée leur implication dans cette réorganisation. Il a été observé que la 
surexpression de la déglutamylase CCP5B au cours de la mort cellulaire programmée entraine 
une diminution de la formation des anneaux de microtubules. La surexpression de la 
déglutamylase CCP5B est également associée à un ralentissement de la croissance cellulaire 
en conditions de mort cellulaire programmée. Ces observations pourraient être en faveur d’un 
rôle potentiel de la déglutamylase CCP5B dans la formation de l’anneau de microtubules au 
cours de la mort cellulaire programmée, sachant que l’hypothèse actuelle est que cet anneau 
de microtubules permettrait le maintien de l’intégrité membranaire [5]. Les déglutamylations 
ainsi que les enzymes associées pourraient constituer des cibles de choix pour la mise au point 
de nouveaux anti-leishmaniens. 

Mots clés : Leishmania, anneau de microtubules, mort cellulaire programmée, modifications 
post-traductionnelles, déglutamylation, deglutamylase. 
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Mechanics of the Toxoplasma gondii oocyst wall 
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The ability of microorganisms to survive under extreme conditions is closely related to the 
physicochemical properties of their wall. In the ubiquitous protozoan parasite Toxoplasma 
gondii, the oocyst stage possesses a bilayered wall that protects the dormant but potentially 
infective parasites from harsh environmental conditions until their ingestion by the host. None 
of the common disinfectants are effective in killing the parasite, since the oocyst wall acts as 
a primary barrier to physical and chemical attacks. Here, we address the structure and 
chemistry of the wall of the T. gondii oocyst by combining wall surface treatments, 
fluorescence imaging, electron microscopy and measurements of its mechanical 
characteristics by using Atomic Force Microscopy (AFM). Elasticity and indentation 
measurements indicated that the oocyst wall resembles hard plastic materials, based on the 
Young moduli, E, evaluated by AFM. Our study demonstrates that the inner layer is as robust 
as the bilayered wall itself. Besides wall mechanics, our results suggest important differences 
regarding the non specific adhesive properties of each layer. All together, these findings 
suggest a key biological role for the oocyst wall mechanics in maintaining the integrity of the 
T. gondii oocysts in the environment or after exposure to disinfectants, and therefore their 
potential infectivity to humans and animals.  
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