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FOREWORD 

The general objective of the Louvain Drug Research Institute (LDRI)  is to develop 

fundamental and/or applied cutting-edge research, in the field of drugs. Overall research activities 

are developed from target identification & validation to clinical practice through hit 

identification/hit to lead, preclinical evaluation, pharmaceutics, clinical assays and optimization 

of clinical practice.   

 

 

The LDRI is located on the Health Sciences Campus of the Université catholique de 
Louvain (UCLouvain) in Brussels. Active collaboration is established with UCLouvain-
related University Hospitals (Cliniques Universitaires St Luc ɀlocated within walking 
distance of the LDRI, and CHU UCL-Namur).    

The LDRI was officially created in 2010.  At that time, it included most researchers 
ÐÒÅÖÉÏÕÓÌÙ ×ÏÒËÉÎÇ ÁÔ ÔÈÅ Ȱ3ÃÈÏÏÌ ÏÆ 0ÈÁÒÍÁÃÙȱȢ  3ÉÎÃÅ ÔÈÅÎȟ ÔÈÅ LDRI increased its 
external visibility and promoted human and financial resources to reach a very good level 
of scientific output. The research quality conducted at the LDRI is illustrated by a constant 
increase both in the number and in the ranking of the published papers in well-recognized 
international journals. According to the prestigious QS World University Ranking 2018, 
our research activities in ȰPharmacy and PharmacolÏÇÙȱ ÁÒÅ ÒÅÃÏÇÎÉÚÅÄ ÉÎ ÔÈÅ 4ÏÐ υρ-
100 Universities over the world, the UCLouvain being ranked as the first French-speaking 
University in Belgium, and the second at a national level after the KULeuven. In 2018, four 
researchers of the LDRI were among the highly cited researchers worldwide. 

Ȱ"ÒÉÄÇÉÎÇ ÓÃÉÅÎÃÅÓ ÆÏÒ ÂÅÔÔÅÒ ÈÅÁÌÔÈȱ ÉÓ ÔÈÅ ,$2)ȭÓ ÍÏÔÔÏȢ 4ÈÅ ,$2) ÉÓ ÐÒÏÕÄ ÏÆ 
the diversity and wealth of its research.  The modest size of the institute (22 Principal 
Investigator (PI), around 160 members in total) creates a convivial atmosphere and 
optimal conditions to share common objectives in terms of quality of science and well-
being. Four young principal investigators joined the LDRI upon the last 3 years, allowing 
us to gain new expertise and ideas. The LDRI members work together in this 
multidiscipli nary Institute , to cover original research topics related to Microbes, 
Inflammation, Cancer, Ageing and related non Communicable Diseases, and New 
Technologies. The research activities range from the design or identification of a new drug 
(and the discovery of new targets) to its optimal use. Our research involves in vitro 
(membranes and cells) approaches, in vivo pre-clinical models (small animals) and clinical 
studies. 4ÈÅ )ÎÓÔÉÔÕÔÅȭÓ Ðatient-oriented research is focused on pharmacokinetics /  
pharmacogenomics as well as on clinical pharmacy.  

The LDRI is organized in seven functional research groups led by highly motivated 
scientists, who are involved in international networks, and are regularly invited as 
speakers in international congresses. The Institute is hosting two technology platforms - 
with outstanding equipment and expertise in small molecules Mass Spectrometry 
(MASSMET platform) and Magnetic Resonance (NEST platform).  

Target 
identification & 

validation

Hit 
identification & 

Hit-to-lead

Preclinical 
evaluation

Pharmaceutics Clinical assays Clinical practice
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The LDRI is also a wealthy niche for the education of young researchers. In order 
to stimulate the interdisciplinary approach, research seminars with reputed experts, as 
well as data club -presented by young researchers enrolled in the Doctoral School in 
Biomedical and Pharmaceutical Sciences-, are organized weekly. We are also happy to 
welcome a continuous influx of doctoral students and post-docs with a large proportion 
of international fellows. 

The LDRI ensures the continuous dissemination of knowledge to the scientific 
community, and offers its expertise to Public Health Authorities and/or pharmaceutical, 
chemical and biotechnologies industries. Thanks to our internationally competitive 
research, our involvement in creating and fostering new knowledge with a direct impact 
on healthcare, and our ambition to develop efficient partnerships with industry and 
society, the activities of the LDRI closely meet the ambitions of the ȰLeague of European 
Research Universitiesȱ ÁÎÄ ÐÒÏÍÏÔÅ Á ÒÅÓÅÁÒÃÈ ÁÐÐÒÏÁÃÈ ÉÎ ÌÉÎÅ ×ÉÔÈ ÔÈÅ UCLouvain 
priorities and research policies  of funding bodies (Horizon Europe, FNRS/FRS, Regional 
funding). 

In this report, we present a brief overview of our objectives and mission 
statements as well as a detailed description of research groups and platforms. The human 
resources, funding, and the scientific output of the LDRI are mostly based on data 
collected in 2018 or upon the last 3 years. All the data were collected using the 
5ÎÉÖÅÒÓÉÔÙȭÓ ÏÆÆÉÃÉÁÌ ÄÁÔÁÂÁÓÅÓȢ 7Å ×ÉÓÈ ÔÏ ÔÈÁÎË ÔÈÅ ÍÅÍÂÅÒÓ ÏÆ ,$2) ×ÈÏ ÈÁÖÅ ÇÒÅÁÔÌÙ 
contributed to the data collection and redaction of this report.   

We hope that this report will give you a clear vision of the Louvain Drug Research 
Institute , and will encourage you to work with us, in the future. Enjoy the reading! 

 

Nathalie Delzenne,   

President of the LDRI 

 

Raphaël Frédérick, Giuli o Muccioli and Françoise Van Bambeke,  

Vice-Presidents of the LDRI 
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Abbreviations:   

ADDB: Advanced Drug Delivery and Biomaterials 

ARC: Action de Recherche Concertée (Collaborative research funding by UCLouvain) 

BPBL : Bioanalysis and Pharmacology of Bioactive Lipids 

CLIP : Clinical Pharmacy 

CMFA : Medicinal Chemistry 

DRIM : Dental Regenerative and innovative material 

FACM : Pharmacology of anti-infective agents 

FARG : Pharmaceutics and Drug Delivery 

FNRS : Fonds National de la Recherche Scientifique 

FRIA : Fund for Research Training in Industry and Agriculture 

FRS : Fonds de la Recherche Scientifique 

FSR : Fond special de la recherche 

FTE : Full Time Equivalent 

GNOS : Pharmacognosy 

IF : Impact Factor 

MNUT : Metabolism and Nutrition 

PI : Principal Investigator  

PMGK : Population Pharmacokinetics and Pharmacometrics 

REMA : Biomedical Magnetic Resonance 

SME : Small and Medium Entreprise 

TFAR : Translational Research from Experimental and Clinical Pharmacology to Treatment 

Optimization 

 

 

 

 

 

Support the LDRI in its development and actions:   

Account Number: BE29 2710 3664 0164 / BIC: GEBABEBB with the communication "don LDRI 

13.21100.001" . You can add a specific team, person or research project.  
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22
PI

164 
persons

31 Post 
Doctoral 
Fellows

30 
technical 

and 
administra
-tive staff

79 PhD 
students

LDRI ɀ 2018 HIGHLIGHTS 

 

 

In 2018, the  

LDRI is:  

 

  

  

  

  

 

Funding:  

Sources of funding of  the LDRI (Global amount in EUR for projects running in 2018) 

 

 

Scientific Outcomes: 

 

 

 

 

 

 

 

We would like to welcome 

Ana Beloqui as a new PI, 

appointed in 2018 as a 

Research Associate FRS -

FNRS 

In 2018, more 
than  140 

scientific 

publications 

with a mean  

IF of 5,2. 

 

6 

Awards 

in 201 8 

36 PhD 

theses  

defended 

in the last 3 

years  

4 Highly 

cited 

researchers 

in 2018  

Nice success of 

LDRI researchers 

in getting highly 

competitive grants 

(H2020, EOS, FNRS-

FRS, Welbio, ERC, 

!2#ȣɊȢ 
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SECTION I ɀ LDRI GENERAL PRESENTATION 
 

I. Objectives and mission statements 

II. Research fields and groups 

III. Decision-making and management 

IV. Human resources 

V. Fundings 

VI. Scientific output 
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I. Objectives and mission statements  

The general objective of the Louvain Drug 

Research Institute (LDRI) is to develop and 

maintain fundamental and/or applied 

research projects in the field of drugs, within 

the Health Sciences Sector of the Université 

catholique de Louvain.  

The research themes encompass the 

characterization of novel drug targets, the 

discovery and the conception of new active 

molecules, the study of their 

pharmacological profile, their metabolism 

and toxicity, their formulation, and the 

optimization of their use. These research 

projects are supported by two technological 

platforms with high standard analytical tools 

in the field of mass spectrometry 

(MASSMET) and pre-clinical magnetic 

resonance (NEST).  

Research Excellence conducted at the 

Louvain Drug Research Institute must 

ensure the following: 

¶ Publications in well recognized 
international journals and / or 
patents,  

¶ Training of young researchers,  
¶ Dissemination of knowledge to the 

scientific community,  
¶ EØÐÅÒÔÉÓÅ ÆÏÒ ÐÕÂÌÉÃ ÁÕÔÈÏÒÉÔÉÅÓȭ 

health and /or pharmaceutical, 
chemical and biotechnological 
industries. 

II. Research fields  and groups  

Overall, research activities are developed by 

seven research groups that share their 

expertise to develop original projects related 

to Microbes and Health, Inflammation, 

Cancer, Elderly and Metabolic Diseases, as 

well as Advanced Technology. The main 

aspects of a drug development are: 

 1) Design and research of new active 

molecules. It involves 2 research groups: 

Medicinal Chemistry (CMFA, developing the 

expertise on rational based-synthesis of new 

compounds) and Pharmacognosy (GNOS, 

specialised in the extraction and 

identification of new bioactive molecules 

isolated from plants).  

 2) The research on the evaluation and 

characterisation of new targets is performed 

by three entities: 

 i)  Metabolism and Nutrition (MNUT), 

covering metabolomics, integrative 

physiology and nutrition for therapeutic 

innovation related to microbiome; 

 (ii.) Bioanalysis and Pharmacology of 

Bioactive Lipids (BPBL), which focuses on 

bioactive lipids in disease;   

 (iii) Translational Research from 

Experimental and Clinical Pharmacology to 

Treatment Optimization (TFAR), that 

includes FACM (pharmacology), PMGK, CLIP 

and research groups, gathering their 

expertise from bench to bedside to propose 

innovative and safe therapeutic approaches.  

 3) The implementation and clinical 

evaluation are covered by the following 

research groups: 

 (i) Population Pharmacokinetics and 

Pharmacometrics (TFAR/PMGK); 

 (ii) Clinical Pharmacy (TFAR/CLIP), 

which evaluates the quality of use in 

medicine and clinical practice; 

 (iii) Advanced Drug Delivery and 

Biomaterials (ADDB), specialized in drug 

delivery systems and biomaterials as a 

means to improve therapeutic outcomes of 

drugs;  

 (iv) Biomedical Magnetic Resonance 

(REMA) that develops innovative tools using 

magnetic resonance with applications 

mainly in oncology.  

 (v) Metabolism and Nutrition (MNUT) 

group that elaborate the proof of concept of 

innovative nutritional approaches in clinical 

intervention studies. 

Therefore, all major aspects of the drug are 

covered from its design to its optimal use.  
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III. Decision -making and management  

The LDRI Management Committee is 

currently made up of a President (Nathalie 

Delzenne) and three Vice-Presidents 

(Raphaël Frédérick, Giulio Muccioli and 

Françoise Van Bambeke) elected by the 

LDRI Council in 2016.  

 

N. Delzenne 
 

F. Van Bambeke 

 

 

R. Frédérick  

G. Muccioli 

The Board and the Council are involved in the 

functioning of the Institute and are 

responsible for all major decisions 

concerning the LDRI. 

The Board is made up of the President and 

Vice-Presidents of the Institute as well as 

elected representatives from the academic 

(2), scientific (2) and administrative and 

technical staffs (2).   

The Council is composed of the permanent 

scientific and academic LDRI members and 

representatives of the scientific (3), 

administrative and technical staff (2). The 

roles of the Council, Board and President, as 

well as the mode of elections, are described 

in a recent revision of internal rules, in 

accordance with the general rules of the 

University. 

An International Scientific Council of five 

well-known researchers, broadly covering 

the research areas of the Institute, provides 

advices on research and recruitment 

strategy. The scientific board has been 

renewed for 3 years in 2017: C. Hughes 

(Primary care Pharmacy) ɉ1ÕÅÅÎȭÓ 

University, Belfast, Ireland), D. Crommelin 

(Drug delivery and Pharmceutical sciences) 

(Dutch Top Institute Pharma, Leiden; 

University of Utrecht, The Netherlands), J.L. 

Veuthey (Analytical Chemistry) (Université 

de Genève, Switzerland), P. Ferré 

(metabolism, pathophysiology and 

molecular biology) (Inserm-Université 

Pierre et Marie Curie, Paris, France) and P. 

Herdewyn (Medicinal Chemistry) 

(KULeuven, Belgium). 

 

Prof. C. Hughes 

(UK) 

 

Prof. D. 

Crommelin (NL) 

 

Prof. J.L. 

Veuthey 

(CH) 

 

Prof. P. Ferré 

(FR) 

 

Prof. P. Herdewyn 

(BE) 
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IV. Human Resources 

The total staff  of the LDRI in December 2018 

was 152 full members (affected to LDRI as 

main entity) and 12 affiliated members. It 

represents a total of 164 persons involved in 

,$2)ȭÓ ÁÃÔÉÖÉÔÉÅÓ, with a proportion of 45% 

men and 55% women. 

Academic staff: 

Due to part-time contracts, the 22 Principal 

Investigators stand for 20,5 FTE (Full Time 

Equivalent). Among them, 7 FTE senior 

researchers are paid by the FNRS.  

Scientific staff: 

31 post-doctoral fellows and 79 PhD 

students, including 25 teaching assistants, 

are mainly affected to the LDRI. In addition, 

several PhD students are affiliated to the 

LDRI, since they are co-supervised by LDRI 

members, having their main affiliation in 

other Institutes or Universities.  

 

The technical and administrative staff 

affected to the LDRI represents 30 persons. 

 

Proportion of the different categories of the staff 

(includes  affected and affiliated members).  

 

 

 

Staff of the LDRI in 2018 

The LDRI is attracting numerous 

international researchers , which 

proportion is presented in orange in the 

graphs below.  51% of the PhD students and 

58 % of the post-doctoral fellows are coming 

from abroad. 

PhD students 

 

 

Post-doctoral 

fellows  

 

  

  

The background of the scientists  is also 

diversified reflecting the multidisciplinary 

research performed within the Institute . The 

0È$ ÓÔÕÄÅÎÔÓ ×ÉÔÈÉÎ ÔÈÅ ,$2)ȭÓ ÒÅÓÅÁÒÃÈ 

groups have trained as pharmacists, 

bioengineers, engineers, chemists, biologists, 

physicists, MD or masters in biomedical 

sciences. 

 

 

 

 

 

51%
Belgians

49%
International

42%
Belgians

58%
International
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The main sources of staff funding  are the 

UCLouvain/ Fédération Wallonie Bruxelles 

(36%), the FNRS (28%), the Belgian regions 

(13%), the foreign public funds (13%) and 

private funds (10%). The FNRS pays the 

salary of 7 permanent principal 

investigators, 12 postdoctoral researchers, 

and 19 PhD students (including FRIA - Fund 

for Research Training in Industry and 

Agriculture - and Televie doctoral grants). 22 

teaching assistants are paid by UCLouvain, 

and spend 50% of their time for research 

(50% in teaching activities).  

Sources of funding of the LDRI staff in 201 8* 

* This graph includes full and affiliated members. 

 

Sources of Funding of the LDRI (as percentage of 

the number of projects running in 2018) 

V. Fundings 

The LDRI personal is mainly financed by 

internal incomes.  The Fédération Wallonie 

Bruxelles (UCLouvain) guarantees the salary 

of ÔÈÅ ÁÃÁÄÅÍÉÃ ÓÔÁÆÆ ɉÅØÃÅÐÔ &.23 0)ȭÓ), of 

the scientific staff working as assistant, and 

of part of the technical and administrative 

staff, as well as the availability and 
maintenance of the buildings. The 

UCLouvain is also supporting research 

activities through the implication of the 

central administration, and through the 

ÁÔÔÒÉÂÕÔÉÏÎ ÏÆ ÇÒÁÎÔÓ ɉ&32ȟ !2#ȣɊ ÕÐÏÎ 

project evaluation. The LDRI receives an 

annual fee from the Health Sector (about 125 

000Ό ÉÎ ςπρψ), calculated upon criteria based 

on the number of academic and scientific 

staff involved in research activities.  

The members of the LDRI are very active in 

obtaining financial incomes from third 

parties  (as illustrated below), which are 

essential to cover the needs for a competitive 

scientific outcome.  

 

Sources of funding of  the LDRI as (Global amount 

in EUR for projects running in 2018)  
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VI. Scientific Output  

The scientific output  of the LDRI is mainly 

estimated from well cited publications in 

recognized international journals and 

through the training of young researchers 

(illustrated by the high number of PhD and 

post-docs per PI).  The members of LDRI are 

also involved in missions devoted to the 
dissemination of their  knowledge to the 

scientific community and to the society, to  

official expertise for Public Health 

Authorities, pharmaceutical/ chemical/  

biotechnological companies and/as 

evaluators for research agencies at the 

national and international level.  

Publications  

(https://uclouvain.be/en/research -

institutes/ldri/ldri -publications.html) 

Altogether, the research groups of the LDRI 

published 411 scientific articles in 

international journals or book chapters 

during the last three years (2016-2018).  

The mean Impact Factor  (IF) of the 

publications during the period 2009-2018 is 

4.60 (including review papers and 

educational papers). In 2018, this mean IF is 

5.24. 

 82% of the publications of the LDRI were 

published iÎ ÊÏÕÒÎÁÌÓ ×ÉÔÈ ÁÎ )& І ς ÁÎÄ τφ% 

ÉÎ ÊÏÕÒÎÁÌÓ ×ÉÔÈ ÁÎ )& І τ ɉÂÅÔ×ÅÅÎ ςπ09 and 

2017). The distribution of publications per 

impact factor is shown hereafter. 

Histograms of th e number of publications  
according to their Impact Factor  

(Papers with IF=0 are book chapters, educational papers or 

papers published in recent journals without IF, data 2009-2018) 

 

 

Since the creation of the institute in 2010, 

there is an increase in the number of 

publications as well as a global increase in 

the impact factor. 

 

Evolution over the time of the mean impact factor of 

original papers published by the LDRI research groups  

 

Evolution over the time of the number of annual 

publications  published by  the LDRI research groups  

 

 

 

 

 

 

 

https://uclouvain.be/en/research-institutes/ldri/ldri-publications.html
https://uclouvain.be/en/research-institutes/ldri/ldri-publications.html
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Training in research  

79 PhD students are currently supervised by 

PIȭÓ of the LDRI. Most of these PhD students 

are enrolled in the Doctoral School of 

Biomedical and Pharmaceutical Sciences. 

In addition, 4 PhD theses are in progress 

under our supervision in other fields 

(surgery, public health or co-tutorship with 

foreign universities). 82 PhD theses 

supervised by the LDRI Research Groups 

were defended during the period 2012-2018. 

In addition to doctoral formation, all 

principal investigators of research groups 

are promotors of Master Degree theses in 

Biomedical Sciences, Pharmacy, Biology 

(among others) ÁÎÄ ÏÆ "ÁÃÈÅÌÏÒȭÓ ÄÅÇÒÅÅ 

dissertations (technicians, dieteticians,...). 

Seminars-Symposia 

The LDRI seminars (at least once a week) are 

attended by researchers or other 

professionals having an interest for scientific 

areas related to drugs in a broad context 

(from basic sciences to clinical 

applications).   Their subjects alternate 

between presentations by junior scientists 

from the Institute and by senior scientists 

(from the Institute, from other Institutes 

within the University, from other 

Universities in Belgium or abroad, from the 

Industry). 

Expertise  

All the principal investigators of the LDRI are 

recognised for their expertise by the Public 

Health Authorities and/or pharmaceutical, 

chemical and bio-technological industries, 

and/or research agencies. They participate 

as (co) leaders or members of: 

- Superior Health Council (Belgium), Belgium 

Nutrition Society (Belgium) 

- Royal Academy of Medicine (4 members) 

- European Medicines Agency (EMA) 

- Public Health Institute 

- Federal Agency for Medicines and Health 

Products 

- Federal Agency for Nuclear Control 

- Advisory Board related to preclinical or 

clinical development of new antibiotics  

- French National Research Agencies (ANR 

and HCERES)  

- Fonds Wetenschappelijk Onderzoek (FWO) 

(The list is illustrative rather than exhaustive). 

 

Collaborative projects with the industry  

Many collaborative projects are ongoing 

both with industries (Astra Zeneca, Danone, 

Cargill) and SME (Melinta Therapeutics, 

Debiopharm, Belma, Voco gmbh, Saremco, 

Heraeus-Kulzer, Coltene, Septodont, 

Kuraray, Biocodex, Pileje, NormoxysȣɊȢ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.uclouvain.be/37573.html
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Key Awards 201 6-2018  

2018  

Bénédicte Jordan : Fonds Maisin. Amount : 

ςς πππ Ό  

Bernard Gallez: Fonds Maisin. Amount:      

ςρ πππ Ό  

Raphaël Frédérick: Fonds Maisin. Amount : 

ςρ πππ Ό 

Laure Bindels : Pharmabiotics Young 

Investigator. !ÍÏÕÎÔ ȡ ρπ πππ Ό 

Giulio Muccioli: Prix Eugene de Somer. 

!ÍÏÕÎÔ ȡ χ πππ Ό 

Laure Elens: Victor Armstrong Young 

Investigator. Amount : ρ πππ Ό 

Higly cited researchers: Véronique Préat, 

Fabienne Danhier, Patrice Cani et Nathalie 

Delzenne 

 

2017  

Patrice Cani : Belgian Endocrine Society 

Lecture Award 2017. Amount: 4 πππΌ 

Anne des Rieux: Grant of Fondation Charcot. 

!ÍÏÕÎÔȡ σπ πππ Ό 

Laure Elens : Theophile Gluge Award 
(Académie Royale de Belgique). Amount:  
1 πππ Ό 
 
Raphaël Frédérick : Prix Paul Van de Velde. 

Amount: 2 υππ Ό 

Huber Plovier: Danone Institute Award 

ςπρχȢ !ÍÏÕÎÔȡ ς υππ Ό 

Anne Spinewine: Healthy Ageing Award 

(ASTRAZENECA Foundation). Amount:  

ςυ πππ Ό 

Françoise Van Bambeke and Dr. Hussein 

Chalhoub : Fonds Forton (Fondation Roi 

"ÁÕÄÏÕÉÎɊȢ !ÍÏÕÎÔȡ ςππ πππ Ό 

Gaëlle Vandermeulen : Prix Depelchin. 

!ÍÏÕÎÔȡ ρ υππΌ 

Highly cited researcher 2017 : Fabienne 

Danhier, Veronique Préat 

2016  

Laure Bindels: Prix Maurice Godin-Maria 

Savelkoul (Académie Royale de Médecine de 

"ÅÌÇÉÑÕÅɊȢ !ÍÏÕÎÔȡ σ πππΌ 

Nathalie Delzenne and Patrice Cani: 

International Prize « Fondation de 

Physiopathologie Pr. Lucien Dautrebande ». 

!ÍÏÕÎÔȡ υπ πππΌ 

Raphaël Frédérick: Fond Maisin 2016. 

!ÍÏÕÎÔȡ ςπ πππΌ 

Bénédicte Jordan: Prix Maes (Health 

3ÃÉÅÎÃÅÓ 3ÅÃÔÏÒ Ⱦ 5#,ɊȢ !ÍÏÕÎÔȡ ρπ πππΌ  

Highly cited researcher 2016: Patrice Cani, 

Fabienne Danhier, Nathalie Delzenne and 

Véronique Préat 

 

PLENARY LECTURES by EXTERNAL 

SPEAKERS 2018 

Pr. Catherine VONTHRON-SENECHEAU 

Laboratoire d'Innovation Thérapeutique 

Université de Strasbourg 

ȰTargeting protozoal diseases : Convergent 

approaches for pharmaceutical tools and 

lead finding from natural sourcesȱ 

Dr. Sergei V. STRELKOV  

Laboratory for Biocrystallography 

Department of Pharmaceutical Sciences, 

KULeuven 

ȰStructural biology of small heat shock 

proteinsȢȱ 

Dr Lisa WHITE 

School of Pharmacy, University of 

Nottingham, Nottingham, UK 

ȰProcessing effects upon biologic scaffold 

structure and functionȢȱ 

Dr Thibaut HELLEPUTTE 

DNAlytics, Louvain-la-Neuve 
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The discovery of new innovative medicines is 
a priority for human health. It is in this 
context that the Medicinal Chemistry 
Research Group (CMFA) is pursuing its 
research activities  

To reach this ambitious objective, two 
complementary strategies are used:  

The first is driven by a pharmacological 
approach aiming at designing new bioactive 
molecules mainly interacting with a 
physiological system of neurotransmission: 
the endocannabinoid system. This system 
consists of several proteins regulating the 
signaling of endogenous lipid compounds, i.e. 
the endocannabinoids. Several targets 
emerge from this system: endocannabinoid 
biosynthesis enzymes, GPCR receptors, 
nuclear receptors and endocannabinoid 
degradation enzymes.  

The second complementary approach is driven by 

a chemical approach of drug design and aims at 

discovering new chemical entities following a 

computationally-assisted strategy. This strategy 

involves the initial discovery of hits via virtual 

screening and fragment-based inspired 

methodology. These hits are then optimized by 
rational drug design to generate new 

pharmacological tools or drugs.  
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RESEARCH RESULTS 

Fragment -based drug design  

In medicinal chemistry, one of the big 

challenges remains the discovery of an 

original hit that can be easily tuned into a 

lead and then in a drug candidate. In this 

regard, our aim is to develop an innovative 

fragment-to-lead strategy for high-quality 

lead identification. This computationally-

assisted approach involves the initial 

discovery of low-molecular weight 

molecules called fragments. Owing to their 

small-size, fragments are more likely to 

reach key pockets within a protein active 

site, and, once their interaction within the 

active site is clearly understood, they 

represent a unique possibility of designing a 

promising hit compound in an efficient way.   

The originality of this approach resides in the 

compilation of available experimental 

informatio n about structural motifs 

recognized by the target, and their use to 

guide the selection of fragments from large 

chemical databases using a computationally-

assisted screening.  The interaction of chosen 

fragments with the target protein can then be 

experimentally assessed by means of 

biochemical and biophysical techniques, 

such as NMR, surface plasmon resonance 

(SPR), mass spectrometry (MS) and/or X-ray 

diffraction (XRD). Once the binding 

experimentally confirmed, rational drug 

design can start and the selected fragments 

can be finely tuned to provide an original hit. 

This original computationally-assisted 

fragment-to-lead strategy offers the prospect 

of a more efficient approach to drug 

discovery ɀ resulting in the generation of 

high-quality leads with a better chance of 

success in future development. 

 

Anticancer immunotherapy  

Tryptophan catabolism is an important 

mechanism of peripheral immune tolerance 

contributing to tumoral immune resistance, 

and indoleamine 2,3-dioxygenases (IDO and 

TDO) inhibition is a promising strategy for 

anticancer drug development. IDO and TDO 

are unrelated heme-containing enzymes 

catalyzing the oxidative cleavage of the 

indole ring of L-tryptophan (L-Trp), the first 

and rate-limiting step along the kynurenine 
pathway. The implication of IDO in the 

phenomenon of tumoral immune resistance 

is the focus of intense researches and the 

enzyme is now recognized as a validated 

target for anti-cancer therapy. Therefore, a 
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number of groups, including us, are actively 

searching for novel original IDO inhibitors. In 

contrast, the effect of TDO expression on the 

immune response has only been recently 

investigated in detail. Indeed, we showed in 

collaboration with the group of Prof Van den 

Eynde that TDO was effectively 

overexpressed by a number of human 

tumors and that this expression prevented 

rejection of tumor cells. We designed a novel 
TDO inhibitor and proved, in a preclinical 

model, the concept that TDO inhibition 

promotes tumoral immune rejection. 

Interestingly, blocking both TDO and IDO to 

improve the efficacy of cancer 

immunotherapy would be complementary: 

in a series of 104 human tumor lines of 

various histological types, we showed that 

20 tumors expressed only TDO, 17 only IDO 

and 16 expressed both enzymes. Therefore, 

targeting both IDO and TDO would allow 

reaching 51% of tumors instead of either 

32% or 35% with a compound inhibiting IDO 

or TDO alone, respectively. The design of 

IDO, TDO or dual IDO/TDO inhibitors is thus 

of major importance. Interestingly, our 

fragment-based drug design strategy 

recently provided promising results for the 

discovery of new IDO. These preliminary 

data are very encouraging to pursue the 

search for new anticancer agents through a 

fragment-based drug design strategy. 

Tumor metabolism  

The last ten years have witnessed an 

increased regain of interest for tumor 

metabolism. Recent advances in this field 

have shed light on how tumors fuel rapid 

growth by preferentially engaging 

biosynthetic pathways. Although cellular 

metabolic pathways are rich pickings for 

drug targets, pinpointing enzymes that 

critically contribute to tumor metabolism is 

key to establish a therapeutic window since 

most of metabolic enzymes also play 

important roles in normal tissues.  

1. PHGDH (3-phosphoglycerate 
dehydrogenase) and PSAT1 (phosphoserine 
aminotransferase-1) represent ideal targets 
for new anticancer strategies. These 
enzymes catalyze the first and second steps 
in the serine biosynthetic pathway, 
respectively. This pathway diverts a 
relatively small fraction of 3-
phosphoglycerate from glycolysis to 

38 
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generate serine as well as equimolar 
ÁÍÏÕÎÔÓ ÏÆ .!$( ÁÎÄ ɻ-ketoglutarate 
ɉɻ+'ɊȢ )ÎÔÅÒÅÓÔÉÎÇÌÙȟ Ô×Ï ÓÉÍÕÌÔÁÎÅÏÕÓ 
recent reports have recently identified the 
ÓÅÒÉÎÅ ÐÁÔÈ×ÁÙ ÁÓ Á ÖÉÔÁÌ ÓÏÕÒÃÅ ÏÆ ɻ+' ÔÏ 
fuel the TCA cycle in a variety of tumor cells. 
These two studies further documented that 
serine supplement could not rescue tumor 
cells in which PHGDH and PSAT1 genes were 
knocked down, thereby identifying the 
serine pathway as a process providing 
malignant cells with critical amounts of its 
ÉÎÔÅÒÍÅÄÉÁÒÙ ÓÙÎÔÈÅÔÉÃ ÐÒÏÄÕÃÔÓȟ ɻ+' ÁÎÄ 
possibly NADH, instead of the end product, 
serine (that may also be taken up from the 
extracellular fluid). In good agreement with 
the above statement on the rationale to 
identify specific targets to tackle tumor 
metabolism, this latter observation indicates 
that serine deficiency in healthy tissues and 
possible disorders associated with the 
inhibition of either PHGDH or PSAT1 could 
be treated by exogenous serine supplement, 
whereas treatment with such inhibitory 
compounds could take advantage of the 
strict addiction of tumors to the by-products 
resulting from PHGDH and PSAT1 activation. 

In this project, we aim to understand the role 

of the serine pathway in tumor progression 

and in particular to develop pharmacological 

tools to evaluate the extent of tumor 

addiction to this metabolic path and their 

therapeutic potential by exploring potential 

side effects on healthy tissues. To this end, 

novel innovative pharmacological inhibitors 

of PHGDH and PSAT1, the two main enzymes 

of the serine pathway (see Figure 1), were 

designed and chemically synthesized. These 

compounds are currently optimized by 

chemical modifications and are expected to 

help deciphering the exact roles of these 

enzymes in cancer progression and insights 

on their physiological roles (that could 

represent limitations to the clinical use of 

such inhibitors). 

2. Tumor cells are also characterized by 
a remarkable metabolic plasticity allowing 
them to survive and proliferate in hypoxic 

and extracellular acidic environments. In 
tumor cells, this plasticity allows the 
coexistence and coordination of several 
metabolic phenotypes, leading to an optimal 
use or resources. Hypoxic cells uses glucose 
that is metabolized by anaerobic glycolysis. 
Lactate is secreted and diffuses, and can be 
subsequently used by oxygenated tumor 
cells as a preferred energetic source to 
glucose. The lactate oxidative pathway 
requires the entrance of lactate in oxidative 
cells via a process that is mainly facilitated by 
the Monocarboxylate Transporter MCT1 and 
the oxidation of lactate to pyruvate by the 
lactate dehydrogenase B (LDHB). The 
pyruvate can then fueled the Krebs cycle and 
NADH uses the malate-aspartate shuttle to 
directly fuel the mitochondrial respiration 
chain. The oxidative use of lactate in the 
oxygenated tumor compartment therefore 
optimizes the availability of glucose for cells 
of the hypoxic compartment, thus 
constituting a unique metabolic cooperation.  
If the use of lactate by oxidative cells is a 

proven fact, the advantage it gives them 

remains largely unknown. A first series of 

studies showed that lactate can act as a pro-

angiogenic agent. This signaling activity also 

depends on the oxidation of lactate to 

pyruvate by LDHB, allowing pyruvate to 

inhibit enzymes of the prolylhydroxylase 

family and activate the hypoxia-inducible 

transcription factor factor-1 (HIF-1) 

independently of hypoxia. In addition, a 

recent collaborative led with the team of P. 

Sonveaux (IREC) has shown that the 

oxidative use of lactate promotes autophagy, 

ie, a process of degradation and recycling of 

proteins and organelles requiring formation 

of specialized structures, autophagosomes, 

and their fusion with lysosomes. To promote 

autophagy, LDHB physically interacts with V-

ATPase, a proton pump located on the 

surface of lysosomes, which it feeds with the 

protons produced during the lactate + NAD+ 

 pyruvate + NADH + H+ reaction. This 

observation seems important to us as 

autophagy participates in tumor progression 

by recycling damaged proteins and 
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organelles when cancer cells are exposed to 

oxidative stress, and because it provides cells 

with energy substrates under metabolic 

stress conditions.  

All these observations suggest that LDHB 

may be a new target in cancer therapy. 

However, there is currently no specific 

inhibitor of this enzyme, and the 

consequences of systemic inhibition of LDHB 

activity remain largely unknown. 

In this project our aim is thus to develop and 

validate a peptide inhibitor and a non-

peptide inhibitor to selectively inhibit 

tetramerization of LDHB. Our strategy will 

involve the use of Protein-Protein 

Interaction Inhibitor (PPI) identification 

methods that is, a highly multidisciplinary 

approach involving molecular modeling 

studies (identification of "Hot Spots"), 

biochemical studies (in vitro and in vivo 

inhibition of LDHB tetramerization, 

selectivity study) and biophysical studies 

(nuclear magnetic resonance analysis of 

ligand-LDHB interaction). To achieve the 

goal of a selective inhibition of LDHB, we will 

use an innovative strategy targeting the 

tetramerization site of LDHB rather than the 

active site of the enzyme. 

Ferroptosis  

Regulated cell death is necessary for tissue 

homeostasis, embryonic development, 

immunity and other biological processes. 

Nevertheless, dysregulated cell death leads 

to pathological developments especially in 

neurodegenerative diseases. On the other 

hand, cancer cells tend to avoid death in 

order to enhance proliferation. 

In the past decade, multiple ways of 

regulated cell death were identified and 

characterized.  Among them, Ferroptosis was 

discovered through the study of a genotype 

selective antitumor agent, erastin, a small 

molecule able to kill cancer cells without 

presenting any morphological or 

biochemical features of known cell death 

pathways. Instead, ferroptotic dying cells 

show a mitochondrial disruption associated 

with high levels of free intracellular iron and 

lipid hydroperoxides.   

Although the exact mechanism leading to cell 

death is not yet fully understood, this lipid 

peroxidation phenomenon initiates the 

process and is considered as the main 

hallmark of ferroptosis (see Fig).  Free 

intracellular iron plays a crucial role in redox 

mechanism of ferroptosis by catalyzing 

Fenton reaction (see Fig, yellow pathway). 

Thus, an increase in free iron levels mediated 

by a dysregulation of its transporting or 

stocking directly contributes to the 

accumulation of lipid peroxides.  

Once those lipid hydroperoxides are formed, 

only the reducing action of the glutathione 

peroxidase 4 (GPX4) is able to prevent their 

damaging outcome (see Fig, green pathway). 

Because GPX4 uses Glutathione (GSH) as 

cofactor, a depletion of the pseudo-

tripeptide and/or cysteine, the limiting 

amino acid in the GSH synthesis, causes an 

increase in lipid peroxides levels involved in 

the cell death initiation. 

Interestingly, erastin induces ferroptosis by 

inhibiting the Xc- antiporter. Ras synthetic 

lethal compounds (RSL) are other 

pharmacological tools currently used to 

induce ferroptosis by directly inhibiting 

GPX4.  On the contrary, ferroptosis can be 

prevented by several different ways. For 

example, allosteric activators of GPX4 were 

identified to enhance the oxidative stress 

controlling activity of the peroxidase.  It is 

also possible to inhibit ferroptosis by 

decreasing the intracellular free iron levels 

of iron with metal chelators such as 

deferiprone.  

More recently, a genome-wide recessive 

genetic screen has pointed to an essential 
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role for Acsl4 in ferroptosis. This gene codes 

for the acyl-CoA synthetase long chain family 

member 4 (ACSL4) which catalyzes the 

ligation of a Coenzyme A (CoA) on a long 

chain polyunsaturated fatty acid (see Fig, 

blue pathway). By preferentially activating 

arachidonic and adrenic acids, ACSL4 shapes 

cellular lipid composition and dictates 

ferroptosis. Indeed, part of the acyl-CoA 

formed are esterified into membrane 

phospholipids by LPCAT3 where they can be 

oxidized (for example by the lipoxygenases) 

and then contribute to the lipid peroxides 

pool necessary for the initiation of the cell 

death. It was shown that the extinction of 

ACSL4 or its inhibition by glitazones was 

enough to prevent ferroptosis 
pharmacologically induced.  

Ferroptosis was studied in few experimental 

models. Nevertheless, this regulated cell 

death seems to have a real therapeutic 

interest. Indeed, several studies have 

highlighted the potential benefit of inducing 

ferroptosis in cancer therapy.  For example, 

it was shown that sorafenib, a multi-kinase 

inhibitor mainly used in renal carcinoma, 

induces ferroptosis in cancer cells by 

disrupting system Xc-.  Simultaneously, 

ferroptosis studies have widened their scope 

and it seems particularly relevant that 

preventing ferroptis is promising 

therapeutic strategy in a neurodegenerative 

context. This idea is supported by the 

FAIRPARK-II project, a clinical assay that 

study the role of DFP in the 

neurodegeneration slow-down in 

0ÁÒËÉÎÓÏÎȭÓ ÄÉÓÅÁÓÅȢ   

In this new project, we are thus developing 

novel pharmacological tools to study 

ferroptosis and particularly ACSL4 

inhibitors. 

Antibiotics  

As the phenomenon of antibiotic resistance 

is dramatically increasing these days, the 

search for new therapeutic targets less 

vulnerable to these resistance mechanisms 

appears as a real need. The cell wall of 

bacteria and the enzymes that are involved in 
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its synthesis are prime targets for many 

antibiotics, which inhibit the late stages of 

peptidoglycan biosynthetic pathway. But the 

resistance phenomena have revealed the 

high flexibility in this assembly pathway, and 

the need to target other enzymes acting on 

earlier steps of peptidoglycan synthesis. D-

alanyl-D-alanine ligase (Ddl) is of particular 

interest as it utilizes a substrate (D-alanine) 

which is specific for bacterial peptidoglycan 

biosynthesis and essential for bacterial 

growth.   

In this work, we aim at designing novel DD-

ligases inhibitors. Previous works in our 

group have highlighted a novel hit (S89) 

characterized with thiosemicarbazide motif. 

First, analogues of S89 were synthesized. 

Indeed, the thiosemicarbazide family is very 

promising due to its low half maximal 

effective concentration (EC50) and its good 

antibacterial activity. These compounds will 

be evaluated on recombinant protein Ddl-

His6 produced and purified in our group. 

This study will provide initial structur e-

activity relationships (SAR) and thus help 

understanding the structure requirements to 

achieve a high DD-ligases inhibition. Then, 
novel hits will be identified through a 

fragment-based strategy.  To this end, an in-

house library of 280 diverse fragments will 

be first assessed. Finally, the more potent 

fragments will undergo a structure guided 

optimization to design potent DD-ligases 

inhibitors.  

pH Low Insertion Peptides (pHLIP) - drug 

conjugates as a novel tumor targeting 

strategy  

Many diseases such as cancer (solid tumors), 

ischemia, stroke or infection lead to the 

development of local hypoxia and acidosis. 

Acidosis results from enhanced glycolytic 

flux which produces lactate and H+ ions (but 

also in tumors from hydration of CO2 which 

represents another source of H+ ions). 

Protons are intensively pumped out of the 

cells to keep intracellular pH near neutral. 

However, due to the poor blood circulation in 

diseased tissues, H+ ions accumulate in 

extracellular spaces. Consequently, a reverse 

membrane pH gradient is formed, the 

extracellular pH (pHe) being lower than the 

intracellular pH (pHi) (contrary to normal 

tissues). Therefore, extracellular acidity 

might serve as a general marker for detecting 

and targeting ischemic tissues and tumors. 

However, since the bulk extracellular pH in 

these diseased tissues is only 0.5ɀ0.8 pH 

units lower than the extracellular pH in 

healthy tissue, this strategy remains 

particularly challenging. Several pH-

sensitive imaging and drug delivery systems 

have actually been envisioned as diagnostic 

or therapeutic modalities specifically 

triggered by the acidic tumor 

microenvironment. Among these are the pH 

Low Insertion Peptides (pHLIP) family 

derived from the bacteriorhodopsin C helix. 

This family represents a unique class of 

water-soluble membrane polypeptides 

which were found to insert across a 

membrane to form a stable transmembrane 

ɻ-helix. According to pH conditions, pHLIP 

can adopt three particular states: (i) at 

neutral and high pH, without the presence of 

a lipid bilayer, the pHLIP is soluble, (ii) in the 

presence of a lipid bilayer under the same pH 

conditions (neutral of high), the pHLIP is 

monomeric and unstructured, and binds to 

the membrane in a random coil 

conformation, and (iii) in an acidic 
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environment, the transmembrane part (TM) 

ÏÆ ÔÈÅ ÐÏÌÙÐÅÐÔÉÄÅ ÆÏÌÄÓ ÉÎÔÏ ɻ-helix and 

inserts across the membrane.  

)Î ÔÈÅ ÌÁÓÔ ÙÅÁÒÓȟ Ð(,)0ȭÓ ×ÅÒÅ ÉÎÖÅÓÔÉÇÁÔÅÄ 

in various fields and for instance combined 

with fluorescent dyes in order to target 

different disorders. In vivo studies were 

performed to target tumors, ischemic 

myocardium, the sites of inflammatory 

arthritis and infections. More recently, the 

very first examples of pHLIP linked to 

chemotherapeutic agents were published: 

paclitaxel, doxorubicine and monomethyl 

auristatin F. 

In our research project we will study, 

develop and apply the pHLIP technology in 

two promising fields of cancer therapy: 

tumor lipid metabolism and the response of 

T cells to tumor microenvironment 

acidification. For the latter, we will focus on 

indoleamine-2,3-dioxygenases (IDO and 

TDO), two enzymes that have been shown to 

be account for tumoral immune escape. In 

the context of tumor metabolism, other 

therapeutic targets already studied in our 

labs will be selected: lactate dehydrogenase 

(LDH) and phosphoglycerate dehydrogenase 

(PHGDH). Finally, we will also focus on 

Glutaminase 1 (GLS1), an enzyme involved in 

glutamine pathway largely employed by 

cancer cells to proliferate, as well as on 

diacylglycerol O-acyltransferase 1 (DGAT1) 

and adipose triglyceride lipase (ATGL) that 

are involved in lipid droplet formation 

(commonly used by tumor cells for lipid 

storage). These targets were chosen because 

of existing expertise and models in our labs, 

including cellular and biochemical assays 

able to evaluate the inhibitory effects of 

dedicated drug candidates. Importantly, for 

these different targets, known (commercial 

or proprietary) reference inhibitors are 

already available and will be used for 

optimization using the pHLIP technology. 

Cannabinoid system modulators  

The aim of this work is to design new 

bioactive molecules interacting with a 

physiological system of neurotransmission: 

the endocannabinoid system. This system 

consists in several proteins regulating the 

signaling of endogenous lipid compounds, i.e. 

the endocannabinoids. Several targets 

emerge from this system: endocannabinoid 

biosynthesis enzymes, GPCR receptors, 

nuclear receptors and endocannabinoid 

degradation enzymes. 

Ongoing research involves the development 

of selective inhibitors for the three main 

enzymes involved in the degradation of the 

endocannabinoids, namely the fatty acid 

amide hydrolase (type I), the 

monoacylglycerollipase, the N-

acylethanolamine Acid Amidase. Several 

inhibitors of endocannabinoids metabolism 

have been discovered. The main 

achievement was the synthesis of the first 

inhibitor of the N-acylethanolamine Acid 

Amidase. Regarding monoacylglycerollipase 

(MGL), the search was focused on selective 

inhibitors, disulfiram has been identified as 

MGL inhibitor with a high selectivity profile 

regarding fatty acid amide hydrolase (type I). 
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DD-ligases inhibitors: Peptidoglycan 

intracellular biosynthesis as antibiotics 

ÔÁÒÇÅÔȱ. 

Director: Raphaël Frédérick; Co-director : 

Françoise Van Bambeke 

Deskeuvre  Marine ȰpH Low Insertion 

Peptides (pHLIP) - drug conjugates as a novel 

tumor targeting strategy: design, chemical 

synthesis, biophysical characterization and 

in vitro evaluation.ȱ  

Director: Raphaël Frédérick; Co-director : 

Olivier Feron 

Kozlova Arina ȰTowards the discovery of 

dual inhibitors of IDO and TDO, two 

promising targets for anticancer 

immunotherapyȱ. 

Director: Raphaël Frédérick; Co-director : 

Benoit Van den Eynde 

Marteau Romain Ȱ$ÅÖÅÌÏÐÍÅÎÔ ÏÆ !#3,τȭÓ 

selective ligands : new tools to target 

ÆÅÒÒÏÐÔÏÓÉÓȱȢ  

Director : Raphaël Frédérick 

Co-director : Séverine Ravez (Univ. lille2, 

France) 

 

Prévost Julien Ȱ$ÅÓÉÇÎ ÁÎÄ ÓÙÎÔÈÅÓÉÓ ÏÆ 

Arg1 inhibitors for anticancer 

ÉÍÍÕÎÏÔÈÅÒÁÐÙȱ. 

Director: Raphaël Frédérick 

Spillier Quentin Ȱ4Ï×ÁÒÄÓ ÔÈÅ 

understanding of the role of the serine 

ÐÁÔÈ×ÁÙ ÉÎ ÔÕÍÏÒ ÐÒÏÇÒÅÓÓÉÏÎȱ. 

Director: Raphaël Frédérick; Co-director : 

Olivier Feron 

Thabault  Léopold ȰDevelopment and 

validation of a new anticancer strategy 

targeting the Lactate Dehydrogenase B 

(LDHB) with innovative tetramerization site 

inhibitors.ȱ  
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1/ CRUDE EXTRACTS AND PURE 

COMPOUNDS EVALUATIONS 

Plants used in traditional medicine in 

different countries are obtained through 

research collaborations (Marocco, Benin, 

Congo Democratic Republic, Rwanda, 

Madagascar, Mauritius in Africa, Vietnam in 

Asia, Peru, Bolivia and Brazil in South 

America). The first step is the selection on an 

ethnopharmacological basis and a literature 

survey. Different extracts are prepared and 

pharmacologically evaluated according to 

their traditional use(s). Several properties 

are analysed in our lab or in collaboration 

with other teams who developed suitable 

pharmacological tests (LDRI, other UCL or 

Belgian partners): in the last years we mainly 
focused on antimicrobial and antiparasitic 

activities, but two projects were developed 

dealing with immunostimulant and anti -

inflammatory activities. 

Crude extracts are first evaluated by in vitro 

tests and their cytoxicity assessed on cancer 

and non-cancer cell lines. 

 

 

 

 

 

 

The originality of our works is that we do not 

just realise screenings. The most promising 

extracts are also tested in vivo to assess their 

activity and eventual toxicity. The mode of 

administration is chosen according to the 

nature of the extract but most of them are 

given by oral route. 

Several extracts possessing biological 

activities in vitro were identified (cfr 

publications).  

Pharmacognosy implies multidisciplinary 

studies to identify new drug candidates 

(pure compounds or extracts) or new leads 

from natural origin and control their 
quality.  

Our laboratory, created in 1996, chose to 

focus on plants used in traditional medicine 
to: 

1. Evaluate the activities of crude 

extracts from traditional medicinal 

plants and obtain data to support their 

traditional uses, their indications and 

analyse potential toxicities. 

2. Isolate and identify bioactive 

compounds which could constitute 

new prototypes for drug development  

3. Analyse the possible targets and 

identify structure-activity 

relationships 

4. Control their quality to limit 

adulterations and standardise 

treatments.  

To allow these researches, we developed an 

expertise in extraction, purification, 

structure determination of compounds 

from complex matrices and development of 

quantification validated methods, while 

most of the pharmacological experiments 

are realised in collaboration with teams 

having expertise in the selected biological 
activities. 

Our future researches will mainly focus on 

antiparasitic and antimicrobial activities 

for which a majority of available drugs are 

natural substances or derivatives, as well 

as immunostimulating and anti-
inflammatory drugs. 

Keetia leucantha  
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The activities of the most interesting ones as 

well as purified compounds were also 

analysed in vivo. Acute and sub-acute toxicity 

tests are also realised on rodents or using 

zebrafish (collaboration with Prof. 

Frédérich, University of Liège). Results 

indicate that extracts of Croton zambesicus 

and Marrubium vulgare showed, in vivo, 

antihypertensive properties but some 

extracts of Croton zambesicus also showed 

toxicities. Extracts from i.e. Keetia leucantha 

Vitellaria paradoxa and Acanthospermum 

hispidum as well as isolated triterpenic 

esters proved to have antimalarial activities 

on mice infected by Plasmodium berghei. 

Efficient extracts and pure compounds on 

mice infected with Trypanosoma brucei were 

also identified and their highest tolerated 

dose determined. 

 

Our researches also led us to identify further 

in vivo toxic compounds from nutrient rich 

seeds of Pachyrhizus species, consumed in 

certain parts of Asia. 

Our works on antimicrobial plants allowed 

us to identify some promising plant extracts 

and natural compounds reducing the 

resistance of methicillin resistant 

Staphylococcus aureus in vitro (collaboration 

with F. Van Bambeke) and in vivo 

(collaboration with Prof. Niset, San Diego, 

USA). 

2/ ISOLATION AND STRUCTURE 

IDENTIFICATION OF BIOACTIVE 

NATURAL COMPOUNDS 

Plant extracts having interesting in vitro  

and/or in vivo activities are subject to bio- 

and chimio- guided fractionations to identify 

active components which could constitute 

new leads for further developments. 

 

 

Fractions obtained by different 

chromatographic methods are evaluated and 

active ones analysed by LC-MS to identify 

well known compounds (based on retention 

times and MSn spectra, collaboration with 

MASSMET platform) and determine those 

which should be further purified 
(unidentified substances). Structural 

identification is based on UV, IR, SM, 1D and 

2DNMR spectra. 

In addition to known compounds, we 

identified several new molecules which are 

found for the first time in plants. Among 

them, we can point out diterpenes isolated 

from Croton zambesicus. Some of these 

diterpenes have been shown by our team to 

possess cytotoxic and pro-apoptotic 

properties but others relax significantly rat 

aorta contracted by KCl. Comparison of the 

cytotoxic and vasorelaxant activities of 

isolated molecules and synthetic analogues 

indicates that both effects are not linked. We 

can also cite several promising specific 

antiparasitic terpenic derivatives isolated 

form Keetia leucantha, Ocimum basilicum, 

Vitellaria paradoxa or Cymbopogon species 

or essential oil components from Vietnamese 

plants. 

Identifications of antimalarial compounds is 

also guided by supervised metabolomics 

studies of crude extracts (collaboration with 

Prof. Choi, Leiden) while collaborations with 

LIST (Luxembourg Institute of Science and 

Technology, Dr André) allowed us to identify 
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potential bioactive compounds from in vitro 

plant cell cultures. 

 

3/ IDENTIFICATION OF TARGET(S) AND 
STRUCTURE-ACTIVITY RELATIONSHIPS 

Once structures are identified, we realised 

further experiments in collaboration with 

specialised teams to determine their targets 

and modes of actions and compare their 

activities with related natural or (semi)-

synthetic compounds to assess structure-

activity relationships.  

We also analysed the possible targets for 

crude extracts. For example the activity of an 

extract of Keetia leucantha on different forms 

of trypanosomas showed a possible effect on 

glycolysis. We also proved the inhibiting 
effect of Pterocarpus erinaceus ÅØÔÒÁÃÔÓ ÏÎ ɾ-

secretase, an enzymatic complex responsible 

for A-Beta formation, and the effect of Croton 

zambesicus or Marrubium vulgare extracts on 

voltage dependent calcium channels. 

Researches on pure isolated compounds 

allowed us to determine some structure-

activity relationships for the vasorelaxant 

effect of trachylobanes diterpenes 

(collaboration with N. Morel, IREC). Targets 

were identified as voltage dependent 

calcium channels. 

 

Structure -activity relationships   for the vasorelaxant 

activity of trachylobanes  

Alkaloids inhibiting topoisomerase I were 

identified in Cassytha filiformis. Synthetic 

derivatives were prepared in Spain and were 

also shown to possess antimalarial 

properties with a high selectivity index. 

Structure-activity relationships have been 

studied. 

In the antiparasitic domain, we identified 

several antitrypanosomal terpenic 

compounds, some of them inhibiting 

trypanosomal GAPDH activity, a key enzyme 

of glycolysis, a process vital for trypanosoma 

development during its human cycle. We also 

collaborate with the teams of Prof. J. Palermo 

(University of Buenos Aires), Profs. J. 

Poupaert and R. Frédérick (LDRI-CMFA) and 

Profs. G. Acrombessi and F. Gbaguidi (UAC-
Bénin) for the evaluation of the antiparasitic 

activities of (semi)synthetic compounds and 

establishment of structure-activity 

relationships. Some semi-synthetic 

compounds showed very promising 

antiplamsodial in vitro activity, in the same 

range as artemisinin. 

The physico-chemical interactions of natural 

saponins with cholesterol and biological 

membranes were studied in collaboration 

with the team of M.P. Mingeot (TFAR-

FACM/LDRI) and new results were obtained 

which could explain several activities of this 

class of compounds. We also analyse with 

Prof. Mingeot the interaction of terpenic 

compounds with parasites membrane 

models. 

 

4/ QUALITY CONTROL AND ANALYTICAL 

VALIDATED METHODS DEVELOPMENT 

The last part of our research is to develop 

and validate analytical methods to identify 

and quantify natural compounds in complex 

media (crude extracts, cells, biological 

ÆÌÕÉÄÓȣɊȢ 

 

Analytical methods are useful: 
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- To control the quality of plant preparations  

- To increase the yields and/or the quality of 

productions by studying the effects of 

growth/cultivating/harvesting conditions 

on the active molecules contents of plants.  

- To analyse the mode of action, resorption 

and/or metabolisation of natural substances 

or derivatives 

- To find methods to eliminate toxic 

compounds and find less toxic accessions.  

 

 

Methods to identify by LC-MS and quantify 

several types of bio active molecules by GC-

FID, GC-MS, LC-UV or LC-MS in crude extracts 

(particularly alkaloids, mono-, di-, 

triterpenes, steroids, rotenoids and 

flavonoids) were developed and validated in 

collaboration, for LC-MS, with MASSMET 

platform. We also developed a model to 

predict and analyse metabolic stability, 

identify metabolites from pure compounds 

and quantify anti-angiogenic hemi-

synthethic products in blood. 

The laboratory is also officially agreed (by 

the Federal Agency for Medicine and Health 

Products) for the quality control of drugs. 
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Anti-trypanosomal compounds from the 

essential oil and extracts of Keetia leucantha 

leaves with inhibitor activity on 

Trypanosoma brucei glyceraldehyde-3-

phosphate dehydrogenase. Phytomedicine 
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Directors: Joëlle Quetin-Leclercq ; Giulio 
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Schioppa Laura  : Study of the potential of  
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agents 

Director: Joëlle Quetin-Leclercq 
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Directors: Joëlle Quetin-Leclercq, Fernand 

Gbaguidi. 

Le Than Binh ȰAnti-parasitic activities of 

essential oil of plants used in traditional 

medicine in Vietnam and study of interaction 
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Directors: Joëlle Quetin-Leclercq and Marie-

Paule Mingeot 
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1.Models and experimental approaches 

Experimental animal models (through 

genetic, pharmacologic, surgical or 

nutritional manipulation) and a panel of 

biomarkers and techniques have been 

developed in order to assess the molecular 

mechanism ÕÎÄÅÒÌÙÉÎÇ ÔÈÅ ȰÍÅÔÁÂÏÌÉÃ 

ÂÒÉÄÇÅȱ ÂÕÉÌÔ ÂÙ ÔÈÅ ÇÕÔ ÍÉÃÒÏÂÉÏÔÁ ÂÅÔ×ÅÅÎ 

the gastro-intestinal tract and key organs 

involved in the control of energy metabolism 

(brain, liver, adipose tissues, muscle). 

On one side, specific in vitro models, such as 

Ȱ0ÒÅÃÉÓÉÏÎ-#ÕÔ ,ÉÖÅÒ 3ÌÉÃÅÓ ɉ0#,3Ɋȱ ÁÎÄ 

mouse adipose explants, have been 

implemented to study the contribution of 

tissue-fixed macrophages and other cell 

types in the metabolic response to nutrients, 

drugs and microbial compounds. We also use 

reporter cell lines and genetic deletion in 

cancer cell lines to investigate the presence 

and role of key microbial-related proteins.   

On the other side, the integrative physiology 

of the different metabolic systems (including 

the microbial one) is studied through in vivo 

experiments in live animals, using 

biochemical, surgical interventions, 

molecular, (meta)genomic and 

metabolomics approaches in biological fluids 

and tissues.  

Finally, nutritional intervention studies and 

cohort studies are also performed in 

humans, in collaboration with colleagues at 

the St Luc University Hospital, University 

Hospital Gent and University Hospital 

Leuven, as well as with colleagues from 

abroad. 

A decade ago, one of our breakthroughs has 

been the identification of the role of the 

endocannabinoid system and its interaction 

with the gut microbiota in the development 

of adipose tissue and metabolic 

inflammation associated with obesity, 

insulin resistance and type 2 diabetes. 

Our research group proposes an approach 

based on integrative physiology, metabolism 

and nutrition, to investigate the role of the 

gut microbiota in the development of 1) 

metabolic disorders associated with obesity 

(metabolic inflammation, insulin resistance, 

type 2 diabetes, cardiovascular diseases), 2) 

behavioural disorders associated with 

obesity (hypothalamic and hedonic control 

of appetite)  or alcohol dependence, 3) 

malnutrition (cachexia associated with 

tumor development, nutrient deficiencies, 

ageing....), and 4) in tumor development and 
drug metabolism. 

Our scientific activities are mostly focusing 

on nutrients targeting the gut microbiota, 

such as carbohydrates which escape the 

digestion (e.g., prebiotics) or plant-derived 

compounds (e.g., polyphenols) which are 

metabolized in the colon by specific bacteria.  

We also isolate and characterize novel 

bacteria considered as next-generation 

beneficial microbes (e.g., Akkermansia 

muciniphila).  

Hence, our aims are to understand the 

molecular mechanisms linking gut microbes 

to host metabolism and behaviour, with a 

focus on gut endocrine and barrier functions 

and repair (wound healing), 

endocannabinnoid system, organ (liver, 

muscle, brain, adipose tissue) dysfunctions. 

The development of functional foods 

targeting the gut appears as an interesting 

way to modulate key metabolic and immune 

functions in the body, with the ultimate aim 

to improve health and well-being. 
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To this aim, specific animal models of tissue 

specific (i.e., gut, liver, adipose), genetic 

deletions of genes involved in the host-

bacteria interaction or in the synthesis of 

endocannabinoids have been or are 

currently developed and studied. In addition, 

both in vivo and in vitro models are proposed 

to analyse the modulation of metabolic, 

oxidative, and inflammatory stresses by 

nutrients, ingredients and/or 

pharmacological compounds.  

1)  RESEARCH RESULTS AND PROJECTS 

Current and future main research activities: 

1. to develop experimental models 

mimicking metabolic and 

behavioural disturbances occurring 

during obesity, cancer development, 

addiction; 

2. to evaluate the implication and 

therapeutic interest of the gut 

microbiota and associated microbial 

metabolites in the occurrence of 

these metabolic disorders and the 

progression of cancer; 

3. to investigate the role of the gut 

microbiota in the control of food 

intake, food reward, and alcohol 

dependence; 

4. to investigate the role of the 

endocannabinoid system and of 

specific receptors responding to gut 

microbial components or 

metabolites; 

5. to decipher the role of the innate 

immune system in the development 

of obesity, inflammation, insulin 

resistance, oxidative stress, type 2 

diabetes, hepatic steatosis, or 

behaviour in mice; 

6. to evaluate the involvement of key 

gut functions (endocrine, immune, 

endothelial, barrier functions) 

alterations in the occurrence of 

behavioural and metabolic disorders 

associated to obesity, alcohol 

consumption and cancer 

progression. 

7. to develop specific surgical 
interventions in mice and techniques 

of real-time imagery (i.e., mouse 

colonoscopy), in order to evaluate 

the role of the mucosal microbiota on 

wound healing.  

Muccioli et al Mol Syst Biol 2010

Geurts et al Front Microbiol 2011

Adapted from
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Some of these metabolic alterations are 

modulated by the gut microbiota through 

specific bacteria-derived compounds such as 

pathogen-associated molecular patterns 

(PAMPs). Among them, we have identified 

the key role played by the 

lipopolysaccharides (LPS) in the onset of 

metabolic inflammation and glucose 

homeostasis disorders in the context of 

obesity and associated disorders, as well as 

in the inflammation linked to alcohol 

dependence in humans. The alteration of the 

gut barrier is one important cause of the 

translocation of bacterial elements (e.g., LPS, 

peptidoglycans) and metabolites which 

promote inflammation and metabolic 

disorders occurring in nutritional or 

behavioural disorders (diabetes and obesity, 

ÃÁÎÃÅÒ ÃÁÃÈÅØÉÁȟ ÁÌÃÏÈÏÌ ÄÅÐÅÎÄÅÎÃÅȣɊ (For 

reviews,  Cani et al Nature Metabolism 2019; 

Delzenne et al Proc. Nutr. Soc. 2019; Cani Gut  

2018 ; Bindels et al, Clin Nutr Exp 2016 ; 

Delzenne et al, Diabetologia 2015) 

A link exists between the composition of the 

gut microbiota ɀ that is profoundly modified 

in genetic (ob/ob) and dietary models of 

obesity ɀ and the control of body weight, 

insulin secretion/response, inflammation 

and appetite. The gut microbiota may also be 

involved in the hepatic steatosis and vascular 

disorders induced by nutritional deficiency 

in essential polyunsaturated fatty acids, as 

well as in the occurrence of cachexia and 

inflammation linked to systemic cancer 

development. Non digestible carbohydrates 

such as inulin-type fructans are defined as 

prebiotics since they are highly fermented by 

certain bacterial species and thereby 

improve host health. We have tested the 

influence of several non-digestible dietary 

carbohydrates (e.g., fructans, cereal 

subfractions, and/or glucans derivatives, 

ÐÅÃÔÏÏÌÉÇÏÃÁÃÃÈÁÒÉÄÅÓȣɊ ÁÎÄ ÐÏÌÙÐÈÅÎÏÌÉÃ 
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compounds on gut microbiota composition, 

activity and systemic metabolism. 

Our experimental data suggest their 

potential to improve metabolic disorders 
associated with obesity. In rodents, changing 

the gut microbiota composition using 

fructans reduces food intake, improves 

glucose homeostasis and steatosis, and 

decreases fat mass development, these 

events being clearly related to the 

modulation of endogenous gut peptides 

production. Indeed, changing the microbiota 

with dietary prebiotics administration leads 

to an increase in the differentiation of stem 

cells into endocrine L cells in the proximal 

colon of rats, and therefore promotes the 

production of glucagon-like peptide-1 and 2 

(GLP-1 and GLP-2) in this organ. The 

relevance of the GLP-1 in the improvement of 

metabolic disorders is shown through 

experiments performed in mice lacking 

functional GLP-1 receptor: those mice are 

resistant to the beneficial effect of fructans 

on obesity and glucose metabolism. In 

addition, the GLP-2 is known to improve gut 

barrier function, here we found that the 

endogenous production of GLP-2 is a key 

event responsible for the reduced gut 

permeability observed upon severe obesity 

and type 2 diabetes. Recent data obtained 

following high-throughput molecular 

analysis of bacterial 16S rRNA gene allowed 

to point out novel interesting bacteria 

(Bifidobacteria, Akkermansia muciniphila, 

Roseburia spp., Lactobacillus ÓÐÐȢȟ ȣɊ ÏÒ ÙÅÁÓÔ 

(Saccharomyces boulardii) in the control of 

host metabolic status, adiposity and 

immunity.  

2) Overview of the recent result:  

a) In the context of cardiometabolic 

disorders  

 

Akkermansia muciniphila  

In 2013, we have identified Akkermansia 

muciniphila as a key bacteria involved in the 

control of the gut barrier function and host 

metabolism (Everard et al PNAS 2013 and 

patents). We demonstrated that A. 

muciniphila, a mucin-degrading bacteria that 

resides in the mucus layer and abundantly 

colonizes it, negatively correlates with body 

weight and is decreased under high-fat diet. 

Moreover, daily administration of A. 

muciniphila to high-fat-diet-induced obese 

mice for 4 weeks improves metabolic profile, 

by decreasing weight gain, restoring mucus 

layer thickness, antimicrobial peptides 

production and counteracting metabolic 

endotoxemia and insulin resistance. We 

discovered that the fatty acids composition 

may also strongly contribute to the 

modulation of the abundance of A. 

muciniphila. We found that mice fed with a 
saturated fatty acid diet (lard-enriched diet) 

exhibited a significant decrease in 

Akkermansia muciniphila, whereas omega 3 

fatty acids (fish oil-enriched diet) 

dramatically increased Akkermansia 

muciniphila in the gut. This effect was 

associated with a better gut barrier function 

and decreased adipose tissue inflammation, 

a phenomenon that can be transferred to 

germ-free recipient mice (Caesar et al. Cell 

Metabolism 2015). 

Besides obesity and diabetes, aging is also 

linked with A. muciniphila (Schneeberger et 

al Sci Reports 2015). Indeed, the intestinal 

levels of this bacterium declined with age 

upon a normal diet feeding. We found that 

high-fat diet feeding strongly influenced 

adipose tissue profile and intestinal 

microbiota in a way that mimicked aging, or 

at least older mice. In the same set of 

experiments, we found by using 

multifactorial analysis that these changes in 

A. muciniphila were robustly linked with the 

expression of lipid metabolism and 

inflammation markers in adipose tissue, as 

well as several blood markers (i.e., glucose, 

insulin, triglycerides, leptin) (Schneeberger 
et al Sci Reports 2015). 
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In accordance with the data obtained in 

rodents, we show in obese humans, that in 

the basal state, the abundance of 

Akkermansia muciniphila is inversely related 

to fasting plasma glucose levels, visceral fat 

accumulation, and adipocyte diameter in 

subcutaneous adipose tissue (Dao et al., 

2016). More precisely, subjects with higher 

Akkermansia muciniphila abundance have a 

lower fasting glucose, triglycerides and 

lower body composition. In addition, upon 

caloric restriction, obese individuals with 

higher baseline Akkermansia muciniphila 

displayed greater improved insulin 

sensitivity markers and other 

cardiometabolic risk factors (Dao et al., GUT 

2016). Thus, all these data suggests that A. 
muciniphila is of interest and merits further 

investigation in humans. However, the 

classic growth requirements for the culture 

of Akkermansia muciniphila and its oxygen 

sensitivity render this bacterium unsuitable 

for human investigations and putative 

therapeutic opportunities. Therefore, the 

sensitivity of Akkermansia muciniphila to 

oxygen and the presence of animal-derived 

compounds in its growth medium currently 

limit the development of translational 

approaches for human medicine.  

The team of Prof. Cani have 

contributed to solve these critical issues by 

developing synthetic medium compatible 

with human administration (collaboration 

with Prof. Willem de Vos). We demonstrated 

that Akkermansia muciniphila cultured on 

this media retains its efficacy (Plovier et al, 

Nature Medicine 2017 and patent pending). 

Unexpectedly, pasteurizing Akkermansia 

muciniphila in order to stabilize the 

bacterium without destroying it, enhanced 

its capacity to reduce fat mass development, 

insulin resistance and dyslipidemia in mice.  

These improvements were notably 

associated with a modulation of the host 

urinary metabolomics profile and higher 

intestinal energy excretion upon pasteurized 

Akkermansia muciniphila treatment. Then 

we wanted to understand why Akkermansia 

muciniphila behaved differently when live 

and pasteurized. By combining genomic and 

proteomic analyses of Akkermansia 

muciniphila our collaborators identified 

proteins encoded by a specific Type IV pili 

gene cluster in fractions enriched for outer 

membrane proteins (Plovier et al Nature 

Medicine 2017). Among these, Amuc_1100 

was one of the most abundant. To test this 

hypothesis, we showed that a His-tagged 

Amuc_1100 produced in E. coli completely 

reproduced the beneficial effects of 

pasteurized Akkermansia muciniphila (see 

figure) (Plovier et al Nature Medicine 2017 

and patents pending). Interestingly, this 
protein also remains active after heating to 

70°C (pasteurization). In a molecular point of 

view, we demonstrated that Amuc_1100 

interacts with TLR-2 and improves the gut 

barrier (see figure).  

 
Patrice D. Cani and Willem M. de Vos, Frontiers in 

Microbiology 2017 

Finally, we also developed the 

production of Akkermansia muciniphila at a 

large scale in order to test the safety and 
efficacy of the bacterium on parameters 

associated with cardiometabolic risks 
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factors. The study Microbes4U 

(www.microbes4U.be) is currently ongoing. 

We have evaluated the safety and tolerability 

of Akkermansia muciniphila in individuals 

with excess body weight by treating them 

with different doses of live Akkermansia 

muciniphila (Akk Synthetic - 1010 and Akk 

Synthetic - 109) or pasteurized Akkermansia 

muciniphila (Akk Pasteurized - 1010). Our 

data, obtained on 43 subjects, showed that 

administration of live or pasteurized 

bacteria grown on the synthetic medium is 

safe in humans and also improves gut barrier 

and several metabolic factors (i.e., insulin 

sensitivity, insulinemia, cholesterol).  

These findings provide support for the use of 

different preparations of A. muciniphila as 

therapeutic options to target human obesity 

and associated disorders. Based on these 

results Prof. Cani has co-founded the spinoff 

ÃÏÍÐÁÎÙ Ȱ!--ÁÎÉÓÁ "ÉÏÔÅÃÈ 3!ȱ ÉÎ ςπρφ ÁÎÄ 

accomplished in 2018 a series A capitalizing 

A-Mansia at 22 Million euros. The company 

is devoted to develop a food supplement and 

a drug based on Akkermansia and on other 

derived compounds.  

 

The innate immunity  

In 2014, we found that a link between 
the innate immune system from intestinal 
cells (i.e., the protein MyD88) and energy 
homeostasis. More precisely, we found that 
modifying the response of the immune 
system by deactivating the protein MyD88 in 
the intestinal cells delay the development of 
type 2 diabetes induced by a high fat diet, 
reduces the development of fat mass, 
reduces the deleterious inflammation 
observed during obesity and reinforced the 
gut barrier thereby preventing the leakage of 
unsuitable bacterial compounds from the 
intestine to the organism. More importantly, 
we found that it is experimentally possible, 
through this modification of the immune 
system, to induce body weight loss and 
therefore to have a therapeutic effect despite 
the fact that the animals were already obese 
and diabetic. Surprisingly, we found that it is 

possible to partially protects against obesity 
and diabetes by transferring (i.e., grafting) 
the gut microbiota from these mice to axenic 
mice (i.e., germ free) (Everard et al. Nature 
Communications 2014). We are currently 
investigating the role of Myd88 deletion in 
the hepatocyte and host metabolism (Duparc 
et al, GUT 2017). 

 
The endocannabibnoid system  

 We have previously identified that 
the endocannabinoid system links the gut 
microbiota to adipogenesis in both 
physiological and pathological situations 
such as obesity and type 2 diabetes. Our data 
pointed out that targeting specifically the 
endocannabinoid system tone in the adipose 
tissue may contribute to change host-
microbiota interactions (for review Cani et al 
Nature Reviews Endocrinology 2016). In 
2015, we published data showing that 
deleting N-acylphosphatidylethanolamine 
phospholipase D (NAPE-PLD) in the adipose 
tissue (tissue specific deletion) induces 
obesity in normal diet-fed mice by promoting 
fat mass development, insulin resistance and 
inflammation. This key enzyme is involved in 
anandamide and NAE biosynthesis. We 
discovered that the deletion of NAPE-PLD in 
adipocytes induces also a decreased 
thermogenic programme (i.e., 
browning/beiging) in adipose tissue. 
Importantly, we found that NAPE-PLD 
deletion in adipose tissue induced a 
profound shift in the gut microbiota 
composition and activity. By transferring the 
microbiota from mice in which the adipose 
tissue NAPE-PLD was deleted into germ-free 
recipient mice replicated the overall 
phenotype (Geurts et al. Nature 
Communications 2015).  

Actually, we discovered that mice 
harbouring and inducible intestinal 
epithelial cell (IEC)-specific deletion of 
NAPE-PLD (NapepldЎ)%#) were hyperphagic 
upon first exposure to a high-fat diet and 
developed exacerbated diet-induced obesity 
and hepatic steatosis. Among the 
mechanisms, we found that these mice 
displayed a defect in hypothalamic Pomc 

http://www.microbes4u.be/
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neurons and alterations in intestinal and 
plasma NAE and 2-acylglycerols. After long-
term HFD exposure, NapepldЎ)%# mice 
presented a lower energy expenditure. The 
increased hepatic lipid storage was 
associated with higher lipid absorption in the 
gut and in the liver. Moreover, NapepldЎ)%# 
mice displayed altered gut microbiota 
composition. Strikingly, treatment with 
Akkermansia muciniphila, a bacterium 
influencing NAE, endocannabinoids and 
related mediators, partly counteracted the 
effects of the deletion. These results suggest 
that intestinal NAPE-PLD is a key sensor in 
nutritional adaptation to fat intake, gut to 
brain axis and energy homeostasis and 
thereby constitute a novel target to tackle 
obesity and related disorders (Everard*, 
Plovier*, Rastelli* et al Nature 
Communications 2019 in press). 

Taken together, these findings indicate that 
bioactive lipids produced by the NAPE-PLD 
contribute to changes in the gut microbiota 
even at distance of the organ targeted (e.g., 
the adipose tissue). These changes then 
participate in the altered metabolic 
disorders observed following NAPE-PLD 
deletion  These results provide strong 
support for the crosstalk between the gut 
microbiota and the endocannabinoid system 
as a potent mediator.  

 

Patrice D. Cani, Hubert Plovier, Matthias Van 
Hul, Lucie Geurts, Nathalie M. Delzenne, Céline 
Druart and Amandine Everard. Nature Reviews 
Endocrinology 2016  

Innovation in prebiotic  effects  

 Inulin -type fructans have been tested 

for the first time in an original mice model of 

endothelial dysfunction. Those data revealed 

that the improvement of the endothelial 

dysfunction by the fructans is associated 

with drastic changes in bile acids profiling 

(linked to GLP-1 secretion) and nitric oxide 

release, those effect being related to specific 

modifications of the gut microbiome (Catry 

et al 2018).  Recent data obtained mainly in 

the context of a European project 

(MyNewGut, http://www.mynewgut.eu/ ), 

highlight a potential interest of amino-acid 

microbial metabolites to counteract systemic 

inflammation  (Beaumont et al 2018), 
thereby extending the concept of prebiotics 

and related bioactives.  

http://www.mynewgut.eu/
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Wheat bran (WB) fractions and derived 

arabinoxylans appear as interesting 

potential prebiotics in the context of 

nutritional disorders. In western diet-fed 

mice, arabinoxylo-oligosaccharides were the 

most effective fibers to reduce adiposity, by 

shifting away the gut microbiota 

composition. It blunted Clostridium and 

Turicibacter genera and strongly promoted 

Bifidobacterium and Butyrococcus genera, 

independently of gut antimicrobial peptide 

expression. WB crude fraction was the sole 

fraction to exert fat binding capacity and to 

promote fat excretion, distinguished from 

the other fractions by the capacity to 

increase Akkermansia genus and to 

counteract gut interleukin 1 beta 
overexpression.  We have also shown that 

micronized WB reduces hepatic and 

systemic inflammatory markers upon high 

fructose intake, the effect being dependent 

the changes in caecal Enterobacteriaceae 

(Suriano, Bindels et al. Sci Report 

2017;Suriano, Neyrinck et al., J Functional 

Food 2018).  

Other classes of food products have been 

evaluated in term of microbiota modulation 

in preclinical models of nutritional disorders. 

Among them, green tea -   rhubarb- curcuma- 

or pomegranate- extracts, as well as 

spirulina counteract inflammation 

associated with nutritional disorders. Some 

effects (those of green tea) seem 

independent on changes in microbiota 

composition, whereas we could point out 

interesting bacterial metabolites produced 

from phenolic compounds, as potential 

drivers of anti-inflammatory effect 

(Neyrinck et al Plos One 2013, Mol Nutr Food 

Res 2017, J Nutr Biochem 2017, Nutrients 

2017).   

b) In the context of cancer cachexia 

Our research team focusses on the 

development of new therapeutic nutritional 

tools based on the gut microbiota-host 

crosstalk in several pathological contexts. 

Our work highlights the importance of the 

gut and its microbes to target cancer 

cachexia, paving the way to new therapeutic 

opportunities (Bindels & Thissen, Clin Nutr 

Exp 2016; Pötgens et al, Curr Opin Nutr 

Metab Care 2018). Our work has clearly led 

to a better consideration of the potential of 

the gut microbiota in cancer cachexia 

(Argiles et al, Nat Rev Endocrinol 2018; 

Dzutsev et al, Annu Rev Immunol 2017). 

Cancer cachexia is a complex multi-organ 

syndrome characterized by body weight loss, 

weakness, muscle atrophy and fat depletion 

(Fearon et al, Lancet Oncol 2011). 

Importantly, fat depletion may precedes 

muscle wasting in cancer cachexia and 

preserving fat mass can spare muscle mass 

(Das et al, Science 2011). Paradoxically, 

accumulation of ectopic fat in the liver was 

found in rodent models of cancer cachexia 

and in cachectic patients (Berriel et al, 

Hepatology 2008). Clinically, cachexia 

results in increased morbidity and mortality 

rates as well as reduced tolerance to anti-

cancer treatments (Farkas et al, JCSM 2013). 

Currently, limited therapeutic options exist 

for this important medical challenge and new 

approaches to tackle this syndrome, 

including innovative and scientifically 

relevant nutritional tools, are needed 

(Fearon et al, Nat Rev Clin Oncol 2013). In 

this context, targeting the gut microbiota 

represents an exciting opportunity for this 

public health issue. 

 

Links between gut microbiota and cancer 

have been studied for years (Schwabe & 
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Jobin, Nat Rev Cancer 2013). Our research 

over the last ten years has evidenced the 

existence of a crosstalk between the gut, the 

microbes its harbors and metabolic 

alterations occurring during cancer. 

First, we showed in 2012 that restoring the 

lactobacilli levels through the administration 

of lactobacilli counteracted muscle atrophy 

and decreased systemic inflammation in a 

mouse model of leukemia and cachexia 

(Bindels et al, Plos ONE 2011).  

Second, we highlighted a common microbial 

signature (characterized mainly by an 

increase in Enterobacteriaceae) in 

preclinical models of cancer cachexia, in 

strong association with some cachectic 

features (Bindels et al, Plos ONE 2015; 

Bindels et al, The ISME J 2016. This microbial 

signature was not due to the anorexia 

observed in the last stage of the disease 

(Bindels et al, Plos ONE 2011; Bindels et al, 

The ISME J 2016. More recently, we have 

highlighted that Klebsiella oxytoca was the 

Enterobacteriaceae species that was 

fostered in cancer cachexia. We evidenced a 

mechanism of emergence for this bacteria 

similar to the one described for the bloom of 

Enterobacteriaceae during antibiotics 

consumption. This framework includes a 

reduction in Treg cells in the intestine, 
together with a glycolytic switch and a host-

derived production of nitrate (Pötgens et al, 

Sci Rep 2018).  

Third, we found drastic changes in the gut 

permeability and intestinal morphology of 

cachectic mice. Such changes were strongly 

correlated with the cachectic features. These 

alterations occurred independently of 

anorexia and were driven by interleukin 6. 

Gut dysfunction was found to be resistant to 

treatments with an anti-inflammatory 

bacterium (Faecalibacterium prausnitzii) or 

with gut peptides involved in intestinal cell 

renewal (teduglutide, a glucagon-like 

peptide 2 analogue) (Bindels et al, 

Oncotarget 2018). We also demonstrated 

that K. oxytoca behaves as a gut pathobiont 

contributing to intestinal dysfunction in 

cachectic mice (Pötgens et al, Sci Rep 208). 

Last but not least, we reported several times 
that nutrition al interventions targeting the 

microbiota, such as prebiotics or probiotics, 

decreased cancer progression, reduced 

morbidity and fat mass loss, and/or 

increased survival of cachectic mice with 

leukemia (Bindels et al, the ISME J 2016; 

Bindels et al, Plos ONE 2015; Bindels et al, Br 

J Cancer 2013). Our data highlight 

propionate, a short-chain fatty acid produced 

through the fermentation of prebiotics, as a 

potential mediator of this anti-cancer effect 

observed in leukemic mice with cachexia. 

Indeed, administration of inulin -type 

fructans (a well-known prebiotic) increased 

portal levels of propionate which is able to 

control the proliferation of leukemic cells 

(Bindels et al, Br J Cancer 2013). We 

investigated in this context the potential 

implication of FFAR2, a G-protein-coupled 

receptor which binds propionate and whose 

activation reduces cancer cell proliferation 

(Bindels et al, Br J Cancer 2013; Bindels, 

Dewulf & Delzenne, Trends Pharmacol 

2013). Among others, our work indicates 

that a modulation of Ffar2 expression 

through nutritional microbiota -targeting 

tools may constitute an attractive 

therapeutic approach to tackle leukaemia 

progression in humans (Bindels et al, Br J 

Cancer 2017). 

Altogether, our studies reveal a previously 

unexpected link between cancer, cachexia 

and the gut microbiota. However, the exact 

mechanisms underlying this crosstalk 

remain elusive and constitute the topic of 

research of the newly established team of 

Prof Bindels. To achieve such goal, her team 

is using targeted and untargeted 

metabolomics analyses (recent 

implementation of H1-NMR metabolomics) 

using the NEST and MASSMET platforms. 

These data will be integrated with targeted 
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microbial metagenomics and 

transcriptomics to highlight new pathways 

involved in this crosstalk. 

 

c) In the context of food intake and food 

reward 

Food intake, appetite and satiety are mainly 
integrated at the level of hypothalamic 
neuronal circuits. Importantly, energy 
balance is also controlled by 
hedonic/reward brain systems encoded by 
the neuronal network of the mesolimbic 
dopaminergic system. Hedonic properties of 
food stimulate feeding and some food 
substances (e.g., sugars, sweeteners, salt, and 
lipids) are more prompt to be involved in 
these addictive processes. These effects are 
mediated by abrupt dopamine increases in 
the brain reward system. This 
mesocorticolimbic system encodes for the 
three psychological component of reward: 
liking, wanting and learning.  
During obesity, this gut-to-brain axis is 
altered at the level of the hedonic responses 
to food intake, leading to an abnormal 
increase in energy consumption. Moreover, 
the concept of the implication of the gut 
microbiota in the gut-to-brain axis to control 
food intake emerged over these last years, 
however the mechanisms still remain 
incompletely known and the roles of the gut 
microbiota in the regulation of 
hedonic/reward aspects of food intake are 
completely unknown. 
Therefore, it is of utmost importance to fill in 
this gap to better understand the alterations 
of the gut-to-brain axis to control food intake 
during obesity and the implication of the gut 
microbiota in that context. 
The originality of this work is to investigate 
how gut microbes are able to control hedonic 
and reward system in healthy conditions as 
well as in the physiopathology of obesity. 
In order to proof a causal link between gut 
microbiota and alterations of hedonic 
response to food intake associated with 
obesity, we use gut microbiota 
transplantation. Preliminary data suggest 
that transferring the gut microbiota from 

high-fat diet-induced obese mice into control 
diet fed mice is enough to alter the 
dopaminergic signalling in the striatum of 
the mice in a similar way to alterations 
observed during obesity such as reduction of 
D2 receptor. Moreover, these alterations of 
dopaminergic signalling are associated with 
alteration of psychological component of 
reward such as liking. Indeed mice 
transplanted with the gut microbiota from 
high-fat diet-induced obese mice present a 
reduction of the high-fat high-sugar diet 
consumption in comparison to mice 
transplanted with the gut microbiota from 
control fed mice. Altogether these data 
suggest for the first time the implication of 
the gut microbiota into the alteration of 
hedonic regulation of food intake during 
obesity. These preliminary data need to be 
confirmed and we will investigate the 
mechanisms involved in these interactions 
between the gut microbiota and the hedonic 
regulation of food intake during obesity. 
 

d)  Clinical trials  

Clinical trials are essential to evaluate the 
translational potential of our findings issued 
from preclinical models. For this reason, 
several clinical trials have been launched by 
the MNUT team in close collaboration with 
clinicians, whose names and affiliations are 
details on the related websites. Three of 
them are described below: the MicroAML , 
the FOOD4GUT, the FIBERTAG, the 
Gut2Brain_ClinX  and the Microbes4U  
studies. MNUT PI are also involved as 
collaborators for other international studies.  

To evaluate the translational value of the 

experimental work linking the gut 

microbiota to cancer cachexia, we have 

recently launched the MicroAML study . The 

MicroAML study aims to evaluate the 

composition and activity of the gut 

microbiota in patients with acute myeloid 

leukemia. Information related to appetite, 

food habits, body composition and muscle 

strength as well as biological samples are 
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collected before any chemotherapy 

(additional details available online at 

https://uclouvain.be/fr/node/43424  ). First 

results are expected for 2019. 

FOOD4GUT is a multidisciplinary and inter-

university project that aims to demonstrate 

that changing the microbiota via 

supplementation with inulin -type fructans 

accompanied by dietary advice promoting 

the consumption of vegetables rich in these 

colonic nutrients, may modulate obesity. We 

have recently shown that dietary 

intervention with vegetables naturally rich 

in fructans for 2 weeks can selectively 

modulate the gut microbiota and improved 

appetite and food intake behaviour (Hiel, 

Bindels et al Am J Clin Nutr accepted 2019). 

A simple-blind placebo-controlled 

randomized multi -center trial has been 

conducted to highlight the interest for the 

health of vegetables in inulin-type fructans in 

obese adults. More information is available 

on the website of the FOOD4GUT project 

(Food4Gut project, lead by N. Delzenne, 

clinical coordination UCLouvain J.P. Thissen 

https://sites.uclouvain.be/FOOD4GUT).   

 

Our data obtained in alcohol dependent 

patients allowed to point out that the gut 

microbiota characteristics (and related gut 

barrier) are factors driving the depression 

and related behaviour in alcohol-dependent 

patients (Leclercq et al PNAS 2014). An 

intervention study (Gut2Brain_ClinX  study) 

with inul in-type fructans has been initiated 

in 2018 in a cohort of alcohol-dependent 

patients of St Luc Hospital (under the 

supervision of Ph de Timary and P. Starkel), 

in order to try modulating the gut microbiota 

to counteract gut dysbiosis and related social 

and mental disorders. 

The FiberTAG project aims at establishing a 
set of biomarkers linking dietary fiber (DF) 
intake and gut-microbiota related health 
effect, by using existing cohorts of healthy or 
overweight populations, as well as in  
intervention studies with dietary fibers, 
programmed in healthy volunteers or 
patients   at risk for cardiometabolic health. 

 

The Microbes4U  study investigates the 
effects of an oral administration of 
Akkermansia muciniphila on metabolic 
disorders associated with overweight and 
obesity. After the inclusion according to 
specific criteria, the volunteers were 
randomly assigned into 4 different groups: 
one placebo group, two others groups 
receiving live Akkermansia muciniphila  109 
cells/day or 1010 cells/day and the last group 
receiving pasteurized Akkermansia 
muciniphila . The supplementation lasts for 
3 months. Different parameters were 
recorded such as anthropometric 
parameters, lipid and glucose metabolic 
markers, and inflammation 
(www.microbes4U.be).  

 

https://uclouvain.be/fr/node/43424
http://sites.uclouvain.be/FOOD4GUT/projet-food4gut/
https://sites.uclouvain.be/FOOD4GUT
http://www.microbes4u.be/
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1)  OVERVIEW  

The overall aim of our group is to identify 

novel lipid mediators and lipid-related 

targets in inflammatory settings. Bioactive 

lipids are selected either based on reported 

effects or following their identification in 

lipidomics studies performed in our 

laboratory. The effects of these bioactive 

lipids are assessed, in vitro , ex vivo and in 

vivo, to determine their potential impact on 

inflammation (Figure 1). Once interesting 

lipids are selected and their effects 

identified, we turn to the identification of 

potential means to control their effects in 

vivo, for example by using agonists or 

antagonists of their receptors, or interfering 

with their metabolic pathways using 

pharmacological tools. A key aspect of our 

research strategy is to integrate the 

information gathered by quantifying the 

lipids and the information obtained by 

assessing their effects in our models. Over 

the years, this strategy allowed us to put 

forth several lipids and enzymes as 

important mediators of inflammation. 

 
Figure υȢ "0", ÒÅÓÅÁÒÃÈ ÇÒÏÕÐȭÓ ÓÔÒÁÔÅÇÙ ÏÖÅÒÖÉÅ×  

a) Lipid quantification methods  

The biological activities of most bioactive 

lipids are controlled by the balance between 
their production and degradation. Because 

most lipids have multiple metabolic 

pathways, measuring the expression or 

activities of the enzymes involved is often 

not enough to appreciate fully the overall 

activity of a lipid system. It is therefore 

crucial to quantify their endogenous levels. 

Thus, our group develops analytical methods 

to help understand the involvement of 

bioactive lipids in pathophysiological 

settings. We routinely use HPLC-MS methods 

allowing the relative quantification of a large 

number of lipids in a single run using an LTQ-

Our group is interested in 

understanding the roles of bioactive 

lipids both in physiological and 

pathological situations mainly related 

to inflammation. 

Lipids are essential constituents of 

biological membranes and control 

numerous cellular activities. An 

increasing number of lipids are shown 

to possess biological activities, thus 

behaving as transmitters or mediators. 

! ÌÁÒÇÅ ÐÒÏÐÏÒÔÉÏÎ ÏÆ ÔÈÅÓÅ Ȱbioactive 

lipidsȱ ÁÃÔ ÂÙ binding to and activating 

their own receptors, and have their 

levels tightly regulated by specific 

enzymes. Prime examples of such 

bioactive lipid signaling systems are 

the endocannabinoids and the 

oxysterols, two of our major research 

interests.  

We investigate the role of bioactive 

lipids (1) by setting up analytical 

methods (e.g. HPLC-MS) allowing the 

quantification of their endogenous 

levels and (2) by interrogating the role 

of selected bioactive lipids in cellular 

and in-vivo models of inflammation-

related diseases (Figure 1). 

The overall aim of the group is to 

identify novel lipid -related 

therapeutic targets .  
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Orbitrap (e.g. Guillemot-Legris et al. J. Neuroinfl., 

2016). We also use validated methods for the 

absolute quantification of lipids of particular 

interest in our work. Case in point, our 

methods for quantifying oxysterols, 

ceramides and endocannabinoids 
(Mutemberezi et al. Anal Bioanal Chem, 2016), 

lysophosphatidylinositols (Masquelier et al. J 

Pharm Biomed Anal., 2016), and bile acids 

(Mutemberzi et al. in preparation). We are now 

focusing our efforts on developing UPLC-

MS/MS methods that will benefit from the 

higher sensitivity of a Xevo-TQS tandem 

quadrupole. Inflammation models  

Over the years, we have implemented in our 

laboratory several in vivo and in vitro 

models to help us study inflammation. We 

developed a recognized expertise in studying 

colon inflammation using models of 

inflammatory bowel diseases (IBD). These 

acute (e.g. DSS, TNBS, oxazolone) and 

chronic (e.g. cycles of DSS) models allow us 

to study the effect of modulating bioactive 

lipid levels on the evolution of colitis (e.g. 

Alhouayek et al. FASEB J 2011; Alhouayek et al. 

FASEB J 2015; Guillemot-Legris et al. J. Crohns 

Colitis 2018). Other examples of models 

currently used in our research group are the 

models of lung inflammation, of multiple 

sclerosis (EAE model in mice), and of 

inflammatory pain (carrageenan and 

capsaicin).  

Besides the in vivo models, we rely also on in 

vitro models such as primary macrophages 

(alveolar and peritoneal) and neutrophils, 

primary glial cells, as well as tissue explants.   

2)  RESEARCH RESULTS 

a)  Endocannabinoids and related 

lipids  

We and others have shown that several 

endocannabinoids and related lipids play an 

important role in inflammation.  

We have shown that increasing 2-AG levels 

via MAGL inhibition reduces colitis in a 

partially CB1- and CB2-dependent manner 

(Alhouayek et al. FASEB J., 2011). We also 

showed that inhibition of ABHD6 increases 

2-AG levels in some tissues, and has 

pronounced anti-inflammatory effects in 

vivo (Alhouayek et al. PNAS, 2013). We also 

demonstrated in vitro that ABHD6 inhibition 

in activated macrophages allows for the 

production of PGD2-G, a bioactive lipid 

derived from 2-AG (see Figure 2), that has 

potent anti-inflammatory effects (Alhouayek 

et al. PNAS, 2013).  

Figure 2: The two main endocannabinoids, anandamide 

(AEA) and 2-arachidonoylglycerol (2-AG), are part of a 

large network of bioactive lipids (Alhouayek & Muccioli, 

Trends Pharmacol Sci., 2014).  

Currently we are investigating further the 

effect of PGD2-G in inflammatory settings. 

For instance, as the effects of MAGL 

inhibition during colitis were only partially 

dependent on the CB1 & CB2 receptors, we 

asked whether PGD2-G could contribute to 

the decreased inflammation. Accordingly, we 

recently reported that PGD2-G 

administration to mice having DSS-induced 

colitis allows for a strong reduction of the 

major hallmarks of the disease (Alhouayek et 

al. FASEB J., 2018). Studying the properties of 

PGD2-G is complex due to its low levels, 

relatively poor metabolic stability and the 

absence of characterized molecular targets. 

Nevertheless, our recent results will help 

better characterize the pharmacological 

properties of PGD2-G, including by proposing 



 

 
 Louvain Drug Research Institute  59 

Target 
identification & 

validation

Hit 
identification & 

Hit-to-lead

Preclinical 
evaluation

Pharmaceutics Clinical assays Clinical practice

the DP1 receptors as a molecular target 

(Alhouayek et al. FASEB J., 2018).  

Besides PGD2-G, our continuing efforts will 

contribute to highlight further the interest of 

modulating endocannabinoid and related 

lipid levels in inflammatory situations. For 

instance, we are actively collaborating with 

Dr Makriyannis and Dr Malamas 

(Northeastern University, Boston) on the 

characterization of the role of NAAA in 

inflammation. Our first works focused on 

colitis and macrophages (Alhouayek et al. 

FASEB J, 2015; Alhouayek et al. BBA lipids, 2017).  

We are now studying the interest of 

inhibiting this enzyme in the context of 

neuroinflammation and multiple sclerosis 

(EAE mice model).   

b)  Oxysterols  

Oxysterols are now considered as important 

lipid mediators, beyond their role in 

controlling lipid metabolism (Guillemot-Legris 

et al., Trends Mol. Med., 2016; Mutemeberezi et 

al., Prog. Lipid Res. 2016).  

In a first series of studies, using mice models 

of diet-induced obesity, we found that 

obesity profoundly affects the levels of 

oxysterols in numerous tissues (Guillemot-

Legris et al. Sci. Rep., 2016). We are now 

investigating the consequences of these 

alterations on the development of obesity.  

In parallel, we are studying the effect of 

neuroinflammation on oxysterols and the 

potential effect of oxysterols on these 

models. Using in vitro models of primary glial 

cells, we found pronounced changes in 

oxysterol levels upon their activation with 

lipopolysaccharides (LPS). Moreover, 

several oxysterols were able to decrease 

LPS-induced activation of these primary glial 

cells (Mutemberezi et al. J. Neuroinfl., 2018). 

Together these data are of interest when 

considering the phenomenom of obesity-

induced neuroinflammation. Indeed, we 

(Guillemot-Legris et al. J. Neuroinfl., 2016) and 

others have shown that obesity leads to 

neuroinflammation as we recently reviewed 

(Guillemot-Legris et al. Trends in Neurosci., 

2017).  An exiting hypothesis is that changes 

in oxysterol levels might represent a 

potential explanation for the changes in 

inflammatory status found in the central 

nervous system during obesity development. 

Besides, we have reported this year that 

colitis profoundly affects oxysterol levels, 

both in mice models and in human patients 

ÓÕÆÆÅÒÉÎÇ ÆÒÏÍ #ÒÏÈÎȭÓ ÄÉÓÅÁÓÅ ÁÎÄ 

ulcerative colitis. For some oxysterols we 

also found a link between the changes in 

oxysterol levels and alterations in the 

expression of key metabolic enzymes (e.g. 

cyp3A4) (Guillemot-Legris et al., J. Crohns 

Colitis, 2018). These compelling data were 

obtained thanks to a close collaboration with 

gastroenterologists from CHU UCL Namur 

and especially Dr Rahier. Because we are 

convinced that reporting lipid levels 

alterations is a key step but hardy a goal per 

se, we are now investigating further the 

properties of oxysterols in colits models. For 

instance, we have reported already that the 

administration of 4 -̡hydroxycholesterol 

worsens the impact of DSS-induced colitis 

(Guillemot-Legris et al., J. Crohns Colitis, 2018).    

c) Lysophospholipids  

Over the years, lysophospholipids have come 

ÔÏ ÂÅ ÒÅÇÁÒÄÅÄ ÁÓ ȰÂÉÏÁÃÔÉÖÅ ÌÉÐÉÄÓȱȢ While 

some lysophospholipids (lysophosphatidic 

acids are an example) have been quite 

extensively studied, others, such as 

lysophosphatidylinositols (LPIs), are much 

less explored.  

The deorphanization of GPR55 as a receptor 

for LPIs sparked a renewed interest in LPIs 

as bioactive lipids and, as we recently 

reviewed, evidence supporting the 

importance of LPIs and/or GPR55 in 

physiology and pathology are accumulating 
(Alhouayek et al. Trends Pharmacol Sci., 2018) 
(see also Figure 3).  
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Figure 3: Described properties of LPIs and their receptor 

(GPR55). (adapted from Alhouayek, Masquelier & 

Muccioli, Trends Pharmacol Sci., 2018) 

We are contributing to these advances by 

studying the role of LPIs in inflammatory 

settings. For instance, we found altered LPI 

levels in several cells upon activation with 

LPS, as well as altered tissue levels in models 

of inflammation. For instance, we reported 

that both in DSS-induced and in TNBS-

induced colitis, LPI levels are altered 
(Masquelier, Alhouayek et al. BBA Mol Cell Biol 

Lipids., 2018). To study the molecular 

mechanisms explaining these changes, we 

are developing HPLC-MS-based assays to 

measure the activity of the enzymes 

responsible for the metabolism of LPIs, with 

cPLA2 playing a key role in inflammatory 

settings. We also developed a model of 

macrophage cells recombinantly expressing 

GPR55 to characterize further the properties 

of LPIs on macrophage activation. Using 

these cells, we showed that incubation of 

macrophages with LPIs reduced, partly in a 

GPR55-depedent manner, the LPS-induced 

activation of J774 cells (Masquelier, Alhouayek 

et al. BBA Mol Cell Biol Lipids., 2018).   

 In conclusion , the few examples of our 

current research described here clearly 

support the importance of increasing  our 

understanding of bioactive lipid signaling 

in inflammation to put forth novel 

innovative therapeutic strategies .  
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THESES In progress 

Abdul Khalik Hafiz Ȱ%ÖÁÌÕÁÔÉÏÎ ÏÆ ÔÈÅ 

ÐÏÔÅÎÔÉÁÌ ÏÆ 0ÁËÉÓÔÁÎȭÓ ÐÌÁÎÔÓ ÕÓÅÄ ÉÎ 

traditional medicine for the treatment of 

inflammatory bowel diseases and 

ÉÄÅÎÔÉÆÉÃÁÔÉÏÎ ÏÆ ÔÈÅÉÒ ÁÃÔÉÖÅ ÍÏÌÅÃÕÌÅÓȱ 

Director: Joelle Quetin-Leclercq; Co-

Director: Giulio Muccioli 

 

Bottemanne Pauline  Ȱ3ÔÕÄÙ ÏÆ ÔÈÅ ÒÏÌÅ ÏÆ N-

acylethanolamine-hydrolyzing acid amidase 

(NAAA) in inflammation and models of 

ÎÅÕÒÏÄÅÇÅÎÅÒÁÔÉÖÅ ÄÉÓÅÁÓÅÓȱȢ 

Director: Giulio Muccioli; Co-Director: 

Mireille Al Houayek 

Buisseret Bapti ste Ȱ3ÔÕÄÙ ÏÆ ÔÈÅ ÅÆÆÅÃÔÓ ÏÆ 

oxygenated derivatives of endocannabinoids 

ÉÎ ÉÎÆÌÁÍÍÁÔÉÏÎ ÁÎÄ ÉÎÆÌÁÍÍÁÔÏÒÙ ÐÁÉÎȱȢ 

Director: Giulio Muccioli; Co-Director: 

Mireille Al Houayek 

Labrak Yasmine "Targeted nanomedicines 

to stimulate the differentiation of 

oligodendrocyte progenitor cells in the scope 

ÏÆ ÍÕÌÔÉÐÌÅ ÓÃÌÅÒÏÓÉÓȱȢ 

Director: Anne des Rieux; Co-director : Giulio 

Muccioli  

Morelle Axel  "Synthesis and 

pharmacological evaluation of novel ɼ-, -ɹ 

and -ɻlactames as inhibitors of Fatty Acid 

!ÍÉÄÅ (ÙÄÒÏÌÁÓÅȱ 

Director: Raphael Robiette; Co-director : 

Giulio Muccioli  

Mwema Ariane  "Nose-to-brain delivery of 

nanomedicines to stimulate remyelination in 

ÔÈÅ ÓÃÏÐÅ ÏÆ ÍÕÌÔÉÐÌÅ ÓÃÌÅÒÏÓÉÓȱȢ 

Director: Anne des Rieux; Co-director : Giulio 

Muccioli  

Paquot Adrien  Ȱ$ÅÖÅÌÏÐÍÅÎÔ ÁÎÄ 

validation of an HPLC-MS method to quantify 

the oxygenated derivatives of the 

ÅÎÄÏÃÁÎÎÁÂÉÎÏÉÄÓȱ 

Director: Giulio Muccioli  
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Translational Research from Experimental and Clinical 

Pharmacology to Treatment Optimization (TFAR)  

 

 

 

 

 

 

 

 

 

 

 

Website TFAR: https://uclouvain.be/en/research -institutes/ldri/translational -research -from -

experimental -and-clinical -pharmacology -to-treatment -optimization -tfar.html  

Address TFAR-CLIP-PMGK: Van Helmont building ɀ Tower 72, 1 st floor, avenue E. Mounier 72, 

B1.72.02. B-1200 Brussels. Phone (secr.): + 32 764 73 70 / Fax: +32 2 764 73 90  

Address TFAR-FACM:  Van Helmont building ɀ Tour 73, 1 st floor, avenue E. Mounier 73, B1.73.05. B-

1200 Brussels.  Phone (secr.): + 32 764 73 70 / F ax: +32 2 764 73 63 
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Examples of recent and ongoing 

translational research  

The number of translational research 

projects within TFAR has increased over the 

last 5 years. In 2018, there were several 

ongoing projects implying six PhD students 

that illustrate the type of integrative 

approaches existing between the groups:  

- Pharmacokinetics and clinical toxicity of 
anti-infective drugs in specific patient 
populations such as patients in intensive 
care, HIV infected, hemodialysis patients, 
patients with off-label use of antibiotics (H 
Thirot, P Ngougni Pokem, A Bastos, G. 
Stillemans) 

- Evaluating current practices of 
antibioprophylaxis in Benin to propose 
and then implement and evaluate 
strategies for a better use (AD Fiogbe, C 
Yehouenou).  

- Determining the risk factors for adverse 
events in patients taking direct oral 
anticoagulants, including from a 
pharmacokinetics and pharmacogenomics 
aspect (AL Sennesael). 

 

The next pages present the ongoing 

projects in each of the groups constituting 

TFAR. 

 

 

 

Pharmacological evaluation of drugs covers 

complementary aspects, going from 

experimental pharmacology  to optimization 

of drug usage in clinical practice  via a 

characterization of patient's specificities that 

could affect pharmacokinetics or 

pharmacodynamics (clinical pharmacology ).  

In this context, we conduct bidirectional 

translational research , from bench to bedside 

and back again, in the field of experimental, 

clinical pharmacology and 

pharmacoepidemiology, with the aim to 

optimizing drug treatment.   

Our common objectives are to use a deep 

knowledge of the molecular basis of drug 

action and fate (at both the cellular and the 

human levels) to achieve personalized 

pharmacokinetic and pharmacodynamic 

targets and implement these findings for 

improving quality of care.  Our research focuses 

on high-risk medications (drugs with a narrow 

therapeutic window or used for severe 

pathologies) and/or high-risk populations 

(frail, immunosuppressed, or polymedicated 

patients). 

The main disciplines  that are covered include: 

(1) in the field of experimental research: 

biophysics and molecular pharmacology, in 

vitro pharmacokinetics and pharmacodynamis 

(2) in the field of clinical research: population 

pharmacokinetics and pharmacodynamics; (3) 

in the field of clinical practice research: 

evaluative and implementation research, an 

pharmacoepidemiology.      

Within TFAR, principal investigators are more 

specifically experts in one of these three 

disciplines: FACM (cellular and molecular 

pharmacology group; Marie-Paule Mingeot-

Leclercq and Françoise Van Bambeke) is 

mainly oriented towards experimental 

research; PMGK (integrated pharmacometrics, 

pharmacogenomics and pharmacokinetic 

group; Laure Elens) towards clinical research;   

 

 

and CLIP (clinical pharmacy research group; 

Olivia Dalleur, Séverine Henrard and Anne 

Spinewine), towards clinical practice and 

implementation research. 

Some activities are unavoidably independent, 

but there is a clear willingness of cross-

fertilization amongst us, which is 

operationalized through the organization of 

common seminars, co-supervision of 

translational PhD projects, submission of 

common grant applications and sharing 

logistic and technical infrastructure. 
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Cellular and Molecular Pharmacology (TFAR - FACM) 

 
Our team is studying the pharmacology of 

drugs, mainly anti-infective agents (antibiotics) 

with the aim to decipher the mechanisms 

responsible for their activity or their cellular 

toxicity, and to optimize their use in the clinics 

(based on a better knowledge of their 

pharmacodynamics and of the risks for 

selecting resistance). Disciplines and 

methodologies used involve biophysics, 

biochemistry, microbiology, cellular and 

molecular biology, and morphology.  

Our main objectives are to decipher, at the 

molecular and cellular levels, the mechanisms of 
the interaction between these drugs and 

¶ bacteria (target cells), with the aim to 
progress in the understanding of their mode 
of action and of mechanisms of bacterial 
resistance;  

¶ host cells, with the aim to unravel the 
mechanism of their transmembrane 
transport, and to evaluate the consequences 
of their cellular accumulation for activity 
and toxicity. 

To this effect, we explore 

¶ at the cellular level, the cellular 
pharmacokinetics of antibiotics 
(accumulation, distribution, and efflux in 
eukaryotic cells), in relation with their 
activity against intracellular pathogens 
and with their capacity to cause cellular 
toxicity (lysosomal or mitochondrial 
alterations; apoptosis).  

¶ at the molecular level, (i) the interaction 
between antibiotics and membrane lipids 
and consequences therof for membrane 
biophysical properties, (ii) the selection of 
resistance in vitro (with a particular 
interest for active efflux), and (iii) the 
activity of novel antibiotics acting on new, 
unexploited targets.  
 

 

Our experimental approaches include: 

¶ biophysical approaches aimed at 
characterizing at the molecular level the 
interaction between drugs and membrane 
lipids and at understanding how biophysics 
encounters cell functions (cell bacteria 
division, shaping/reshaping of red blood 
cells, e.g.);  

¶ genomic and proteomic approaches aimed 
at evidencing the effects of drugs on the 
expression and function of target 
genes/proteins;  

¶ pertinent cellular models for the study of 
drug pharmacokinetics (accumulation, 
subcellular distribution, efflux), 
pharmacodynamics (intracellular infection, 
biofilm) and cellular toxicity, which are 
used for exploring the mechanisms 
governing the interaction between host 
cells, drugs and bacteria, and to evaluate 
new molecules or new therapeutic 
strategies.  
 

In a broader context, our translational research 

activities include clinical trials aimed at 

optimizing antibiotic use (adaptation of their 

mode of administration or daily dosage) with 

the aim to increase their efficacy and/or reduce 

their toxicity (run in coworking with different 

hospitals in Belgium), and collection of clinical 

isolates for which we study antibiotic resistance 

and try to establish a potential link with the 
treatment received by the patient.  
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RESEARCH RESULTS  

Over the last 5 years, we have published 80 

papers, 85% of which directed related to our 

research dealing with anti-infective 

pharmacology and drug-membrane 

interactions  (15% as reviews or book 

chapters and educational papers related to 

anti-infective pharmacology or 

pharmacotherapy, papers in the field of 

clinical pharmacy). 

Our experimental research  is oriented in 5 

main directions. These are, however, closely 

linked to one another.  

I)  Lipid domains: a promising target 
for new antibiotics?  

With the aim to provide a more 

comprehensive and biologically relevant 

picture of the drug-membrane interactions 

and how the effect of these interactions can 

modify the biophysical properties of the 

membranes in relation with pharmacological 

activities, most of the studies are performed 

by using cells (bacteria or mammalian cells) 

and membrane models (supported bilayers, 
liposomes [SUVs, LUVs; GUVs]) mimicking (i) 

bacterial and (ii) eukaryotic membranes. In 

close collaboration, we developed a range of 

complementary methods including AFM, 31P 

NMR, ellipsometry, dynamic light scattering, 

fluorescence spectroscopy (Laurdan, DPH, 

TMA-DPH, DHE, calcein, 

ÏÃÔÁÄÅÃÙÌÒÈÏÄÁÍÉÎÅ "ȣɊ ÁÎÄ ÃÏÎÆÏÃÁÌ 

microscopy. 

 

Cardiolipin domains as a target for 

amphiphilic aminoglycoside derivatives?  

Combination of existing lipid diversity and 

functions with biophysics of cellular 

membranes is a unique opportunity to 

discover new antibiotics. Bacteria (as 

mammalian cells) have capacity to maintain 

specialized zones in their membranes for 

fruitfully fill in their biological functions.  

In the frame of our work, we focus on areas 

characterized by high curvature and 

enriched in cardiolipin, as encountered at 

poles and division septa of Gram-negative 

bacteria, with the aim to understand if and 

how membrane-acting antibiotics 

(amphiphilic neamine derivatives) might 

modify bacterial physiological processes.  

Intensive medicinal chemistry development 

was performed in collaboration with Prof. JL 

Decout and coll. (Grenoble, F) from  a group 

of old antibiotic drugs called 

aminoglycosides, which target ribosomal 

RNA. Molecular foundations and structureɀ

activity relationships made on the central 

backbone (neamine versus neosamine), the 

nature of the hydrophobic tail (naphtyl, alkyl, 

alkyl) as well as or the position and the 

number of substitution on the central 

backbone to define optimal amphiphilicity, 

led to the emergence of amphiphilic 

antibacterial aminoglycosides. More than 80 

derivatives were synthesized with very 

promising compounds active against Gram-

positive and Gram-negative sensitive and 

resistant bacteria.   

To decipher the molecular mechanism 

involved in their activity, we used both living 

bacteria (P. aeruginosa) as well as membrane 

model systems including LUVs (Large 

HOST CELLS

ANTIBIOTICS

BACTERIA

chemotherapy of persistent infections
(intracellular infection and biofilm)

molecular interaction 
with (new) targets

resistance due 
to alterations of 

transmembrane transport

drug-membrane 
interaction

cellular pharmacokinetics

cellular toxicity

epidemiological surveys and
link with antibiotic use

optimization of efficacy/safety
based on dose adjustment

PATIENTS
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Unilamellar Vesicles) for membrane 

permeability and depolarization, GUVs 

(Giant Unilamellar vesicles) for confocal 

microscopy and lipid monolayers, for 
Langmuir isotherm compression. We 

demonstrated the interaction of the 

amphiphilic neamine derivatives with outer 

ÍÅÍÂÒÁÎÅȭÓ ÌÉÐÏÐÏÌÙÓÁÃÃÈÁÒÉÄÅÓ ÁÎÄ ÉÎÎÅÒ 

ÍÅÍÂÒÁÎÅȭÓ ÁÎÉÏÎÉÃ ÐÈÏÓÐÈÏÌÉÐÉÄÓ ÍÏÓÔÌÙ 

cardiolipin leading to membrane 

permeabilization (NPN and PI assays) and 

depolarization (DiSC3(5) fluorescence). 

Targeting cardiolipin bacterial micro- 

domains mainly located at the cell poles, led 

to relocation of cardiolipin domains 

associated with bacterial morphological 

changes including a severe length decrease.   

These results suggest an effect of 

amphiphilic aminoglycoside antibiotics on 

cardiolipin domains with in turn changes in 

the activity of proteins dependent upon 

cardiolipin and involved in bacterial division 

(FtsZ) and/or  bacterial shape (MreB). 

 

 

χȭȟϊ-dinonyl Neamine targets P. aeruginosa 

microdomains of cardiolipin leading to their 

redistribution (top) and changes in width and length 

(bottom). Top: non treated bacteria (left) and treated 

(5 µM for 10 min at 37°C) bacteria (right); arrows 

indicate cardiolipin domains. (El Khoury et al, 2017, 

Sci. Reports) 

 

At a glance, our results bring into light 

fundamental concepts which could be 

important in membrane-lipid therapy in 

which the molecular targets are the lipids 

and the structure they form. The role of lipids 

can be (i) to facilitate membrane bending 
and the formation of highly curved 

intermediates, reducing the energy barriers 

of fission and fusion and (ii) to recruit 

specialized proteins. Influencing curvature 

directly as well as indirectly by targeting 

negative intrinsic curvature of lipids or in 

impairing the soft mechanical behavior could 

be a new approach for antibiotic design. 

Lipid -proteins interactions could be also 

critical in cell physio - and patho -logy of 

erythrocytes .  In this context, we 

investigated (i) whether enriched lipid 

domains in cholesterol and sphingomyelin 

could contribute to function-associated cell 

(re)shaping, (ii) whether the seminal 

concept of highly ordered rafts could be 

refined with the presence of lipid domains 

exhibiting different enrichment in 

cholesterol and sphingomyelin and 

association with erythrocyte curvature areas 

and (iii) how differences in lipid order 

between domains and surrounding 

membrane are regulated and whether 

changes in order differences could 

participate to erythrocyte deformation and 

vesiculation. 

For studying the first question, we probed by 

vital imaging the lateral distribution of 

cholesterol and sphingomyelin (using either 

specific Toxin fragments or trace insertion of 

BODIPY-SM) in relation with: (i) membrane 

biconcavity of resting red blood cells; (ii) 

membrane curvature changes and Ca2+ 

exchanges upon mechanical stretching of 

healthy red blood cells or in elliptocytes, a 

red blood cells model of impaired shape; and 

(iii) membrane vesiculation upon red blood 

cells aging. 

We revealed the specific association of 

cholesterol- and sphingomyelin-enriched 
domains with distinct curvature areas of the 

erythrocyte biconcave membrane. Upon 
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erythrocyte deformation, cholesterol-

enriched domains gathered in high curvature 

areas. In contrast, sphingomyelin-enriched 

domains increased in abundance upon 

calcium efflux during shape restoration. 

Upon erythrocyte storage at 4 °C (to mimick 

aging), lipid domains appeared as specific 

vesiculation sites. 

 

Recruitment of cholesterol-enriched domains in 

increased curvature areas of the red blood cells rim 

upon stretching. Green arrowheads indicate high 

curvature areas. Scale bars 2µm. Leonard et al, 2016, 

Sci. Reports. 

 

The second and third questions benefit from 
the use of a fluorescent hydration- and 

membrane packing-sensitive probe, 

Laurdan, to determine the Generalized 

Polarization (GP) values of lipid domains vs 

the surrounding membrane. Sphingomyelin-

and cholesterol- enriched domains were less 

ordered than the surrounding lipids in 

erythrocytes at resting state. Upon 

erythrocyte deformation (elliptocytes and 

stimulation of calcium exchanges) or 

membrane vesiculation (storage at 4°C), 

lipid domains became more ordered than the 

bulk. Upon aging and in membrane fragility 

diseases (spherocytosis), an increase in the 

difference of lipid order between domains 

and the surrounding lipids contributed to the 

initiation of domain vesiculation.  

Altogether, results demonstrated the critical 

role of domain-bulk differential lipid order 

modulation for erythrocyte reshaping 

probably related with the pressure exerted 

by the cytoskeleton on the membrane. 

2)  Cholesterol -enriched domains and 
cellular toxicity  

The existence of clusters of proteins and 

lipids and especially, the transient 

nanometric cholesterol- and sphingolipid-

enriched domains, called rafts, are described 

as signaling platforms for a wide range of 

cellular responses to stimuli including 

reactive oxygen species (ROS) generation, 

inflammatory cytokines expression and cell 

death.  Taking benefit from our previous 

studies investigating the mechanisms 

involved in nephrotoxicity induced by 
aminoglycoside antibiotics, we explored the 

role of cholesterol and cholesterol-enriched 

domains for cellular toxicity of the potential 

anticancer drug, the ginsenoside Rh2 and the 

anti-inflammatory complex budesonide: 

(0ɼ#$. 

Another parameter that can result in cellular 

toxicity is the capacity of drugs to accumulate 

within the cells.  Our team has a long-lasting 

experience in the study of antibiotic-induced 

accumulation of undigested lipids within the 

lysosomes.  This accumulation is consecutive 

to the inhibition of lysosomal 

phospholipases by weak acid drugs (like 

aminoglycoside, lipoglycopeptide or 

macrolide antibiotics) that accumulate to 

high levels in this subcellular compartment.  

More recently, we started to explore the 

mitochondrial alterations induced by 

oxazolidinone antibiotics. 

I) Cholesterol-enriched domains and 

cellular toxicity of anticancer drug 

(Ginsenoside Rh2)  

Pursuing our studies on the molecular 

mechanism involved in necrosis and 

apoptosis in leukemic monocytes induced by 

ÓÁÐÏÎÉÎÓ ɉɻ-hederin, a monodesmosidic 

triterpenoid) and especially the critical role 

of cholesterol and cholesterol-enriched 

domains, we extend to ginsenoside Rh2, a 

steroid saponin (protopanaxatriol) known as 
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one of the active principles of Panax ginseng 

root.  This work is performed in close 

ÃÏÌÌÁÂÏÒÁÔÉÏÎ ×ÉÔÈ *Ȣ ,ÅÃÌÅÒÃÑȭÓ ÔÅÁÍȢ 

We demonstrated that membrane 

cholesterol could delay the activity of 

ginsenoside Rh2, renewing the idea that 

saponin cytotoxicity is ascribed to an 

interaction with membrane cholesterol. 

The cytotoxic activity of Rh2 is accelerated in 

human leukemic U937 cell lines upon 

cholesterol depletion via the pretreatment 

with methyl -ɼ-cyclodextrin, a cholesterol-

sequestering agent. Mechanistically, Rh2 

alters plasma membrane fluidity by 

compacting the hydrophobic core of lipid 

bilayer (DPH anisotropy) and relaxing the 

interfacial packaging of the polar head of 
phospholipids (TMA-DPH anisotropy). The 

treatment with Rh2 consequently conducts 

to the dephosphorylation of Akt and the 

activation of the intrinsic pathway of 

apoptosis (loss of mitochondrial membrane 

potential, caspase-9 and -3 activation).  

 
Rh2 decreases the phosphorylation of Akt faster 

upon cholesterol depletion. Cells depleted in 

cholesterol with 5 mM MɼCD for 2 h, or not,  were 

incubated for the indicated times with 60 ʈM Rh2  or 

with 0.1% DMSO (vehicle). Equal amounts of cell 

extracts were subjected to western-blot analysis for 

pAkt, Akt and ɼ-actin protein (Verstraeten et al, 

2018, Toxicol. Appl. Pharmacol.). 

All these features are induced faster in 

cholesterol-depleted cells, which could be 

explained by faster cell accumulation of Rh2 

in these conditions.  

II)  Cholesterol-enriched domains and 

cellular toxicity of antiinflammatory 

drug (budesonide) complexed with 

(0ɼ#$ 

Budesonide (BUD), a poorly soluble anti-

inflammatory drug, is used to treat patients 

suffering from asthma and COPD (Chronic 

Obstructive Pulmonary Disease). 
Hydroxypropyl -ɼ-cyclodextrin (HPɼ#$Ɋȟ Á 

biocompatible cyclodextrin known to 

interact with cholesterol, is used as a drug-

solubilizing agent in pharmaceutical 

formulations. Budesonide administered as 

ÁÎ ÉÎÃÌÕÓÉÏÎ ÃÏÍÐÌÅØ ×ÉÔÈÉÎ (0ɼ#$ 

ɉ"5$ȡ(0ɼ#$Ɋ ÒÅÑÕÉÒÅÄ Á ÑÕÁÒÔÅÒ ÏÆ ÔÈÅ 

nominal dose of the suspension formulation 

and significantly reduced neutrophil-

induced inflammation in a COPD mouse 

model exceeding the effect of each molecule 

administered individually. This suggests the 

role of lipid domains enriched in cholesterol 

for inflammatory signaling activation. 

7Å ÆÉÒÓÔ ÓÈÏ×ÅÄ ÔÈÁÔ "5$ȡ(0ɼ#$ ÉÎÄÕÃÅÄ ÁÎ 

increase in membrane fluidity and 

ÐÅÒÍÅÁÂÉÌÉÔÙ ÉÎÄÕÃÅÄ ÂÙ "5$ȡ(0ɼ#$ ÉÎ 

vesicles containing cholesterol. We also 

demonstrated on giant unilamellar vesicles 

(GUVs) and lipid monolayers, the disruption 

of cholesterol-enriched raft-like liquid 

ordered domains as well as changes in lipid 

packing and lipid desorption from the 

cholesterol monolayers, respectively. Except 

for membrane fluidity, all these effects were 

ÅÎÈÁÎÃÅÄ ×ÈÅÎ (0ɼ#$ ×ÁÓ ÃÏÍÐÌÅØÅÄ ×ÉÔÈ 
ÂÕÄÅÓÏÎÉÄÅ ÁÓ ÃÏÍÐÁÒÅÄ ×ÉÔÈ (0ɼ#$Ȣ  

 
Confocal fluorescence microscopy imaging of 

membrane phase separation in GUVs upon incubation 

×ÉÔÈ "5$ȡ(0ɼ#$ȟ ÁÎÄ (0ɼ#$Ȣ )ÍÁÇÉÎÇ ÏÆ ÍÅÍÂÒÁÎÅ 

domains in GUVs composed of (left) DOPC:pSM (1:1) 

and (right) DOPC:pSM:Chol (1:1:3) before (top, 
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control) and after (descending) 5, min with the 

"5$ȡ(0ɼ#$ ÃÏÍÐÌÅØ ÏÒ (0ɼ#$Ȣ $/0#ȡÐ3- ÖÅÓÉÃÌÅÓ 

were labeled with Rho-DOPE (red channel) to 

visualize the liquid disordered (ld)/solid ordered (so) 

phase separation in red/dark. DOPC:pSM:Chol were 

labelled with Rho-DOPE (red channel) and NBD-PE 

(green channel) to visualize the liquid disordered 

(ld)/liquid ordered (lo) phase separation in 

red/green channels, respectively. Dos Santos et al, 

2017, Biochim. Biophys. Acta. Biomembranes 
 

Since changes in biophysical membrane 

properti es have been linked to membrane 

signaling including pathways involved in 

inflammation processes, we moved on 

cellular models (A549) and demonstrated 

ÔÈÁÔ "5$ȡ(0ɼ#$ ÃÏÕÌÄ ÌÉÍÉÔ ɉÉɊ ÈÙÄÒÏÇÅÎ 

peroxide- and lipopolysaccharide-induced 

ROS generation, (ii) alveolar cell death 

ÍÁÉÎÌÙ ÄÕÅ ÔÏ (0ɼ#$ȟ ÁÎÄ ɉÉÉÉɊ 

CXCL8/interleukine-8 expression mainly 

due to BUD. Our results suggest that 

"5$ȡ(0ɼ#$ ×ÏÕÌÄ ÐÏÔÅÎÔÉÁÌÌÙ ÂÅ ÍÏÒÅ 

beneficial than BUD to deal with COPD-

related inflammation. We now explore 

whether these effects may be linked with 

changes in cellular accumulation of 

cyclodextrine and/or budesonide. 

III)  Mitochondrial toxicity of 

oxazolidinones 

Oxazolidinones extert their antibacterial 

effect by inhibit ing protein synthesis in 

bacteria.  We evidenced a specific inhibition 

of the synthesis of protein encoded by the 

mitochondrial genome accompanied by an 

inhibition of the respiratory function and 

morphological alterations (swelling of 

mitochondria and disappereance of cristae).  

We now explore whether these changes may 

contribute to explain the thrombocytopenia 

and anemia reported in patients treated by 

these drugs. 

 

Left: Influence of increasing concentrations of linezolid 

(LZD) and tedizolid (TZD) on CYTox I expression in HL-

60 promyelocytes incubated for 120 h in the presence of 

increasing concentrations of these drugs.  Western blots 

of CYTox I (protein encoded by the mitochondrial 

genome) and of Tom 20 (encoded by the nuclear 

genome) of mitochondrial protein fractions. Right: 

electron microscopy images of mitochondria from HL-60 

cells exposed to 15 mg/L linezolid or 3 mg/L of tedizolid.  

3)  Pharmacokinetics and pharmaco -
dynamics of antibiotics in models of 
persistent infections  

Bacterial persistent or recurrent infections 

are associated with two specific lifestyles, 

namely intracellular survival and biofilms.  

We are studying antibiotic activity against 

these two forms of infections in relationship 

with antibiotic pharmacokinetics (factors 

determining antibiotic access to the target).   

I)  Cellular pharmacokinetics  

We study the cellular accumulation 

(including the mechanisms of entry) and the 

subcellular localization of novel molecules in 

preclinical and clinical development, as a 

basis for further studies examining their 

intracellular activities in specific 

compartments. We try to decipher the 

mechanisms for their penetration and 

distribution within the cells. Over the last 

years, we have focused our interest on new 

antibiotic classes, like lipoglycopeptides, 

ketolides, new fluoroquinolones and new 

oxazolidinones now present on the market.   

We are now examining innovative antibiotic 

classes acting on still unexploited targets in 

order to define their capacity to accumulate 

within t he cells and then to define their 
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interest for the treatment of intracellular 

infections. 

II)  Cellular pharmacodynamics  

In parallel, we study the activity of 

antibiotics against intracellular bacteria 

sojourning in different subcellular 

compartments, mainly Listeria mono-

cytogenes (cytosol), Staphylococcus aureus 

(phagolysosomes), and Pseudomonas 

aeruginosa. We developed an in vitro 

pharmacodynamic approach to compare the 

efficacy and the potency of the drugs. In brief, 

we showed that antibiotics are in general 

less effective but equipotent against 

intracellular than against extracellular 

bacteria, irrespective of their accumulation 

level. The data generated with these models 
have been incorporated to the dossier having 

led to the registration of the last antibiotics 

brought on the market.  

We are now trying to elucidate the 

mechanisms by which intracellular bacteria 

become tolerant to antibiotics. We specifally 

focus on trying to identify genes involved in 

intracellular persistence. For example, we 

demonstrated that the de-N-acetylase DnpA 

contributes to impair specifically the efficacy 

of fluoroquinolones against intracellular P. 

aeruginosa. Conversely, we also examined 

the role of virulence factors (mainly type 

three secretion systems [T3SS]) in 

cytotoxicity induced by P. aeruginosa and 

demonstrated the interest of inhibitors of 

T3SS to prevent cell death by inhibiting 

activation of the inflammasome cascade, but 

also to impair bacterial motility and favour 

their internalization in phagocytic cells. 

 

Pictorial v iew of the model of action of the T3SS 

inhibitor INP1855.  

The bacterium is represented in violet at the top of the 

figure; the eukaryotic cell (focusing on a cell expressing 

the NLRC-4 inflammasome), in brown on the bottom.   

In control conditions (no inhibitor), iT3SS (injectisome) 

can inject several proteins into the host cell cytosol (see 

white arrows pointing to secretion/translocation), 

among which the exoenzymes S, T, Y or U toxins, the 

negative regulator ExsE, and the FliC protein 

(monomeric subunit of flagellum).  The latter can 

activate the NLRC4 inflammasome, causing caspase-1 

activation.  The active enzyme cleaves pro-IL-υɼ ÔÏ ),-υɼ 

(as well as pro-IL-18 to IL-18; not shown), which are 

released out of the cell and inhibit IL-17 signaling. LPS 

or Æ4χ33 ɉÆÌÁÇÅÌÌÕÍɊ ÃÁÎ ÁÃÔÉÖÁÔÅ ÔÈÅ .&ʆ" ÐÁÔÈ×ÁÙ ÖÉÁ 

4,2ψ ÏÒ 4,2ω ÓÉÇÎÁÌÉÎÇ ÖÉÁ ÐÈÏÓÐÈÏÒÙÌÁÔÉÏÎ ÏÆ )ʆ"ɻȢ  )Î 

the presence of INP1855, secretion of proteins by iT3SS 

(including toxins and FliC) and flagellar motility are 

impaired, probably due to an inhibition of the ATPase of 

the basal core of these systems which share high 

structural and functional homology. Caspase-1 

activation and subsequent IL-υɼ ÒÅÌÅÁÓÅ ÁÒÅ ÉÎÈÉÂÉÔÅÄȟ 

presumably because iT3SS inhibition prevents the 

delivery into the host cells of proteins recognized by 

NAIP (Neuronal Apoptosis Inhibitory Proteins) and 

activating NLRC4 inflammasome, like FliC (note that 

other NAIP ligands have been described, like iT3SS inner 

rod proteins [in murine cells] or needle proteins [in both 

human and murine cells]).   

Putative targets for INP1855 are highlighted by a red 

rectangle. 

4) Antibiotic activity against biofilms  

We developed in vitro pharmacodynamic 

models to evaluate the activity of antibiotics 

against biofilms made of S. aureus, S. 

pneumoniae or P. aeruginosa.  We showed 

that antibiotic efficacy and relative potency 

are considerably reduced in biofilms as 
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compared to planktonic cultures.  With 

S. aureus, we found that biofilms made of 

clinical strains isolated from patients 

suffering from persistent infections are still 

more refractory to antibiotics. We could 

demonstrate that this was mainly due to a 

default of penetration of the antibiotics 

within these biofilms, which could attribute 

to the matrix composition (polysaccharide 

content).  On these bases, we explored 

innovative strategies in order to disrupt this 

matrix and increase antibiotic activity.  We 

demonstrated that the antifungal 

caspofungin is highly synergistic with 

fluoroquinolone antibiotics against S. aureus 

biofilms, both in vitro and in vivo. The 

underlying mechanism is an inhibition of the 

activity of IcaA, an N-acetylglucosamine 

transferase involved in the synthesis of the 

polysaccharides forming the biofilm matrix.  

IcaA shares homology with the b-1-3-glucan 

synthase targeted by caspofungin in fungal 

cells.  We now explore whether a same 

synergy could be observed in other species 

as well as in mixed biofilms and are looking 

for other types of adjuvant molecules.  

 

 

Top: S. aureus biofilm grown on a catheter and exposed 

to a fluoroquinolone alone (left) or a combination of 

fluoroquinolone + caspofungin (right) and observed in 

confiocal microscopy after live (green) /dead (red) 

straining. The insets show the bioluminescence signal in 

mice implanted with catheters infected by a 

bioluyminescent strain and having received the same 

type of treatment. Warm colors correspond to higher 

bacterial load than cold colors.  

Bottom: Left: confocal image of a S. aureus biofilm 

exposed to the fluoroquinolone delafloxacin alone (DFX) 

or combined with caspofungin (DFX+CAS). Green signal 

corresponds to living bacteria, blue signal, to the 

antibiotic.  Caspofungin increases dlafloxacin 

penetration within the biofilm, causing a 

commensaurate decrease in bacterial viability. Right: 

inhibition of IcaA activity by increasing concentrations 

of caspofungin in extracts from the same bacterial 

strain. IcaA activity is evaluated by the relase of UDP.  

5)  Antibiotic efflux and permeability 
resistance me chanisms 

We demonstrated the role of active efflux as 

a mechanism responsible for the intrinsic 

resistance of P. aeruginosa to specific 

antibiotics, like temocillin, or macrolides. 

For macrolides, we demonstrated also that it 

regains activity when bacteria are cultivated 

in clinically-relevant media (serum, 

broncho-alveolar lavage), because of an 

increased permeability of the bacterial outer 

membrane in these specific environments.  

Using these media, we could demonstrate 

that clinical isolates collected from patients 

with cystic fibrosis, who are often 

chronically-exposed to macrolides for their 

anti-inflammatory properties present 

acquired resistance mechanisms, namely 

mutations in the ribosomal macrolide target.  

These data strongly plead against the broad 

use of macrolides in these patients for non-

antiinfective purposes.  

For temocillin, we previously showed that it 

this b-lactam is inactive against P. aeruginosa 

due to constitutive efflux by the transporter 

MexAB-OprM.  We now found that a non 

negligeable (30%) proportion of isolates 

collected from patients with cystic fibrosis 
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show low MICs.  We could attribute this 

regain in susceptibility tyo natural mutations 

in MexAB-OprM that impair its efflux activity.  

We now explore whether these mutations 
confer an advantage to P. aeruginosa for 

surviving in the lungs of patients with cystic 

fibrosis. We now expand these studies to 

other species infectiong patients suffering 

from cystic fibrosis.  

MIC of temocillin (left) and rate of efflux of NPN (N-

phenyl-1-naphthylamine; preferential MexAB-OprM 

substrate) in isolates from cystic fibrosis patients 

classified according to the type of mutations observed in 

mexA and mexB. Ȭ4ÒÕÎÃÁÔÅÄȾÁÂÅÒÒÁÎÔȭ ÒÅÆÅÒ ÔÏ ÄÅÌÅÔÉÏÎÓ 

of more than 3 consecutive nucleotides in the sequence, 

nonstop mutations, insertion of minisatellites or 

ÁÂÅÒÒÁÎÔ ÓÉÇÎÁÌ ÐÅÐÔÉÄÅÓȢ Ȭ-ÉÓÓÅÎÓÅ ÍÕÔÁÔÉÏÎÓȭ ÒÅÆÅÒ ÔÏ 

mutations leading to the replacement of at least on 

amino acid in the corresponding protein. The graphs 

shows individual values together with means and SD. 

Statistical analysis (1-way ANOVA; Tuckey post-hoc 

test): data series with different letters are different from 

one another (p < 0.05).    

 

6)  Novel antibiotic targets and drug 
design 

In a world of increasing resistance, discovery 

of antibiotics acting on new, unexploited 

targets is an important medical need. In 

coworking with groups active in 

pharmaceutical chemistry or in 

pharmacognosy (within the institute or 

outside), we evaluate the activity of new 

compounds and try to decipher their mode of 

action.  In this context, we have discovered 

with the CMFA group new inhibitors of 

peptidoglycan synthesis and with the GNOS 

group, agents reversing resistance to b-

lactams in Staphylococcus aureus. 

Our clinical research  aims at 

optimizing the scheme of administration of 

antibiotics in terms of ease of administration, 

safety, and efficacy, taking into account their 

pharmacodynamic properties.  

At the present time, we are evaluating 

administration by continuous infusion or 

prolonged infusion of beta-lactams. In the 

framework of an ongoing European project, 

we are evaluating the interest of  

implementing in the clinics a rapid method 

for assaying these drugs in the serum (< 1 h), 

allowing for immediate dose readaptation 

taking into account pharmacokinetic 

variations in intensive care patients.  We also 

perform pharmacokinetic studies in specific 

patients populations (like haemodialysis 
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patients or -children) in order to propose 

optimize therapeutic doses. We investigate 

the parameters that can affect protein 

binding of drugs, as only the unbound 

fraction is thought to be important for 

activity.  
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Bambeke 

 

,Å 4ÈÁÎÈ "ÉÎÈ ȰAnti-parasitic activities of 

essential oil of plants used in traditional 

medicine in Vietnam and study of interaction 

of their ÃÏÎÓÔÉÔÕÅÎÔÓ ×ÉÔÈ ÍÅÍÂÒÁÎÅÓȱȢ 

Directors: J. Quétin-Leclercq and Marie-

Paule Mingeot-Leclercq 

Milosevic Tamara Ȱ#ÅÌÌÕÌÁÒ ÐÈÁÒÍÁ-

ÃÏËÉÎÅÔÉÃÓ ÁÎÄ ÔÏØÉÃÉÔÙ ÏÆ ÏØÁÚÏÌÉÄÉÎÏÎÅÓȱȢ 

Director: Françoise Van Bambeke 

Miranda Bastos Ana ȰSetting and assessing 

an optimised way of administering beta-

lactam antibiotics in severely-infected 

ÈÏÓÐÉÔÁÌÉÓÅÄ ÐÁÔÉÅÎÔÓȱȢ 

Directors: Françoise Van Bambeke, Anne 

Spinewine 

Ngo Jérome Ȱ3ÔÕÄÙ ÏÆ ÂÉÏÆÉÌÍÓ ÏÆ 

Staphylococcus pseudintermedius and 

Pseudomonas aeruginosa in the context of 

chronic otitis externa in dogs and of the effect 

of N-ÁÃÅÔÙÌÃÙÓÔÅÉÎ ÁÎÄ ÅÎÚÙÍÁÔÉÃ ÃÏÃËÔÁÉÌÓȱ 

Directors: Françoise Van Bambeke and 

Isabelle Donnay 

Ngougni Pokem Perrin Ȱ4ÈÅÒÁÐÅÕÔÉÃ 

monitoring of beta-lactams antibiotics to 

ÉÍÐÒÏÖÅ ÔÈÅÉÒ ÅÆÆÉÃÁÃÙȱ. 

Directors: Françoise Van Bambeke, Laure 
Elens 

Nguyen Tiep Khac Ȱ!ÎÔÉÂÉÏÔÉÃ ÒÅÓÉÓÔÁÎÃÅȡ 

mecanistic, epidemiologial and 

pharmacological studies.  Application to the 

situation in Vietnam. ȱ  

Director: Françoise Van Bambeke 

Peyrusson Frédéric Ȱ!ctivity of new 

antibiotics against intracellular forms of 

Gram positive bacteria in relation with 

factors determining intracellular 

ÐÅÒÓÉÓÔÅÎÃÅȱ. 

Director: Françoise Van Bambeke 

Poilvache Hervé Ȱ0ÒÏÓÔÈÅÔÉÃ ÊÏÉÎÔ 

infections: diagnostic optimisation and 
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evaluation of innovative treatment 

ÓÔÒÁÔÅÇÉÅÓȱ. 

Directors: Olivier Cornu (IREC), Françoise 

Van Bambeke 

Ruiz Sorribas Albert Ȱ4ÁÒÇÅÔÉÎÇ 

exopolysaccharides and their synthesis as an 

adjuvant therapy in the context of persistent 

forms of infections (biofilms) in orthopedic 

ÓÕÒÇÅÒÙȱ. 

Director: Françoise Van Bambeke 

Thirot Hélène Ȱ3ÔÕÄÙ ÏÆ ÒÉÓËÓ ÁÓÓÏÃÉÁÔÅ ×ÉÔÈ 

the off-ÌÁÂÅÌ ÕÓÅ ÏÆ ÁÎÔÉÂÉÏÔÉÃÓȱȢ 

Directors: Françoise Van Bambeke, Anne 

Spinewine 

Verstraeten Sandrine  Ȱ2ÏÌÅ ÏÆ ÍÅÍÂÒÁÎÅ 

cholesterol in the apoptosis induced by 

ginseÎÏÓÉÄÅ 2Èςȟ Á ÓÔÅÒÏÉÄ ÓÁÐÏÎÉÎȱȢ 

Directors: Marie-Paule Mingeot-Leclercq and 

Donatienne Tyteca 

Wang Gang Ȱ!ÃÔÉÖÅ ÅÆÆÌÕØ ÉÎ Pseudomonas 

aeruginosa: Role in persistent infections and 

ÐÈÁÒÍÁÃÏÌÏÇÉÃÁÌ ÍÏÄÕÌÁÔÉÏÎȱȢ  

Director: Françoise Van Bambeke 

 

Defended in 2017--2018 

Anantharajah Ahalieyah ȰContribution to 

the understanding of Pseudomonas 

aeruginosa virulence in search of innovative 

therapeutic approachesȱ. 

Directors: Françoise Van Bambeke, Marie-
Paule Mingeot-Leclercq 

Léonard Catherine  Ȱ#ÏÎÔÒÉÂÕÔÉÏÎ ÏÆ ÐÌÁÓÍÁ 

membrane lipid domains to red blood cell 

ɉÒÅɊÓÈÁÐÉÎÇȱ. 

Directors: Marie-Paule Mingeot-Leclercq, 

Tyteca Donatienne (DDUV) 

Mustafa Hariri Muhammad  Ȱ$ÅÖÅÌÏÐÍÅÎÔ 

and pharmacological, microbiological and 

pharmaceutical evaluation of antibiotic 

combinations for administration as inhaled 

ÐÏ×ÄÅÒÓ ÉÎ ÃÙÓÔÉÃ ÆÉÂÒÏÓÉÓ ÐÁÔÉÅÎÔÓȱ. 

Directors: Françoise Van Bambeke, Francis 

Vanderbist (SMB laboratories) 
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1)  RESEARCH RESULTS 

a) Immunosuppressants used in 
renal transplantation  

Patient survival and graft outcome after 

kidney transplantation have drastically 

improved in recent decades, mainly because 

of major improvements in immuno-

suppressive therapy. However, optimal 

immunosuppression is difficult to achieve in 

an individual patient. Indeed, the use of 

immunosuppressive drugs such as 

tacrolimus (Tac) is complicated by a high 

toxicity profile  combined with a narrow 

therapeutic window. An important part of 

the variability observed in drug response is 

thought to be the consequence of substantial 

inter - but also intra-individual differences in 

drug PK. Some patients have relatively fast 

drug clearance; others exhibit a slower drug 

elimination rate, while some depict varying 

drug levels despite no dosage change. This 

variation in drug clearance is of importance, 

since it might be related to an increased risk 

of under- or overexposure, which can 

ultimately lead to a higher frequency of acute 

graft rejection or adverse events. 

Although our previous discoveries in 

humans have led to personalize the initial 

Tac dose through new genotype-based 

dosage guidelines (see below, human 

studies), the residual unexplained PK 

variability  is still substantial (>50%).  

Animal studies  

The importance of the gut microbiota for 

explaining the fate of Tac in the organism has 

been largely understudied. Not only gut 

microorganisms express numerous enzymes 

able to directly metabolize xenobiotics but 

also, they are able to control the host 

Absorption, Distribution, Metabolism and 

Excretion (ADME) phenotype through 

different processes.  

Very recently (October 2018), we have 

started a new project combining in vitro, in 

vivo and clinical investigations aiming at 

characterizing how Tac PK and host 

microbiota are interrelated. The aim is thus 

to shed light on the mechanisms linking the 

gut microbiota to the Tac inter but also intra-

individual PK variability . 

Human studies  

The PMGK group was created in 2013 with 

the appointment of L. Elens as a professor in 

pharmacokinetics. The principal focus of 

this group is the development and the 

harmonization of precision medicine 

through pharmacokinetics (PK) 

considerations. It mainly aims at 

characterizing the PK behavior of drugs in 

humans using quantitative approaches. The 

research activities cover multiple fields of 

expertise such as Population-based PK 

(PopPK), Pharmacogenomics (Pgx) and PK-

PD relationships, all being essential for the 

understanding of the fate of xenobiotics 

administered in humans. More specifically, 

the PK as well as the Pgx expertise covers 

vitro and in vivo approaches of drug 

metabolism, all indispensable and 

complementary to elucidate the 

determinants of therapeutic responses. The 

expertise is thus maily centered on a theme; 

the study of the fate of xenobiotics in the 

organism and the factors affecting it. Our 

projects cover together multiple fields of 

pharmacotherapy. These areas include 

mainly,.  

- Immunossupressants 
- Lipid lowering drugs 
- Anti-HIV 
- Anticoagulants 
- Antibiotics 

 

 

Integrated PharmacoMetrics, PharmacoGenomics and 

PharmacoKinetics  (TFAR - PMGK) 
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During the last decade, we demontrated that 

carriership of genetic variants in the 

Cytochrome P450-mediated drug 

metabolism is associated with a rough 30% 
reduction in in vivo metabolic activity and led 

to 50% lower tac dose requirements in 

patients. This observation led us to propose 

new dosage guidelines based on a validated 

popPK model in adult renal transplant, 

which can be useful in the frame of pre-

emptive genotyping and dosage adjustment 

prior to transplantation  (Figure 1). 

Figure 1: New dosing guidelines for tacrolimus therapy 

in renal transplant recipients according to CYP3A 

genotype. 

As explained above, we are also starting a 

new clinical study investigating the potential 

ÉÎÆÌÕÅÎÃÅ ÏÆ Á ÐÁÔÉÅÎÔȭÓ ÍÉÃÒÏÂÉÏÍÅ ÏÎ ÔÈÅ 

tac dose requirement to in fine try to unravel 

the reason for the PK variability unexplained 

by host factors. We expect that this project 

will lead us to validate new biomarkers of PK 

variabilities  and help refining our dosage 

recommendations. Moreover, it could also be 

an asset for improving drug therapy, with the 

possible inclusion of e.g. antimicrobials for 

decreasing certain species, or probiotics in 

order to promote the most useful ones.  

b)  Statins  

Since cardiovascular diseases are a real 

public health problem, lipid lowering 

medication are widely used to decrease 

cholesterol and triglyceride levels in the 

general population. There is, however, a 

great interindividual variation in response to 

therapy that is not mastered. Again, data 

suggest that a part of this variability might be 

attributed to PK differences. Atorvastatin is 

ÔÈÅ ×ÏÒÌÄȭÓ ÂÅÓÔÓÅÌÌÉÎÇ ÄÒÕÇ ÏÆ ÁÌÌ ÔÉÍÅȢ 
However, despite this clinical success, and 

although doses are titrated according to 

cholesterol measurements, many individuals 

are unable to reach their respective targeted 

cholesterol levels. In addition, many patients 

suffer from side effects, and up to 10% of 

patients taking atorvastatin experienced 

muscle-related adverse drug reactions 

(ADRs)  

In vitro investigations  

The pathophysiology of statin-induced 

myopathy is fairly understood and local PK 

mechanisms determining drug cellular 

accumulation remain largely unexplored. To 

get into myocytes atorvastatin undergoes 

passive diffusion but also active transport. 

The influx protein OATP2B1 and the efflux 

proteins MRP1, MRP4 and are expressed at 

the sarcolemmal membrane of skeletal 

muscle fibres. We have developed 

recombinant HEK293 cellular models 

overexpressing either OATP2B1 or MRP1 

(Figure 2).  

 
Figure 2: Recombinant HEK293 cells overexpressing (a) 

MRP1 with a Green Fluorescent Protein (GFP) tag and 

(b) OATP2B1 with an OFP spark-red flurescent tag. 

Our data suggest that Atorvastatin is a good 

substrate of these 2 efflux pumps (e.g. Figure 

3). 

A B 
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Figure 3: Intracellular accumulation of atorvastatin in 

HEK293 (red) and in HEK293 stably transfected with a 

plasmid containing SLCO2B1 cDNA (bordeau) after 2h of 

incubation with increasing concentrations of 

atorvastatin. 

Our next move was to introduce natural 

genetic variations in the cDNA of those 

proteins (OATP2B1 or MRP1) and to analyze 

the functional consequences of these SNPs 

on the intracellular PK of atorvastatin. 

Indeed, we have pinpointed a natural genetic 

variation significantly affecting MRP1 

activity towards Atorvastatin (Figure 4).  

Figure 4: Intracellular accumulation of atorvastatin in 

HEK293 (red) and in HEK293 stably transfected with a 

plasmid containing ABCC1 cDNA wild-type (bordeau) or 

ÖÁÒÉÁÎÔ ÆÏÒ ÔÈÅ ÒÓȣ 3.0 ɉÐÕÒÐÌÅɊ ÁÆÔÅÒ φÈ ÏÆ ÉÎÃÕÂÁÔÉÏÎ 

with increasing concentrations of atorvastatin 

As both OATP and MRP transporters 

generate opposite drug transport, we will 

also assess the combined impact of these 

transporters when they are co-expressed. 

Finally, we plan to transpose and develop 

recombinant cultured primary differentiated 

human skeletal muscle myoblasts (HSMM) 

overexpressing drug transporters to weight 

the consequences on drug accumulation and 

myocyte toxicity with specific biomarkers. 

Human studies  

To pursue these investigations a step further, 

the group is now collaborating with Prof. Dr 

JL Balligand (FATH, IREC) to unravel the 

reasons for PK variability of atorvastatin in 

clinics. We also work with Prof Giulio 

Muccioli (BPBL) for the analytical part of the 

project and with Prof Vincent Haufroid 

(LTAP, IREC) for the pharmacogenetic 

aspect.  

Our collaborative project will try to decipher 

the potential of popPK for optimization of 

statin therapy. Our study aims at recruiting 

150 patients treated with atorvastatin for 

hypercholesterolemia. In those patients, 

drug and metabolites measurments are 

performed at 3 time-points and the patient is 

genotyped for some important 

biotransformation and transporter protein 

ÇÅÎÅÓ ɉÅȢÇȢ #90σ!ȟ -20ÓȟȣɊ. At present, we 

have recruited about 70 patients. 

Preliminary results show a high variability in 

both atorvastatin and its metabolites 

concentrations (figure 5). 

 
Figure 5: plasma concentrations of Atorvastatin (red), 

atorvastatin lactone (purple), ortho- (light green) and 

para- (dark green) hydroxy-Atorvastatin in 30 patients. 

 We expect that this innovative prospectively 

designed clinical study will ultimately allow 

predicting atorvastatin PK fluctuations and 

anticipating abnormal response (ADR or 

non-responsivness). 
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c) Anti -HIV drugs 

Human studies  

In close collaboration with the infectious 

disease unit of CUSL, in 2016, in a pilot study 

involving 135 patients treated with 

Darunavir, a potent protease inhibitor, we 

have demonstrated that significant PK drug-

drug interaction exists between Darunavir 

and Etravirine, another coadministrated 

anti-HIV drug. We have also highlighted that 

this interaction is partly mediated by genetic 

polymorphisms in CYP3A5. Aside, in this 

study, we have shown that anti-HIV drugs 

accumulates differentially in circulating 

lymphocytes and that, for instance, 

Etravirine accumulates more efficiently in 

PBMCs compared to Darunavir. This is 

particularly important as lymphocytes 

represent the site where the drug exerts his 

therapeutic action. Our lab is at present 

trying to confirm  and quantify these effects 

through popPK models. The recruitment 

phase is now completed (n=140). Ultimately, 

our Pop PK model will integrate different 

parameters to propose quantitative 

computations leading to a tailored drug 

dosage. The following step will be to evaluate 

the appropriateness of these new 

recommendations in a prospective 

randomized study. 

d)  New anticoagulants  

In vitro investigations  

In collaboration with CLIP, we have 

investigated the in vitro impact of ABCB1 

genetic polymorphisms on the transport 

activity towards rivaroxaban. We found that 

the ABCB1 1236C>T-2677G>T-3435C>T and 

1199G>A SNPs had no significant effect on 

the efflux of rivaroxaban (Figure 6). 

However, the intracellular accumulation of 

rivaroxaban was influenced by the 

overexpression of ABCB1, confirming its 

involvement in the active transport of this 

oral anticoagulant. This information is 

crucial to manage potential drug-drug 

interaction through modulation of P-gp 

activity at the gut barrier.  

 
Figure 6: Intracelllular accumulation of rivaroxaban after 120 

min of incubation (n=3) at different concentrations in (a) 

HEKcontrol (i.e. empty vector), HEK1199A or (b) HEKcontrol, 

HEK1236C>T-2677G>T-3435C>T. *p<0.05, **p<0.01, ***p<0.001 

compared to HEKcontrol 

2)  OUTLOOKS 

The PK world is currently evolving from a 

descriptive explanatory tool towads a 

predictive modelling patient-centered 

method that allows proactive anticipations 
and individualized treatments through the 

identification of biomarkers. However, even 

if data are generated everyday, there is a lack 

of exhaustive unification of information. Our 

ambition is now to explore a more 

exhaustive and innovative track in 

pharmacotherapy that is the creation of a 

multi -omics integrative network for 

predicting drug PK (figure 7). 

Figure 7: Evolution of PK and future prospects.   
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THESES IN PROGRESSES 

$ÅÇÒÁÅÖÅ !ÌÅØÁÎÄÒÁ ȰTacrolimus 

pharmacokinetic pathway and microbiota: 

study of the complex bidirectional 

partnership for explaining metabolic 

variability and modulationsȱȢ 

Directors: Laure Elens, Laure Bindels 

(MNUT) 

 

Stillemans Gabriel  Ȱ/ÐÔÉÍÉÚÁÔÉÏÎ ÏÆ 

Darunavir therapy through population 

pharmacokinetic modeling, simulations and 

ÄÏÓÁÇÅ ÇÕÉÄÅÌÉÎÅÓȱ. 

Directors: Laure Elens, Vincent Haufroid 

(IREC) 

 

Ngougni Pokem Perrin Ȱ4ÈÅÒÁÐÅÕÔÉÃ 

monitoring of beta-lactams antibiotics to 

ÉÍÐÒÏÖÅ ÔÈÅÉÒ ÅÆÆÉÃÁÃÙȱȢ 

Directors: Françoise Van Bambeke, Laure 

Elens 
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Clinical Pharmacy  (TFAR - CLIP) 

 
Our research focuses on the epidemiology and 

the quality of use of medicines in clinical 

practice, including the detection of 

inappropriate prescriptions and drug related 

admissions, and the individualisation of 

specific drug treatments.  

In particular, our work is performed in 

different practice settings and focuses on high 

risk populations (older people, patients with 

chronic diseases, patients in intensive care), 

high risk medications (anticoagulants, 

antibiotics), and high risk situations 

(polymedication, multimorbidity, infections, 

and patients transiting across settings of 

care). 

We use quantitative as well as qualitative 

research methods, and we: 

¶ develop and/or validate instruments and 
tools to measure the quality of use of 
medicines; 

¶ collect and use observational data for 
pharmacoepidemiological reasearch to 
assess the appropriateness of prescription 
and use of drugs, as well as their effects on 
patients in daily practice to optimise and 
individualize treatments; 

¶ perform qualitative studies and/or 
surveys to identify the determinants of 
suboptimal practice and to evaluate 
ÐÁÔÉÅÎÔÓȭ ÁÔÔÉÔÕÄÅÓȠ 

¶ design, implement and evaluate various 
approaches for optimisation, that address 
the causes of suboptimal practice. 
Evaluation usually involves using (quasi)-
experimental designs, continuous quality 
improvement studies and observational 
studies; 

¶ conduct systematic reviews on the effect of 
approaches for optimisation. 

 

Our three group leaders (Anne Spinewine, 

Olivia Dalleur and Séverine Henrard) have 

part-time activities in other settings 

(clinical appointment at UCL teaching 

hospitals, or other research institute). This 

feature brings a singular dynamic to our 

group and is a strength to elaborate a 

sound research group strategy, to 

reinforce leadership, facilitate 

development, collaboration and raise 

funding. 
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RESEARCH RESULTS AND 
PERSPECTIVES 
 

a) Quality of use of medicines in 
older people  

The use of medicines is a fundamental 

component of the care of older people, but 

inappropriate prescribing ɀ in the form of 

over-, mis- or under-prescribing ɀ is 

frequent. This causes substantial morbidity, 

impairs quality of life for patients and 

increases costs for the society. Measuring 

appropriateness of prescribing in older 

people is complex, and we have developed 

methods for better measuring inappropriate 

prescribing and its adverse consequences. 

We then used these methods to describe the 

prevalence of inappropriate prescribing in 

various settings. By exploring the reasons 

underlying inappropriate use and the 

ÐÁÔÉÅÎÔȭÓ ÐÅÒÓÐÅÃÔÉÖÅÓ through qualitative 

approaches, we aim to identif y important 

factors that need to be taken into account 

when designing approaches for 

optimization. Finally, we have implemented 

and evaluated the effect of approaches for 

optimization .  

Á OPERAM 

The OPERAM project is a European project 

(H2020, 2015-202) led by University of Bern. 

The core part of the OPERAM project is a 

large-scale cluster RCT to evaluate the effect 

of a complex intervention on drug-related 

admissions and other clinical and patient-

reported outcomes. The intervention 

comprises clinical decision support using an 

electronic system called STRIPA, and 

medication review performed by a 

geriatrician and a clinical pharmacist. Patient 

recruitement was completed in Octobre 

2018, and almost 400 patients were 

recruited from the Belgian site (Cliniques 

universitaires Saint-Luc). Patient follow-up 

will continue until end 2019. 

As leaders of the work package ÏÎ ȰÃÌÉÎÉÃÁÌ 

ÏÕÔÃÏÍÅÓ ÁÎÄ ÐÁÔÉÅÎÔ ÐÅÒÓÐÅÃÔÉÖÅȱȟ ×Å ÈÁÖÅ 

(a) developed a core outcome set (COS) for 

clinical trials of medication review in older 

patients with multi -morbidit y and 

polypharmacy (b) developed a method to 

adjudicate drug-related admissions in older 

people (c) conducted a qualitative substudy, 

that started at the end of 2017, about the 

patientÓȭ perspective on medication review.  

(a) A COS defines a minimum set of 

outcomes to be reported in all clinical trials 

in a particular research area. A systematic 

review, interviews with older people and an 

international Delphi survey and consensus 

meetings were performed. Consensus was 
reached on seven outcomes, which 

constitute the core outcome set. These 

outcomes will be measured in the context of 

the OPERAM trial. We are now collaborating 

with other OPERAM partners to 

operationalize measurement of these 

outcomes from the OPERAM database. We 

have also performed an international Delphi 

survey to validate a list of potentially 

clinically significant drug-drug interactions 

in older people.  

(b) The DRA adjudication  guide was 

developed with international and 

multidisciplinary input in four subsequent 

steps: literature review, evaluation of 

content validity using a Delphi consensus 

technique, a feasibility study and a reliability 

study. This is the first standardized 

instrument to identify DRA in multimorbid 

older persons. The method is now being used 

for the measurement of the primary outcome 

measure of the OPERAM trial. Further 

evaluation of inter-rater reliability is 

ongoing. 

(c) An international and multilingual 

ÑÕÁÌÉÔÁÔÉÖÅ ÓÔÕÄÙ ÁÂÏÕÔ ÐÁÔÉÅÎÔÓ ȬÐÅÒÓÐÅÃÔÉÖÅ 

on medication review is coordinated by our 

team. Patients from the OPERAM project 

were interviewed to explore their perception 

of the OPERAM intervention and the 

association between the intervention and the 

patients health objectives. 



 

 
 Louvain Drug Research Institute  85 

Target 
identification & 

validation

Hit 
identification & 

Hit-to-lead

Preclinical 
evaluation

Pharmaceutics Clinical assays Clinical practice

Á COME-ON (nursing home setting)  

The COME-ON (Collaborative approach to 

Optimise MEdication use for Older people in 

Nursing homes) study, led in collaboration 

with KULeuven (Prof V Foulon), is a 

multicentre cluster -controlled trial  set up 

in Belgian nursing homes, with the aim to 

evaluate the effect of a complex, multifaceted 

intervention on the appropriateness of 

prescribing of medicines for older people in 

Belgian nursing homes. The intervention had 

3 main components: education and training, 

local concertation and multidisciplinary case 

conferences. A total of 1804 nursing home 

residents (NHRs) from 54 nursing homes 

(NHs) participated.  

Potentially inappropriate medications 

(PIMs) and potential prescribing omissions 

(PPOss) were identified from the research 

database, using an algorithm that we 

developed using the STOPP/START criteria 

Öς ÁÎÄ ÔÈÅ "ÅÅÒÓȭ ÃÒÉÔÅÒÉÁ ςπρυȢ We found 

that 88% of NHRs had at least one potentially 

inappropriate medication, and 85% had at 

least one potential omission (underuse). A 

multivariate binomial negative regression 

analysis showed that PIMs and PPOs are 

ÁÓÓÏÃÉÁÔÅÄ ×ÉÔÈ ÓÏÍÅ ÒÅÓÉÄÅÎÔÓȭ ÁÎÄ .(Ó 

ÃÈÁÒÁÃÔÅÒÉÓÔÉÃÓ ÂÕÔ ÎÏÔ ×ÉÔÈ '0Óȭ 

characteristics.  We now have for the first 

time detailed data on potentially 

inappropriate prescribing  from a large and 

representative sample of Belgian NHRs. 

These results will  be used to design future 

interventions and to target residents who 

could benefit most. 

Using the algorithm described above, and 

comparing the evolution in potentially 

inappropriate prescribing between baseline 

and end of study, we found a statistically 

significant difference in the intervention 

group, as compared to control group (usual 

care), in favour of the intervention. An in-

depth process analysis  conducted alongside 

the study has shown that fidelity to the 

intervention was overall good, that 

healthcare providers were satisfied with the 

most components of the interventions. In 

addition, we identified many factors 

facilitating or hindering implementation 
and/or perceived success of the 

interventi on. The data will inform 

policymakers on strategies to implement in 

the near future, in order to optimise the use 

of medications in Belgian NHs.  

Over the last year, we started performing 

additional posthoc analyses on the Come-On 

database. First, an in-depth evaluation of 

data on the use of antidepressants  has 

shown that antidepressant use in nursing 

homes is extensive and often at odds with 

current recommendations. The 

implementation of the COME-ON 

intervention had limited effects 

quantitatively speaking. However, 

antidepressants appeared as a major 

concern addressed in many aspects 

throughout the intervention. Second, we 

have evaluated appropriateness of 

prescribing in a subgroup of frail NHRs, using 

the STOPPFrail criteria. Final analyses on 

this subset are ongoing. In 2019-2020, we 

plan to study further the use of 

benzodiazepines and antipsychotics, as well 

as the occurrence of potentially clinically 

relevant drug-drug interactions, using the 
COME-ON database. 

Á Deprescribing  

We are participating in a study led by the 

University of Limoges (Prof ML Laroche), 

whose aim is to validate a French version of 

ÔÈÅ ȬÒÅÖÉÓÅÄ 0ÁÔÉÅÎÔÓȭÓ !ÔÔÉÔÕÄÅÓ Towards 

$ÅÐÒÅÓÃÒÉÂÉÎÇ ɉÒ0!4$Ɋȭ ÑÕÅÓÔÉÏÎÎÁÉÒÅȢ 

Results are expected in 2019. 

We are now preparing a new research 

program focusing on benzodiazepine 

deprescribing . Several aspects will be 

addressed, including: current practices in 

benzodiazepine deprescribing in the 

inpatient, outpatient and nursing home 

settings; patient as well as healthcare 

ÐÒÏÆÅÓÓÉÏÎÁÌÓȭ ÁÔÔÉÔÕÄÅÓ ÔÏ×ÁÒÄÓ 
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benzodiazepine deprescribing; and effect of 

an approache that includes patient 

participation and interprofessional 

collaboration. 

b)  Pharmacoepidemiology in 
older people and people with 
chronic diseases  

This new research dimension is being 

developed by Séverine Henrard, who joined 

our research group in 2016. 

Á Elderly -onset diabetes in older patients: 
pathophysiology and therapeutic 
strategy  

The aim of the project is to provide clear 

information regarding the differences in the 

pathophysiology and the therapeutic 

strategy existing between the two major sub-

types of type 2 diabetes mellitus (DM2) 

present in older ÐÁÔÉÅÎÔÓ ÁÇÅÄ І χυ ÙÅÁÒÓȡ ÔÈÅ 

habitual-onset DM2 (HODM2) and the 

elderly-onset DM2 (EODM2). Surprisingly, 

EODM2, although frequent, is hardly 

described in the medical literature.  

This project, which started in 2017, is 

designed as a multidisciplinary translational 

investigation, gathering metabolic, bio-

clinical and (pharmaco-)epidemiological 

approaches and is conducted in 

collaborations with clinicians from Saint-Luc 

University Hospital and the University of 

Leuven (KUL). 

c) Use of oral anticoagulants  

Direct oral anticoagulants (DOACs) have 

been developed to address some of the 

drawbacks of vitamin-K antagonists (VKA). 
However, there remains many challenges 

associated with appropriate use of these 

medications, and inappropriate use of 

DOACs increases the risk of thromboembolic 

and haemorragic events.  

We collaborate with PGMK (L. Elens) on 

pharmacogenomics studies and with the 

Namur Thrombosis and Hemostasis center 

around the development and validation of 

new biological tests. We have also led 

research studies on quality of use of DOACs 

and VKAs in clinical practice. 

In a prospective study with 89 patients 

admitted to two emergency departments 

with a thrombotic or bleeding event , we 

found that 53% of DOAC- and 61% of VKA-

related serious ADRs were deemed 

potentially preventable. From case reviews 

and interviews with general practitioners, 

we identified many causes of preventable 

ADRs that applied to all oral anticoagulants, 

such as lack of communication and 

pharmacodynamics drug interactions.  

Pharmacodynamics drug interactions 

include cases where oral anticoagulants are 

combined with antiplatelet agents (AP). In a 

retrospective cohort study, we evaluated to 

what extent combined DOAC-AP therapy  

met recommendations from current 

guidelines. Among 336 patients screened, 

106 (31%) received combined DOAC-AP 

therapy during their hospitalization. Half of 

these patients on DOAC received a 

potentially unsuitable AP therapy, showing 

the potential of prescription optimization. 

Additional data from clinical trials is also 

urgently needed, to improve the level of 

evidence and reinforce the strength of 

recommendations in clinical guidelines. 

A specific case of frequent inappropriate use 

of medicines in older patients is the 

underuse  of anticoagulation for the 

prevention of cardio-embolism in patients 

with atrial fibrillati on (AF). We aimed at 

describing and identifying characteristics of 

anticoagulation among geriatric patients 

since the introduction of direct oral 

anticoagulants (DOACs) through a cross-

sectional study of 275 consecutive geriatric 

patients aged І75 years, with AF and clear 

anticoagulation indication. Underuse of 

anticoagulation was found in 29.7% of 

patients, which is significantly lower than 

before the marketing of DOACs (37.3%). We 

found that older age and aspirin use were the 
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main characteristics associated with 

anticoagulation underuse. 

In an attempt to improve knowledge on 

potential approaches to optimise prsecribing 

of oral anticoagulants in clinical practice, we 

systematically reviewed the impact of 

computerized clinical decision support 

systems (CDSS) and described CDSS 

features associated with success versus 

failure. Sixteen studies were included in 

qualitative synthesis. CDSS mainly focused 

on the underuse of oral anticoagulation in AF 

patients or on warfarin drug interactions, 

with variable impact. None CDSS delivered 

individualized assessment for drug selection 

among DOAC and VKA. 

d)  Use of anti-infective drugs  

In collaboration with FACM (see other 

section of this report), we perform 

pharmacokinetic studies in specific patients 

populations (haemodialysis patients) in 

order to propose optimize therapeutic doses, 

and pharmacoepidemiological studies to 

evaluate the off-label use of specific 

antibiotics. 

Á Rational peri -operative use of 
antibiotics in Benin  

In 2016, we started an international 

collaboration with Université d'Abomey-

Calavi to assess the impact of a 

multidisciplinary approach, including a 

clinical pharmacy intervention and germ 

resistance characterization, to rationnalize 

the use of antibiotics in c-section practice in 

Benin. In these women, our research team 

observed that less than one woman out for 

five receives appropriate antibioprophylaxis. 

Since 2018, this project is extended to 

digestive surgery. In 2018, direct 

observations of hand hygiene practice using 

the WHO tools in the operating room and 

interviews with healthcare workers on 

antibioprophylaxis were performed.  

e) Continuity of care  

Continuity of care is a significant public 

health issue. Unintentional medication 

discrepancies are unexplained differences 

among documented medication regimens 

that commonly occur when patients transfer 

across settings of care.  

The SEAMPAT project aimed to define and to 

develop an electronic tool for medication 

reconciliation in which the patient is actively 

involved. It consists of 2 applications, one for 

the patient, the other for healthcare 

professionals. We led the project and work in 

collaboration with 3 other research groups 

with various expertise including ethics, 

sociology and IT. The project flow was as 

follows: (a) needs analysis and state-of-the 

art, (b) defining specifications and 

developing prototypes, and (c) evaluation. 

This work was innovative in the way that we 

followed a user-centred design, that the 

applications reconcile data from different 

electronic sources of information and 

different providers, and that we performed 

an in-depth evaluation on usability and 

effectiveness of the applications. Our state-

of-the art analysis included a systematic 

review of electronic tools to perform 

medication reconciliation. In 2017 this work 

has been referenced by a renowned 

Canadian white paper on electronic 

medication reconciliation. 

f)  Clinical decision support  

Health information technologies are 

important tools to explore for the quality and 

safety of use of drugs. In collaboration with 

the Cliniques universitaires Saint-Luc, our 

research team evaluates decision support for 

medical prescription and medication 

validation by the pharmacist.  
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Advanced Drug Delivery and Biomaterials (ADDB)  

  

Figure 1: A. Drug delivery systems and biomaterials developed/used by the ADDB group; B. Biomedical applications  

 

targeted by the ADDB group. 
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Advanced Drug Delivery and Biomaterials (ADDB)  
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1) NANOMEDICINES FOR TARGETED OR 

LOCAL DRUG DELIVERY FOR CANCER 

TREATMENT (V. PRÉAT) 

Polymeric and lipidic nanomedicines are 

developed for the administration of poorly 

water soluble drugs, peptides, vaccines and 

nucleic acids. Our research mainly focuses on  

(i) intravenous delivery of drug-loaded of 

nanoparticles targeting the tumoral 

endothelium and cancer cells ii) local 

delivery of anticancer drugs.  

Several main mechanisms of delivery of 

drug-loaded nanoparticles to tumors have 

been reported (Figure 2): (i) passive 

targeting through leaky vasculature 

surrounding the tumors, described as the 

enhanced permeability and retention effect 

ɉ%02Ɋ ɉÉÉɊ ȰÁÃÔÉÖÅȱ ÔÁÒÇÅÔÉÎÇ ÂÙ ÇÒÁÆÔÉÎÇ 

specific ligands of cancer cells or angiogenic 

endothelial cells to the surface of the 

nanocarrier (iii) magnetic targeting of SPIO 

(small paramagnetic iron oxides) loaded 

nanoparticles. We formulated various 

nanocarriers (micelles and untargeted or 

targeted nanoparticles) loaded with several 

anti-cancer drugs to specifically target 

tumors and improve the therapeutic index of 

anti-cancer drugs by nanomedicines. For 

example, PLGA-based nanoparticles 

formulated for the delivery of paclitaxel, a 

new cyclin dependent kinase inhibitor and 

doxorubicin induced a higher regrowth delay 

of tumors in vivo than free drugs. Exploiting 

the ɻvɼ3 integrin overexpression by tumoral 

endothelium and tumor cells, we designed 

PLGA-based nanoparticles grafted with the 

2'$ ÐÅÐÔÉÄÅ ÁÎÄ ÄÅÍÏÎÓÔÒÁÔÅÄ ÔÈÅ ȰÁÃÔÉÖÅȱ 

targeting of these PLGA-based nanoparticles. 

We formulated multi-functional 

nanoparticles for the encapsulation of a 

therapeutic drug and a contrast agent (SPIO) 

that can be targeted by magnets and 

significantly enhanced drug biodistribution 

in the tumors. Anticancer drug-loaded 

nanomedicines are developed for the 

treatment of glioblastoma. In particular 

lauroyl gemcitabine forming hydrogel 

significantly improved the survival of 

glioblastoma bearing mice when 

perisurgically injected in the resection 

cavity. 

 Coentrapment of melanoma-associated 

antigens and Toll like receptor ligands in 

mannose-functionalizes nanoparticles 

potentiated Th1 immune response and 

decreased tumor growth in therapeutic 

settings. 

Our current projects are focussed on the 

mechanisms of action of nanomedicines, in 

particular their effect on the tumor 

microenvironment.  

The objective of our research is to use drug 

delivery systems and biomaterials as a 

mean to improve therapeutic outcomes of 

drugs. We develop drug delivery systems 

going from nano-scale, through micro-

scale up to macro-scale (Figure 1A).  

Our different research applications can be 

gathered into two research themes (Figure 

1B): 

1. Nanomedicines:  

a. Cancer: this theme focuses on targeted 

theranostic nanoparticles loaded with 

anticancer drugs or siRNA, adjuvanted 

recombinant antigens and gene vaccines. 

b. Mucosal delivery routes: this theme 

includes the research on oral delivery using 

nanomedicines, cutaneous delivery and 

pulmonary delivery. 

c. CNS diseases: the objective is to develop 

nanomedicines that would stimulate CNS 

repair by local, systemic, or mucosal 

delivery. 

2. Regenerative medicine: this theme 

focuses on tissue regeneration and 
restoration and gathers the research on 

spinal cord regeneration, dental 

restoration and skin wound healing. 
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Figure 2: Passive, active and magnetic targeting of 

anticancer drug-loaded nanomedicines 

We also aim to develop formulation 

(nanoparticles) and physical methods 

(electroporation) for the delivery of DNA and 

RNA with a particular interest in vaccination 

and cancer treatments (Figure 3). 

Electroporation of DNA was optimized to 

deliver plasmid vaccines into the skin or the 

muscle. This potent delivery method allows 

high level of expression. Optimised plasmids 

encoding tumor antigens elicited humoral 

and cellular immune response and induced 

tumor control or regression. Electroporation 

of plasmid coding for host defense peptides 

promoted wound healing in healthy and 

diabetic mice models.  

Our current research focuses now on the 

combination of optimized anticancer DNA 

vaccines and immune checkpoint inhibitors. 

 

Figure 3: Plasmid DNA and siRNA delivery 

 

2)  NANOMEDICINES FOR ORAL 

DELIVERY (A. BELOQUI GARCÍA) 

4ÈÅ ÏÒÁÌ ÒÏÕÔÅ ÉÓ ÔÈÅ ÍÏÓÔ ÐÒÅÆÅÒÒÅÄ ÒÏÕÔÅ ÏÆ 

ÄÒÕÇ ÁÄÍÉÎÉÓÔÒÁÔÉÏÎȢ )Ô ÉÓ ÅÁÓÙ ÔÏ ÁÄÍÉÎÉÓÔÅÒȟ 
ÐÁÉÎ ÆÒÅÅ ÁÎÄ ÃÈÅÁÐÅÒ ÃÏÍÐÁÒÅÄ ÔÏ ÏÔÈÅÒ 
ÒÏÕÔÅÓ ÏÆ ÁÄÍÉÎÉÓÔÒÁÔÉÏÎȢ (Ï×ÅÖÅÒȟ ÔÈÉÓ ÒÏÕÔÅ 
ÉÓ ÓÏÍÅÔÉÍÅÓ ÉÎÅÆÆÉÃÉÅÎÔ ÄÕÅ ÔÏ ÔÈÅ 
ÐÁÒÔÉÁÌȾÉÎÁÄÅÑÕÁÔÅ ÁÂÓÏÒÐÔÉÏÎ ÏÆ ÔÈÅ ÄÒÕÇȟ 
ÆÉÒÓÔȤÐÁÓÓ ÍÅÔÁÂÏÌÉÓÍȟ ÔÈÅ ÉÎÓÔÁÂÉÌÉÔÙ ÏÆ ÔÈÅ 
ÄÒÕÇ ÉÎ ÈÁÒÓÈ ÇÁÓÔÒÏÉÎÔÅÓÔÉÎÁÌ ÃÏÎÄÉÔÉÏÎÓ 
ɉÓÕÃÈ ÁÓ ÉÎÔÅÓÔÉÎÁÌ Ð( ÏÒ ÅÎÚÙÍÅ 
ÄÅÇÒÁÄÁÔÉÏÎɊȢ 4ÈÅÒÅ ÉÓ ÁÎ ÕÎÍÅÔ ÎÅÅÄ ÆÏÒ ÔÈÅ 
ÁÄÍÉÎÉÓÔÒÁÔÉÏÎ ÏÆ ÂÉÏÌÏÇÉÃÁÌÓ ÖÉÁ ÔÈÅ ÏÒÁÌ 
ÒÏÕÔÅ ÏÆ ÁÄÍÉÎÉÓÔÒÁÔÉÏÎȟ ÅÓÐÅÃÉÁÌÌÙ ÉÎ ÔÈÅ 
ÔÒÅÁÔÍÅÎÔ ÏÆ ÃÈÒÏÎÉÃ ÄÉÓÅÁÓÅÓ ×ÈÅÒÅ Á ÄÁÉÌÙ 
ÐÁÉÎÆÕÌ ÁÄÍÉÎÉÓÔÒÁÔÉÏÎ ÉÓ ÒÅÑÕÉÒÅÄȢ  
 
4ÈÅ ÁÉÍ ÏÆ ÏÕÒ ÒÅÓÅÁÒÃÈ ÉÓ ÄÅÖÅÌÏÐÉÎÇ 

ÉÍÐÒÏÖÅÄ ÁÌÔÅÒÎÁÔÉÖÅ ÄÒÕÇ ÄÅÌÉÖÅÒÙ ÓÙÓÔÅÍÓ 

ÔÏ ÆÕÌÆÉÌÌ ÔÈÅ ÐÏÔÅÎÔÉÁÌ ÏÆ ÔÈÅ ÏÒÁÌ ÒÏÕÔÅ ÏÆ 

ÁÄÍÉÎÉÓÔÒÁÔÉÏÎȢ &ÏÒ ÔÈÉÓ ÐÕÒÐÏÓÅȟ ×Å ÁÒÅ 

ÅØÐÌÏÉÔÉÎÇ ÔÈÅ ÕÎÉÑÕÅ ÐÁÔÈÏÐÈÙÓÉÏÌÏÇÙ ÏÆ ÔÈÅ 

ÇÕÔ ÔÏ×ÁÒÄÓ ÔÈÅ ÄÅÖÅÌÏÐÍÅÎÔ ÏÆ ÎÏÖÅÌ ÄÒÕÇ 

ÄÅÌÉÖÅÒÙ ÓÔÒÁÔÅÇÉÅÓȟ ÆÏÃÕÓÉÎÇ ÏÎ ÔÈÅ ÔÒÅÁÔÍÅÎÔ 

ÏÆ Ô×Ï ÍÁÉÎ ÃÈÒÏÎÉÃ ÄÉÓÅÁÓÅÓȡ ÔÙÐÅ ς ÄÉÁÂÅÔÅÓ 

ÍÅÌÌÉÔÕÓ ÁÎÄ ÉÎÆÌÁÍÍÁÔÏÒÙ ÂÏ×ÅÌ ÄÉÓÅÁÓÅÓȢ 

/ÕÒ ÒÅÃÅÎÔ ÒÅÓÕÌÔÓ ÈÁÖÅ ÓÈÏ×Î ÔÈÅ ÁÂÉÌÉÔÙ ÏÆ 

ÌÉÐÉÄȤÂÁÓÅÄ ÎÁÎÏÃÁÐÓÕÌÅÓ ÔÏ ÉÎÄÕÃÅ 

ÅÎÄÏÇÅÎÏÕÓ ',0Ȥρ ÁÎÄ ',0Ȥς ÓÅÃÒÅÔÉÏÎ 

ɉ&ÉÇÕÒÅ τɊȢ  

 

Figure 4: Size effect on lipid nanocapsule-mediated GLP-
1 secretion from enteroendocrine L cells (from Xu et al, 
Mol. Pharm., 2018) 

Unraveling the mechanisms of nanoparticle 
transport across the intestinal barrier is 
essential for designing more efficient 
nanoparticles for oral administration. For 
this purpose, we have development in vitro 
models of the intestinal epithelium and 
follic le-associated epithelium containing M 
cells to evaluate the mechanisms of transport 
of our drug delivery systems at the intestinal 
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site. In concrete, we study the 
physicochemical parameters that dictate the 
fate of the drug delivery systems across the 
intestinal barrier (Figure 5). 

 

Figure 5: Polymeric versus lipidic NP mechanisms of 
transport across the intestinal barrier (from Beloqui et 
al, Adv. Drug Deliv. Rev., 2016) 

3)  NANOMEDICINES FOR PULMONARY 

DELIVERY (R. VANBEVER) 

The research aims at improving the 

treatment or prophylaxis of severe 

respiratory diseases by designing 

nanomedicines to enhance the local efficacy 

of drugs. Our approaches include i) the 

preparation of polyethylene glycol (PEG)-

drug conjugates to sustain drug release 

within the lung, and ii) the formulation of 

nanocarriers to target vaccines to lung 

dendritic cells. 

Inhalation aerosols offer a targeted therapy 

for respiratory diseases. However, the 

therapeutic efficacy of inhaled drugs is 

limited by their rapid clearance from the 

lung (Figure 6). We synthesized PEG-

paclitaxel ester conjugates with the aim to 

retain paclitaxel within the lung, to sustain 

its release in the lung and to decrease its local 

and systemic toxicity. The conjugates 

showed cytotoxicity to B16-F10 melanoma 

cells and Lewis lung carcinoma cells but less 

than Taxol, which is the commercial 

paclitaxel solution. The conjugates increased 

the maximal tolerated doses of paclitaxel by 

up to 100-fold compared with Taxol 

following intratracheal instillation in healthy 

C57Bl/6 mice. The anti-tumor efficacy in the 

Lewis lung carcinoma cell-induced lung 

cancer murine model was enhanced 

significantly by delivering PEG-PTX 

conjugates to the lung, compared with Taxol 

delivered either intratracheally or 

intravenously. Delivery of PEG-PTX 

conjugates to the lungs resulted in prolonged 

retention of the conjugate and sustained 

paclitaxel release in the lung over more than 

48h.    

 

Figure 6: Schematic view of the fate of drugs in the lungs 

(from Todoroff & Vanbever, Curr. Opin. Coll. Interf. Sc., 

2011) 

Anti-IL17 and anti-IL13 antibody fragments 

were conjugated to a large PEG chain and 

conjugation was shown to greatly prolonge 

the presence of these fragments within the 

lung of mice, rats and rabbits. The prolonged 

pulmonary residency of the anti-IL-17 PEG-

&ɉÁÂȭɊ2 translated into an improved efficacy 

in reducing lung inflammation in a murine 

model of house dust mite-induced lung 

inflammation. The molecular weight of PEG, 

the nature of the antibody fragment and the 

site of delivery within the respiratory tract  

had an impact on the residence time of 

antibody fragments in the murine lung. 

PEGylated proteins were principally 

retained within the lung lumen rather than 

the nasal cavities or lung parenchyma. PEG 

increased pulmonary retention of antibody 

fragments through mucoadhesion, reduced 

uptake by alveolar macrophages and 

epithelial cells rather than increased 
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hydrodynamic size or improved enzymatic 

stability.  

We have also applied this PEGylation 

strategy to recombinant human 

deoxyribonuclease I (rhDNase). rhDNase is 

the mucolytic agent most widely used for the 

treatment of respiratory disease in cystic 

fibrosis. However, rhDNase I is rapidly 

cleared from the lungs, which limits its 

therapeutic efficacy and implies frequent 

dosing. rhDNase was monoPEGylated on its 

N terminal residue and the conjugated 

enzyme preserved the full enzymatic activity 

of the native protein. PEGylated rhDNase 
was retained in the lungs for more than 15 

days, compared to a few hours for 

unconjugated rhDNase. The sustained 

presence of PEGylated rhDNase in the lung 

presents interesting perspectives for the 

development of a long-acting rhDNase with a 

reduced therapy burden for patients with 

cystic fibrosis. 

We develop liposomes for targeting vaccines 

to lung dendritic cells. Nanoliposomes were 

prepared with cationic lipids presenting 

immunostimulatory capacities. These 

formulations were shown to successfully co-

encapsulate both antigenic peptides and 

adjuvants with high loading efficiency. The 

fate of liposomes-encapsulated peptides in 

the respiratory tract is currently studied and 

the protection these formulations afford is 

currently assessed in vivo in murine models. 

 

4)  ADVANCED DRUG DELIVERY FOR 

CENTRAL NERVOUS SYSTEM (A. des 

RIEUX) 

We develop nanomedicines for the central 

nervous system (CNS) repair. Our objective 

is to stimulate brain repair by either 
recruiting neural stem cells (NSC) at the site 

of injury, stimulating their differentiation 

and/or resolving inflammation. 

Regarding NSC recruitment, we developed 

SDF-1 PLGA nanoparticles that, once 

implanted at the site of a traumatic brain 

injury, were able to recruit NSC at the 

damaged area (L. Zamproni, Universidade 

Federal de Sao Paulo, BR). 

We also showed, in collaboration with P. 

3ÁÕÌÎÉÅÒ ÁÎÄ *Ȣ %ÙÅÒ ɉ5ÎÉÖÅÒÓÉÔï Äȭ!ÎÇÅÒÓȟ &2Ɋ 

that by modifying the surface of lipidic 

nanocapsules (LNC) with a peptide (NFL), we 

were able to specifically target NSC of the 

brain and to stimulate their differentiation 

toward the oligodendrocyte lineage (Thesis 

of D. Carradori) (Figure 7).  

Our ongoing projects focus on new 

nanomedicines aiming at stimulating the 

differentiation of oligodendrocyte 

progenitor cells and resolving inflammation 

in the brain, more particularly in the scope of 

multiple sclerosis. 

 

Figure 7: Targeted drug delivery for CNS repair. 

 

5)  DRUG AND CELL DELIVERY FOR 

TISSUE ENGINEERING (A. des RIEUX) 

The research aims at developing implants 

(hydrogels, polymeric scaffolds, 

microcarriers) delivering growth factors, 

drugs and cells that provide sustained 

delivery of bioactive molecules, support 

survival, infiltration and proliferation of cells 

for tissue engineering, and in particular 

spinal cord injury. 

1.	nanoparticle-based	drug	
delivery	system

2.	endogenous
neural	stem	cell	

targeting 3. neural stem	cell
differentiation

neuronal	cells

affected area
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Our group has gained expertise in drug 

delivery to the spinal cord that we combined 

with transplantation of adult mesenchymal 

stem cells; more particularly human dental 

stem cells. Indeed, human dental stem cells 

display superior neural stem cell properties 

than bone marrow-derived mesenchymal 

stem cells since they originate from the 

neural crest.  

We have first  evaluated the impact of growth 

factor delivery encapsulated in micro- and 

nanoparticles from injectable hydrogels. 

Then, we decided to explore the therapeutic 

potential of stem cells from the apical papilla 
(SCAP) for spinal cord injury. We tested 

different ways of administration in rat spinal 

cord injury models. 

1. Sustained delivery of growth factors from 

injectable hydrogel 

We evaluated the effect of VEGF and GDNF 

delivery, free or encapsulated, from an 

alginate:fibrinogen hydrogel injected in a rat 

spinal cord hemisection model. Local VEGF 

delivery from alginate:fibrinogen hydrogel 

gelifying in situ induced angiogenesis and 

neurite growth but no functional 

improvement. However, local GDNF delivery 
significantly improved functional recovery of 

rats. Indeed, the animals treated with free 

GDNF-loaded hydrogel experienced superior 

functional recovery compared to the animals 

treated with GDNF microsphere-loaded 

hydrogels and non-treated animals (in 

collaboration with Prof. Blanco-Prieto, 

Navarra University, Spain, Drs Schakman and 

Deumens, UCL, IoNS). 

2. Stem cell delivery 

As a source of human mesenchymal stem 

cells, we selected human dental stem cells of 

the apical papilla (SCAP) due to their neural 
crest origin but also because they are easily 

accessible (obtained from extracted wisdom 

tooth roots). They express numerous 

neuronal markers, display enhanced neural 

stem cell properties compared to bone 

marrow-derived mesenchymal stem cells 

and possess higher proliferation and 

differentiation rates compared to dental pulp 

stem cells. The studies performed on SCAP 

have been done in collaboration with Prof. 

Diogenes (San Antonio University, San 

Antonio, USA). 

We used 3 strategies to deliver SCAP: in their 

original niche (apical papilla), incorporated 

in hydrogels or seeded on PLGA 

microcarriers (Figure 8). 

Figure 8: SCAP delivery strategies. 

a. Implantation of a whole papilla in a 

spinal cord lesion 

We hypothesized that isolating and 

expanding SCAP would change their 

properties and characteristics while keeping 

them in their niche would not. When rats 

were treated with a human apical papilla 

implanted as a whole, we observed a 

significant improvement of motor function 
compared to the control groups (lateral 

hemisection model) (collaboration with Prof. 

Leprince, LDRI, UCL) (Figure 9). This might be 

explained by injury stabilization (papilla still 

in place after 6 weeks) and by the action of 

the cells present in the papilla (cells positive 

for human mitochondria in the papilla after 6 

weeks). 

Figure 9: Therapeutic potential of SCAP for spinal cord 

repair. 

 

	Remyelina on	
	
	Immunomodula on	
	
	Neuroprotec on	

	
	Neuroregenera on	
	
	Locomotor	recovery		

	

SCI	

Secretome	
Para-	&	autocrine	ac on	

Cells	
differencia on	
&	replacement		

NGF	

NT	 IL-4/10	

VEGF	

HGF	

SCAP	



 

 
98 Louvain Drug Research Institute 

Target 
identification & 

validation

Hit 
identification & 

Hit-to-lead

Preclinical 
evaluation

Pharmaceutics Clinical assays Clinical practice

b. Incorporation of SCAP in hydrogels 

To deliver and maintain SCAP at the lesion 

site, we have selected injectable hydrogels 

(fibrin, alginates and Corgel®). No study 

previously compared the impact of hydrogel 

properties on SCAP (collaboration with Prof. 

Dupont, IMCN, UCL). We observed that 

fibrinogen concentration in fibrin hydrogel 

impacted SCAP neurodifferentiation in vitro, 

but also proliferation and angiogenesis in 

vivo. When comparing different alginates and 

Corgel®, not a single property, but the 

appropriate combination of surface and 

mechanical characteristics dictates SCAP 
fate. 

 We also studied the influence of 

decellularized extracellular matrix-based 

hydrogels (dECMh) originating from 

different organs (bone, dentin and spinal 

cord) (Erasmus Mundus NanoFar, 

collaboration with Prof. Shakesheff and Dr. 

White, University of Nottingham, UK). dECMh 

are thermosensitive (gelation at 37°C), 

contain preserved cell adhesion sites and 

active molecules specific of the organ of 

origin. We demonstrated that dECMh origin 

impacted hydrogel properties and SCAP 

viability and neuronal gene expression, 

spinal cord dECMh being the most favorable 

for neural differentiation. 

c. Development of growth factor loaded 

microcarriers for SCAP delivery 

Another strategy to deliver cells is to seed 

them on microcarriers designed to support 

cell adhesion and viability and to deliver 

growth factors. In the scope of an Erasmus 

Mundus project, we co-supervised a PhD 

thesis with Prof. Montero-Menei (Angers 

University, FR) that aimed to optimize the 

formulation of BDNF-loaded 

pharmacologically active microcarriers 

(PAM). We demonstrated that PAM 

supported the viability of mesenchymal stem 

cells and impacted their secretome and 

proteome. BDNF-PAM and SCAP were then 

combined and injected in a spinal cord 

contusion model. An improvement of rat 

locomotor function, a decrease of 

inflammation and neuroprotection were 

observed when SCAP where implanted 

associated with BDNF-PAM.  

DENTAL REGENERATIVE and 

INNOVATIVE MATERIALS (G. LELOUP, J. 

LEPRINCE) 

 

Figure 7: Current approaches for the treatment of tooth 

decay. 

1) In case of tooth decay and a healthy pulp, a resin-

based composite is used. 2) In case of tooth decay with 

an inflamed pulp, a calcium-silicate cement is applied on 

the pulp before the resin-based composite. 3) When the 

pulp is partially necrotic, this part is removed and 

replaced by a combination of calcium-silicate cement 

and resin-based composite. 4) When the complete pulp is 

necrotic, it is completely removed and replaced by inert 

filling material. Novel approaches for the treatment of 

tooth decay. 3ȭɊ 7ÈÅÎ ÔÈÅ ÐÕÌÐ ×ÉÌÌ ÂÅ ÐÁÒÔÉÁÌÌÙ ÒÅÍÏÖÅÄȟ 

it will be replaced by a hydrogel loaded with growth 

factors in order to attract stem cells from the remaining 

ÐÕÌÐȢ ψȭɊ 7ÈÅÎ ÔÈÅ ÐÕÌÐ ×ÉÌÌ ÂÅ ÃÏÍÐÌÅÔÅÌÙ ÒÅÍÏÖÅÄȟ ÉÔ 

will be replaced by a hydrogel loaded with stem cells in 

order to re-create a new dental pulp tissue. 

 

In the treatment of tooth decay, restorative 
dental materials are required to exhibit 

excellent mechanical, biological properties 

and most uniquely, display good aesthetics. 
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The research carried out focuses 1) on the 

characterization of currently available 

commercial materials, in relation with 

clinical requirements and 2) on developing 

new biomaterials for tooth restoration, from 

a conventional conservative but also from a 

more advanced regenerative standpoint. 

 

STRATEGIES AND RESULTS 

 

¶ Conservative approach  
The use of restorative materials allows for 

relatively fast treatments as they may be 

implemented directly in the oral cavity in a 

matter of minutes. They are also highly 

versatile. However several concerns exist 

with regards to the suitability of some 

materials in terms of mechanical or 

biological properties. Additionally the very 

mechanisms responsible for the setting of 

materials or interactions with the biological 

are little understood. 

 

a) In vitro-methods 
We are continuously invested in determining 

the most suited set of characterization 

methods to properly analyze both 

mechanical and biological properties of 

commercial materials, leading to innovative 

experimental research. Our previous results 

describe the setting kinetics and mechanical 

properties of ultra-fast polymerizing resin 

composites, based on a monoacylphosphate 

photoinitiator and bioactive calcium silicate 

cements. In collaboration with Pr. Möginger 

(University of Bonn-Rhein, Germany) and Pr. 

Will Palin (University of Birmingham, UK) an 

innovative combination of characterization 

techniques was set up, allowing for a precise 

analysis of polymerization kinetics in heavily 

filled composites.  Moreover, the group has 

been recently awarded a grant to acquire a 
Raman spectrometer, to enable chemometric 

analyses, which nicely complements the 

previous developments. 

 

b) In vitro -material development 
The formulation of resin composites is fine-

tuned (photoinitiator, resin composition, 

etc) to quicken kinetic, increase longevity 

and bring mechanical properties close to that 

of hard tissues. The use of micro 
hydroxyapatite particles and amorphous CaP 

nano particles is investigated for the release 

ÏÆ #Áόϕ ÁÎÄ 0/Ϟόȅ ×ÉÔÈ ÁÎÔÉÂÁÃÔÅÒÉÁÌ ÁÎÄ ÒÅ-

mineralizing potential. The impact of their 

introduction in model formulations on 

kinetics and mechanical properties is 

studied. Additionally, ceramics are 

investigated for their use as alternatives of 

resin composites following root canal 

treatment (Figure 6, item 4). Finally, we are 

currently working on the incorporation of 

anti-inflammatory drugs in tricalcium 

silicate cements (Figure 6, item 2) to 

modulate pulp inflammation and push the 

borders of vital pulp therapy. 

 

c) In vitro-material/cell interactions 
The interactions with pulp tissues and oral 

commensal bacteria are also researched. The 

potential of apatite-loaded resin composites 

is being evaluated, aiming both at 

S.mutans/S.gordonii biofilm reduction and 

increased dental pulp stem cells (DPSC) 

viability  (induced osteo-differentiation is 

also analyzed). Further, as resin composites 

do not polymerize completely, the toxicity of 

monomers and un-reacted compounds on 

DPSC is investigated. Even in the absence of 

toxicity, some monomers may still induce 

oxidative stress and genotoxic effects. 

Methods are being developed to quantify 

ROS production and osteo-differentiation 

inhibition on a large number of samples. 

Again, the addition of the new Raman 

spectrometer will help characterize the 

resulting modifications in mineralized 

matrix produced by the DPSCs and/or the 

odontoblasts. 

 

d) Clinical work 
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As a result of strong collaborations with the 

dental clinics, several studies are currently 

under way, focusing on the analysis of the 

suitability of resin composites for the 

treatment of large cavities, in a retrospective 

manner. Another study underway was 

designed to investigate prospectively the 

suitability of a pulpotomy strategy (more 

conservative approach) as permanent 

treatment in molars with irreversible 

pulpitis (Figure 6, item 3), which are 

currently treated by root canal therapy 

 

¶ Regenerative approach  
In modern dentistry, there is currently a 

paradigm shift from restorative procedures 

to strategies based on regenerative 

medicine. In this context, alternatives to 

current clinical restorative strategies where 

pulp tissue is partially or completely lost 

(irreversibly inflamed and necrotic dental 

pulps) must we designed by combining 

bioactive matrices and dental stem cells in a 

clinically relevant way.  

 

a) Cells 
Dental stem cells are mesenchymal stem 

cells that may be collected in large amounts 

from dental tissues. Such cells display a 

higher proliferation rate than bone marrow 

stem cells and have better neural and 

epithelial properties as they originate from 

the neural crests. Additionally dental stem 

cells can differentiate in multiple cells types, 

like osteo- odonto-, adipo-, neuro-, 

chondroblast-ÌÉËÅ ÃÅÌÌÓȣ !ÍÏÎÇ ÄÅÎÔÁÌ ÓÔÅÍ 

cells, we selected dental pulp stem cells 

(DPSCs) and stem cells from the apical 

papilla (SCAP) for their potential. While we 

have worked with SCAP (RP89 cell line), 

originating from one patient and obtained 

from Dr. Diogenes (University of Texas, USA), 

we recently created a pool of DPSC and SCAP 

from 10 different patients. These cell pools 

will be fully characterized by cell-surface 

markers analysis, by differentiation potential 

and by stem cell gene expression and used as 

an internal standard for all of our work. Such 

efforts will allow us to have a much 

genetically diverse and relevant cell source. 

 

b) Scaffold 
For the regenerative approach, cells must be 

ÐÒÏÐÅÒÌÙ ÄÅÌÉÖÅÒÅÄȢ 4ÈÅ ÄÅÓÉÇÎ ÏÆ ÁÎ ȰÉÄÅÁÌȱ 
bioactive matrix is thus necessary. This one 

would be biocompatible, injectable and 

would ideally resemble the native pulp 

tissues in terms of mechanical properties 

and allow cell invasion, survival and 

proliferation. Therefore, we will test in vitro 

different hydrogels, which will be provided 

through different collaborations (Prof. Anne 

des Rieux, UCL; Prof. Berit Strand, NTNU, 

Norway; Prof. Patrick Henriet, UCL; Prof. 

Christine Dupont, UCL).  

Fibrine/Alginate hydrogels are currently 

being investigated, testing for DPSC 

attachment and viability on the medium-

term. Once an « ideal » bioactive matrix is 

designed, it will be implemented in two 

different regenerative strategies and tested 

in vitro/ in vivo:  

-Dental pulp stem cell homing from residual 

dental pulp tissue in case of partial  pulp 

tissue removal, through the injection of a 

bioactive scaffold loaded with factors like 

SDF1, bFGF and TGF-" ɉ&ÉÇÕÒÅ φȟ ÉÔÅÍ σȭɊȟ 

-Exogenous dental pulp stem cell delivery in 

case of complete pulp tissue loss, to 

regenerate the lost tissue volume into a 

vascularized, innervated and functional de-

novo dentin-ÐÕÌÐ ÃÏÍÐÌÅØ ɉ&ÉÇÕÒÅ φȟ ÉÔÅÍ τȭɊȢ 

 

¶ Molecular diagnostics  
 

The tools currently available to the dentists 

for diagnostics purposes are limited. The 

extent of pulp and periapical inflammation 

are currently evaluated using mechanical 

and thermal stimuli, which are not enough 

reliable and have low level of evidence. A 

promising approach to better diagnose the 
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inflammatory conditions of the pulp and 

periapical tissues in vital pulp therapy and 

endodontic treatments is to quantify the 

level of expression of pro-inflammatory and 

pro-resolution molecules. We are developing 

an in vitro and in vivo model to achieve these 

goals, in collaboration with Pr. Yusuke 

Takahashi (University of Osaka, Japan). 

Future strategies could be planned based on 

in-situ readings of such levels, leading to 

improved diagnostics and better patient 

care. 
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L., Diogenes A., Leprince J.G., Deumens R., 

des Rieux A.  Dental Apical Papilla as 

Therapy for Spinal Cord Injury. J Dent Res. 

(2015), 94(11):1575-1581. 

 

Ansorena  E., De Berdt P., Ucakar B., 

Simon-Yarza T., Jacobs D., Schakman O., 

Jankovski A., Deumens R., Blanco-Prieto 

M.J., Préat V., des Rieux A. Injectable 

alginate hydrogel loaded with GDNF 

promotes functional recovery in a 

hemisection model of spinal cord injury. Int J 

Pharm (2013), 455: 148-58. 

 

 

 

 

 

 

 

SELECTED PUBLICATIONS  

Gaëtane LELOUP/Julian LEPRINCE 

Randolph L. D., Palin W. M., Leprince, J. G. 

Dental Composite Materials for Direct 

Restorations, Editors: Miletic , Vesna (Ed.), 

Springer 2017 

Chapter 2 : Composition of Dental Resin-

Based Composites for Direct Restorations 

Chapter 6 : Developing a More Appropriate 

Classification System for Modern Resin-

Based Composite TechnologiesLeprince, J. 

G., Leloup G., Hardy C. M. F.The guidebook 

to molar endodontics, Editors: Peters, Ove A. 

(Ed.), Springer 2017 Chapter 7 : 

Considerations for the Restoration of 

Endodontically Treated Molars  

Randolph L. D., Palin W. M., Bebelman S., 

Devaux J., Gallez B., Leloup G., Leprince, J. 

G. Photopolymerization of highly filled 

dimethacrylate-based composites using 

Type I or Type II photoinitiators and varying 

co-monomer ratios Dent Mater. 2016 

Feb;32(2):136-48.Randolph LD, Palin WM, 

Leloup G, Leprince JG.Filler characteristics 

of modern dental resin composites and their 

influence on physico-mechanical 

properties.Dent Mater. 2016 

Dec;32(12):1586-1599. 

Vanacker J., Viswanath A., De Berdt P., 

Everard A., Cani P. D., Bouzin C., Feron, O., 

Diogenes A., Leprince J. G., des Rieux A. 

Hypoxia Modulates the Differentiation 

Potential of Stem Cells of the Apical Papilla. 

Journal of Endodontics (2014), 40: 1410-

1418. 

 

Leprince J. G., Palin W. M., Hadis M. A., 

Devaux J., Leloup, G. Progress in 

dimethacrylate-based dental composite 

technology and curing efficiency. Dent Mater 

(2013), 29: 139-156. 
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SELECTED PUBLICATIONS  

Véronique PREAT 

Bastiancich C, Bianco J, Vanvarenberg K, 

Ucakar B, Joudiou N, Gallez B, Bastiat G, 

Lagarce F, Préat  V, Danhier F. Injectable 

nanomedicine hydrogel for local 

chemotherapy of glioblastoma after surgical 

resection. J Control Release. (2017) 264:45-

54 

Schleich N, Po C, Jacobs D, Ucakar B, 

Gallez B, Danhier F, Préat V. C omparison 

of active, passive and magnetic targeting to 

tumors of multifunctional paclitaxel/SPIO-

loaded nanoparticles for tumor imaging and 

therapy. J Control Release. (2014) 194:82-

91. 

Danhier F, Ansorena E, Silva JM, Coco R, 

Le Breton A, Préat V. PLGA-based 

nanoparticles: an overview of biomedical 

applications. J Control Release. (2012) 

161(2):505-22. 

Danhier F., Feron O., Préat V. To exploit the 

tumor microenvironment: passive and active 

tumor targeting of nanocarriers for anti-

cancer drug delivery. J Control Release 

(2010), 148: 135-146. 

Garinot M., Fievez V., Pourcelle V., 

Stoffelbach F., des Rieux A., Plapied L., 

Theate I., Freichels H., Jerôme C., 

Marchand Brynaert J., Schneider Y.J., 

Préat V. PEGylated PLGA-based 

nanoparticles targeting M cells for oral 

vaccination. J Control Release (2007), 120: 

195-204. 

 

 

SELECTED PUBLICATIONS  

Rita VANBEVER 

Patil H.P., Freches D., Karmani L., Duncan 

G., Ucakar B., Suk J.S., Hanes J., Gallez B., 

Vanbever R. Fate of PEGylated antibody 

fragments following delivery to the lungs: 

Influence of delivery site, PEG size and lung 

inflammation J. Control. Release (2018) 272: 

62-71. 

Luo T., Loira-Pastoriza C., Patil H.P., 

Ucakar B., Muccioli G.G., Bosquillon C., 

Vanbever R. PEGylation of paclitaxel largely 

improves its safety and anti-tumor efficacy 

following pulmonary delivery in a mouse 

model of lung carcinoma. J. Control. Release 

(2016) 239: 62-71. 

Koussoroplis  S.J., Paulissen G., Tyteca D., 

Goldansaz H., Todoroff  J., Barilly  C., 

Uyttenhove  C., Van Snick J., Cataldo D., 

Vanbever R. PEGylation of antibody 

fragments greatly increases their local 

residence time following delivery to the 

respiratory tract. J. Control Release (2014), 

187: 91-100. 

 

Loira -Pastoriz a C., Todoroff J., Vanbever 

R. Delivery strategies for sustained drug 

release in the lungs (invited review). Adv. 

Drug Deliv. Rev. (2014), 75: 81-91. 

 

Todoroff  J., Lemaire M., Fillee C., Renauld 

J.-Ch., Huygen K., Vanbever R. Mucosal and 

systemic immune responses to 

Mycobacterium tuberculosis antigen 85A 

following its co-delivery with CpG, MPLA or 

LTB to the lungs in mice. Plos One (2013). 8 

(5): 1-12. 
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SELECTED PUBLICATIONS  

Ana BELOQUI GARCIA 

3ÈÒÅÓÔÈÁ .Ȣȟ "ÏÕÔÔÅÆÅÕØ /Ȣȟ 6ÁÎÖÁÒÅÎÂÅÒÇ 

+Ȣȟ ,ÕÎÑÕÉÓÔ 0Ȣȟ #ÕÎÁÒÒÏ *Ȣȟ 4ÏÖÁÒ 3Ȣȟ +ÈÏÄÕÓ 

'Ȣȟ !ÎÄÅÒÓÓÏÎ %Ȣȟ +ÅÉÔÁ BȢ6Ȣȟ 'ÏÎÚÜÌÅÚ 

$ÉÅÇÕÅÚ #Ȣȟ !ÒÔÕÒÓÓÏÎ 0Ȣȟ 0ÒïÁÔ 6Ȣȟ "ÅÌÏÑÕÉ 

A. 4ÈÅ ÓÔÉÍÕÌÁÔÉÏÎ ÏÆ ',0Ȥρ ÓÅÃÒÅÔÉÏÎ ÁÎÄ 

ÄÅÌÉÖÅÒÙ ÏÆ ',0Ȥρ ÁÇÏÎÉÓÔÓ ÖÉÁ 

ÎÁÎÏÓÔÒÕÃÔÕÒÅÄ ÌÉÐÉÄ ÃÁÒÒÉÅÒÓ. Nanoscale 

(2018) 10:603-613 

8Õ 9Ȣȟ #ÁÒÒÁÄÏÒÉ $Ȣȟ !ÌÈÏÕÁÙÅË -Ȣȟ -ÕÃÃÉÏÌÉ 

'Ȣ 'Ȣȟ #ÁÎÉ 0Ȣ $Ȣȟ 0ÒïÁÔ 6Ȣȟ "ÅÌÏÑÕÉ !Ȣ  3ÉÚÅ 

ÅÆÆÅÃÔ ÏÎ ÌÉÐÉÄ ÎÁÎÏÃÁÐÓÕÌÅȤÍÅÄÉÁÔÅÄ ',0Ȥρ 

ÓÅÃÒÅÔÉÏÎ ÆÒÏÍ ÅÎÔÅÒÏÅÎÄÏÃÒÉÎÅ , ÃÅÌÌÓȢ -ÏÌȢ 

0ÈÁÒÍȢ (2018) 15:108-115. 

Beloqui A ., des Rieux A., Préat V. 

Mechanisms of transport of polymeric and 

lepidic nanoparticles across the intestinal 

barrier. Adv. Drug Deliv. Rev. (2016) 106: 

242-255. 

"ÅÌÏÑÕÉ !Ȣȟ #ÏÃÏ 2Ȣȟ -ÅÍÖÁÎÇÁ 0Ȣ"Ȣȟ 5ÃÁËÁÒ 

"Ȣȟ ÄÅÓ 2ÉÅÕØ !Ȣȟ 0ÒïÁÔ 6Ȣ Ð(ȤÓÅÎÓÉÔÉÖÅ 

ÎÁÎÏÐÁÒÔÉÃÌÅÓ ÆÏÒ ÃÏÌÏÎÉÃ ÄÅÌÉÖÅÒÙ ÏÆ 

ÃÕÒÃÕÍÉÎ ÉÎ ÉÎÆÌÁÍÍÁÔÏÒÙ ÂÏ×ÅÌ ÄÉÓÅÁÓÅȟ )ÎÔȢ 

*Ȣ 0ÈÁÒÍȢ ɉςπρτɊ τχσȡςπσȤςρς. 

Beloqui A., Solin²s M.A., Gasc·n A.R., del 

Pozo-Rodr²guez A., des Rieux A., Pr®at V. 

Mechanism of transport of saquinavir-loaded 

nanostructured lipid carriers across the 

intestinal barrier, J. Control. Release (2013) 

166:115-123. 

 

AWARDS 2017-2018  

Highly cited researcher 2017 and 2018 

Veronique Préat, Fabienne Danhier  

PhD award CRS Italian chapter, Chiara 

Bastiancich  

 M.-J. Guichard, H.P. Patil, S. Noël, M. 

Mall, P. Lebecque, J. Gougué, B. Ucakar, 

T. Leal, R. Vanbever. Assessment of the 

efficacy of a long-acting version of 

dornase alfa in mice and on cystic fibrosis 

sputa. European Young Investigators 

Meeting of the European Cystic Fibrosis 

Society; Paris, France; February 2018. 

Selected ñBest poster presentation 

awardò. 

THESES 2018 

Guichard Marie -Julie ȰDevelopment of a 

long-acting version of human 

deoxyribonuclease I for the treatment of 

Cystic Fibrosis lung diseaseȱ. 

Director: R. Vanbever (ADDB/LDRI); Co-

director : T. Leal (LTAP/IREC) 

Bastiancich Chiara  Ȱ,ÁÕÒÏÙÌ-gemcitabine 

lipid nanocapule hydrogel for the local 

ÔÒÅÁÔÍÅÎÔ ÏÆ ÇÌÉÏÂÌÁÓÔÏÍÁȱ 

Director: Véronique Préat (ADDB/LDRI) 

Co-director: F.Danhier (ADDB/LDRI), 

&Ȣ,ÁÇÁÒÃÅ ɉ5ÎÉÖÅÒÓÉÔï Äȭ!ÎÇÅÒÓɊȢ 

De Berdt Pauline  Ȱ3ÐÉÎÁÌ ÃÏÒÄ ÉÎÊÕÒÙȡ ÈÏ× 

could dental stem cells from human apical 

ÐÁÐÉÌÌÁ ÔÁËÅ ÕÐ ÔÈÅ ÃÈÁÌÌÅÎÇÅȩȱȢ 

Director: Anne des Rieux (ADDB/LDRI); Co-

Director: R. Deumens 

 

THESES 2017  

Carradori Dario  ȰNovel nanoparticle-based 

drug delivery system for neural stem cell 

ÔÁÒÇÅÔÉÎÇ ÁÎÄ ÄÉÆÆÅÒÅÎÔÉÁÔÉÏÎȱ.  

Director: Anne des Rieux. (ADDB/LDRI); Co-

director : Joël Eyer (Univ. Angers) 

Kalichuk Valentina  ȰA novel generation of 

affitins for targeting cancer cells with drug-

loaded nanocapsulesȱȢ  

Director: Véronique Préat (ADDB/LDRI); Co-

director : Pecorari Frédéric (Univ. Nantes) 

Lambricht Laure  ȰPlasmids encoding viral 

structural proteins to enhance cancer DNA 

vaccine potencyȱȢ  

Director: Véronique Préat; Co-director : 

Gaëlle Vandermeulen (ADDB/LDRI) 
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Randolph Luc  ȰChanging CQ for a more 

efficient photo-initiator in dental filled 

resinsȱȢ  

Director: Gaëtane Leloup; Co-director : Julian 

Leprince (ADDB/LDRI) 

Viswanath Aiswarya  ȰDental stem cell 

delivery through new injectable matrices for 

spinal cord regenerationȱȢ  

Director: Anne des Rieux (ADDB/LDRI); Co-

directors: Kevin Shakesheff, Lisa White 

(Univ. Nottingham) 

 

THESES 2016  

Jully Vanessa ȰFormulation of aluminum 

adjuvanted vaccines using high-throughput 

screeningȱȢ  

Director: Véronique Préat (ADDB/LDRI); Co-

director : Frédéric Mathot (GSK) 

Kandalam Saikrishna  ȰPharmacologically 

active microcarriers delivering brain derived 

neurotrophic factor combined to adult 

mesenchymal stem cells: novel approach for 

ÔÈÅ ÔÒÅÁÔÍÅÎÔ ÏÆ ÓÐÉÎÁÌ ÃÏÒÄ ÉÎÊÕÒÙȱ. 

Director: Claudia Montero-Menei (Univ. 

Äȭ!ÎÇÅÒÓɊȠ Co-Director: Anne des Rieux 

(ADDB/LDRI) 

Luo Tian Ȱ0%'ÙÌÁÔÉÏÎ ÏÆ ÐÁÃÌÉÔÁØÅÌ ÆÏÒ 
inhaled chemotherapyȱ. 

Director: R. Vanbever (ADDB/LDRI); Co-

director : C. Bosquillon (Univ. Nottingham) 

Thwala Lungile  ȰProtamine nanocapsules 

as carriers for oral peptide deliveryȱȢ  

Director: Véronique Préat (ADDB/LDRI); Co-

Director: Maria José Alonso (Univ. Santiago 

de Compostela) 

 

THESES In progress  

Beauquis Julien  Ȱ5ÎÄÅÒÓÔÁÎÄÉÎÇ ÁÎÄ 

management of the mechanisms of pulp 

ÉÎÆÌÁÍÍÁÔÉÏÎȱ. 

Director: Gaëtane Leloup (ADDB/LDRI) 

Co-Director: Julian Leprince (ADDB/LDRI) 

 

"ÁÕÓÁÒÔ -ÁÔÈÉÌÄÅ ȰCombined local 

chemotherapy and immunotherapy with 

systemic vaccination for the treatment of 

glioblastomaȱȢ 

Director: Véronique Préat (ADDB/LDRI); 

codirector : Gaelle Vandermeulen 

 

"ÏÚÚÁÔÏ %ÌÉÁ ȰPrevention of glioblastoma 

recurrence by injection in the resection 

cavity of a hydrogel formed by targeted lipid 

nanocapsules loaded with anticancer 

drugs ». 

Director: Véronique Préat (ADDB/LDRI) 

 

Buya Aristote  Ȱ.Å× ÄÒÕÇ ÄÅÌÉÖÅÒÙ ÓÙÓÔÅÍÓ 

ÆÏÒ ÓÉÃËÌÅ ÃÅÌÌÓ ÄÉÓÅÁÓÅȱ 

Director: Véronique Préat (ADDB/LDRI); 

codirector: Patrick Menvanga (Universté de 

Kinshasa) 

Fourniols Thibaut Ȱ4ÁÒÇÅÔÉÎÇ ÔÕÍÏÒ 

microenvironment by a translational 

nanomedicine, toward an improve of 

ÃÏÌÏÒÅÃÔÁÌ ÃÁÎÃÅÒ ÔÈÅÒÁÐÙȱȢ  

Director: Véronique Préat (ADDB/LDRI) 

Germain Loic Ȱ%ÆÆÅÃÔ ÏÆ ÂÉÏÃÏÍÐÁÔÉÂÌÅ 

surfaces presenting mechanical nano- 

heterogeneities on Adipose-Derived Mes- 

ÅÎÃÈÙÍÁÌ 3ÔÅÍ #ÅÌÌÓ ÎÅÕÒÏÄÉÆÆÅÒÅÎÔÉÁÔÉÏÎȱ. 

Director: Anne des Rieux (ADDB/LDRI) 

Co-Director: Christine Dupont (SST/ISV) 

 

GanipinÅÎÉ 0ÁÌÌÁÖÉ Ȱ 

Paclitaxel/superparamgnetic iron oxide 

loaded PLGA-based nanoparticles for 

glioblastoma treatmentȱȢ 

Director: Véronique Préat (ADDB/LDRI) 

'ÉÌÌÉ -ÁÔÈÉÅÕ ȰPaving the way for 

ÔÏÍÏÒÒÏ×ȭÓ ÄÅÎÔÉÓÔÒÙ ×Éth hydrogel-based 

strategies for pulp tissue ÒÅÇÅÎÅÒÁÔÉÏÎȱ. 
Director: Gaëtane Leloup (ADDB/LDRI) 

Co-Director: Julian Leprince (ADDB/LDRI) 

 

Gratepain Viridiane  ȰNon-invasive delivery 

of activin A-loaded extracellular vesicles to 
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stimulate remyelination in the central 

nervous systemȱȢ 

Director: Anne des Rieux (ADDB/LDRI) 

 

Hardy Chloé Ȱ/ÐÔÉÍÉÓÁÔÉÏÎ ÏÆ ÔÈÅ ÂÏÎÄÅÄ 

ÉÎÄÉÒÅÃÔ ÄÅÎÔÁÌ ÒÅÓÔÏÒÁÔÉÏÎÓȱ. 

Director: Gaëtane Leloup (ADDB/LDRI) 

Co-Director: Julian Leprince (ADDB/LDRI) 

 

Hollaert Thibaut Ȱ/ÐÔÉÍÉÚÁÔÉÏÎ ÏÆ ÄÅÎÔÉÎ-

ÓÕÂÓÔÉÔÕÔÅ ÍÁÔÅÒÉÁÌÓȱ. 

Director: Gaëtane Leloup (ADDB/LDRI) 

Co-Director: Julian Leprince (ADDB/LDRI) 

 

Labrak Yasmine Ȱ4ÁÒÇÅÔÅÄ ÎÁÎÏÍÅÄÉÃÉÎÅÓ 

to stimulate the differentiation of 

oligodendrocyte progenitor cells in the scope 

ÏÆ ÍÕÌÔÉÐÌÅ ÓÃÌÅÒÏÓÉÓȱȢ  

Director: Anne des Rieux (ADDB/LDRI) 

Co-Director: Giulio Muccioli (BPBL/LDRI) 

Lasserre Jérôme Ȱ%ÖÁÌÕÁÔÉÏÎ ÏÆ ÎÅ× 

strategies to control dental biofilms and 

ÒÅÌÁÔÅÄ ÄÉÓÅÁÓÅÓȱ. 

Director: Michel Brecx (MEDE) 

Co-Director: Gaëtane Leloup (ADDB/LDRI) 

 

Liu Xiao Ȱ$ÅÖÅÌÏÐÍÅÎÔ ÏÆ Á ÎÏÖÅÌ ÆÏÒÍ ÏÆ 

alpha1-ÁÎÔÉÔÒÙÐÓÉÎ ÆÏÒ ÉÎÈÁÌÁÔÉÏÎȱ. 

Director: R. Vanbever (ADDB/LDRI) 

Lopes Alessandra Ȱ4Ï×ÁÒÄÓ ÎÅ× ÓÔÒÁÔÅÇÉÅÓ 

to improve DNA cancer vaccine 

ÐÅÒÆÏÒÍÁÎÃÅȱ. 

Director: Véronique Préat (ADDB/LDRI) 

Co-Director: Gaëlle Vandermeulen 

(ADDB/LDRI) 

Mahri Sohaib  Ȱ5ÎÄÅÒÓÔÁÎÄÉÎÇ ÔÈÅ 

mechanisms involved in the lung retention of 

PEGylated proteinsȱ. 

Director: R. Vanbever (ADDB/LDRI) 

Co-director : C. Bosquillon (U Nottingham) 

 

Mwema Ariane  ȰNose-to-Brain Delivery of 

Nanomedicines to stimulate remyelination 

in the scope of multiple sclerosisȱȢ 

Director: Anne des Rieux (ADDB/LDRI) 

Co-Director: Giulio Muccioli (ADDB/LDRI) 

 

Setbon Hugo Ȱ-ÁÔïÒÉÁÕØ ÂÉÏÁÃÔÉÆÓ ÅÎ 

endodontie : aspects fondamentaux et 

applications cliniquesȱ. 

Director: Gaëtane Leloup (ADDB/LDRI) 

Co-Director: Julian Leprince (ADDB/LDRI) 

 

Tatic Natalja  Ȱ-ÏÄÕÌÁÔÉÏÎ ÏÆ ÍÁÃÒÏÐÈÁÇÅ 

ÐÈÅÎÏÔÙÐÅ ÆÏÒ ÓÐÉÎÁÌ ÃÏÒÄ ÒÅÐÁÉÒȱȢ  

Director: Anne des Rieux (ADDB/LDRI) 

Co-director : Lisa White (Univ. Nottingham) 

 

Tsakiris Nikolaos  ȰNanoplatform based 

drug delivery system: a combinational 

therapy against breast and colorectal 

cancerȱ. 

Director: Véronique Préat (ADDB/LDRI) 

Co-Director: Arnaud Vigneron (Centre du 

cancer, Lyon) 

 

Xu Yning ȰPeptide-loaded nanoparticle oral 

delivery strategies towards diabetes 

treatmentȱ. 

Director: Ana Beloqui (ADDB/LDRI) 

Co-Director: Véronique Préat (ADDB/LDRI) 
 

Zhao Mengnan ȰAnticancer drug loaded 

hydrogel for the treatment of glioblastomaȱ. 

Director: Véronique Préat (ADDB/LDRI) 
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Biomedical Magnetic Resonance (REMA) 

 

 

 

  
 

Bernard Gallez  
+32 2 764 73 91 

bernard.gallez@uclouvain.be 

 
Bénédicte Jordan  

+32 2 764 73 64 
benedicte.jordan@uclouvain.be 
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Biomedical Magnetic Resonance (REMA)  

 

 

 

 

 

 

 

Website REMA: http://uclouvain.be/en/research -institutes/ldri/biomedical -magnetic-

resonance-rema.html 

Address: Van Helmont building ɀ Tower 73, 4 th floor , avenue E. Mounier 73, B1.73.08. B-1200 

Brussels 

Fax: +32 2 764 73 90 

Post-Doctoral fellows  

Desmet C. 

Mignion L. 

 

PhD Students 

Acciardo S. 

Cao Pham TT. 

Äȭ(ÏÓÅ $Ȣ 

Gourgue F. 

Nel J. 

Schoonjans C. 

Scheinok S. 

Yelek C. 

 

Adm. & Techn. Staff  

Thibou D. 

Picard V. 

 

 

http://uclouvain.be/en/research-institutes/ldri/biomedical-magnetic-resonance-rema.html
http://uclouvain.be/en/research-institutes/ldri/biomedical-magnetic-resonance-rema.html

