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WHAT?

LeukoTreat (www.leukotreat.eu) is a European project
funded by the European Commission under the 7th
Framework Programme for Research & Development.
The project aims at developing therapeutic strategies for
the largest number of leukodystrophy (LD) affected
patients as well as the development of further
applications to more common white matter disorders and
neurodegenerative diseases.

LeukoTreat is a collaborative research & development
project gathering 23 partners from 8 different countries
with a €9 million budget. The project began on March 1st
2010 and ended in September 2013.

WHY?

The overall prevalence of leukodystrophies (LDs) is
approximately 1 in 10 000 of the population and there
are around 1 000 new cases per year in Europe. Despite
the achievement of remarkable advances in each
individual LD in the past decade, there is no current
curative therapy.

INTRODUCING LEUKOTREAT

HOW?

To reach its objectives, LeukoTreat has gathered the
expertise of recognized European research teams in the
field of white matter diseases, high-technology SMEs,
experts in medical ethics and LD patients and families
associations. The project is structured around 5 key
actions/objectives:

V  Collecting information on the epidemiology, the
natural history, the genotype / phenotype
correlation of LDs for at least 500 patients to build
the first transnational LDs database;

V  Validating / Identifying biomarkers for therapeutic
decisions / follow-up to isolate new therapeutic
targets;

V  Developing pharmacological strategies with the
ultimate objective to launch at least 4
pharmacological clinical trials during the 5 years
following the project;

V  Developing innovative gene and cell therapies with
the ultimate objective to launch at least 3 clinical
trials during the next 5 years;

V  Tackling ethical impacts of the proposed
therapeutic challenges by integrating the
participation of patients, driven by a well-

experiences research team strongly skilled in ethics.
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7 studied leukodystrophies with known cause and
cellular/animal models

23 partners

U9 million budget

Innovative therapeutic strategies for
leukodystrophies

42 months / European countries
and Australia

19 research organisations



THE WORD OF THE COORDINATOR

(( Leukodystrophieare diseasesvhoseseverityis
particularlydifficult to copewith for patientsand
their families Thanks to the progress of
research,it is today possibleto develop new
therapeuticstrategies

By supporting the LeukoTreat project, the
EuropeanCommunityhas helpedto accelerate
searchon innovativetherapies suchasgeneand
cell therapies Our challengenow is to ensure
accesdo thesetherapeuticinnovationsfor every
family. Thisinvolvesgroupingpatientsin Europe
In that framework,the LeukoDatabasehe only
LDsdatabasein the world, has beencreatedto

. | . . . : 5 Pr. Odile BOESPFLUOGBNGUY
stimulate patient registration an etter Université Paris DidereParis 7

understandthe evolutionof thesediseases )) LeukoTreat Coordinator



THE LEUKOTREAT CONSORT

19 RESEARCH ORGANISATIONS

A Coordinator:UNIVERSITE D'AUVERGNE CLERMBERRAND 1

(France) 3
A OSPEDALE PEDIATRICO BAMBINO GESU (Italy) SMES
ISTITUTO GIANNINA GASLINI (ltaly)
UNIVERSITAETSKLINIKUM BONN (Germany) ;
INSTITUT NATIONAL DE LA SANTE ET DE LA RECHERCHE MEDICALE
(France)
THE UNIVERSITY OF MANCHESTER (UK)
FUNDACIO INSTITUT D’INVESTIGACIO BIOMEDICA DE BELLVITGE
(Spain)
MAX PLANCK GESELLSCHAFT ZUR FORDERUNG DER
WISSENSCHAFTEN E.V. (Germany)
MEDIZINISCHE UNIVERSITAET WIEN (Austria) 1 PATIENT
UNIVERSITY COLLEGE LONDON (UK)
FONDAZIONE CENTRO SAN RAFFAELE (ltaly) ASSOCIATION
ACADEMISCH MEDISCH CENTRUM BIJ DE UNIVERSITEIT VAN
AMSTERDAM (The Netherlands)
UNIVERSITE PARIS DESCARTES (France)
UNIVERSITY OF CAMBRIDGE (UK)
UNIVERSITE PARIS DIDEROT — PARIS 7 (France)
FONDAZIONE IRCCS ISTITUTO NEUROLOGICO CARLO BESTA (Italy)
UNIVERSITAETSKLINIKUM HAMBURG — EPPENDORF (Germany)
EBERHARD KARLS UNIVERSITAET TUEBINGEN (Germany)
UNIVERSITY OF NEW SOUTH WALES (Australia)

TROPHOS SA (France)
SOLUSCIENCE SA (France)
FRANCE EUROPE INNOVATION
(France)

> >>> >
> > >

>\

> > D

A EUROPEAN ASSOCIATION
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KEY RESULTS

First Leukodystrophy Database
(> 1000 patients included)

1_1 precllmcal c over
trials achieved clinical trials

4 confirmed or new biomarkers

FirstEuropeanLDspatients & familiessurvey

More than 70 scientific publications 7



1. Developmentof the first transnational patient databaseon leukodystrophies
(LeukoDataBase

The LeukoDataBaseleveloped by the LeukoTreat team includes today more than 1000 Europeanpatients and constitutes a unique
databaseon leukodystrophies in the world. The database centralises three categories of information, for each patient affected with
leukodystrophy: Clinical data, Biological Samples(existing biopsies from patients) and Mutation data (for each gene known to be
implicated in leukodystrophy). The LeukoDataBase allows a better understanding of the natural history of these diseases their
evolution (number of patients, distribution, follow-up) and their geneticnature (mutation, how the disease is transmitted). In addition,
thanks to this new tool, it is now much easier to recruit patients for future therapeutictrials or to establisha more accurateand rapid
diagnosis of a specific subtype of LD, the ones determined by a known cause (with genetic markers such as PLP, GFAP, elF2B and MLC1).
The LeukoDataBases currently managedby ELAfoundation (www.ela-asso.com).

Partnersinvolved

Leader:

OspedalePediatricoBambino GESU (Italy)

Dr. BERTINI Enric®r. PIEMONTE Fiorella,
Dr. CARROZZO Rosalba, Dr. DENTICI Maria
Lisa

Universitéd ° A u v €lergonterrandl
(France)

Dr. VAURS BARRIERE Catherine, Dr. FOGLI
Anne, Dr. GUERROUI Samia, GONTHIER
Celine

Instituto GianninaGaslini(ltaly)

Dr. FILOCAMO Mirella, Dr. BIANCHERI
Roberta, Dr. ZARA Federico, Dr. REGIS
Stefano

UniversitéParis Diderot- Paris 7 (France)
Pr. BOESPFLUG-TANGUY Odile, Dr.
TONDUTI David, Dr. RENALDO Florence, Dr.
DORBOZ Imen, Dr MASLIAH Julien,

BARBIER Julie

Institut National de laSantéet de la
RechercheMédicale (France)

U986 Pr. AUOURG Patrick, Dr. SEVIN
Caroline

U676 Pr. RODRIGUEZ Diana, Dr. BURGLEN
Lydie

Fondaziond RCC$stituto Neurologico
CarloBesta(ltaly)
Dr. UZIEL Graziella, Dr. GENETRINI Silvia

UniversitaetsklinikumHamburg
Eppendorf(Germany)

Pr. KOHLSCHUTTER Alfried, Dr BLEY
Annette

EberhardKarlsUniversitaet Tuebingen
(Germany)

Pr. KRAGELOH-MANN Ingeborg, BRAUN
Silke, GROSCHEL Samuel, KEHRER
Christiane

IT Development (data base)
SoluscienceSA (France)
Dr. DANTAL Yann
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2. ldentification & validation of LDsbiomarkers

Biomarkers are key tools for monitoring treatments and also, as prognostic factors, for the optimization of therapeutic options. The

LeukoTreat research teams aimed at validatingidentified biomarkersand screeningfor new biomarkers

A elR2B was validated as a LD biomarker for the diagnosis of CACH/VWMdiseaseusing |-elF2 (elF2 from rat liver) in patients’
lymphoblasts. In addition, the utility of r-elR2 (recombinant human elF2 produced in yeast) as a diagnostictool was demonstrated;

A N-acetylaspastate (NAA) and N-acetylaspartylglutamate (NAAG) were investigated as potential markers in hypomyelinating
leukodystrophy but their interest for therapeutic clinical trial needs further analysis ;

A The role of the oxidative stressin the axonaldegenerationwas investigated and an innovative lipidomicsanalysiswas applied. It was
demonstrated that oxidative lesion markers are increased in MLD and PMD mice. In addition, 5 oxidized proteins in X-ALD mice spinal
cords were identified by redox proteomics Biomarkersof oxidative damagewere also identified in plasma of X-ALDpatients and a
list of candidatesfor lipid biomarkerswasestablishedfor X-ALD MLDand PMDdiseases

Partnersinvolved

Leader
Fundacd Institut d * | n v & Biomédica ¢ i
de Bellvitge— IDIBELKSpain)

Academisch Medisch Centrum (The
Netherlands)

Dr. PUJOIAurora

Universitéd * A u v €lergantd-errandl
(France)
Dr. FOGLI Anne, HUYGUE Aurélia

TheUniversity of Manchester(UK)
Pr. PAVITT Graham, Dr DE ALMEIDA
Rogerio

University CollegeLondon(UK)
Dr. ATTWELL David, Dr. BAKIRI Yamina,
ARANCIBIA-CARCAMO Irma Lorena

*CACH/VWM: Childhood Ataxia with CenttgpomyelinatiohVanishing White MatterMLD:MetachromaticLeukodystrophy

Pr. WANDERS Ronald, Dr. KULIK Wim

University of Cambridge(UK)
Dr. KARADOTTIR Ragnhildur Thora, John
Stockley

Université ParisDiderot — Paris7 (France)
Pr. BOESPFLUG-TANGUY Odile, Dr DORBOZ
Imen

PMD:PelizaeudMerzbacheDisease; YALD:Adrenoleukodystrophy.




3. Developmentof pharmacologicabtrategies(1)

The LeukoTreat partners have designed rational pharmacological treatmeby:

1. Screening molecules with neuroprotective or anti-oxidant/anti-inflammatory activities, able to clear misfolded proteins or to enhance

translation using in vitro and in vivo models of prototypic LDs:

A The potential therapeutic effect of a cholesterotderivative, the olesoxime was tested in the PLP-overexpressing mice models of PMD
(+PlpTg) and the axonopathy observed in the PLP null mice models of SPG2 (Plp null). While for +PlpTg no tremendous treatment
effects was observed, positive effects could be observed in Plp null mice leading to a third in vivostudy which is under process;

A The efficacy of the dietary supplement Turmericin different mouse models of PMD was evaluated. With Turmeric, it was possible to
considerably improve the pathology of PLPeverexpressor mgyse model and mortality of PLPrumpshaker mjce was considerably delayed. A
future therapytrial usinga Curcuminpreparationwith improved bioavailability (Meriva-Curcumin) is planned.

A A proof-of-conceptclinical trial showed that oxidative stressis a main causativefactor underlying axonal degeneration in X-ALD In
addition, a related humanclinicaltrial for X-ALDhasbeencompletedin 2013and is under analysis;

2. Targeting modulation of specific gene expression or enzyme replacement using preclinical therapy trials in exact animal models for
LDs:

Pharmacological strategiesto treat Alexanderdiseasewere evaluated. Several selected compounds lead to a significant decrease of

aggregate-bearing astrocytes but for some of them the decrease is associated with modifications suggesting a toxic effect.

Bezafibratewas identified as the top molecule for lowering VLCFA levels in X-ALD fibroblasts and a proof-of-conceptclinicaltrial was

initiated to evaluate its effects on X-ALD patients. Unfortunately, bezafibrate appears to have no therapeutic utility in X-ALD.

The efficacy of top elF2-enhancing compounds in elF2B5 mutated patients fibroblasts or lymphoblasts was evaluated with mixed

results.

The pharmacological induction of the ABCI2 gene as a potential treatment for X-ALDwas investigated. Compounds that can be

suggested for a therapeutic induction were identified and the validity of ABCD2 up-regulation as a potential therapeutic target in X-

ALD was supported.

A The results of a therapy trial regarding the efficacy of a progesteroneantagonist(Lonaprisan) in PLPoverexpressor mice were evaluated.
The study suggests that the progesterone receptor may constitute a druggabletarget for a rational therapy for PMD patients
harbouring PIpl gene duplications.

A A proof-of-conceptclinical trial showed that intracerebroventricular infusion of enzymatically active ARSA corrects central nervous
system pathology and dysfunction in a mouse model of MLD. This success contributed to the implementation of a phasel/ll clinical
trial for children with MLD.

o o o P
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3. Developmentof pharmacologicabtrategies(2)

Partnersinvolved

Leader

Max PlanckGesellschaftzir Férderungder
Wissenschafter{Germany)

Dr. WERNERiauke Dr. NAVE Klaus-Armin,
Dr. SEREDA Michael

Universitéd ' A u v €lergontd-errandl
(France)

Dr FOGLI Anne, Dr. BEGOU Melina, DEPIETS
PETIT Bérengere, DIOT Céline

UniversitaetsklinikumBonn (Germany)
Pr. GIESELMANN Volkmar, Dr. MATZNER
Ulrich, GERLACH Debora

Institut National de la Santé et de la
RechercheViédicale (France)
U676: Pr RODRIGUEZ Diana

TheUniversity of Manchester(UK)
Dr. PAVITT Graham, Dr. CALLAN Hayley

Fundacd Institut d * | n v & Bionedica c i
de Bellvitge— IDIBELKSpain)
Dr. PUJOL Aurora

MedizinischeUniversitaetWien (Austria)
Pr. BERGER Johannes, Dr. FORSS-PETTER
Sonja, HABERL Manuela, WIESINGER
Christoph, EINWICH Angelika

TrophosSA(France)

Dr. BORDET Thierry, Dr. MICHAUD Magali,
CHAIMBAULT Corinne, AFXANTIDIS Jean,
LONSKI Priska, HOCINE Mélanie,

Academisch Medisch Centrum (The
Netherlands)

Pr. WANDERS Ronald, Dr. KEMP Stephan,
SCHACKMANN Martin

UniversitéParisDiderot — Paris7 (France)
Pr. BOESPFLUG-TANGUY Odile
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4. Developmentof gene& celltherapies

The LeukoTreat research teams have developed innovative approaches

A An hematopoietic stem cell (HSC) transplantation using lentiviral vector to deliver “therapeutic” proteins to the brain was performed as
a phasel/ll clinical trial. The results provide (a) good safety profile and the proof-of-principle of a novel gene therapy approach
allowing expression of therapeutic protein in brain microglia; (b) new treatment options for ALDand MLD patients with lessrisksthan
currently available therapies (allogeneic HSC transplantation) and (c) pre-clinical proof-of-conceptin mice in GLDand Canavan
disease

A It was also shown that HSQransplantationis a potential therapeutic strategy for X-ALD

A It was demonstrated that cell therapy is particularly attractive for LDsusingneural stem cell (NSCsjransplantation;

A A proof-of principle was established for neonatal transplantation of GAL@verexpressingNeural Stem Cells(NSCs)n GLDand MLD
mice;

A The feasibility and efficacy of a combinedstrategy based on neural stem cell transplant and bone marrow transplant in a GLD mouse
model was shown;

A The feasibility of direct gene delivery to the brain has been tested in two distinct LDs models: a proof of efficiency and safety of
intracerebral delivery of AAV-ARSA has been established in MLD mice and non-human primates while a proof-of-conceptwas made
in mouse model of Canavan;

A A_phasel/ll trial of intracerebralgenetherapy for MLDis now open for recruitment

Partnersinvolved

Leader UniversitaetsklinikumBonn(Germany)

Institut National de la Santé et de la
RechercheéMédicale (France)

U986: Pr. AUBOURGatrick Dr. CARTIER
Nathalie, Dr. SEVIN Caroline, DUFAYET-
CHAFFAUD Gaélle, Dr. GUIDOUX Sylvie,
FOUQUET Frangoise, Dr. GAUTIER Benoit

U975: Dr. BARON-VAN EVERCOOREN Anne,
NAIT-OUMESMAR Brahim, BACHELIN
Corinne, DEBOUX  Cyrille, MARTEYN
Antoine

Universitéd * A u v €lergontd-errandl
(France)
Dr. BEGOU Melina, GONTHIER Céline

Pr. GIESELMANN Volkmar, Dr. MATZNER
Ulrich, STEIN Axel

MedizinischeUniversitaetWien (Austria)
Pr. BERGER Johannes

FondazioneCentroSanRaffaele(ltaly)
Dr. BIFFI Alessandra, Dr. GRITTI Angela

UniversitéParisDiderot — Paris7 (France)
Pr. BOESPFLUG-TANGUY Odile

University of New SouthWales(Australia)
Dr. KLUGMANN Matthias, KLUGMANN
Claudia, TEAHAN Oria, JONQUIERES Georg

*GLD GloboidCellLeukodystrophy KrabbeDisease




5. Patients&f a mi iksues s

The project’s Ethics Committee and Ethics Research Group coordinated by Université Paris Descartes have created an innovative
DatabaseCharter harmonizedPatient Information & ConsentFormsand a Patient Leafletfor an enhanced communication with the
patients and their families regarding patient database (LeukoDataBase — see result 1) participation and an optimal protection of the
patients’ rights. These documents have been created in the specific framework of the LeukoTreat project but are available as models for
a broader use on www.leukotreat.eu.

The Ethics Research Group also conducted a Europeansurveyin five languages to evaluate the expectations of patients and their
families regarding research in LDs - particularly as regard to data sharing in the LeukoTreat database - and to study how patients may
produce a useful knowledge for scientific purpose (publication in preparation). The survey shows a strong adhesion of patients/families
to participate to the LeukoDataBase. Their main motivation is research progress in order to improve treatments and access to clinical
trials. The study provides insight into the conditions which are essential in their view concerning datasharing. Being kept informed fully
and regularly is one major expectation.

Partnersinvolved

Leader

Université ParisDescartes LEM(France)
Dr. MOUTEL Grégoire, Dr. DUCHANGE
Nathalie, Dr. CALLIES Ingrid, Dr. DARQUY
Sylviane, LECLERCQ Thomas, LOEVE Boris,
D’AUDIFFRET Diane, LAPOINTE Anne-
Sophie

UniversitéParisDiderot — Paris7 (France)
Pr. BOESPFLUG-TANGUY Odile, VENDEVILLE
Marie-Louise

Soluscience SA (France) et Université
d’ Au v €lergantEerrandl (France)
Dr. DANTAL Yann, Dr. GUERROUI Samia

EuropeanAssociationagainst
leukodystrophies— ELA (France)

ALBA Guy, FAVEAUX Philippe, DURAN
Marie-Josée, BLONDEAU Marie-Claude

13


http://www.leukotreat.eu
http://www.leukotreat.eu
http://www.leukotreat.eu
http://www.leukotreat.eu
http://www.leukotreat.eu

DISSEMINATION & INTEGRATION

PUBLICATIONGSPARTICIPATIONDEVENTS

The LeukoTreat partners have published more than 70 scientific publicationsrelated to the Project and participated
to many events the annual ELA Families / Scientists Meeting, the International Society for Neuroimmunology
Meeting, the Gene Therapy Symposium, the European Pediatric Neurology Society Meeting, to name only a few.

For more information and to see the full list of publications and participation to events, please visit our dedicated
page on www.leukotreat.eu/publications-communications-news.

< JOINTHEPATIENDATABASH eukoDataBase

One of LeukoTreat main objective was to collect a maximum of LDs data thanks to the LeukoTreat data base (see
result 1). Any LD patient and his/her family can participate directly to the advancementof this database by
enteringthemselvestheir datain the LeukoTreaDatabase More information to come on www.leukotreat.eu.
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PERSPECTIVES

A What next for the LeukoDataBase ?

The ELAfoundation (www.ela-asso.com) will be in charge of managing and developing the LeukoDataBase asof the end
of the project.

The LeukoDataBase will be used first of all as a Europeanregister of patients. It will not only facilitate recruitment of
patients but, knowing the high number of a specific form of leukodystrophy, it will have implications on the design and
power of a given therapeutic clinical trial.

The clinical databasewill facilitate epidemiological data about the overall number of this group of rare disorders. It will
also allow to know more about the distribution of each specific form of leukodystrophy in Europe. The BiologicalSample
databasewill offer a repository of biological samples to all the research community in order to accelerate and facilitate
functional studies on the different forms of leukodystrophies. Finally, the Mutation Data for each gene known to be
implicated in leukodystrophies will give the possibility to integrate the clinical epidemiological data and define the hot
spot mutations for each form of leukodystrophy so that it will be easier to implement the diagnostic molecular genetic
procedures for this group of rare disorders.

The LeukoDataBasas part of a Europeaneffort to set up a transnational database for rare diseases(for more
information, please visit the FP7 RDConnectproject website: www.rd-connect.eu).

A Biomarkers

Biomarkers can be useful to pinpoint derangement in molecular pathways of potential value for understanding disease
pathogenesis, and can be as well useful for monitoring disease progression or drug effects. Using redox proteomics, we
have identified oxidation to proteinsasa commonmarkerto X-ALD,MLD,PMD. This has been validated as a marker for
X-ALD patients, useful to monitor antioxidant treatments. Lipidomicsholds promise in the identification of novel lipidic
markersfor the leukodystrophies, both for better understanding the disease state, and for monitoring treatment effects.
Challenges ahead include the integration of results of several-omic approacheg which will provide the most robust
outcomes in terms of disease target identification and relevance for disease understanding.
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A Challengesiheadfor pharmacologicatherapies

Funding of the LeukoTreat consortium by the European Community has allowed major progress with respect to current
therapeutic concepts for various leukodystrophies, in particular for X-ALD, PMD, and MLD. This includes the systematic
screening for molecules with neuroprotective or anti-oxidant/anti-inflammatory activity, molecules that clear
misfolded proteins or that enhance protein-translation, and the application to in vitro and in vivo models of prototypic
leukodystrophies.

Some molecules are under final evaluation for the initiation of preclinical/clinical therapy trials. Importantly, the
molecular and cellular pathobiology of all leukodystrophies differs in principle. This prevents therapeutic concepts
designed for one particular leukodystrophy from being directly applied to a different leukodystrophy. This makes it very
valuable that the therapeutic efficacy of antioxidant dietary supplements has now been demonstrated in models of X-
ALD and PMD. A related proof-of-concept clinical trial for X-ALD has been initiated, and a human clinical trial for X-ALD
has been approved. A proof-of-concept clinical trial for PMD will require an additional prior preclinical trial to test the
efficacy of a modified active substance with improved bioavailability. The blood-brain barrier is the major obstacle for
enzyme replacement therapy in MLD.

Preclinicaland clinical trials are neededto evaluate the benefit of direct enzyme delivery to the cerebrospinal fluid and
the therapeutic potential of less invasive strategies using therapeutic enzyme modified to overcome the blood-brain
barrier. While LeukoTreat has emphasized the progression of therapy concepts, it also became evident that further
understanding of white matter physiology and pathophysiology will be required to develop rational therapy concepts for
the majority of other leukodystrophies. Finally, LeukoTreat has fostered the direct cooperation between basic researchers
and clinicians, which will be crucial for the success of the consortium’s common aims also after the end of project.
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A Challengestheadfor Geneé& CellTherapies

The proof-of-concept (POC) in mice is now an easy task and can be achieved relatively rapidly. A first challenge is to
acceleratethe development/translation from POCin mice to clinical trials in LD patients. This requires to evaluate
efficiency and safety issues (adverse effects due to overexpression, off-target expression of therapeutic gene) in large
animals, in particular non-human primates. This is very costly and requires special platforms. The last challenge is the
cost needed to set-up full Good Manufacturing Practice (GMP) phase I/1ll trials. This is not specific to LDs and concerns all
inherited rare disorders. It requires partnership with the pharmaceutical industry.

A Perspective®n Ethicalissues

In Leukotreat, ethical issues were investigated (i) to achieve a better understanding of patients and families’ expectations

and needs regarding the setting-up of the LeukoDataBase, (ii) to promote partnerships between the public (patients and

families) and researchers, (iii) to promote best practices in research on rare diseases. Documents such as the

LeukoDataBase Charter and Patients’ information documents have been made public to foster knowledge sharing

between EU projects. According to the results from the LeukoTreat survey, three directions should be further investigated

regarding ethical issues:

A The added value of patients’ contribution to the LeukoDataBase should be further evaluated as not enough data were
collected during the project lifetime.

A More information should be delivered to patients and their families.

A There is more work to be done on handling the ethical issues linked to patient recruitment in clinical trials at the EU
level, especially regarding communication with the patients and their families. The work was performed in partner
countries that have existing national databases. There is a need for an ethical survey, as other countries will join.
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For more information
visit us at www.leukotreat.eu




www.leukotreat.eu




