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corpus callosum

mesencephalonbasal ganglia

diencephalon

pons

bulb

cerebral cortex

cerebellum

cervical roots

dorsal roots

lumbar roots

spinal cord

sacral roots

cauda equina

!Complex function

!High metabolic demand
!Many sub-populations of cells, mostly post-mitotic

!Connectivity
!Blood-brain barrier
!Large size organ

!Limited access for the immune system
!Little capacity for regeneration

!Aging process

Therapeutics for CNS diseases: a challenging target
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Barriers to the CNS
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Genetic factors for Alzheimer’s disease
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Therapies based on ‘!-amyloid cascade hypothesis’
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Therapies based on ‘!-amyloid cascade hypothesis’
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Therapeutics targeting A!
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Antibody-mediated clearance of Amyloid ! pathology
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Immunotherapy against Amyloid ! pathology: historical perspective
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Anti-amyloid ! therapy: antibody-mediated clearance
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Alzheimer’s pathology in a patient treated with Aducanumab (32-months treatment) shows 
reduction of A! plaque pathology
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Antibody-mediated clearance of Amyloid ! pathology
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A! immunotherapy: evaluation of efficacy
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A! immunotherapy: evaluation of efficacy of the different antibodies
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A! immunotherapy: lecanemab efficacy
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Side-effects associated with anti-A! immunotherapy
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Barriers to the CNS
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Engineering of anti-A! antibodies to cross the blood-brain barrier
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A! immunotherapy: the importance of therapeutic window
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A! immunotherapy: towards prevention ?
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DIAN-TU preventive trial for Alzheimer’s disease
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Biomarkers for Alzheimer’s disease
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Biomarkers for Alzheimer’s disease
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Therapies based on ‘!-amyloid cascade hypothesis’
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Tau pathology in Alzheimer’s disease: therapeutic target
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Brain imaging with Tau PET ligands reveals spread of Tau pathology
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Model of Tau / A! interaction in Alzheimer’s disease
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Mechanisms of action of the AD drugs under clinical trial 32
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AD Treatments Targeting the Tau Pathology: Mechanisms of Action
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AD Treatments Targeting Tau: Current Clinical Trials
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Gene therapy: nucleic acids as therapeutic modality
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The potential impact of gene therapy 39
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Gene therapy emerges as a therapeutic modality for inheritable rare diseases
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Genetics: rare monogenic diseases versus complex diseases
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Gene therapy: nucleic acids as therapeutic modality
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Gene
Editing
Technologies

43
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Base editing

Porto, E.M., et al. Nat Rev Drug Discov 19, 839–859 (2020)
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Next generation of gene editing :  « prime editing »
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Gene therapy: pipeline
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Gene therapy: initial failures leading to a more robust technology 47
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Gene therapy: vectors
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Gene therapy: modalities
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corpus callosum

mesencephalonbasal ganglia

diencephalon

pons

bulb

cerebral cortex

cerebellum

cervical roots

dorsal roots

lumbar roots

spinal cord

sacral roots

cauda equina

!Several populations of cells, mostly post-mitotic

!Poorly accessible, large-sized organ
!Complex function

!Specific DNA repair mechanisms

Gene therapy in the CNS: a challenging target

Specific aspects for gene therapy applications

! Delivery and route of administration are critical.

! In vivo gene therapy is preferred over ex vivo approaches.

! Gene editing is challenging (DNA repair mechanisms).

! Off-target effects need to be carefully controlled.

! Cell-type specific targeting is often essential for efficacy.

!Connectivity
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Central nervous system: routes of administration
!"
#
$%

&

)//5-P33<0$Q0+:3JCQJCDA3-@JVNDSC?DSCCNGGSN



! !"#$%&'(")*#+,

! 789:$;<$)5*/(5$

! =>$*($6'"(5-5?$,?/-5'*$4",2'6@$2-"<05

! A-.'/*00123+4&/23*,'"4

! 5*,'"424*6&+#026"0'/72*%+0"6&/2
84&4*2)*#"6+,2+#'*)4&'+"#9:

! B5,5*62$/*$C.50,5?C$D'?#2$4/E'*354-'/*$
3/?$?5,0'4"-'/*8

Adeno-Associated Virus: from a defective virus to an effective vector
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Key Elements in AAV Design for Gene Therapy
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The Challenge of Predicting Vector 
Biodistribution in Humans/Patients
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Historical milestones in AAV biology research 
and gene therapy development
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AAV-based gene therapy: applications in the CNS and sensory organs
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AAV: clinical trials 57
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Examples of AAV-based Technologies
for Human Medical Applications
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AAV vectors: approved therapies 59

AAV-based gene therapy treatments that reached market approval:
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Gene therapy: generating more effective AAV vectors
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Strategies Applied for the Development 
of Novel AAV Capsid Variants
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Directed evolution of AAV able to pass the blood-brain barrier: AAV-PHP vectors
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63Directed evolution of AAV vectors: the limit of the mouse species
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AAV Binding the Transferrin Receptor for Gene Delivery to the Brain 64
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Novel Therapeutic Approaches for CNS Diseases
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Ex vivo gene therapy for lipid storage disorders
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Cavazzana, M. et al. Nat Rev Drug Discov 18, 447–462 (2019)
Daniel-Moreno, A. et al. Bone Marrow Transplant 54, 1940–1950 (2019)
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Ex vivo gene therapy for lipid storage disorders
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