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Leukodystrophies are a group of orphan genetic diseases
that primarily affect the white matter (WM) of the brain.

The WM is a complex structure composed of a vast
number of nerve fibers (axons) sheathed with a compact 
lipid-rich membrane (myelin).

Beside myelinated axons, WM contains a variety of 
supporting cells known as neuroglia or glial cells
(astrocytes, microglial cells, and oligodendrocytes)
Glial cells play a major role in the structural, 
metabolic and trophic support of axons.
Diversity of the genetically determined defects that
interfere with glial cell functions explain the large 
heterogeneity of leucodystrophies.

Learning objective n.1: 
Informations on Myelin 
and its pathology



LEUKODYSTROPHIES
A neuropathological concept

• Primary and prevalent involvement of white
matter with demyelination

• Low amount of myelin, with evidence of its
degradation products (ortochromatic,
metachromatic, sudanophilic)

• Sometimes, spairing of some myelin structures (U
fibers)

• Tigroid aspect, absence of oligodendrocytes,
evidence of globoid cells

Learning objective n.2: 
Neuropathologic concept of 
leucodystrophy



GENETIC LEUCOENCEPHALOPATHIES
Classification

• According to neuropathology (staining:
ortochromatic, metachromatic, sudanophilic; site
of demyelination: sparing U fibres, etc; associated
findings)

• According with clinical aspects (peripheral nerve,
muscle, eye involvement, macrocephaly, tendinous
xanthomas, premature aging,, skin and bone
changes, endocrine involvement: adrenocortical or
ovarian insufficiency, diabetes, etc)

• According to biochemical abnormalities
• According to molecular genetic abnormalities

Learning objective n.3: Genetic Leucoencephalopathies



LEUKODYSTROPHIES AND LEUCOENCEPHALOPATHIES
Clinical Aspects Neuroimaging

• Cognitive and behavioural
changes of different severity

• Predominant motor changes
(pyramidal tract and
cerebellar system
involvement)

• Not constant epilepsy and
myoclonus

CT: White matter hypodendity
MR T1: Low signal of the white matter for low 
amount or absence of myelin
MR T2: Hyperintensities in the same areas 
(increase of water  and gliosis)

Learning objective n.4: Genetic 
Leucoencephalopathies, clinical and 
neuroimaging



Glial cells dysfunctions
- Storage material for a primary lysosomal dysfunction of lipid
or glycoconjugates metabolism
- Plasma membrane lipid changes due to peroxisomal
impairement
- Cell lipid trafficking disturbancies
- Energy metabolism impairment
- Chromosomal instability and Dna repair changes
- Cell metabolic deficiency (aminoacid, etc)
- Abnormalities in regulation of protein synthesis
- Small brain vessels dysfunction
- Immune mediated conditions

Learning 
objective n.4



Learning objective n.5: Modern classification 
of genetic leucoencephalopathies



References

• Recent Advancements in the Diagnosis and Treatment of Leukodystrophies. Bradbury AM, Ream MA. Semin Pediatr Neurol. 2021 
Apr;37:100876

• Astrocyte-Oligodendrocyte-Microglia Crosstalk in Astrocytopathies. de Waard DM, Bugiani M.Front Cell Neurosci. 2020 Nov
19;14:608073. doi: 10.3389/fncel.2020.608073

• Genetic disorders with central nervous system white matter abnormalities: An update.Shukla A, Kaur P, Narayanan DL, do Rosario MC, 
Kadavigere R, Girisha KM.Clin Genet. 2021 Jan;99(1):119-132.

• Distinctive diffusion-weighted imaging features in late-onset genetic leukoencephalopathies.De Cocker LJL, Castillo M.Neuroradiology. 
2021 Jan;63(1):153-156. doi: 10.1007/s00234-020-02543-4.

• How to diagnose difficult white matter disorders.Williams T, Houlden H, Murphy E, John N, Fox NC, Schott JM, Adams M, Davagananam I, 
Chataway J, Lynch DS.Pract Neurol. 2020 Aug;20(4):280-286.

• Astroglia in Leukodystrophies.Jorge MS, Bugiani M.Adv Exp Med Biol. 2019;1175:199-225.
• Diagnosis, prognosis, and treatment of leukodystrophies.van der Knaap MS, Schiffmann R, Mochel F, Wolf NI.Lancet Neurol. 2019 

Oct;18(10):962-972
• Practical approach to the diagnosis of adult-onset leukodystrophies: an updated guide in the genomic era.Lynch DS, Wade C, Paiva ARB, 

John N, Kinsella JA, Merwick Á, Ahmed RM, Warren JD, Mummery CJ, Schott JM, Fox NC, Houlden H, Adams ME, Davagnanam I, Murphy 
E, Chataway J.J Neurol Neurosurg Psychiatry. 2019 May;90(5):543-554.

• Cerebral Autosomal Dominant Arteriopathy with Subcortical Infarcts and Leukoencephalopathy (CADASIL) as a model of small vessel 
disease: update on clinical, diagnostic, and management aspects.Di Donato I, Bianchi S, De Stefano N, Dichgans M, Dotti MT, Duering M, 
Jouvent E, Korczyn AD, Lesnik-Oberstein SA, Malandrini A, Markus HS, Pantoni L, Penco S, Rufa A, Sinanović O, Stojanov D, Federico 
A.BMC Med. 2017 Feb 24;15(1):41.

• Adult-Onset Genetic Leukoencephalopathies. Focus on the More Recently Defined Forms.Di Donato I, Banchi S, Federico A, Dotti 
MT.Curr Mol Med. 2014;14(8):944-958.

• Hereditary diffuse leukoencephalopathy with axonal spheroids (HDLS): update on molecular genetics.Stabile C, Taglia I, Battisti C, 
Bianchi S, Federico A.Neurol Sci. 2016 Sep;37(9):1565-9.

https://pubmed.ncbi.nlm.nih.gov/33047326/
https://pubmed.ncbi.nlm.nih.gov/32879996/
https://pubmed.ncbi.nlm.nih.gov/32434903/
https://pubmed.ncbi.nlm.nih.gov/31583590/
https://pubmed.ncbi.nlm.nih.gov/31307818/
https://pubmed.ncbi.nlm.nih.gov/30467211/
https://pubmed.ncbi.nlm.nih.gov/28231783/
https://pubmed.ncbi.nlm.nih.gov/25323877/
https://pubmed.ncbi.nlm.nih.gov/27338940/

