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• 1980’s

• genetic, progressive disorders primarily affecting myelin (myelin loss or insufficient 
myelination), either directly or through oligodendrocytes

• No known gene defects 

• MRI had not entered clinical practice

• Data available from pathology, biochemical analyses of brain tissue and knowledge of 
several metabolic and enzymatic defects 

• Curative treatment focused on stopping myelin loss and on remyelination 

Morell & Wiesmann, Neuropediatrics 1984; 15 (suppl): 62 
Seitelberger, Neuropediatrics 1984; 15 (suppl): 53

What is a leukodystrophy?



• Very high sensitivity for white matter abnormalities
• Replaced neuropathology

1980’s: introduction of MRI

MRI pattern recognition

Next generation sequencing

Most leukodystrophies are due to defects in gene encoding
proteins specific for cell types other than the
oligodendrocytes 
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Oligodendrocyte development, myelination, myelin 
maintenance and regeneration: teamwork required

Are all genetic white matter disorders leukodystrophies?
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New definition of leukodystrophy:

genetic white matter disorder due to a defect in any 
of the white matter structural components



A new classification of leukodystrophies

Myelin disorders

Astrocytopathies

Leuko-axonopathies

Leuko-microgliopathies

Leukovasculopathies 



Bugiani & Breur, 2018



normal astrocyte
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FLAIR

T2

end stageonset

Vanishing White Matter
• Mutations in EIF2B1-5, encoding the 5 eIF2B subunits
• eIF2B: initiation of translation of all mRNAs
              regulation of general mRNA translation rate
• Disease mechanisms? Altered expression of specific proteins?



GFAP

loss of all white matter structures
proliferation of oligodendrocytes

lack of reactive gliosis

      no selective myelin lossno selective myelin loss



Reactive gliosis

Sofroniew,                         2009



VWM disease control

VWM white matter astrocytes proliferate, remain immature and VWM white matter astrocytes proliferate, remain immature and 
lack mature function (e.g. astrogliotic scar tissue formation)lack mature function (e.g. astrogliotic scar tissue formation)

Bugiani et al., J Neuropathol Exp Neurol 2010; 69: 987-996
Bugiani et al., J Neuropathol Exp Neurol 2011; 70: 69-82



GFAP S100GFAP S100

GFAP vimentin GFAP nestin

control

olig2 GFAPGFAP CD44 GalC GFAP

VWM white matter astrocytes remain immatureVWM white matter astrocytes remain immature

Bugiani et al., J Neuropathol Exp Neurol 2010; 69: 987-996
Bugiani et al., J Neuropathol Exp Neurol 2011; 70: 69-82



15

VWM white matter:VWM white matter:
lack of myelin but too many oligodendrocytes lack of myelin but too many oligodendrocytes 

VWM control



PDGFR Olig2

PDGFR Olig2 NG2 Olig2

PDGFR NG2

Oligodendrocytes proliferate and are increased in number, but Oligodendrocytes proliferate and are increased in number, but 
they remain immature and lack of mature myelination functionthey remain immature and lack of mature myelination function

Bugiani et al., J Neuropathol Exp Neurol 2011; 70: 69-82



Courtesy of GC Scheper

Deficient maturation of macroglial cells in VWM white matter
driven by astrocytic dysfunction



oligodendrocyte maturation?
(myelin formation)

mouse oligodendrocyte 
precursor cells

astrocyte monolayer

Studies in cocultures, using VWM mouse cells
mouse astrocytes

Does the VWM defect impact oligodendrocytes and astrocytes 
at the same time or is one causing the dysfunction of the other?

Dooves S & Bugiani M, et al. 
J Clin Invest 2016; 126: 1512-1524
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VWM astrocytesWT astrocytes

WT OPCs

VWM astrocytesWT astrocytes

VWM astrocytes have a negative impact on both WT and VWM VWM astrocytes have a negative impact on both WT and VWM 
oligodendrocytes, but VWM , but VWM oligodendrocytes display normal  display normal 
myelin production with WT astrocytesmyelin production with WT astrocytes

VWM OPCs

• So, VWM OPCs do not have an intrinsic problem



VWM mice: the eye pathology

Wild-type

2b4/2b5



A new classification of leukodystrophies

Myelin disorders

Astrocytopathies

Leuko-axonopathies

Leuko-microgliopathies

Leukovasculopathies 



Hypomyelination with Atrophy of Basal ganglia and Cerebellum

• Mutations in TUBB4A
• Defect in -tubulin, affecting microtubules
• Probably affecting axonal transport

axonal spheroids
lack of myelin

lack of oligodendrocytes
mild gliosisPLP

axonal dysfunctionaxonal dysfunction
secondary lack ofsecondary lack of

  myelin deposition  myelin deposition



Curiel, … Bugiani, 2017



H-ABC: 
two distinct 
neuropathological 
phenotypes

Curiel, … Bugiani, 2017



H-ABC: 
the neuronal
phenotype

Curiel, … Bugiani, 2017
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H-ABC: the oligodendrocytic phenotype



Duncan, Bugiani…, 2017



Conclusions
• The definition of leukodystrophies had to be revised

• Genetic disorders in which any white matter structural component is 
primarily affected

Importance of a new definition

• Better understanding of the complexity of the brain white matter

• When treating patients with leukodystrophies, we need to repair more 
than myelin alone 



The intrinsic repair potential of leukodystrophies
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The Amsterdam leukodystrophy center:
the PIs
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