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* Duchenne De Boulogne (1861)
“Boys with dull intellect and difficult speech”

Normaal begaafd

* Intelligence vecpatll ool
* Average 1 SD below population mean e e —— | ” b i
* Discrepance between skills | AR SN ey & MG
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e Verbal working memory
* Language
* Implicit/procedural learning

e Academic learning problems

* Behavioral and psychiatric difficulties
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Duchenne muscular dystrophy
dystrophin gene

(X-chromosome)
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Disrupted production of dystrophin protein
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Dystrophin gene
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Dystrophin gene
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Dystrophin gene
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Dystrophin gene
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Dystrophin gene
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Dystrophin gene
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Duchenne muscular dystrophy
dystrophin gene

(X-chromosome)

U

Disrupted production of dystrophin protein

|

Neurobehavioral difficulties:
= Cognition’

=  Working memory’

* Implicit learning’

= Academic learning’

= Behavior?
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' lEuven  Dystrophin isoforms

B Cerebral cortex
o adtr
Different dystrophin isoforms are expressed in different brain ) 1 o Dp7190p40
regions during various periods of brain development: 3 HR fa. R
« prenatal development Seacm i L AL
* neonatal development G Bogen

* childhood *
e adolescence .
« adulthood et E L L .
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Dp427

«Important for GABA receptors (inhibitory brain signals).

Rol of dystrophin isoforms in the brain

*Hypothesis: loss — weaker inhibition in amygdala & hippocampus — linked to anxiety,

memory problems, motor and cognitive difficulties.

Basal ganglia
Cerebral cortex Chooses which action to Thalamus

{thought, planning) perform at the moment (gateway to cortex)

(regulates body function)
Cerebellum

Armyg dala {movement)

{emotion)

Hippocampus
{memory)

Vaillend, 2025
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Conception

Vaillend, 2025

Rol of dystrophin isoforms in the brain

*Active in early brain development.
*Hypothesis:
*Absence (together with Dp427) — social problems and autism-like features.
Interacts with calcium channels — may affect cognitive functions.
25days 35days 40 days 50 days giays
ok 6 months 7 months
y weight 5 months
Brain weight C ( / (
8 months _9 IREE. .
Neuronal migration ~ Differentiation Neuronal maturation
Sl
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| lEuven  Rol of dystrophin isoforms in the brain

Dp71
*Most abundant isoform in the brain.
Crucial for the function of astrocytes (supportive brain cells).

- Pericytes
Astrocytic
Endfeet
Synapses
Astrocytes
——Microglia

Oligodendrocytes
Vaillend, 2025
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Doorenweerd N., et al (2014): Doorenweerd N., et al (2014):
Smaller total brain volume Reduced grey mass volume

Doorenweerd N., et al (2014):

Smaller fractional anisotropy (total brain)
Higher mean diffusivity

Higher radial diffusivity

FuY., etal (2016):
Reduced FA values in splenium corpus
callosum

Rae C., et al (1998):

Increase in the ratio of choline-
containing compounds to N-
acetylaspartate in the left cerebellum

Tracey I., et al (1995):
higher values in brain ratios of inorganic
phosphate to adenosine triphosphate, to

phosphomonoesters and to phosphocreatine.

Doorenweerd N., et al (2017): 17%

Lee J., et al (2002): lower cerebral blood flow

Decreased metabolism in 4 clusters (medial temporal
structures, cerebellum bilaterally, sensimotor area and

lateral temporal cortex on the right
Preethish-Kumar V., et al (2020):

Altered FA values in corpus callosum,
parietal WM and fornices
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Structure? Connectivity? Blood flow? Functioning?




Duchenne muscular dystrophy
dystrophin gene

(X-chromosome)

U

Disrupted production of dystrophin protein
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Picture designed by Justus Kuijer
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Neurobehavioral difficulties:

Structure?  Connectivity?  Blood flow? Functioning?
g3 ‘

= Lower gray matter volume? = Cognition’
=  Less white matter integrity? = Working memory"
= Lower cerebral blood flow? = Implicit learning’

= Academic learning’
= Behavior?
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Picture designed by Justus Kuijer

Corticosteroids ?
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Duchenne muscular dystrophy
dystrophin gene

(X-chromosome)

U

Disrupted production of dystrophin protein

Structure? Blood flow?

Connectivity?

Functioning?

I

USO ADULTO E PEDIATRICO 9

20 comprimidos

Daily or Intermittent

NDC62135-553-30

PredniSONE

Lower gray matter volume
Tablets, USP

Less white matter integrity
= |ower cerebral blood flow

—
?

Neurobehavioral difficulties:
= Cognition

=  Working memory

= Implicit learning

= Academic learning

= Behavior

'Darmahkasih (202(PDoorenweerd



Controls
n=40

Scan site Leuven =20
Scan site Leiden =20
Mean age = 13.0y + 2.4

Participants

DMDd
n =20

Scan site Leuven = 20

Mean age = 13.2y + 3.2

Wheelchair bound = 6

CS treatment duration = 81 months

DMDi
n =20

Scan site Leiden = 20

Mean age = 13.0y £ 3.0

Wheelchair bound =13

CS treatment duration = 79 months



Magnetic Resonance Imaging (MRI)

Gray matter White matter Cerebrospinal
(GM) (WM) fluid (CSF)

T1-weighted MR images

= 2 gscan sites: Leuven & Leiden
= 3T Philips Achieva scanner



Voxel-based
morphometry
(VBM)

Global GM, WM and
CSF volumes




Brain research

Cortical morphometry:
= Cortical thickness

Subcortical structures
= Caudate nucleus

= Putamen = Sulci depth
» Thalamus = Gyrification index
= Amygdala

» Hippocampus
= Cerebellum

= Brain stem

» (Ventricles)

Figure adapted from Carmona, S. et al. (2019). Pregnancy and adolescence entail similar neuroanatomical adaptations: A comparative analysis of cerebral morphometric changes. Human Brain Mapping.
40. 10.1002/hbm.24513.



DMDd (N=20) vs DMDi (N=20) vs DMDd (N=20) vs
Controls (N=40) Controls (N=40) DMDi (N=20)

P<0.001
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Global brain volumes
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GMV = gray matter volume
WMV = white matter volume
CSF = cerebrospinal fluid volume
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Daily versus intermittent Dp140* versus Dp140-

Cortical thickness

Gyrification index

Sulci depth




Corticosteroids conclusion

= Potential difference in interference with cortisol-induced brain maturation
processes between corticosteroid regimens (cfr. physical outcomes)

Whole brain changes

100%

75%

50% |

25% |

Percentage of max value

0% |
0 Birth  6m ly by 12y 20y 40y 60y

Grey matter volume [l White matter volume [ Cortical thickness [l Surface area  From: Bethlehem, R.AL, Seidlitz, ., White, SR ef
al. Brain charts for the human lifespan.Nature 604, 525—

533 (2022).



Corticosteroids conclusion

Potential difference in interference with cortisol-induced brain maturation
processes between corticosteroid regimens (cfr. physical outcomes)

Longitudinal research is needed to chart brain development in patients with DMD

Future brain research in DMD should consider the potential distinctive impact of
both corticosteroids and genotype
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Leiden
University

Medical Center \

JWMDRC,

Newcastle

UZ Leuven
KU Leuven

Next steps

)

—

DuMAND Checklist

-

PSYCHOLOGICAL TEST

+

/

) —

Prednisolone

Deflazacort

Vamorolone

Data processing in Leiden and Leuven
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Leiden Stockholm — i
I I Leuven — = Essen and Freiburg
University Hospitals Leuven Leiden University Medical Center ~ Karolinska Institutet and Karolinska _.* University Hospital Essen
AN L * University Hospital Freiburg
Palex London and Newcastle

* John Walton Muscular
Dystrophy Research Centre -
* UCL Great Ormond Street
Institute of Child Health

B Fiague

University Hospital Motol

2 k , i l" : Hong Kong Children’s Hospital
g X : - s Y Abas 0+ g v and The University of Hong Kong

I e I Ottawa and Toronto

* Children's Hospital of Eastern Ontario
* Holland Bloorview Kids Rehabilitation
Hospital

ESao Paulo — )

University of Sao Paulo

® Tokyo

» National Center of Neurology
and Psychiatry

* Tokyo Women's Medical
University

Melbourne

The Royal Children's Hospital

Porto Vienna

Unidade Local de Satde de Tras-os-Montes e Alto Douro University Hospital Bern Gemelli Hospital Catholic University Foundation University Hospital Vienna
(ULSTMAD), Centro Materno-Infantil do Norte (CMIN) and Clinic Favoriten Vienna

Unidade Local de Sadde de Santo Anténio (ULSSA)
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Current genetic therapies (Exonskipping, gene therapy) help muscle, but do not cross the blood—brain
barrier — brain symptoms of DMD remain untreated.
* Findings in mouse models
» Dp427 restoration (mdx mice):
» Direct brain delivery (ICV) of ASOs or viral vectors — partial return of brain dystrophin.
» Led to reduced anxiety/fear responses and improved memory.
« Dp427 + Dp140 restoration (mdx52 mice):
« Exon 51 skipping — restores Dp427 only.
« Exon 53 skipping — restores both Dp427 and Dp140.
« Partial restoration improved fear responses, social behaviour, and glutamate signalling.
Hypothesis:
» Postnatal restoration of brain dystrophin can partly reverse cognitive and emotional problems in
DMD mouse models.
« Still a large gap before translation to effective human treatments.

Vaillend, 2025
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Thanks for your attention

sam.geuens@uzleuven.be
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