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Hur ser muskler med kontrakturer hos
barn med cerebral pares ut pa insidan?
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Agenda

® Kort intro om skelettmuskulatur organisation
® Muskulaturen vid Cerebral pares
9 Hur ser muskeln ut i mikroskopet

9Vad vet vi om molekylara processer



Ferdinand von Walden
Skeletal muscle

* Roughly 40% of body mass

* Important for:
- Locomotion
- Proper glucose homeostasis
- Protein repository

* Responsive to increased - decreased use
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Herdtaamld oror d¥eddisnin skeletal muscle
dictates muscle mass
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Skelettmuskelns struktur

Helmuskel Fiberbuntar och bindvav

Muskelfibrer

Mathewson and Lieber 2015 Egner et al 2016

Sarkomerer




Vad utmarker musklerna hos barn med

CP?

Tunna och styva

Kontrakturer &r mycket
vanligt

Varfor kontrakturer uppstar
ar okéant

Hammad tillvéxt

Férre ribosomer (proteinfabrik)
Péaverkade stamceller i muskeln
Mer bindvav

Férre mitokondrier (kraftverk)
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Musklerna vaxer inte som forvantat
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Musklerna vaxer inte som forvantat
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Ribosomer och muskelns stamceller



Protein synthesis rate

depends on
skeletal miierla rihnenme
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www.broadinstitute.com

Ribosomal I RNA (rRNA) approx. 80% of total
RNA



Protein synthesis rate depends on
skeletal muscle ribosome content

RNA (ug RNA mg™! protein)



Synergist ablation procedure —
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Ribosome production starts early
during the growth process
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Protein synthesis rate depends on
skeletal muscle ribosome content
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Malnutrition during early life lowers adult body
weight

Body weight (g)
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Ribosome content dictates the ability for the muscle to catch up

Fiorotto et al 2014.J Phys "



Are there too few ribosomes in CP
muscle?
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Ribosome biogenesis — the process of
making new ribosomes

Nucleus
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Suppressed ribosome biogenesis in
skeletal muscle of children with
cerebral palsy
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Skeletal muscle ribosome biogenesis is impaired in cerebral palsy (A) Protein
levels of transcription factors UBF and TIF-1A are significantly reduced in
cerebral palsy muscle (red bars) as compared to healthy controls (white bars).



Suppressed ribosome biogenesis in
skeletal muscle of children with cerebral
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Levels of UBF and TIF-1A (B) Abundance of 45S pre-rRNA and (C) 28S
rRNA levels in cerebral palsy muscle (red bars) as compared to healthy
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Muscle Stem Cells

Basal Lamina

Satellite cell Sarcolemma

Myofiber 40_]-' )‘ P ) - Myonuclei

Mauro 1961 Egner et al 2016  Dayanidhi and Lieber 2014



Aktiverad satellitcell pa en
muskelfil

Marg et al 2014



Fewer satellite cells in CP

Reduced Satellite Cell Number In Situ in Muscular Contractures From
Children With Cerebral Palsy

Sudarshan Dayanidhi,'”” Peter B. Dykstra,' Vera Lyubasyuk,' Bryon R. McKay,*> Henry G. Chambers,"* Richard L. Lieber'**
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Fewer satellite cells in CP

DEVELOPMENTAL MEDICINE & CHILD NEUROLOGY ORIGINAL ARTICLE

Reduced satellite cell population may lead to contractures in children
with cerebral palsy

LUCAS R SMITH' | HENRY G CHAMBERS?? | RICHARD L LIEBER'?
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CP Non-Contractured Muscle

Resident muscle stem cells (MuSC) in muscle
contractures have reduced myogenic characteristics

CP Contractured Muscle - - A

Pax7+/  Pax7+/

PaX7* " MyoD+  Ki67+

Kahn et al 2023



“Satellite” Cell - A Name With A Deeper Meaning?

Satellite Cell

Macrophage




Pagaende projekt for att se hur stamcellerna
paverkar kringliggande celler

group @ Separate @ Isolation of @ CP/TD media @ F'rborg;'ﬁ
Isolated MPCs tissue culture conditioned media to 3T3 fibroblast 9 Normal
group from MPCs from respective culture cell culture growth
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Thickening of the perimysium is common

Typically developed Cerebral palsy

Von Walden et al 2018. Muscle and Nerve
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Higher collagen content in skeletal muscle Al

with increased severity of Cerebral Palsy

Hydroxproline pg/mg
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Fibrogenic gene expression and increased
collagen content in CP muscle
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Peripheral component — the muscle
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Global gene expression is altered in CP skeletal

Smith, Pontén et al 2009. BMC Genomics



Mitochondria and Skeletal Muscles in
Children with CP

DEVELOPMENTAL MEDICINE & CHILD NEUROLOGY ORIGINAL ARTICLE

Skeletal muscle maximal mitochondrial activity in ambulatory
children with cerebral palsy

SUDARSHAN DAYANIDHI'?? (% | ELISA H BUCKNER'* | ROBIN S REDMOND® | HENRY G CHAMBERS'®
SIMON SCHENK'* | RICHARD L LIEBER'*3¢

DEVELOPMENTAL MEDICINE & CHILD NEUROLOGY ORIGINAL ARTICLE

Editor’s
Choice

Reduced mitochondrial DNA and OXPHOS protein content in
skeletal muscle of children with cerebral palsy
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Mitochondrial Activity Assays in
Leg Muscles
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Mitochondrial activity in ambulatory children with CP are lower

Dayanidhi et al 2021



Reduced expression of key
factors in mitochondrial

Typically Developing
Child's Muscle
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Metabolic Gene Networks in Leg Muscles

® Metabolic gene networks are

downregulated
® Shared commonalities between

Aging, Bed Rest and CP
Von Walden et al 2021




Mitochondrial respiration in skeletal muscle
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@ SLOW-TWITCH

Karolinska Institutet - a medical university
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Proof of concept data
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Repetition
Vad utmarker musklerna hos barn med

CP?

Tunna och styva

Kontrakturer &r mycket
vanligt

Varfor kontrakturer uppstar
ar okéant
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Physical activity likely counteracts
pathological process in CP muscle

Mechanotransduction
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