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Neuromuscular disorders
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Cerebral palsy
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Skeletal muscles d o W as expected
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Introduction

Gross Motor Function Classification System

GMFCS |

GMFCS 11l
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Skeletal muscles d o ngw as expected
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Skeletal muscles d o ngw as expected
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What stands out with CP muscle?

Thin and stiff A Impaired growth

Contractures are common A Skeletal muscle satellite cells

We dondt know wh JMorg gpngcive tissue

contractures develop. i ) .
P A Mitochondrial dysfunction



Skeletal muscle fiber types

A Checkerboard pattern

A Other cell types?
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Introduction T Muscle morphology

A Typically developed

Low proportion
type lIX fibers

O= ECM & Even distribution of | Homogenous fiber
Collagen type I/11A fibers cross sectional area
N e
\)(/ =Type
2 Low collagen
b " content
“\\ Fibers
packed tightly
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Cerebral palsy

More variable fiber More collagen content
cross sectional area Thicker perimysium

« Oxidative (type I) or Glycolytic (type I1X) =
fiber type shift

Figure from Edman et al. T Accepted in Dev
Med Child Neurol
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Ribosome biogenesis
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Translation capacity

A Translational efficiency is
the protein synthesis rate
per ribosome

A Translational capacity is the
total number of ribosomes

A ~85% of RNA in muscle is
ribosomal

Karolinska Institutet - a medical university
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Ribosome biogenesis T the process of
making new ribosomes
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Suppressed ribosome biogenesis In 4 oo
skeletal muscle of children with cerebral “ X9 Institutet

palsy
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Skeletalmuscleribosomebiogenesids impairedin cerebralpalsy (A) Protein
levels of transcriptionfactors UBF and TIF-1A are significantly reducedin
cerebrabalsymuscle(redbars)ascomparedo healthycontrols(white bars)
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Suppressed ribosome biogenesis in skeletal %?%g Karolinska
muscle of children with cerebral palsy
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What stands out with CP muscle?

Thin and stiff A Impaired growth

Contractures are common A Skeletal muscle satellite cells

We dondt know wh JMorg gpngcive tissue

contractures develop. i ) .
P A Mitochondrial dysfunction



Skeletal muscle fiber types

A Checkerboard pattern

A Other cell types?
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Cells other than muscle fibers

i Cell types
Satellite cells (muscle stem cells) yp

FAPs (fibro-adipogenic progenitors)
Endothelial cells
Immune cells

= Endothelial Cells
Pericyte Cells

To o To Ix

= Mesenchymal Cells
Myogenic Cells
Monocyte Cells
Lymphocyte Cells

Lovric et al. 2022. Commun Biol.
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Cells other than muscle fibers

A Satellite cells (muscle stem cells)
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Activated satellite cell crawling along a muscle
fiber

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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@ AMERICAN JOURNAL OF PHYSIOLOGY
american

Physiological CELL PHYSIOLOGY Am J Physiol Cell Physiol 326: C573-C588, 2024.
society’

First published December 18, 2023; dol:10. 152/ajpcell.00344.2023
RESEARCH ARTICLE

Histological analysis of the gastrocnemius muscle in preschool and school age
children with cerebral palsy compared with age-matched typically developing
children

Jorieke Deschrevel,' Anke Andries," Karen Maes, Jules Peeters,! Axel van Opstal,! Dina Jiang,'

Nathalie De Beukelaer,? Marlies Corvelyn,® Lauraine Staut,”> Hannah De Houwer,*
Domiziana C« 18,235 Kaat Desl e,? Anja Van Campenhout,® and © Ghislaine Gayan-Ramirez’

Medial gastrocnemius histological features are already altered in preschool age
Fibers
+ = afCSA and nfCSA

children with cerebral palsy
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ﬂraschuol age: 2-5 yr
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Capillaries
= | C/Fin GMFCS II-lll
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+ = Spatial distribution in all GMFCS

Microbiopsy of the
medial gastrocnemius

X o= Satellits cells
Satellite Type lla fiber + = SC/100 fibers /
cell
ﬁchuol age: 6-9 yr \
Healthy Cerebral Palsy: GMFCS I-1il

Fibers
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= 1% fiber smaller size all GMFCS
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= | Capillary density GMFCS Il
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L ST ;e EasE T
\ Satellite cell  Type lIx fiber - = SC/100 fibers /

GMFCS: gross motor classification system, afCSA: absolute fiber cross-sectional area, nfCSA: normalized
fiber \al area, CV: of variation, C/F: capillary to fiber ratio, SC: satellite cells

AMERICAN JOURNAL OF PHYSIOLOGY

CELL PHYSIOLOGY. © 2024 Phscigical
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Gatellite ¢ e I & mame with a deeper meaning?

Satellite Cell

Macrophage
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Ongoing project with conditioned media from
skeletal muscle progenitor cells
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What stands out with CP muscle?

Thin and stiff A Impaired growth

Contractures are common A Skeletal muscle satellite cells

We dondt know wh JMorg gpngcive tissue

contractures develop. i ) .
P A Mitochondrial dysfunction
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Thickening of the perimysium is common & "™
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Von Walden et al 2018luscleandNerve
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Higher collagen content in skeletal
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Fibrogenic gene expression and increased
collagen content in CP muscle

>
8 8 8
» A A |

% rel. to control

Gene expression
N
(=4
T

39



Global gene expression is altered in CP
skeletal muscle

Smith, Pontén et al 2009. BM&=nomics



Dysregulation of metabolism related

skeletal muscle gene expression in CP

Neuromuscular Junction Calcium Handling Muscle C € Matrix
Gene FC Gene FC Gene FC Gene FC Gene FC
~ 0.70 0.76 MMP9 0.85
0.78 0.80 1.02
MUSK 0.80 084 [NOS1 073 |pan 1.04
0.84 0.84 VCL 0.85 PLOD3 111
ABP PLN 085  |tmoD 0.85 087 |oeN 1.15
ERBE 0.87 086 |omo 0.88 TGFB1 1.22
RAPSN TRON 0.87 0.89 LDB3 0.89 131
GRN PVALB 0.89 TTN 050 SYNM 0.89 139
ITGB1 SCNAA 089 |tem 096  |oTN 0.90
LRPA PPPICA 090  |mvor 096 0.90
LAMAS S100A1 0.92 NEB 096  [SYNC 0.90
ACHE 0.98  |TNNC 097 LARGE 0.95
LAMB2 FKBPIA 1.01 1.00 DES 0.96 LOX
RYR1 1.02 MYOM 1.09 TLNL 0.99
CAPN 1.06 ACT 127 ITGB1 1.00
CASQ 114 ACTN 129 ITGA7 1.00
CHRNG #N/A - |TRPC 1.22 MYHS 4 OBSCN 101
YWHAG HNJA DYSE 1.03
NRG1 #N/A fsyei2 #N/A [MYPN #N/A |oaGr 1,08
JPH1 IN/A 1.08
Muscle Signaling CSRP3 109 [MmP1a #N/A
Gene FC Gene FC Gene FC 118 TIMP2 #N/A
131 |Mmey #N/A
0.73  |HsF1 0.79 134
LIPE 0.77 0.87 1.37
0.80 NFKB1 1.08
0.81 |case1 1.22 FKRP HNJA
LOHA 0.82 TGFB1 122 MYOG
0.83 IGF1 137 |IGFIR
ATF2 0.85 (8L} WN/A Fiber Type Isoforms
VEGFA 0.86 TNF uN/A  [EIFAE Slow Fast Isoform
0.87 6 UN/A 0.87 Gene F
PPARGCIA 0.87 IL10 UN/A  |GSK3B 0.89
T8 088  |LIRN UN/A  |PPPICA 0.90
POH 0.89 #N/A  [MEF2 091
cs 0.89 IFNG uN/A  [myEe 093
MB 0.89 ns HN/A PIKIR 093
cxm 0.89 PTGS2 #N/A - [MYODL 094
0.90  |IKBKE #N/A  [myEs 0.96
0.91 TRIM63 #N/A [FRAPL 0.96
0.91 FBX032 HN/A 0.98
PYGM 0.92 SLC2A4 106  [marxa 1.01
0.94  NFATC1 1.07 HDAC 103
PNPLAZ 0.94 HADH E1F284 1.03
MEF2 095  TPS3 MAP2K1 1.04
FABP3 095  GYS1 INFATC1 1.07
0.98 cPT1B EIFAEBPL 110
INRF1 0.99
INFE21L.2 1.00
MLYCD 1.03
CD36 1.05

Smith et al 2012. PLOSne
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Introduction i Mitochondria

Enzyme activity assay Western blot (NDUFB8)
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Results i Respirometry
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Unpublished data from Edman et al. i
Data analysis ongoing
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Results i Respirometry

Lower extremity skeletal muscle Upper extremity skeletal muscle
100 Biceps 100~
Adductor Brachil @ TD:2FCU
‘ tongus 80 @ T™:6VL ~ 80+ 1FCR
: ©
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VL: Vastus lateralis, VM: Vastus medialis, AL: Adductor longus,

FCU: Flexor carpi ulnaris, FCR: Flexor carpi radialis, A: Anconeus,

ECRB: Extensor carpi radialis brevis, BB: Biceps Brachii Unpublished data from Edman et al. i
Data analysis ongoing
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Results T Single Fiber Western Blots

Isolating skeletal muscle Cut each fiber into
@ fibers (1-3 mm length) @ two segments

Stain one segment for Homogenize and load
@ Sow/fast myosin @ fibers individually

'

Karolinska Institutet - a medical university
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Total protein (MemCode™)
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Unpublished data from Edman et al. i
Data analysis ongoing
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Results T Single Fiber Western Blots
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[0 Fasttwitch
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Summary

A Children with CP exhibit ~50% reduced
mitochondrial capacity in skeletal muscle

A The reduced OXPHOS capacity is likely universal
across muscle fiber types

A There may be alterations in mitochondrial
architecture in children with CP

Karolinska Institutet - a medical university 03/10/2025 51



Global gene expression is altered in CP
skeletal muscle

Smith, Pontén et al 2009. BM&=nomics



Aging and disuse atrophy data sets

Journals of Gerontology: BIOLOGICAL SCIENCES © The Author 2013. Published by Oxford University Press on behalf of The Gerontolagical Society of America.
Cite journal as: J Gerontol A Biol Sci Med Sci 2013 September;68(9):1035-1044 AIl rights reserved. For permissions, please e-mail: journals.permissions@aoup.com.
doi:10.1093/gerona/gh015 Advance Access publication February 15, 2013

Microarray Analysis Reveals Novel Features of the
Muscle Aging Process in Men and Women

Dongmei Liu,' Maureen A. Sartor,' Gustavo A. Nader,? Emidio E. Pistilli,* Leah Tanton,* Charles Lilly,*
Laurie Gutmann,® Heidi B. IglayReger,' Paul S. Visich,® Eric P. Hoffman,® and Paul M. Gordon'

RESEARCH ARTICLE FASEBJ(}URNA\

Three months of bed rest induce a residual transcriptomic
signature resilient to resistance exercise countermeasures

Rodrigo Fernandez-Gonzalo' | Per A. Tesch? | Tommy R. Lundberg' |
Bjorn A. Alkner*® | Eric Rullman' | Thomas Gustafsson'
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Comparative analysis -
CP vs aging vs disuse

Bed rest Aging

Von Walden et al 2021. DEV MED
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Downregulated mitochondria related gene expression
common for all conditions

Mitochondrial
trangiatio

MtEtoN \ion Walden et al 2021. DEV MED
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What stands out with CP muscle?

Thin and stiff A Impaired growth

Contractures are common A Skeletal muscle satellite cells

We dondt know wh JMorg gpngcive tissue

contractures develop. i ) .
P A Mitochondrial dysfunction



Comprehensive review of
skeletal muscle in CP
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Thank you all
for your attention



