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A NOVEL NEM6 MOUSE MODEL REVEALS DISTINCT DISEASE 
PROGRESSION IN TWO PATHOGENIC VARIANTS OF KBTBD13 

Leander A. Vonk1,2, Ricardo A. Galli1,2, Mara Nieuwendijk1, Rianne Baelde1, Josine de Winter1,2, Coen A.C. 
Ottenheijm1 

1Amsterdam UMC, Dept. Of Physiology, Amsterdam, The Netherlands. 

2Amsterdam Movement Sciences, Amsterdam, The Netherlands. 

 
Introduction: Nemaline Myopathy Type 6 (NEM6) is caused by dominant mutations in the KBTBD13 gene. 
Patients with NEM6 present with muscle weakness and stiffness, and histological analysis shows a core-rod 
myopathy. 

Purpose: Previously, we studied the pathomechanism caused by the Dutch founder variant 

Arg408Cys (R408C) using a homozygous knock-in mouse model. To better understand the function of KBTBD13 
and the pathomechanism of NEM6, we recently developed a homozygous knock-in mouse model based on an 
Italian patient harboring a Gly67Arg (G67R) variant, who presents with a milder NEM6 phenotype. 

Methods: In this model, we measured the maximum force generating capacity and relaxation time of hindlimb 
muscles and compared these to wildtype mice. We also performed histological analyses to study nemaline rods, 
mitochondrial cores and fiber type composition. 

Results: The maximum force generating capacity is not reduced at 3 and 9 months of age, while muscle relaxation is 
significantly slower in knock-in mice compared to wildtypes. Interestingly, histological analyses revealed no 
pathology. 

Conclusion: Taken together, these results suggest that impaired relaxation kinetics are an early- onset symptom of 
NEM6, and may therefore be a direct effect of KBTBD13 variants. More research into the function and variants of 
KBTBD13 is required to test this hypothesis. Investigations in 18 month old knock-in mice are in progress to further 
elucidate the pathomechanism of NEM6, as well as protein interaction studies to identify the function of KBTBD13. 
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OSTEOGENESIS IMPERFECTA MAY AFFECT MECHANORESPONSIVENESS 

OF OSTEOCYTES IN THEIR NATIVE MATRIX 
Yunxin Chena,b, Chen Zhanga,b, Wouter H. Nijhuisc, Huib W. van Essenb, Ralph J. Sakkersc, 

Janak L. Pathakd, Jenneke Klein-Nulenda, Nathalie Bravenboerb 
 

a Academic Centre for Dentistry Amsterdam (ACTA), University of Amsterdam and Vrije Universiteit Amsterdam, 
Department of Oral Cell Biology, Amsterdam Movement Sciences, 
Amsterdam, The Netherlands 

b Amsterdam University Medical Centers (AUMC)/location VUmc, Vrije Universiteit Amsterdam, Department of 
Laboratory Science, Amsterdam Movement Sciences, Amsterdam, The Netherlands 

c University Medical Center Utrecht, Wilhelmina Children’s Hospital, Department of Orthopaedic Surgery, Utrecht, 
The Netherlands 

d Affiliated Stomatology Hospital of Guangzhou Medical University, Guangdong Engineering Research Center of 
Oral Restoration and Reconstruction, Guangzhou Key Laboratory of Basic and Applied Research of Oral 
Regenerative Medicine, Guangzhou, Guangdong 510182, China 

 
Osteogenesis imperfecta (OI) is characterized by bone deformities and fragility as a result of reduced bone mass and 

altered bone matrix properties. Mechanosensitive osteocytes are embedded in the bone matrix and orchestrate bone 

adaptation to mechanical loading. This study aimed to investigate whether abnormalities in OI bone matrix affect the 

osteocyte response to mechanical loading. Osteocytes from 14 OI patients and 15 non-OI patients were either cultured 

isolated or in their native matrix in bone explants. Isolated osteocytes were treated by 1 h pulsating fluid flow (PFF), 

either or not followed by 6 or 24 h post-culture. Nitric oxide (NO) release, as a measure of mechanoresponsiveness, 

was quantified during PFF treatment. Bone explants containing osteocytes in their native matrix were mechanically 

loaded by three-point bending for 5 min, followed by 6 h post-culture. Bone stiffness and gene expression of 

mechanosensitivity-related genes such as cyclooxygenase-2 (COX-2), interleukin 6 (IL-6), endopeptidases on X 

chromosome (PHEX), and ring finger protein 213 (RNF213) were measured. Bone explants containing osteocytes in 

their native matrix were cultured for 18 h and 36 h for basal collagen type I alpha 1 chain (COL1A1) gene expression 

analysis. Results showed that the stiffness of non-OI and OI bone explants was similar. 

Basal COL1A1 gene expression in osteocytes in non-OI bone tended to decrease with time in vitro, while osteocytes 

in OI bone showed a constant gene expression. PFF increased NO release, COX-2 and IL-6 gene expression in both 

isolated non-OI and OI osteocytes, while osteocytes embedded in OI bone matrix showed a lower response to 

mechanical loading compared to non-OI osteocytes with 6 h post-culture. In conclusion, these data suggests that 

abnormalities in OI bone matrix may affect osteocyte mechanoresponsiveness, which could, at least in part, be 

responsible for bone fragility in OI. 
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THE ACUTE PHASE RESPONSE TO BURN INJURY: AN IN-SILICO MODELING 
APPROACH 

Bumbuc R. V. 1,2,5, Sheraton V. M. 5, Mulder P. P. G. 1,4, Boekema B. K. H. L. 1,4, Hoekstra A. 5, van Zuijlen P. P. M. 
1,3,4,6, Korkmaz H. I. 1,2,3,4 

1. Department of Plastic, Reconstructive and Hand Surgery, Amsterdam Movement Sciences (AMS) 
Institute, Amsterdam University Medical Center (UMC), Location VUmc, Amsterdam, Netherlands 

2. Department of Molecular Cell Biology and Immunology, Amsterdam Infection and Immunity (AII) 
Institute, Amsterdam University Medical Center (UMC), Location VUmc, Amsterdam, Netherlands 

3. Burn Center and Department of Plastic and Reconstructive Surgery, Red Cross Hospital, Beverwijk, 
Netherlands 

4. Burn Research Lab, Alliance of Dutch Burn Care, Beverwijk, Netherlands 
5. Computational Science Lab, Informatics Institute, University of Amsterdam, UvA - LAB42, 

Amsterdam, Netherlands 
6. Amsterdam UMC location University of Amsterdam, Pediatric Surgical Centre, Emma Children’s 

Hospital, Amsterdam, Netherlands 
 

Background: Burn injuries cause complex events, such as acute inflammation, which play a crucial role in tissue 
repair and regeneration. The activation of the complement system after burn injury is essential to the inflammatory 
response and mediates various immune pathways during healing. 

Objective: Develop and validate a computational model that simulates the acute inflammatory phase during the first 
18 days post burn injury by using animal data. 

Methods: Our Agent Based Cellular Potts model approach includes different cell types as individual agents, 
cytokines and growth factors that interact within a defined tissue environment on a two- dimensional wound 
simulation. This model considers systemic factors such as the concentration of cytokines and chemokines immune 
cell recruitment, and local factors including Damage Associated Molecular patterns that signal tissue damage. We 
incorporated experimental data from animal burn models from the literature to validate the interactions of key 
players within the acute inflammation cascade, seeking to create a representation of complement activation, 
inflammatory events and the associated consequences over time. 

Results: Through simulation, we investigated how different factors, such as the severity of burn injury, the prolonged 
inflammation, and changes in the concentration of complement factors, affect the dynamics of the acute 
inflammatory phase. Furthermore, we explored the interaction between complement activation and other signalling 
pathways involved in burn wound healing, such as IL-6, IL-8, IL-1β, TNF-α and TGF-β1 concentration with 
increasing CRP concentration (in blood and wound) and complement activation. 

Conclusion: This computational model provides insight into the spatio-temporal dynamics of acute inflammation 
driving factors after burn injuries. 
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Untargeted Metabolomics Analysis in Skeletal Muscle: Metabolite Alterations in 
Skeletal Muscle of Long COVID Patients 

Po Lin (Brian) Chen 1, Braeden T Charlton1, Anouk Slaghekke2, Brent Appelman2, Frank W Bloemers3, Paul van 
Amstel3, Jelle J Posthuma4, Michèle van Vugt5, Bauke Schomakers6, Michel van Weeghel6, Rob C I Wϋst1 
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3Department of Trauma Surgery, Amsterdam UMC, The Netherlands  
4Division of Surgery, Flevoziekenhuis, Almere, The Netherlands  
5 Department of Internal Medicine, Amsterdam UMC, the Netherlands  
6Core Facility Metabolomics, Amsterdam UMC, the Netherlands 
 
Introduction Long COVID poses a substantial risk to healthcare demands in the coming years. Patients show metabolic 
shifts toward glycolysis, reduced capillary-to-fiber ratios, increased glycolytic fibers, necrosis, atrophy, and leukocyte 
infiltration in skeletal muscle, potentially contributing to exercise intolerance and muscle pain. However, many 
metabolites within skeletal muscle involved in these changes remain unexplored.  
 
Purpose This study aims to establish an optimized untargeted metabolomics pipeline to identify novel metabolites in 
skeletal muscle associated with muscle abnormities in long COVID. The objective is to address metabolite heterogeneity 
among individuals by refining the analysis protocol and selecting long COVID patients most representative of muscle 
abnormities for analysis.  
 
Method Vastus lateralis biopsies were collected and analyzed for metabolite abundance using liquid Chromatography–
mass spectrometry. Principal component analysis and K-Medoids were performed to cluster subjects based on their 
metabolite profiles, yielding 14 long COVID patients and 12 healthy controls for further, deep phenotyping. 
Metabolomic data was analyzed using MetaboAnalystR and pathway-specific metabolite abundance was assessed by 
integrating data from databases such as HMDB, KEGG, and RaMP.  
 
Results Untargeted metabolomic analysis revealed 
274 metabolites with group differences (Fig. 1) 
based on unadjusted p-values, but only 6 
metabolites (citric acid, pyruvic acid, methyl 
hydrogen fumarate, FAD, sorbitol, and ADP-ribose 
1-2 cyclic phosphate) were significantly 
downregulated in long COVID (FDR < 0.05). Our 
results show downregulation of tricarboxylic acid 
cycle metabolites in long COVID. Conversely, the 
greater glycolytic metabolite abundance suggests 
possible compensation for a likely impaired polyol 
pathway, indicated by lower sorbitol levels in 
patients. Moreover, reduced tRNA splicing activity 
in skeletal muscle of long COVID patients is 
suggested by notably low levels of ADP-ribose 1-2 
cyclic phosphate, a unique molecular marker of this 
process.  
 
Conclusions Our newly developed untargeted 
metabolomics pipeline allows for the 
identification of long COVID patient phenotypes 
based on the metabolites profile in skeletal muscle. Our analysis identified metabolites associated with muscle 
abnormalities in long COVID, and highlights new directions to investigate cellular pathways that underlie the 
physiological change in skeletal muscle.  
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IGF-1 and TGF-β1 synergistically stimulate collagen formation in C2C12 myoblasts 
and 

Myotubes 
Xuedan Zhaoab, Andi Shiab, Carla offringab, Berg Esmeeb, Richard T. Jaspersb 

 
a Laboratory for Myology, Department of Human Movement Sciences, Faculty of Behavioural and Movement Sciences, Vrije Universiteit 

Amsterdam, Amsterdam Movement Sciences, Amsterdam, the Netherlands 
b Key Laboratory of Oral Medicine, Guangzhou Institute of Oral Disease, Affiliated Stomatology Hospital of Guangzhou Medical University, 

Guangzhou Medical University, Guangzhou, China 

 

Abstract: 

Maintaining adequate and appropriate collagen formation is essential for muscle health and the maintenance 

of athletic performance. However, dysregulated growth factors due to various causes can lead to excessive collagen 

deposition and muscle fibrosis, thereby impairing muscle function. Transforming Growth Factor β1 (TGF-β1) and 

Insulin-like Growth Factor 1 (IGF-1) play crucial roles in muscle recovery, with TGF-β1 promoting fibroblast 

activation and collagen synthesis, while IGF-1 supports cell proliferation, differentiation, and protein synthesis. 

However, their combined effects on collagen formation in muscle stem cells are rarely understood. This study aimed 

to explore their independent and synergistic effects.  

Using the C2C12 mouse myoblast cell line, we treated the cells in four different ways: with 100ng/mL IGF-1, 

10 ng/mL TGF-β1, neither, or a combination of IGF-1 and TGF-β1. The results of immunofluorescence showed that 

IGF-1 enhanced cell proliferation, while TGF-β1 did not. The collagen staining was intensified in the combined 

treatment group with TGF-β1 and IGF-1, and the semi quantitative results showed that the difference was statistically 

significant. The qPCR results showed that TGF-β1 upregulated fibrosis-related genes, which was moderated by IGF-1. 

Interestingly, IGF-1 and TGF-β1 synergistically promoted the expression of COL-1 in myotubes at 48 hours. IGF-

1activated the AKT pathway, whereas TGF-β1 activated Smad2. Notably, TGF-β1 attenuated IGF-1’spromotion of 

myotube fusion and size.  

In conclusion, although IGF-1 and TGF-β1 play different roles in the proliferation and differentiation of 

C2C12 cells, both growth factors promote collagen synthesis. Their interplay influences muscle regeneration 

dynamics, making it essential to understand these interactions to regulate fibrosis and preserve muscle. 

 

 

Keywords: Muscle regeneration, Collagen, Fibrosis, TGF-β, IGF-1 
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Impaired muscle fiber contraction in patients and reduced murine muscle fiber 
contractility after human serum exposure in IMNM 

Tom J. Kerkhoff1,2,3, Sanna Luijcx1,2, S. Evers4, Anneke J. van der Kooi4, Eleonora M. Aronica5, Joost 
Raaphorst4 & Coen A.C. Ottenheijm1,2 

 
1Amsterdam UMC location Vrije Universiteit, Physiology, De Boelelaan 1117, Amsterdam, The Netherlands.  
2Amsterdam Cardiovascular Sciences, Pulmonary Hypertension & Thrombosis, Amsterdam, The Netherlands.  
3Amsterdam Movement Sciences, Musculoskeletal Health, Amsterdam, The Netherlands.  
4Amsterdam UMC location University of Amsterdam, Neurology, Meibergdreef 9, Amsterdam, The Netherlands.  
5Amsterdam UMC location University of Amsterdam, Pathology, Meibergdreef 9, Amsterdam, The Netherlands.  
Contact information: t.j.kerkhoff@amsterdamumc.nl,  
 
Background:  
Immune-mediated necrotizing myopathy (IMNM) is the most severe myositis subtype in terms of muscle 
weakness. Immunosuppressive therapies are still insufficient and there is a need for better and 
personalized therapies. IMNM is also associated with myositis specific autoantibodies (MSAs) against 
signal recognition protein-54 (SRP) and 3-hydroxy-3-methylglutaryl CoA reductase (HMGCR), which 
have been suggested to play a pathogenic role. To date, the muscle weakness has been ascribed to 
necrosis, but the proportion of necrotic fibers is too low to account for the clinical muscle weakness. This 
raises the question whether impaired fiber contractility plays a role and whether this is caused by MSAs.  
Methods:  
A muscle biopsy was obtained from treatment naieve IMNM patients with anti-SRP+-patients_(N=6), 
anti-HMGCR+-patients_(N=7) and from healthy controls_(N=12). Single skeletal muscle fibers were 
mechanically dissected from the corresponding glycerinated biopsy. Fibers were clipped, permeabilized 
and mounted between a force transducer and a length motor. Fibers were moved between baths with 
solutions containing incremental [Ca2+]. Furthermore, we have developed an ex vivo murine muscle fiber 
culture model, in which contractility and calcium handling are measured by an innovative high throughput 
setup. It allows us to test the effects of serum and total IgG from anti-SRP+ (N=5), anti-HMGCR+ (N=5) 
and seronegative (N=5) patients on cell survival and muscle fiber contractility during electrical 
stimulation.  
Results:  
First, our data show a significant decrease in the maximum, normalized (to fiber cross sectional area) 
force generating capacity in human muscle fibers from both MSA groups, indicating impaired sarcomere 
contractility. The data also show a reduced calcium sensitivity of force, i.e. more calcium is needed to 
produce a given submaximal level of force in the anti-SRP+ patients. Second, our data show a lower 
survival in healthy murine muscle fibers during continuous exposure to anti-SRP+, anti-HMGCR+ and 
seronegative serum. Third, our data show a significant increase in sarcomere shortening after exposure 
to patient serum.  
Conclusions:  
These data suggest that the reduced muscle weakness in IMNM patients not only results from necrotic 
fibers, but also from sarcomere dysfunction. Our murine high throughput model shows a lower survival 
during continuous exposure to patient serum and an increase in sarcomere shortening after exposure 
patient serum. 
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 EXPERIENCES WITH HOSPITAL-TO-HOME TRANSITIONS: PERSPECTIVES FROM PATIENTS, FAMILY MEMBERS AND 
HEALTHCARE PROFESSIONALS. A SYSTEMATIC REVIEW AND META-SYNTHESIS OF QUALITATIVE STUDIES  

*Juul van Grootel1,2,3,4, *Romain Collet1,2,3,4,7,8, Hanneke van Dongen,4,7, Suzanne Wiertsema1,4, Marike van der 
Leeden1, Edwin Geleijn1,9, Raymond Ostelo4,7,8, Marike van der Schaaf1,2,6,, Mel Major 5  

1. Amsterdam UMC locaIon Vrije Universiteit Amsterdam, Department of RehabilitaIon Medicine, de Boelelaan 
1117, Amsterdam, The Netherlands  

2. Amsterdam UMC locaIon University of Amsterdam, Department of RehabilitaIon Medicine, Meibergdreef 9, 
Amsterdam, The Netherlands  

3. Amsterdam Movement Sciences, Ageing and Vitality, Amsterdam, The Netherlands.  

4. Amsterdam Movement Sciences, Musculoskeletal Health, Amsterdam, The Netherlands.  

5. Faculty of Health, Department of Physical Therapy, Amsterdam University of Applied Sciences.  

6. Faculty of Health, Center of ExperIse Urban Vitality, Amsterdam University of Applied Sciences. 7. Department of 
Health Sciences, Faculty of Science, Vrije University Amsterdam, the Netherlands.  

8. Department of Epidemiology and BiostaIsIcs, Vrije Universiteit Amsterdam, the Netherlands.  

*Juul van Grootel and Romain Collet contributed equally to the paper  

Abstract  

IntroducFon  

Over the years, global healthcare has changed due to the aging of the popula7on and the increasing prevalence of 
mul7morbidity. Transi7onal care interven7ons have been developed to ensure the coordina7on and con7nuity of 
care across various loca7ons or levels of care. Mul7ple studies have explored the needs and experiences of pa7ents, 
family members, and healthcare professionals regarding these hospital-to-home transi7ons. Conduc7ng a meta-
synthesis of qualita7ve studies on this topic can provide a comprehensive overview and understanding of pa7ent 
and (allied) health professional needs regarding this sensi7ve moment in the recovery phase aCer hospital 
admission.  

Purpose Our study aimed to iden7fy, cri7cally appraise, and summarize studies inves7ga7ng experiences with 
transi7onal care in a qualita7ve meta-synthesis. To form a basis for the development of a transi7onal integrated 
allied healthcare pathway for pa7ents with complex care needs aCer hospital discharge.  

Methods Medline, CINAHL and Embase were systema7cally searched to iden7fy eligible ar7cles from incep7on to 
June 2024. Qualita7ve studies were included and cri7cally appraised using the Cri7cal Appraisal Skills Program. 
Insufficient-quality papers were excluded. We performed a meta-synthesis following 1) open coding by two 
independent researchers and 2) discussing codes during reflexivity mee7ngs.  

Results  

Ninety-eight studies were appraised, of which 53 were included. We reached thema7c satura7on, four themes were 
constructed: 1) care coordina7on and con7nuity, 2) communica7on, 3) pa7ent and family involvement, and 4) 
individualized support and informa7on exchange. For pa7ents and families, tailored informa7on and support are 
prerequisites for a seamless transi7on and an op7mal recovery trajectory aCer hospital discharge. It is impera7ve 
that healthcare professionals communicate effec7vely within and across care se]ngs to ensure mul7disciplinary 
collabora7on and care con7nuity.  

Conclusions  

This study iden7fies essen7al elements of op7mal transi7onal care. These findings could be suppor7ve to 
researchers and healthcare professionals when (re)designing transi7onal care interven7ons to ensure care con7nuity 
aCer hospital discharge. 
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Fig 1. Enrollment Diagram, Inclusion and Exclusion Criteria 
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