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Figure 1: Group photo at the 1st EBM-Retreat in Bad Windsheim on September 21, 2023. (Image: S. Schmitzer) 
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 RESEARCH PROGRAM 

The CRC1540 EBM focuses on unraveling the mechanical aspects influencing the central nervous 
system (CNS). Despite advancements in understanding biochemical and genetic regulations, many 
CNS processes and diseases remain elusive. The program addresses challenges such as unpre-
dictable axon growth, imprecise diagnosis of CNS-related diseases, and the promotion of neuronal 
regeneration post-spinal cord injuries. 
Researchers associated with EBM, and a few other groups worldwide, have recently identified the 
significant impact of mechanical signals on CNS cell function. Examples include the influence of 
brain tissue mechanics on axon growth, the role of mechanical forces in cortical folding, and the link 
between brain stiffness and age-related remyelination issues. These insights suggest that mechan-
ics plays a vital role in diverse CNS functions, interacting intensely with chemical signals at cellular 
and tissue levels. 
EBM brings together a multidisciplinary team of engineers, physicists, biologists, medical research-
ers, and clinicians in Erlangen. Leveraging advanced techniques across various time and length 
scales, the team aims to understand how mechanical forces and properties like stiffness affect CNS 
function, with a specific focus on cerebral, spinal, and cellular mechanics. 
In vivo and in vitro studies provide fundamental insights and identify key mechano-chemical factors. 
In silico models enable hypothesis testing without extensive experiments, facilitate data transfer 
across species and scales, and optimize parameters for the development of In vitro brain tissue-like 
matrices. Ultimately, EBM seeks to exploit mechanics-based approaches to enhance our under-
standing of CNS function, laying the groundwork for improved diagnosis and treatment of neurolog-
ical disorders. 

1.1 RESEARCH PROJECTS 

EBM is structured into three focal research areas (FRA) focusing on cerebral (A), spinal (B), and 
cellular mechanics (C), and an overarching cross-sectional research area (XRA). 
FRA A – Cerebral Mechanics: 
FRA A focuses on brain development with special emphasis on brain malformations associated with 
neurological disorders such as epilepsy. Computational modeling in A01 will help systematically un-
derstand physical mechanisms underlying brain malformations and benefits from quantitative char-
acterization of human brain malformations in A02 and the In vitro and in vivo insights gained for brain 
development in Xenopus (A03/A05) and organoids (A03/A04) based on engineered brain tissue-
like matrices. 
FRA B – Spinal Mechanics: 
FRA B focuses on spinal cord injury and disease with special emphasis on mechanically stimulated 
regeneration of CNS function. Computational modeling of spinal cord injury, disease and regenera-
tion in B01 assists and builds on unraveling regeneration/disease-promoting/limiting characteristics 
and determinants of its mechanical landscape in B02, B03, B04, and exploration of in vivo mechan-
ical manipulation in B05. 
FRA C – Cellular Mechanics: 
FRA C focuses on the role of mechanics in cell-matrix interactions. Computational modeling of cell-
matrix-interactions in C01 targets the role of mechanics for neuronal “plasticity”, seizure-like 
hyperactivity and cellular differentiation investigated in C02, C03 and C04, all informed by the 
versatile experimental platform established in C05 and corresponding insights into mechanosensing 
and -transduction. 
XRA – Cross-Sectional Projects: 
The overarching cross-sectional projects in XRA will focus on the standardization and integration of 
in vivo and ex vivo testing data across scales (X01), the transferability of data from different species 
and experimental methods through advanced machine learning techniques (X02), and the design of 
engineered substitute materials for brain tissue (X03) 
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Table 1 subsumes EBM’s projects: 

FOCAL RESEARCH AREA A: CEREBRAL MECHANICS 

A01 In silico modeling of brain malformations S. Budday 

A02 Quantitative characterization of brain malformations I. Blümcke, A. Dörfler, F. 
Paulsen 

A03 In vitro model for the mechanics of early brain devel-
opment A. Schambony 

A04 The role of mechanics in orchestrating neural lineage 
decisions M. Karow, S. Falk 

A05 In vivo model for the mechanics of brain development K. Franze 

FOCAL RESEARCH AREA B: SPINAL MECHANICS 

B01 In silico modeling of spinal cord regeneration P. Steinmann, S. Budday 

B02 Pre and post-metamorphosis spinal cord regeneration 
in frogs K. Franze 

B03 The determinants of spinal cord mechanics in homeo-
stasis J. Guck, S. Möllmert 

B04 Spinal cord mechanics in a mouse model of multiple 
sclerosis S. Kürten 

B05 In vivo mechanical manipulation of spinal cord regen-
eration D. Wehner 

FOCAL RESEARCH AREA C: CELLULAR MECHANICS 

C01 In silico modelling of mechanical cell-matrix interac-
tions V. Zaburdaev, P. Steinmann 

C02 The role of mechanics for neuronal “plasticity” R. Frischknecht 

C03 The role of matrix mechanics in synchronized neu-
ronal activity K. Kobow 

C04 Cellular differentiation in brain tissue-like matrices A. Bosserhoff 

C05 Molecular mechanisms of neuronal mechanotransduc-
tion B. Fabry 

CROSS-SECTIONAL RESEARCH AREA X: CROSS-SECTIONAL PROJECTS 

X01 Model-based reconciliation of ex vivo and in vivo test 
data 

J. Guo, I. Sack, P. Steinmann,  
K. Willner 

X02 Data analysis and machine learning for heterogene-
ous, cross-species data A. Maier, K. Breininger 

X03 Engineering brain tissue-like matrices A.R. Boccaccini 

Y Establishing magnetic resonance elastography at FAU A. Dörfler, F. Laun, J. Guo,  
I. Sack 

 

Table 1: EBM projects 
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1.2 PROJECT REPORTS 

A01 Inverse mechanical characterization of human brain tissue 

Jan Hinrichsen, Nina Reiter, Silvia Budday 
The overall goal of project A01 is the implementation of a computational model to predict cortical 
malformations. An important preliminary step to this is the mechanical characterization of human 
brain tissue. We have therefore used inverse parameter identification to obtain region-specific hy-
perelastic parameters [1]. Next, we combined these with the results of enzyme-linked immuno-
sorbent assays (ELISA) that quantify specific tissue components. We have found strong correlations 
between hyperelastic parameters and levels of Iba1, collagen IV, collage VI, and GFAP (see Figure 
3) [2]. Furthermore, we have investigated how we can accelerate the computationally demanding 
inverse parameter identification. To this end, we have incorporated recurrent neural networks as 
surrogate models for viscoelastic finite element simulations. However, it is still necessary to run sim-
ulations in order to produce pairs of in- and output data that are crucial for the training of these data-
driven models. Therefore, we have implemented a Monte-Carlo dropout-based active learning ap-
proach that seeks to select the next best point in the parameter space during training. Our hybrid 
approach incorporates the surrogate model for parameter identification and effortlessly transitions 
into a higher precision finite element model. This results in dependable accuracy and computational 
economy. Figure 2 shows the final viscoelastic model output for experimental data from the human 
frontal cortex. Our next steps aim at the integration of the insights that we have gained so far into 
the folding model. Especially the availability of cell density data from project A02 is highly valuable 
for the development of patient specific models to predict cortical malformations. 
 

 
References 
[1] Hinrichsen, J., Reiter, N., Bräuer, L., Paulsen, F., Kaessmair, S., & Budday, S. (2023). Inverse 
identification of region-specific hyperelastic material parameters for human brain tissue. Biomechan-
ics and Modeling in Mechanobiology. https://doi.org/10.1007/s10237-023-01739-w 
[2] Hinrichsen, J., Feiler, L., Reiter, N., Bräuer, L., Schicht, M., Paulsen, F., & Budday, S. (2023). 
Identifying composition-mechanics relations in human brain tissue based on neural-network-en-
hanced inverse parameter identification. Mathematics and Mechanics of Solids. 
https://doi.org/10.1177/10812865231206544 (accepted) 
  

Figure 2: Final model output for the viscoelastic 
characterization for experimental data from the 
human frontal cortex. 

Figure 3: Correlation of the shear modulus μ from fit-
ting the one-term Ogden model and component con-
centrations. 
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A02 Quantitative characterization of brain malformations 

Sophia Auer, Erica Cecchini, Stefan Rampp, Lucas Hoffmann, Ingmar Blümcke, Arnd Dörfler,  
Friedrich Paulsen 
WP1: The generation of normal/healthy human brain datasets commonly usable for EBM 
members 
The primary objective in this WP is to create comprehensive brain datasets using healthy human 
brain samples. So far, we obtained three brains from healthy human body donors (two males, 66 
and 77 years old, one female, 83 years old). All brains were scanned ex vivo by 3T as well as 7T 
MRT (see below, WP2.2.2). Selected anatomical regions were dissected and mechanically tested 
by our EBM partners from A01 (see report therein). All tissues were fixed in formalin, embedded into 
paraffin and serially sectioned into 4µm thin sections (WP3). This tissue collection effort will continue 
in the upcoming years to further enrich our common dataset of healthy human brain tissue and which 
serves as essential reference for understanding mechanical abnormalities in the epileptogenic brain. 
We also shared five surgical tissue samples from patients submitted to epilepsy surgery, including 
hippocampal sclerosis and Focal Cortical Malformations. The same pipeline of presurgical MRI scan-
ning at 3T (WP2), mechanical testing ex vivo by A01 and histopathology analysis of all available 
tissue samples was implemented (WP3). 
WP2: (Ultra-) High-field imaging of human brain malformations 
We established a standardized protocol for annotation and co-registration in WP2.1.1. MRI datasets 
were obtained from the HARNESS epilepsy protocol clinically applied in the presurgical evaluation 
of patients with medically refractory focal seizures at the University Hospital Erlangen, incl. 3D T1, 
FLAIR, Inversion Recovery, Diffusion Weighted Imaging, and partially also DTI. In addition, MRI 
postprocessing was added to each dataset. Segmentation and standardization to several anatomical 
atlases was performed. So far, data from 20 patients with FCD, 5 with MOGHE and 1 patient with 
double cortex syndrome were processed and annotated.  
Work in WP2.2.1 has so far focused on optimizing MRI protocols for the evaluation of patients with 
cortical malformations. To optimize sequences and protocols for quantitative MRI (i.e. CEST, QSM) 
and evaluation of patients with cortical malformations, 10 healthy controls were scanned at 3 Tesla 
and 7 Tesla field strength, respectively. In addition, 7T CEST imaging was performed on 5 patients 
with brain tumors. Results are part of the manuscript “Comprehensive 7T CEST – a clinical MRI 
protocol covering multiple exchange rate regimes” submitted by Fabian et al. to NMR in Biomedicine, 
which is currently under review. 
Furthermore, functional MRI (fMRI) acquisitions in 18 healthy participants were acquired at 3T and 
7T to evaluate advantages of higher field strengths in the analysis of functional connectivity using 
resting state fMRI. The results were published just recently in Frontiers in Neuroscience 2023 by S. 
Kreitz et al.: “3T vs. 7T fMRI: capturing early human memory consolidation after motor task utilizing 
the observed higher functional specificity of 7T”. 
In WP2.2.2, brains of three body donors were scanned (see above). To compare 3T and 7T scanners 
and to establish an optimal scanning protocol, specimens were each scanned at different scanners, 
including a 3T Magnetom Prisma, 3T Magnetom Vida and a 7T Magnetom Terra, respectively (all 
Siemens Healthineers, Germany). In addition, 5 surgical specimens of resected brain tissue were 
scanned at 7T ultrahighfield MRI (WP 2.2.2).  
Based on these data, further work on optimization of scanning protocols and handling of specimen 
is currently in progress. Specifically, a 3D-printed brain-holder device is under construction, which 
will allow reliable positioning of brain specimen in the MR scanner to allow for high-quality ex-vivo 
scans.  
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WP3: Deep histopathology phenotyping of genetically characterized human MCD  
The investigations that have been carried on for the purpose of the project can be summarized into 
four main tasks. Since the starting of the research period, much focus has been put on the testing 
of a newly produced polyclonal antibody directed against the N-terminus of the SLC35A2 epitope. 
The main goal is to identify the normal and aberrant expression pattern of the protein produced by 

the SLC35A2 gene, encoding for a 
UDP-Galactose transporter, carry-
ing variants in almost 50% of 
MOGHE cases. Immunofluores-
cence analyses performed on 
MOGHE and control cases re-
vealed a main localization of the 
protein within perinuclear and ex-
tracellular area and a clear reduc-
tion of the protein signal within the 
MOGHE cases compared to control 
ones (Figure A, B). Furthermore, 
double immunofluorescence label-
ling has been performed to identify 
association and/or co-localization 
of the protein with perinuclear and 
extracellular structures. Starting 
from the assumption that MOGHE 
samples display patchy areas of 
hypo myelination within the white 
matter when stained with myelin-
associated antibodies, to provide 

further evidence at the ultrastructural level, electron microscopy (EM) analyses have been made 
(Figure A, B, C, D below; in cooperation with FP from WP4). These studies confirmed myelin loss in 
MOGHE samples compared to control. This opens the question on how SLC35A2 loss of function 
affects the MOGHE histopathological phenotype and clinical outcome. Part of the project includes 
the search for new genetic candidate markers. We have retrospectively collected 145 cases, of which 
33 have been identified carrying pathogenic loss-of-function variants within the SLC35A2 gene. In 
addition, Copy Number Variation (CNV) plots calculated from DNA methylation array data are sug-
gesting a role of the Y chromosome, as several cases display a CNV increase of Y chromosome 

50 µm

     

A B

Figure 4: Examples of first 7T body donor scans. The two panels on the lower right show co-registration results of MRI 
and photographs of unfixed post mortem brain slices used for mechanical testing (A01). 
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(unpublished data). Within the next months, in situ hybridization analyses will be carried out to better 
visualize alterations of the Y chromosome in our patient cohort. In addition, spatial transcriptomics 
in surgical MOGHE samples will be performed to further characterize the abnormal cellular structure 
together with the extracellular matrix (ECM) composition.  

WP4: Deep extracellular matrix (ECM) quantification and phenotyping in healthy human brain 
and cortical malformations 
Within Work Package 4, our focus is on the in-depth quantification of the extracellular matrix (ECM) 
and the comparison of the ECM profile between healthy human brains and brains with cortical mal-
formations. To gain an initial understanding of the proteins present in the brain's ECM, we have 
initiated the collection of tissue samples of distinct brain regions from body donors (n=2) and surgical 
patients with MCD (n=2). The tissue samples will undergo thorough proteomic analysis to compre-
hensively characterize the protein composition, with particular emphasis on ECM-related proteins. 
To achieve this, we have established a collaboration with a specialized company in proteomic studies 
to maximize the information obtained from these tissue samples. Our investigation will particularly 
concentrate on patients with FCD, MOGHE, and Hippocampal sclerosis (HS). 
Another component of WP4 involves the qualitative and quantitative description of perineuronal nets 
(PNN) in the human neocortex. PNNs are highly specialized ECM structures that primarily encase 
GABAergic interneurons. Within WP4, we have started to determine whether PNNs exhibit any struc-
tural, functional, or molecular alterations in human brain malformations, such as FCDs or MOGHE. 
We are quantitatively characterizing PNN in cortical samples of postmortem controls and epilepsy 
samples. Utilizing immunohistochemical and immunofluorescence techniques we have first results 
in the staining, quantification, and comparison of PNN between the control and epileptogenic condi-
tions. The studies compare well with a recently submitted manuscript of A02 addressing PNN in the 
developing human hippocampus compared to patients with temporal lobe epilepsy, which showed 
an age-dependent increase of this peculiar ECM compartment which appears to also mature preco-
ciously in the epileptic brain (Lehner et al, submitted, with reference to EBM). 
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Distribution of perineuronal 
nets in the human hippocam-
pus. A: 26-year-old patient with 
epilepsy and HS ILAE type 1 
(SUB-subiculum; DG - Dentate 
Gyrus). B: 53-year-old patient 
with epilepsy and HS ILAE type 
3. C: Higher magnification of 
PNN in the subiculum of the pa-
tient shown in A. D: Higher mag-
nification of PNN in the Dentate 
Gyrus of the patient shown in B. 
E: Triple immunofluorescence 
image showing a Parvalbumin-
immunoreactive neuron in green, 
covered by an aggrecan-immu-
noreactive PNN in red fluores-
cent dye. F: Triple immunofluo-
rescence image showing a GAD-
immunoreactive neuron in green, 
covered by an aggrecan-immu-
noreactive PNN in red. G: Sche-
matic drawing of our major ob-
servation of increased PNN in 
the epileptic human hippocam-
pus. Anatomical distribution pat-
terns of PNN are depicted in 
black and white color. Green 
PNN represent the epileptic con-
dition. Scale bar in A = 2.5 mm, 
applies also to B. Scale bar in C 

= 100µm, applies also to D. Scale bar in E = 50 µm, applies also to F. Taken from Lehner et al., 
submitted for publication. 
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A03 In vitro model for the mechanics of early brain development  

Clara Froidevaux, Alexandra Schambony 

The brain develops from a flat sheet of dorsal ectoderm, the neural plate, which undergoes extensive 
morphogenesis and shape changes to form the three primary ventricles of the brain and the spinal 
cord. We are developing and characterizing an organoid model system derived from Xenopus laevis 
neural plate tissue to investigate the interplay of mechanics and biochemical signaling in early brain 
morphogenesis.  

WP1.2: Characterizing the Extracellular Matrix of neural plate organoids  

Since there is limited knowledge of the composition and stoichiometry of the ECM during early neu-
rogenesis in Xenopus laevis, we aim at quantitatively analyzing the matrisome of the neural plate 
and its immediate surrounding tissues during this phase. We have modified our initial strategy to 
implement data-independent acquisition [1] for a higher depth of analysis and faster measurements. 
Currently, we are in the process of experimentally testing and optimizing sample preparation for our 
needs. In addition, we are expanding the initially planned matrisome analysis to include mouse and 
human brain samples, which are of high interest to other members of EBM. 

WP2: Analyzing the influence of global mechanical cues on brain morphogenesis and tissue 
mechanics 

In this part of the project, investigating how mechanical properties of substrates and environment 
influence early neural morphogenesis and differentiation is the central aim.  

Substrate and functionalization Number of 
organoids 

Ratio (L/W) 

0h 24h 48h 

Glass 7 1,37 ±0,18 1,92 ±0,66 2,34 ±0,29 

Glass + Fibronectin 14 1,70 ±0,13 1,74 ±0,63 1,86 ±0,42 

Alginate Hydrogel 10 1,51 ±0,25 2,12 ±0 2,33 ±0,16 

Alginate Hydrogel + Fibronectin 8 1,38 ±0,26 2,06 ±0,47 2,56 ±0,08 

In collaboration with project X03 we prepare different types of hydrogels with tunable mechanical 
properties. Xenopus cells and tissues 
have quite different requirements to 
osmolality and temperature than 
mammalian cells (18-25°C, approxi-
mately 240 mosmol/kg [2]), conditions 
which turned out to markedly reduce 
hydrogel swelling of both OHA and Al-
ginate hydrogels. A long-time degra-
dation study under incubation condi-
tions and parallel mechanical testing 
using the CellScale Microtester is 
planned once the maintenance of the 
Microtester is completed. In parallel 
the DR and Miriam Mager, master 
student working in the project, have 
been trained to prepare neural plate 
organoids from early Xenopus laevis 
embryos. For initial experiments, we 
have chosen alginate hydrogels with 
a concentration of 1,5% (w/v) and an 
expected stiffness of around 0.4 MPa [3] and compared organoid growth on hydrogel and on glass 

Table 2: Length-width ratio of organoids grown on different substrates at 0h, 24h and 48h of culture at 18°C, L/W ratio is 
given as average ± standard deviation. 

Figure 5: Xenopus Organoids on different substrates at either 0h, 24h or 
48h of incubation. Scale bar = 1cm, arrows mark the eyes. 
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over 48h. Both substrates have been tested with Fibronectin (FN)-functionalization and non-func-
tionalized. Interestingly the strongest elongation of organoids was observed on glass without FN and 
on hydrogels with FN (Table 2 and Figure 5a-l). Notably, organoids cultured on FN functionalized 
alginate hydrogels showed the highest degree of visible differentiation as these organoids developed 
eye primordia with pigmented retinae (Figure 5l, arrows). The characterization of differentiation 
marker gene expression such as sox2 or neurogenin1 is ongoing.  

WP3: Analyzing the impact of PCP defects on the mechanical properties of brain primordia  

The local application of labelling agents, reagents or drugs is an important tool for manipulation of 
cellular mechanics or signaling in a limited area of an organoid. The µkiss methodology [4] was 
developed to apply reagents to very small subcellular areas. We plan to use the same principle. 
However, organoids are significantly larger, multicellular systems. Already the manipulation of one 
or a few cells requires scaling of the flow envelope, even more so if targeting larger areas, e.g., the 
neural plate border or the entire prospective forebrain region. Moreover, a larger field of view and 
working distance is required when working with organoids as compared to a monolayer cell culture. 
Accordingly, the workflow needs to be adapted to use on a stereomicroscope. We are currently in 
the process of making the required modifications and establishing the workflow for routine applica-
tions.  

References 

[1] Demichev, V., Messner, C.B., Vernardis, S.I., Lilley, K.S., Ralser, M. (2020) DIA-NN: neural 
networks and interference correction enable deep proteome coverage in high throughput. Nature 
Methods, 41-44, https://doi.org/10.1038/s41592-019-0638-x 

[2] Inoda, T. and Morisawa, M. (1987) Effect of osmolality on the initiation of sperm motility in 
Xenopus laevis. Comp. Biochem. Physiol. (88A), 539-542. 
[3] Voo, C. O., Aminul I., Beng-Ti T., Eng-Seng C. (2016) Calcium alginate hydrogel beads with 
high stiffness and extended dissolution behaviour. European Polymer Journal, 343-353, 
https://doi.org/10.1016/j.eurpolymj.2015.12.029 

[4] Holler, C., Taylor, R.W., Schambony, A., Möckl, L., Sandoghdar, V. A paintbrush for delivery 
of nanoparticles and small molecules to live cells with micrometre spatial and millisecond temporal 
control. (in revision) 

  

https://doi.org/10.1038/s41592-019-0638-x
https://doi.org/10.1016/j.eurpolymj.2015.12.029
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A04 The role of mechanics in orchestrating neural lineage decisions 

Michael Tranchina, Sven Falk, Marisa Karow  
Objectives 
The overall goal of A04 is to understand how changes in the mechanical properties of the environ-
ment impact on human neural stem cell lineage decisions and to elucidate the molecular counter-
parts relaying this information. We are using human induced pluripotent stem cell (hiPSC) - derived 
brain organoids and neural cells derived thereof to address this question. Ultimately, we aim to chart 
the molecular landscape modulated in neural stem cells by the mechanical environment to determine 
molecular key nodes responsible for orchestrating neural stem cell lineage decisions. 
Main achievements and conclusions 
In a series of experiments in collaboration with the team of Silvia Budday, we obtained the first ex-
citing evidence for a brain organoid resident neural progenitor cell fate change upon an acute me-
chanical manipulation. By using a rheometer for both, impacting on and measuring the forces acting 
on individual brain organoids coupled with a newly developed unbiased analysis pipeline quantifying 
protein levels in organoids with spatial information, we revealed a transient upregulation of the neural 
stem cell controlling protein SOX2 upon mechanical manipulation. Intriguingly, this modulation of 
SOX2 was strongly dependent on the localization of the cells with neural stem cells closer to the 
apical surface of the ventricle as well as cells outside of the neural stem cell containing ventricular 
zones reacting strongest. As a consequence, compressed cells alter their lineage decisions and 
rather stay stem cells than differentiate to postmitotic neurons. Dissecting the molecular changes 
induced by compression using bulk RNA-sequencing we found major alterations in the expression 
of genes associated with patterning processes pointing towards shifting in the regional identity of 
cells in brain organoids upon mechanical manipulation.   
To further dissect this lineage and developmental time-specific regulation we now extend these re-
sults with single-cell resolved molecular characterization. Mock-control and compressed organoids 
derived from hiPSCs of two individuals were subjected to single-cell RNA-sequencing (scRNA-seq). 
We now can deconstruct the impact of mechanics on different cell types and lineages and start to 

Figure 6: A) Experimental scheme for organoid compression and analyses timepoints. B) Immunofluorescence images 
of brain organoid slices assessed for the neural stem and progenitor marker SOX2 (yellow) across all conditions 24h after 
compression. Phalloidin marks actin filaments. Ctrl organoids were left untreated, mock organoids were placed on the 
rheometer platform but not compressed. Organoids in this panel were compressed for 40%, 50% or 60%. C) Force 
directed graph embedding of cells derived from dissociated organoids. Leiden clustering was used to show in different 
colors transcriptionally different clusters. Note the existence of distinct neural lineages. D) Indication of mock (2344 cells) 
and compressed cells (5447 cells). E) The expression of the progenitor marker SOX2 and the neuronal marker SNAP25 
was projected onto the embedding of C. 
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prioritize molecular key nodes explaining the changes in the molecular landscape induced by me-
chanical manipulation.  
In parallel, in collaboration with the team of Aldo Boccaccini, we set up the conditions to generate 
hydrogels (2.5 wt.% oxidized hyaluronic acid, 2.5 wt.% gelatin cross-linked with 15% microbial 
transglutaminase solution in PBS) for brain organoid embedding. The physical properties of such 
hydrogels can be systematically varied to test the impact of changes in the physical environment on 
brain organoid development as opposed to the rheometer-induced acute impact. Organoids will be 
compared to organoids embedded in the current gold standard, Matrigel. First encouraging experi-
ments have shown that hydrogels can indeed be used to embed brain organoids (d11 of the protocol) 
and that the formation of organoids is per se not affected. 
Outlook 
We are currently analyzing the scRNA-seq data with the goal to determine genes and regulons spe-
cifically deregulated following compression and potentially being responsible to relay the cellular 
information to induce global transcriptome changes.   
Furthermore, we will systematically test hydrogels with defined physical properties for their impact 
on brain organoid formation. Analyses will include both molecular and cellular phenotyping of the 
resulting brain organoids compared to Matrigel-embedded organoids. 
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A05 In vivo model for the mechanics of brain development 

Sebastián Vásquez-Sepúlveda, Jana Sipkova, Kathrin Welsch, Kristian Franze. 
Objectives 
1. Characterize brain viscoelasticity in vivo. 
2. Determine mechanics and morphology of brains with gene mutations leading to malformations. 
3. Rescue brain mechanics and test the effect on brain morphology and malformations. 
In 2023 most of the work was aimed towards animal handling, setting up protocols for work with 
Xenopus laevis tadpoles and adult frogs, as well as ordering required solutions and reagents for 
experimental work on the model. On Friday 25th of August the Felasa certification was completed, 
allowing the work on the animal model. 
Specifically for Objective 2, the techniques for brain extraction, nuclear staining and labelling of the 
optic tract using the lipophilic dye DiI have been established successfully. The results of this meth-
odology are shown in Figure 7. 

Two gene expression manipulation candidates, Slc35A2 and Nprl3, were selected. Tools for labeling 
and modifying gene expression have been designed and will be tested as they are delivered. 
As of November 2023 S.V. has presented the overview of the project at Franze/Paluch Lab Sympo-
sium at Cambridge, UK on June 8, 1st EBM Retreat on September 22, and an extensive look at the 
theoretical framework of this research at the EBM Doctoral researchers seminar on November 23. 
The methods set up during this first period are the foundation of project A05, and the proper estab-
lishment of protocols for handling of frogs and tadpoles, brain extraction, and labeling of cellular 
components are key for effective advancement in all three objectives proposed in this research. With 
the arrival of all ordered reagents, techniques for modifying gene expression and labeling of mRNA 
will be established, which will allow for the start of experimentation. 
References 
[1] Thompson A. J., Pillai, E. K., Foster, S. K., Holt, C.E., Franze, K. (2019) Rapid changes in tissue 
mechanics regulate cell behaviour in the developing embryonic brain. eLife 8: e39356. 
[2] D'Gama A.M., Woodworth M. B., Hossain A. A., Bizzotto S, Hatem N. E., LaCoursiere C. M., 
Najm I., Ying Z., Yang E., Barkovich A. J., Kwiatkowski D. J., Vinters H. V., Madsen J.R., Mathern 
G. W., Blümcke I., Poduri A., Walsh C. A. Somatic Mutations Activating the mTOR Pathway in Dorsal 
Telencephalic Progenitors Cause a Continuum of Cortical Dysplasias. Cell Rep. 2017 Dec 26;21(13): 
3754-3766. doi: 10.1016/j.celrep.2017.11.106. PMID: 29281825; PMCID: PMC5752134. 
[3] Bonduelle, T., Hartlieb, T., Baldassari, S. et al. Frequent SLC35A2 brain mosaicism in mild mal- 
formation of cortical development with oligodendroglial hyperplasia in epilepsy (MOGHE). Acta neu- 
ropathol commun 9, 3 (2021). https://doi.org/10.1186/s40478-020-01085-3. 
[4] Koser D. E., Thompson A. J., Foster S. K., Dwivedy A., Pillai E. K., Sheridan G. K., Svoboda H., 
Viana M., Costa L. D., Guck J., Holt C. E., Franze K. Mechanosensing is critical for axon growth in 
the developing brain. Nat Neurosci. 2016 Dec;19(12):1592-1598. doi: 10.1038/nn.4394. Epub 2016 
Sep 19. PMID: 27643431; PMCID: PMC5531257. 

A B C 

Figure 7: Extraction and labelling of Xenopus laevis brain. A) Exemplary image of an isolated fixed brain of Xenopus 
tadpole at stage 40. B) Stage 40 tadpole brain slice of 50 µm stained with Hoechst 33342 for nuclei. C) DiI labelled optic 
tract on a stage 40 tadpole. Scale bar 200 µm. 
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aA05 Mechanical interactions between neural stem cells and their niche 

Kathrin Welsch, Sebastián Vásquez-Sepúlveda, Jana Sipkova, Kristian Franze 
Objectives 
Characterize morphology and mechanical properties of neural stem cells (NSCs) extracted from 
adult mouse brains in vitro: Wild type versus FoxO1/3/6 knock out in 2D and 3D culture systems with 
varying mechanical properties. 
Investigate tissue stiffness of the dentate gyrus in wild type mice versus FoxO1/3/6 knock out in vivo 
using Atomic Force Microscopy (AFM). 
Determine the influence of a FoxO1/3/6 knock out on the composition of the extracellular matrix 
(ECM) ex vivo, specifically the role of TGM2. 
Since the beginning of this project, we set up a cell culture laboratory using fibroblasts as a training 
cell line and familiarized all non-biologically trained staff with general methods in cell culture. 
We established a protocol to generate hydroxy-polyacrylamide hydrogels ranging in stiffness from 
100Pa to 10kPa. Exact rheological measurements are currently being performed in order to confirm 
these values.  
In first experiments we cultured fibroblasts on hydrogels coated with Poly-D-Lysin and Fibronectin 
with positive results.  
Kathrin Welsch was taught how to passage NSCs at the laboratory of Prof. Lie at the Institute of 
Biochemistry (FAU) and all necessary equipment and reagents were obtained to establish NSC cul-
ture at our institute.  
Outlook  
Before the end of the year, NSCs are supposed to be taken in culture, expanded and frozen in order 
to generate a cell stock for future experiments.  
First tests will include evaluation of their growth and morphology on aforementioned hydrogels, de-
termining membrane tension using an Optical Tweezer set up and immunofluorescence staining for 
apoptosis, glia and neuronal markers.  
References 
[1] Kjell J, Fischer-Sternjak J, Thompson AJ, Friess C, Sticco MJ, Salinas F, Cox J, Martinelli DC, 
Ninkovic J, Franze K, Schiller HB, Götz M. Defining the Adult Neural Stem Cell Niche Proteome 
Identifies Key Regulators of Adult Neurogenesis; Cell Stem Cell. (2020). 26(2):277-293.e8. doi: 
10.1016/j.stem.2020.01.002 
[2] Iris Schäffner, Georgia Minakaki, M Amir Khan, Elli-Anna Balta, Ursula Schlötzer-Schrehardt, 
Tobias J Schwarz, Ruth Beckervordersandforth, Beate Winner, Ashley E Webb, Ronald A DePinho, 
Jihye Paik, Wolfgang Wurst, Jochen Klucken, D. Chichung Lie FoxO Function Is Essential for 
Maintenance of Autophagic Flux and Neuronal Morphogenesis in Adult Neurogenesis; Neuron 
(2018) 99(6):1188-1203.e6. doi: 10.1016/j.neuron.2018.08.017. Epub 2018 Sep 6. PMID: 30197237; 
PMCID: PMC6186958. 
[3] Segel M, Neumann B, Hill MFE, Weber IP, Viscomi C, Zhao C, Young A, Agley CC, Thompson 
AJ, Gonzalez GA, Sharma A, Holmqvist S, Rowitch DH, Franze K, Franklin RJM, Chalut KJ. Niche 
stiffness underlies the ageing of central nervous system progenitor cells. Nature. (2019) 
Sep;573(7772):130-134. doi: 10.1038/s41586-019-1484-9. Epub 2019 Aug 15. Erratum in: Nature. 
2019 Aug 29. PMID: 31413369; PMCID: PMC7025879. 
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B01 In silico modeling of spinal cord regeneration  

Stephen Melly, Oskar Neumann, Silvia Budday, Paul Steinmann, 
This report provides a comprehensive summary of the objectives, key findings, preliminary conclu-
sions and potential prospects of the ongoing experimental and computational investigations in pro-
ject B01. Current scientific efforts are focused on gaining insights into the mechanical properties of 
human spinal cord tissue through a combination of experimental testing and computational model-
ling. 
Within the scope of work package 1, the experimental investigations successfully addressed various 
aspects. Mechanical testing was executed on ten specimens derived from the cervical, thoracic, and 
sagittal segments of the human spinal cord. These specimens underwent diverse loading conditions, 
including compression, tension, and torsional shear. The rheometer served as the testing apparatus, 
and collaborative efforts were undertaken with researchers from project A01 and the affiliated Insti-
tute of Continuum Mechanics and Biomechanics. In addition, nanoindentation tests were conducted 
on porcine spinal cord. The mechanical sensitivity of the tissue was analyzed in relation to loading 
rate, holding time and temperature as well as the relaxation behavior. The experimental work also 
included the development of an experimental setup and protocol tailored to the nanoindentation of 
brain tissue, combined with comprehensive digital documentation facilitated by an electronic labor-
atory notebook (ELN). This was done in close collaboration with researchers from the University of 
Bonn (project B04). Moreover, the project encompassed the creation of post-processing software 
designed for the localization of indentation points and the implementation of data filtering, smoothing, 
and segmentation techniques. In this context, established software tools from the Max Planck Insti-
tute for the Science of Light, as recommended by researchers in project B03, were seamlessly inte-
grated. Expanding the scope, a multi-modality experimental pipeline was established for brain tissue. 
This pipeline includes nanoindentation, magnetic resonance elastography (in collaboration with re-
searchers from project X01) and multimodal mechanical testing with the rheometer.  
To summarize, our preliminary experiments highlight that the testing machine (Chiaro Nanoindenter, 
Optics11 Life) appears to be suitable for gaining insights into the regional mechanical properties of 
spinal cord tissue. Initial data indicate that the grey matter in the spinal cord is stiffer than the white 
matter. Exemplary results are shown in Figure 8. 

Figure 8: Exemplary force-displacement curves for nanoindentation of grey and white matter with a tip radius of 100 
µm and a loading rate of 10 µm/s. The insert shows the transverse plane of a porcine spinal cord slice and the apparent 
Young’ Modulus derived by fitting a Hertzian contact model to the curves of a grid scan of the whole area. 
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Upcoming efforts will include further mechanical testing, including already established techniques 
like nanoindentation and multimodel mechanical testing combined with magnetic resonance elas-
tography and other available in vivo and ex vivo methods like Brillouin microscopy (B02) and atomic 
force microscopy (B02/B03). 
The following paragraph highlights the computational objectives and achievements of project B01. 
The computational aspect of the project aims to achieve accurate simulations of the mechanical 
response exhibited by human spinal cord tissues. To this end, a computational model was imple-
mented that employs an isotropic material response for both elastic and viscoelastic behaviors, in-
corporating a modified one-term Ogden model and generalized Maxwell element(s). Material param-
eters are determined through an inverse identification scheme integrating optimization routines and 
finite element simulations of the different testing setups with their exact boundary conditions.  

A primary challenge is the substantial computational cost of the inverse identification scheme, 
prompting efforts to compromise between simulation accuracy and computation time. Multiple sim-
ulation runs were conducted to assess the influence of specimen dimensions and element sizes.  
In addition, we are currently implementing an axisymmetric model, a 2D reduction of the 3D model, 
promising significant reductions in computational costs. Figure 9 shows the current results of these 
efforts. 
References 
[1] S. Budday et al., "Rheological characterization of human brain tissue," Acta Biomaterialia, 2017. 
[2] Hinrichsen, J., Reiter, N., Bräuer, L., Paulsen, F., Kaessmair, S., & Budday, S. (2023). Inverse 
identification of region-specific hyperelastic material parameters for human brain tissue. Biomechan-
ics and Modeling in Mechanobiology. https://doi.org/10.1007/s10237-023-01739-w 
 
  

Figure 9: (a) Visualization of optimized parameter values across various heights in the 3D model, and (b) a 
comparison of force-indentation curves at different heights. 
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B02 Pre and post metamorphosis spinal cord regeneration in frogs 

Maria Tarczewska, Kristian Franze 
Objectives 
The primary objective of the project work in the reporting period was to learn the spinal cord dissec-
tion and investigate spinal cord anatomy and protein expression in Xenopus laevis tadpoles and 
adult frogs. The project aims to optimize protocols for spinal cord dissection, tissue sectioning, and 
fluorescent staining and imaging of agarose embedded sections. The project also sought to learn 
and apply Atomic Force Microscopy (AFM) techniques to quantify tissue stiffness in specific regions 
of grey and white matter. 
Main Achievements 
Significant progress was made in learning and optimizing protocols for spinal cord dissection from 
Xenopus laevis tadpoles (Figure 10), as per the technique published in Nature Protocols [1]. This 
method was successfully implemented for immunofluorescence (IF) stainings (Figure 11). Further, 
spinal cord dissection, sectioning, and staining of adult Xenopus laevis frogs were performed to 
compare anatomy and protein expression between tadpoles and adult frogs. 

The project focused on the optimization of vibratome sectioning and fluorescent staining and imaging 
of agarose embedded sections of adult and tadpole Xenopus laevis. Stainings primarily included 
phalloidin and alpha-tubulin. 
A stay at the University of Cambridge facilitated learning of AFM, which was then applied to create 
a stiffness map of a transversal section of Xenopus tadpole. This initial attempt requires further op-
timization and was an important step towards quantifying tissue stiffness in specific regions of grey 
and white matter. 
Conclusions 
The project has successfully implemented and optimized several protocols for studying the spinal 
cord in Xenopus laevis. The application of AFM, although requiring further optimization, has opened 
new possibilities for quantifying tissue stiffness, which could provide valuable insights into spinal 
cord injuries. 
Outlook 
The project plans to improve the immunofluorescence staining through OCT sample preparation. 
Future IF imaging will investigate molecular changes between regenerative and non-regenerative 
stages, including markers such as collagen IV, laminin, GFAP, vimentin, and Sox2/3+ cells [2][3]. 
The project also aims to implement HCR to investigate the expression of Small leucine-rich proteo-
glycans, recently identified to alter the mechanical properties of spinal lesions in zebrafish [4], in 
injured and uninjured tadpoles. 

Figure 10: Spinal cord isolated from 
Xenopus laevis tadpole at stage 45. 

Figure 11: Immunofluorescence imaging 
of transversal section of stage 45 
Xenopus laevis tadpole. Stained with 
Hoechst (blue) and phalloidin (green). 



Project reports 

CRC 1540 EBM  Annual Report 2023 17 

Further optimization of AFM experimental design is also planned, with future attempts including both 
regenerative and non-regenerative stages of injured and uninjured tadpoles. 
Additional Skills 
During the course of the project, a FELASA course was completed to enable work with animals. 
References  
[1] Edwards-Faret, G., Muñoz, R., Méndez-Olivos, E.E., Lee-Liu, D., Tapia, V.S., Larraín, J., 2017. 
Spinal cord regeneration in Xenopus laevis. Nat Protoc 12, 372–389. 
https://doi.org/10.1038/nprot.2016.177 
[2] Moeendarbary, E., Weber, I.P., Sheridan, G.K., Koser, D.E., Soleman, S., Haenzi, B., Bradbury, 
E.J., Fawcett, J., Franze, K., 2017. The soft mechanical signature of glial scars in the central nervous 
system. Nat Commun 8, 1–11. https://doi.org/10.1038/ncomms14787 
[3] Muñoz, R., Edwards-Faret, G., Moreno, M., Zuñiga, N., Cline, H., Larraín, J., 2015. Regenera-
tion of Xenopus laevis spinal cord requires Sox2/3 expressing cells. Dev Biol 408, 229–243. 
https://doi.org/10.1016/j.ydbio.2015.03.009 
[4] Kolb, J., Tsata, V., John, N., Kim, K., Möckel, C., Rosso, G., Kurbel, V., Parmar, A., Sharma, 
G., Karandasheva, K., Abuhattum, S., Lyraki, O., Beck, T., Müller, P., Schlüßler, R., Frischknecht, 
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Singh, K., Guck, J., Kobow, K. &. Wehner, D. (2023). Small leucine-rich proteoglycans inhibit CNS 
regeneration by modifying the structural and mechanical properties of the lesion environment. Nature 
Communications, 14(1), 6814. https://doi.org/10.1038/s41467-023-42339-7 
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B03 The determinants of spinal cord mechanics in homeostasis 

Jana Bachir Salvador, Jochen Guck, Stephanie Möllmert  
Introduction 
The objective of project B03 is to characterize the mechanical properties of the zebrafish spinal cord 
in vivo. This entails a quantification of these properties, the identification of their determinants, and 
an examination of their relevance in homeostasis. Our focus is on the cellular constituents and the 
extracellular matrix contributing to the mechanical attributes of the spinal cord. To manipulate the 
composition and structure of the spinal cord in live zebrafish, we utilize biochemical and optogenetic 
techniques. This manipulation will involve targeted deposition of extracellular matrix components 
and the reduction of cell bodies. Subsequently, we will conduct in vivo Brillouin microscopy meas-
urements on these manipulated specimens to extract the viscoelastic properties from the longitudinal 
modulus. We will investigate the same conditions and manipulations ex vivo, employing both Brillouin 
microscopy and Atomic Force Microscopy (AFM)-enabled indentation measurements on freshly sec-
tioned tissue [1]. This approach aims to bridge multiple spatiotemporal scales, as established in 
various projects within this consortium, and potentially enable the extrapolation of in vivo mechanical 
properties from ex vivo measurements. In conjunction with these mechanical assessments, we will 
correlate the findings with structural and compositional analyses of the spinal parenchyma. These 
analyses will rely on histological, microscopic, and genetic tools, with machine learning techniques 
aiding in data interpretation. Ultimately, our research will not only contribute to a comprehensive data 
set allowing the prediction of distinct mechanical characteristics of spinal cord tissue based on his-
tological data and proteome analysis but also enhance our understanding of the mechanical factors 
crucial for modifying pathological outcomes following injury or disease. 
Methodology 
We first employ optogenetically-mediated cell ablation in four-day-old zebrafish larvae. A confocal 
fluorescence microscope enables targeting distinct regions within the larval spinal cord with high 
spatiotemporal resolution. The TetON system was used to induce a tissue-specific expression of the 
photosensitizer KillerRed in the living zebrafish larvae upon incubation in doxycycline (DOX) [2]. The 
specificity of the ablation, such as cell type or spatial dimension, is achieved by either choosing fish 
lines in which only a distinct subset of cells expresses the protein, or by the user settings defined in 
the confocal fluorescence microscope, or a combination of both. In the transgenic line. We subjected 
specimens to 561 nm laser light in either the entire spinal cord cross-section only a defined volume 
in the dorsal section of the spinal cord or in all motor neurons. The KillerRed photosensitizer is a red 
fluorescent protein that then generates cytotoxic reactive oxygen species (ROS) which in turn causes 
irreversible oxidation of cellular components [3], leading to cell death within the illuminated area. We 
then proceed by measuring the response of these specimens by Brillouin time-lapse measurements 
using the Brillouin microscope based on the setup in [4] and AFM-based indentation measurements. 
The acquired Brillouin microscopy images and indentation curves are analyzed by custom-written 
software that was previously established in the lab. 
Results 

Figure 12: a) Brillouin frequency shift maps of the larval zebrafish spinal cord cross-section, surrounding muscle 
tissue and notochord for a non-ablated control, and for 0h and 1h after ablation, scale bar: 25 µm. 



Project reports 

CRC 1540 EBM  Annual Report 2023 19 

Our results show that by ablating with different laser intensities, targeting different cell types, or 
considering individual regions of interest in the spinal cord, we can dose the treatment and thereby 
tune the Brillouin frequency shift change in either direction. 

Figure 13 shows different individual highlighted sections in the spinal cord, and their respective av-
erage Brillouin frequency shift values in a time-lapse measurement. It is shown that although the 
entire spinal cord section was ablated using the 561 nm laser, at 5% power, different regions show 
varied dose responses, which serves as a basis for further histological investigation. Moreover, to 
complement the in vivo measurements, AFM- based indentation measurements are per- formed on 
acute fresh spinal cord tissue sections that have undergone the same ablation. Preliminary results 
from the force- indentation curves of the apparent Young’s modulus are shown in Figure 14. 

Figure 13: Time-lapse Brillouin microscopy, representative area for a) whole spinal cord cross-section, scale bar: 100 
µm, b) gray matter, c) white matter, and the respective Brillouin frequency shift values after panneuronal ablation (shown 
in the green line), and for non-ablated controls (shown in the blue line). 

Figure 14: Apparent Young’s modulus for gray matter (gm) and white matter 
(wm) regions for wild-type non-ablated controls, and panneuronal ablated lar-
vae at different hours post ablation (hpa). 
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Outlook 
Histological investigation will complement the Brillouin frequency shift changes with structural and 
compositional analysis, and thereby offer unprecedented insight into the determinants of tissue me-
chanical properties in the central nervous system. Artificially induced cell proliferation, for instance, 
is positively correlated with an increased Brillouin frequency shift, whereas cell death by ROS and 
concomitant accumulation of interstitial fluid is linked to a decreased Brillouin frequency shift. Further 
experiments include the manipulation of individual ECM components as well as chemical and phys-
ical perturbations of the spinal cord tissue. Moreover, ex vivo AFM measurements in addition to 
Brillouin measurements on sections of treated spinal cord tissue. Our results provide the basis for 
identifying potential targets to deliberately change tissue mechanical properties at will. This 
knowledge will eventually be used to initiate or benefit regenerative outcome after injury. 
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B04 Spinal cord mechanics in a mouse model of multiple sclerosis 

Maik Hintze, Rittika Chunder, Stefanie Kürten 
Multiple sclerosis (MS) is a chronic neuroinflammatory demyelinating disease of the central nervous 
system (CNS) which is said to be autoimmune in nature [1]. Although the precise causes and nature 
of disease onset and progression remains unclear, it is generally accepted that infiltration of periph-
eral immune cells into the CNS may be the trigger of neuroinflammation in MS patients [2]. Distinct 
immune cell types, including antigen-specific T cells and B cells, drive disease pathology at different 
stages of MS by exerting their effector functions within the CNS. Destruction of myelin triggered by 
autoreactive immune cells leads to axonal insult, followed by axon loss and neuronal cell death 
eventually causing irreversible disease progression [2]. The cell loss during the late phase of MS is 
accompanied by formation of a so-called glial scar, wound-induced CNS tissue formed mainly by 
astrocytes. Reactive astrocytes are one of the main players in chronic non-resolving glial scar for-
mation pathology [3]. 

Figure 15: Reactive astrocytes upregulate PIEZO1. A, B, mouse spinal cord with EAE immune cell infiltrate (dashed 
outline) shows no overlap of GFAP and PIEZO1 staining. C-Cʹʹ, healthy human brain shows GFAP+ astrocytes lacking 
PIEZO1 staining (white arrows). D-Dʹ, MS patient brain shows PIEZO1+ astrocytes (yellow arrows) along with GFAP+ 
PIEZO1- astrocytes (white arrows). Scale bar in C applies to C-Dʹʹ. 
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Given the wide range of homeostatic, trophic and mechanic functions of astrocytes within the CNS, 
we hypothesize that astrocyte-specific mechanosensation might be a contributing factor to MS pa-
thology. One of the major cellular mechanosensors is the ion channel Piezo1 [4]. Piezo1 is known 
to be expressed on astrocytes, and can regulate Ca2+ oscillations and cytokine release In vitro [5]. 
Moreover, individual astrocytes have been shown to be “softer” than neurons [6], and tissue remod-
eling in CNS lesions leads to overall reduction of tissue stiffness at the lesion site [7]. Taken together, 
these observations suggest that MS-associated tissue remodeling likely leads to altered mechanical 
properties in MS lesions, which can then be sensed by astrocytes and may contribute to further 
disease progression. 

To this end, we first set out to test for astrocytic expression of Piezo1 in vivo. In mouse spinal cord 
from an animal with acute experimental autoimmune encephalitis (EAE), a mouse model that reca-
pitulates various aspects of the human MS [8], we did not observe overlap between Piezo1 and the 
astrocyte marker GFAP, both within immune infiltrates and in surrounding healthy tissue (Figure 
15A, B). Thus, under early (acute) disease conditions, Piezo1 expression on astrocytes is either low 
or absent at least in mouse spinal cord. Next, we tested human brain tissue and could indeed ob-
serve individual astrocytes showing Piezo1 expression (GFAP/PIEZO1 double positive) specifically 
in MS patients (Figure 15D), but not in healthy control tissue (Figure 15C). This indicates that in MS, 
specific populations of activated astrocytes can upregulate Piezo1 expression. To investigate Piezo1 
expression change at a molecular level, we used the human astrocyte-like glioblastoma cell line 
U87-MG. On the one hand, we were able to show Piezo1 expression on these cells by immunocy-
tochemistry (Figure 16A). On the other hand, we asked whether inflammatory stimuli which are pre-
sent in the CNS during MS can affect Piezo1 expression levels. Indeed, some inflammatory stimuli 
displayed a trend towards upregulation of Piezo1 expression in U87-MG cells (Figure 16B), con-
sistent with an inflammation-induced increase of Piezo1-dependent currents in a cerebellar mouse 
astrocyte cell line [9]. 
In the following experiments we will use these U87-MG cells in addition to primary human astrocytes 
for further investigation of Piezo1-mediated effects on astrocytes by applying the Piezo1 activator 
Yoda1, or the inhibitor GsMTx4. Using enzyme-linked immunosorbant assay (ELISA), quantitative 
PCR (qPCR), and scratch assay, we want to study the effects of Piezo1 activity on different astrocyte 
behaviors such as immune signaling and cell migration, especially in the context of MS. To dissect 
the effects of astrocyte-specific Piezo1 signaling in vivo, we are currently generating an inducible 
astrocyte-specific conditional Piezo1 knockout mouse (Piezo1-cKO). We will induce both acute and 
chronic EAE in Piezo1-cKO mice to test disease outcome by clinical and histopathological parame-
ters. Using atomic force microscopy (AFM) and Brillouin microscopy, we will investigate the mechan-
ical changes associated with EAE lesion development in EAE lesions in Piezo1-cKO animals with 
Piezo1-deficient astrocytes compared to EAE lesions in wild-type littermates. 
References 
[1] Baecher-Allan C, Kaskow BJ, Weiner HL. Multiple Sclerosis: Mechanisms and Immunotherapy. 
Neuron. 2018 Feb 21;97(4):742-768. 
[2] Attfield KE, Jensen LT, Kaufmann M, Friese MA, Fugger L. The immunology of multiple sclero-
sis. Nat Rev Immunol. 2022 Dec;22(12):734-750. 

Figure 16: U87-MG glioblastoma cell line expresses. A-Aʹʹ, immunocytochemistry shows that U87-MG cells express 
PIEZO1 along with the astrocyte marker GFAP. Scale bar in A applies to A-Aʹʹ. B, after 48 h stimulation with inflammatory 
stimuli as indicated, Piezo1 mRNA expression is upregulated, without reaching significance. Data points show fold change 
of Piezo1 mRNA expression compared to untreated sample. 
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B05 In vivo mechanical manipulation of spinal cord regeneration 

Olga Lyraki, Julia Kolb, Daniel Wehner 
Project B05 is testing the hypothesis that local mechanical tissue properties are critical for successful 
nerve fiber (axon) regeneration after spinal cord injury (SCI), and that the specific composition of 
injury-associated extracellular matrix (ECM) deposits confers these properties. To that aim, B05 uti-
lizes the vertebrate species zebrafish, which different to humans and other mammals, is capable of 
long-distance axon regeneration and functional recovery after central nervous system (CNS) injury.  
In the current reporting period, we focused on the identification of injury-associated ECM factors, 
which confer mechanical properties to central nervous system (CNS) lesions adverse to axon 
growth. To this aim, we first mapped the changes in ECM composition after SCI in regeneration-
competent zebrafish using mass spectrometry-based quantitative proteomics. We next compared 
the zebrafish proteomics dataset with that of rats after SCI to identify interspecies differences in the 
ECM composition that could account for the ability of severed axons to regrow after CNS injury. We 
identified 61 matrisome proteins (ECM factors) that were down-regulated or not significantly regu-
lated after SCI in zebrafish but enriched in the rat lesion site. Among the differentially regulated 
matrisome proteins that showed low abundance in the zebrafish spinal lesion site were the neurite 
growth-inhibitory factors neurocan and 16 components of the basal lamina. These data demonstrate 
the value of cross-species comparative approaches in identifying inhibitory components of the mam-
malian injury ECM. The comparative dataset further revealed seven members of the highly con-
served small leucine-rich proteoglycan (SLRP) family to be enriched in the rat spinal lesion site but 
down-regulated or not significantly regulated after SCI in zebrafish (Figure 17A). Analyses of rodent, 
zebrafish and human (spinal cord and brain) specimens supported that the abundance of the SLRP 
family members Chad, Fmod, Lum, and Prelp in the injury ECM reciprocally correlates with the CNS 
regenerative capacity (Figure 17B). To determine if SLRPs are inhibitory to CNS regeneration, we 
investigated the effect of experimentally increasing SLRP protein levels in the zebrafish injury ECM 
on axonal regrowth and functional recovery after SCI (Figure 17C). We found that axonal regrowth 
and functional recovery was strongly impaired in the presence of either Chad, Fmod, Lum, or Prelp 
proteins, identifying SLRPs as previously unknown inhibitors of CNS axon regeneration in vivo (Fig-
ure 17D). Functional experiments indicated that SLRPs neither inhibit regeneration through i) direct 
(biochemical) interactions with the axonal growth cone (i.e., ligand-receptor interactions), nor ii) pre-
vention of inflammation resolution, nor iii) altering the composition of the fibroblast-derived injury 
ECM. In contrast, utilizing atomic force microscopy (AFM)-based nanoindentation measurements, 
intravital cross polarized optical coherence tomography (CP-OCT) and Brillouin microscopy showed 
that the presence of individual SLRP family members in the injury ECM leads to changes in the 
structural (Fmod, Lum, Prelp) and mechanical (Lum, Prelp: reduced longitudinal modulus; Fmod, 
Lum, Prelp: reduced apparent Young’s modulus; Fmod, Prelp: reduced apparent viscosity) proper-
ties of the lesion environment, which coincides with an impaired regenerative capacity of axons (Fig-
ure 17E). This indicates that SLRPs inhibit CNS regeneration by conferring mechano-structural prop-
erties to the injury ECM adverse to axon growth. Our study provides the first in vivo evidence for a 
direct relationship between tissue mechanics (longitudinal modulus, apparent Young’s modulus, ap-
parent viscosity) and regenerative outcome upon CNS injury, and identifies SLRPs as modulators of 
the inhibitory viscoelastic response of mammalian CNS lesions. These results were published in 
Nature Communications (doi.org/10.1038/s41467-023-42339-7), and involved collaborations with 
the EBM projects A02, B03, C02, and C03.  
Currently, we are concentrating on the identification of factors that confer the regeneration-permis-
sive mechanical properties to the injury ECM in zebrafish CNS lesions. To this aim, we are using 
pharmacological and genetic manipulations (gain-of-function / loss-of-function) of specific candidate 
ECM molecules (e.g., type XII collagen) identified in our mass spectrometry analysis, in order to 
correlate mechanical read-outs (Brillouin microscopy, atomic force microscopy) with regenerative 
success.  
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Figure 17: A) Comparative analysis of indicated proteomics datasets reveals differential enrichment of SLRP proteins 
after SCI in rat (grey tones) and zebrafish (red), including Prelp. (B) anti-PRELP immuno-reactivity is increased in the 
injured human spinal cord (arrowheads; transversal view). (C) Experimental enrichment of Prelp-mCherry fusion pro-
teins in the zebrafish spinal lesion site (arrowhead; transversal view). (D) Targeting Prelp proteins to the zebrafish 
spinal injury ECM inhibits axon regeneration (white) in larval zebrafish (lateral view of the spinal cord). (E) Targeting 
Prelp proteins to the zebrafish spinal injury ECM reduces the Brillouin frequency shift, apparent Young’s modulus and 
apparent viscosity of the lesion environment. 
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2.2.3 EBM VIRTUAL BRAIN TALK SERIES 

The EBM Virtual Brain Talk Series is a quarterly virtual, open-access event dedicated to exploring 
the latest advancements in mechanics-based approaches. Its primary focus is on enhancing our 
understanding of the functions of the central nervous system, laying the groundwork for future break-
throughs in the diagnosis and treatment of neurological disorders. 
The approximately 45-minute presentations, distinguished by their high-quality content, are held by 
EBM members and invited scholars. These sessions are designed to foster a continuous exchange 
of results and ideas within the worldwide scientific community. 
Despite being in its early stages, the event series has already proven to be a significant success. A 
substantial number of international participants, surpassing 50 in some instances, enthusiastically 
followed the engaging presentations by renowned experts and actively engaged in the lively discus-
sions. 

 Date Lecturer Title 

01 31.07.23 

Paul Steinmann and Silvia Budday  
(Institute of Applied Mechanics and Institute 
of Continuum Mechanics and Biomechanics 
FAU Erlangen-Nürnberg, Germany) 

Exploring brain mechanics 

02 30.10.23 Johannes Weickenmeier  
(Stevens Institute of Technology, NJ, USA)  

Exploring the multiphysics of the brain 
during development, aging, and in neuro-
logical diseases 

03 11.12.23 
Kristian Franze  
(Institute of Medical Physics, FAU Erlangen-
Nürnberg, Germany) 

The mechanical regulation of brain de-
velopment 

 
 
 
 

Table 7: EBM Virtual Brain Talks 

Figure 51: Speakers of the EBM Virtual Brain Talk Series. 
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5.2 EBM2PEERS 

• EBM Scientific Publications (see Section 1.3): All publications are freely accessible. Additionally, 
supplementary materials such as datasets are publicly available through the "Exploring Brain 
Mechanics - CRC 1540 EBM" community on the online storage service Zenodo. 

• EBM Scientific Presentations at first-class conferences, workshops, and seminars (see Section 
6.3 

• EBM Virtual Brain Talks (see Section 2.2.3) 
  

Figure 64: EBM-themed hidden object illustration drawn by Jörg Pekarsky, a member of Friedrich Paulsen's research 
group. 
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 GENERAL INFORMATION 

6.1 KEY DATA 

6.1.1 GOVERNING BODIES OF EBM 

Spokesperson 
Prof. Dr.-Ing. habil. Paul Steinmann 
Institute of Applied Mechanics 
Egerlandstr. 5, 91058 Erlangen 
+49 9131 8528501 
paul.steinmann@fau.de 
Co-Spokesperson 
Prof. Dr.-Ing. Silvia Budday 
Institute of Continuum Mechanics and Biomechanics 
Egerlandstr. 5, 91058 Erlangen 
+49 9131 8567611 
silvia.budday@fau.de  
Scientific Coordination 
Dr. rer. nat. Andrea Dakkouri-Baldauf 
Institute of Applied Mechanics 
Martensstraße 5a, 91058 Erlangen 
+49 9131 85 20782 
andrea.dakkouri@fau.de 
EBM Executive Board 
The EBM Executive Board consists of the Spokesperson, Co-Spokesperson, Scientific Coordinator, 
Chairs of the Focal Research Areas (FRA A, B, C) and the Cross-Sectional Research Area (XRA), 
the Principal Executive of the Integrated Research Training Group (iRTG), a representative from the 
Clinics, an Early Career Support Representative, an Equal Opportunity Representative, a (Post-) 
Doctoral Researchers' Representative, and the EBM assistance. 
Members: 
Spokesperson         Prof. Paul Steinmann 
Co-Spokesperson         Dr. Silvia Budday 
Scientific Coordinator       Dr. Andrea Dakkouri-Baldauf 
Chair of FRA A         Prof. Kristian Franze 
Chair of FRA B         Prof. Jochen Guck 
Chair of FRA C         Prof. Ben Fabry 
Chair of XRA         Dr. Jing Guo / Prof. Ingolf Sack  
Clinics Representative       Prof. Arnd Dörfler / Prof. Ingmar Blümcke 
Principal Executive of the iRTG     Prof. Friedrich Paulsen 
Early Career Representative      Prof. Katharina Breininger 
Equal Opportunity Representative    Prof. Marisa Karow 
(Post-)Doctoral Researchers‘ Representative Shanice Heidenreich (Deputy: Soheil Firooz) 
EBM Assistance        Doris Bittner 
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6.1.2 PARTICIPATING RESEARCHERS 

6.1.2.1 Principal investigators 

Principal investigators 
(PIs) Faculty Home institution, location Project 

Blümcke, Prof. Dr. med., 
Ingmar FAU-MedFak Neuropathology,  

Schwabachanlage 6, 91054 Erlangen A02 

Boccaccini, Prof. Dr.-Ing. 
habil., Aldo R.  FAU-TechFak Biomaterials,  

Cauerstr. 6, 91058 Erlangen X03 

Bosserhoff, Prof. Dr., Anja FAU-MedFak Biochemistry and Molecular Neurosciences, 
Fahrstr. 17, 91054 Erlangen C04 

Breininger, Prof. Dr.-Ing., 
Katharina   FAU-TechFak Artificial Intelligence in Medical Imaging, 

Henkestraße 91, 91052 Erlangen X02 

Budday, Prof. Dr.-Ing.,  
Silvia FAU-TechFak 

Institute of Continuum Mechanics and Biome-
chanics, 
Egerlandstr. 5, 91058 Erlangen 

A01, B01, 
Z 

Dörfler, Prof. Dr. med., 
Arnd  FAU-MedFak Neuroradiology,  

Schwabachanlage 6, 91054 Erlangen A02, Y 

Fabry, Prof. Dr.-Ing., Ben  FAU-NatFak Biophysics,  
Henkestr. 91, 91052 Erlangen C05 

Falk, Dr., Sven FAU-MedFak Biochemistry and Molecular Neurosciences, 
Fahrstr. 17, 91054 Erlangen A04 

Franze, Prof. Dr., Kristian FAU-MedFak Medical Physics,  
Henkestr. 91, 91052 Erlangen  A05, B02 

Frischknecht, Dr., Renato FAU-NatFak Animal Physiology,  
Staudtstr. 5, 91058 Erlangen  C02 

Guck, Prof. Dr., Jochen FAU-NatFak Biological Optomechanics,  
Staudtstr.2, 91058 Erlangen B03 

Guo, Dr. rer. nat., Jing  Charité Berlin Radiology,  
Charitéplatz 1, 10117 Berlin X01, Y 

Karow, Prof. Dr. rer. nat., 
Marisa FAU-MedFak Biochemistry and Molecular Neurosciences, 

Fahrstr. 17, 91054 Erlangen A04 

Kobow, PD Dr. rer. nat. Dr. 
habil. med., Katja FAU-MedFak Neuropathology,  

Schwabachanlage 6, 91054 Erlangen C03 

Kürten, Prof. Dr. med., 
Stefanie FAU-MedFak 

Anatomy and Cell Biology,  
Krankenhausstr.9, 91054 Erlangen and Uni-
versität Bonn, Institute of Neuroanatomy, Nus-
sallee 10, 53115 Bonn 

B04 

Laun, Prof. Dr. rer. nat., 
Frederik B. FAU-MedFak Radiology,  

Maximiliansplatz 3, 91054 Erlangen Y 

Maier, Prof. Dr.-Ing. habil., 
Andreas FAU-TechFak Computer Science 15, Machine Intelligence,  

Martensstr. 3, 91058 Erlangen X02 

Möllmert, Dr. rer. nat., 
Stephanie MPL Biological Optomechanics,  

Staudtstr.2, 91058 Erlangen B03 

Paulsen, Prof. Dr. med., 
Friedrich  FAU-MedFak Functional and Clinical Anatomy,  

Universitätsstr. 19, 91054 Erlangen  A02, IRTG 

Sack, Prof. Dr. rer. nat., In-
golf  Charité Berlin Radiology,  

Charitéplatz 1, 10117 Berlin X01, Y 

Schambony, Prof. Dr. rer. 
nat., Alexandra FAU-NatFak Schambony Lab,  

Staudtstr. 5, 91058 Erlangen A03 

Steinmann, Prof. Dr.-Ing. 
habil., Paul  FAU-TechFak Applied Mechanics,  

Egerlandstr. 5, 91058 Erlangen 
B01, C01, 

X01, Z 

Wehner, Dr. rer. nat., Daniel  MPL Biological Optomechanics,  
Staudtstr.2, 91058 Erlangen B05 

Willner, Prof. Dr.-Ing. habil., 
Kai FAU-TechFak Applied Mechanics,  

Egerlandstr. 5, 91058 Erlangen X01 

Zaburdaev, Prof. Dr., Vasily  FAU-NatFak Mathematics in Life Sciences,  
Cauerstr. 11, 91058 Erlangen C01 

 

Table 10: Principal investigators 
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6.1.2.2 Associated principal investigators 

Associated principal in-
vestigators (aPIs) Faculty Home institution, location 

Hutter, Prof. Dr.-Ing., Jana FAU-MedFak Institute of Radiology,  
Henkestrasse 91, 91052 Erlangen 

Riedl, Prof. Dr. med., Valen-
tin  FAU-MedFak Institute of Neuroradiology, 

Henkestr. 91, 91052 Erlangen 

6.1.2.3 Postdoctoral researchers 

Postdoctoral researchers 
(PDRs) Faculty Home institution, location Project 

Dolai, Dr., Pritha  FAU-NatFak Mathematics in Life Sciences,  
Cauerstr. 11, 91058 Erlangen C01 

Hintze, Dr., Maik FAU-MedFak 

Anatomy and Cell Biology,  
Krankenhausstr.9, 91054 Erlangen and Uni-
versität Bonn, Institute of Neuroanatomy, Nus-
sallee 10, 53115 Bonn 

B04 

Melly, Dr., Stephen FAU-TechFak 
Institute of Continuum Mechanics and Biome-
chanics, 
Egerlandstr. 5, 91058 Erlangen 

B01 

Rampp, PD Dr. med., 
Stefan FAU-MedFak 

Department of Neurosurgery, Department of 
Neuroradiology, Schwabachanlage 6, 91054 
Erlangen 

A02 

Shahryari, Mehrgan  Charité Berlin Radiology,  
Charitéplatz 1, 10117 Berlin X01 

Wellge, Brunhilde Charité Berlin 
Medical Clinic, Department of Cardiology and 
Angiology,  
Charitéplatz 1, 10117 Berlin 

Y 

6.1.2.4 Associated postdoctoral researchers and assistant doctors 

Associated postdoctoral 
researchers and assistant 

doctors (aPDRs) 
Faculty Home institution, location Project 

Chunder, Dr. rer. nat.,  
Rittika FAU-MedFak 

Anatomy and Cell Biology,  
Krankenhausstr.9, 91054 Erlangen and Uni-
versität Bonn, Institute of Neuroanatomy, Nus-
sallee 10, 53115 Bonn 

B04 

Hoffmann, Dr. med., Lucas FAU-MedFak Neuropathology,  
Schwabachanlage 6, 91054 Erlangen A02 

Schicht, PD Dr. rer. nat. Dr. 
habil. med., Martin FAU-MedFak Functional and Clinical Anatomy,  

Universitätsstr. 19, 91054 Erlangen  A02 

Scholz, Prof. Dr. rer. nat. 
Dr. habil. med., Michael FAU-MedFak Functional and Clinical Anatomy,  

Universitätsstr. 19, 91054 Erlangen  A02 

6.1.2.5 Doctoral researchers 

Doctoral Researchers 
(DRs) Faculty Home institution, location Project 

Auer, Sophia FAU-MedFak Functional and Clinical Anatomy,  
Universitätsstr. 19, 91054 Erlangen  A02 

Bachir Salvador, Jana MPL Biological Optomechanics,  
Staudtstr.2, 91058 Erlangen B03 

Table 11: Associated principal investigators 

Table 12: Postdoctoral researchers and assistant doctors 

Table 13: Associated postdoctoral researchers and assistant doctors 

Table 14: Doctoral researchers 
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Bischof, Lars FAU-NatFak Biophysics,  
Henkestr. 91, 91052 Erlangen C05 

Cecchini, Erica FAU-MedFak Neuropathology,  
Schwabachanlage 6, 91054 Erlangen A02 

Erterek, Ezgi FAU-NatFak Animal Physiology,  
Staudtstr. 5, 91058 Erlangen  C02 

Firooz, Soheil FAU-TechFak Applied Mechanics,  
Egerlandstr. 5, 91058 Erlangen C01 

Froidevaux, Clara FAU-NatFak Schambony Lab,  
Staudtstr. 5, 91058 Erlangen A03 

Heidenreich, Shanice FAU-MedFak Biochemistry and Molecular Neurosciences, 
Fahrstr. 17, 91054 Erlangen C04 

Hinrichsen, Jan FAU-TechFak 
Institute of Continuum Mechanics and Biome-
chanics, 
Egerlandstr. 5, 91058 Erlangen 

A01 

Karandasheva, Kristina FAU-MedFak Neuropathology,  
Schwabachanlage 6, 91054 Erlangen C03 

Klingberg, Tim FAU-NatFak Mathematics in Life Sciences,  
Cauerstr. 11, 91058 Erlangen C01 

Kuth, Sonja FAU-TechFak Biomaterials,  
Cauerstr. 6, 91058 Erlangen X03 

Lorke, Markus FAU-TechFak Biomaterials,  
Cauerstr. 6, 91058 Erlangen X03 

Lyraki, Olga MPL Biological Optomechanics,  
Staudtstr.2, 91058 Erlangen B05 

Meyer, Tom Charité Berlin Radiology,  
Charitéplatz 1, 10117 Berlin X01 

Neumann, Oskar FAU-TechFak 
Institute of Continuum Mechanics and Biome-
chanics, 
Egerlandstr. 5, 91058 Erlangen 

B01 

Pan, Zhaoya FAU-TechFak 
Chair of Computer Science 5 (Pattern Recog-
nition), 
Martensstraße 3, 91058 Erlangen 

X02 

Perelló Amorós, Bartomeu FAU-NatFak Animal Physiology,  
Staudtstr. 5, 91058 Erlangen  C02 

Ruhland, Laura FAU-TechFak Applied Mechanics,  
Egerlandstr. 5, 91058 Erlangen X01 

Sipkova, Jana FAU-MedFak Medical Physics,  
Henkestr. 91, 91052 Erlangen  A05 

Tarczewska, Maria 
Weronika FAU-MedFak Medical Physics,  

Henkestr. 91, 91052 Erlangen  A05 

Tranchina, Michael FAU-MedFak Biochemistry and Molecular Neurosciences, 
Fahrstr. 17, 91054 Erlangen A04 

Vásquez Sepúlveda, Se-
bastián Ignacio FAU-MedFak Medical Physics,  

Henkestr. 91, 91052 Erlangen  B02 

Verma, Yashasvi FAU-TechFak Applied Mechanics,  
Egerlandstr. 5, 91058 Erlangen X01 

Wilm, Frauke FAU-TechFak 
Chair of Computer Science 5 (Pattern Recog-
nition), 
Martensstraße 3, 91058 Erlangen 

X02 

6.1.2.6 Associated doctoral researchers 

Associated doctoral Re-
searchers (aDRs) Faculty Home institution, location Project 

Greiner, Alexander FAU-TechFak 
Institute of Continuum Mechanics and Biome-
chanics, 
Egerlandstr. 5, 91058 Erlangen 

B01 

Jordan, Jakob Charité Berlin Radiology,  
Charitéplatz 1, 10117 Berlin X01 

Table 15: Associated doctoral researchers 
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Öttl, Mathias FAU-TechFak 
Chair of Computer Science 5 (Pattern Recog-
nition), 
Martensstraße 3, 91058 Erlangen 

X02 

Reiter, Nina FAU-TechFak 
Institute of Continuum Mechanics and Biome-
chanics, 
Egerlandstr. 5, 91058 Erlangen 

B01 

Welsch, Kathrin FAU-MedFak Medical Physics,  
Henkestr. 91, 91052 Erlangen  A05 

6.1.2.7 Associated master's students 

Associated doctoral Re-
searchers (aDRs) Faculty Home institution, location Project 

Butzke, Julia FAU-MedFak Medical Physics,  
Henkestr. 91, 91052 Erlangen  A05 

Gampl, Niklas FAU-MedFak Medical Physics,  
Henkestr. 91, 91052 Erlangen  A05 

Mai, Katharina FAU-MedFak Medical Physics,  
Henkestr. 91, 91052 Erlangen  B02 

6.1.2.8 Student assistants 

Name Supported re-
searchers 

Course / field of 
study 

Funded 
member of 
EBM (from / 

to) 
Tasks relating to EBM 

Mayukh, Tikadar Markus Lorke, 
X03 Nanotechnology 01.10.23 / 

31.03.24 

Help in determining the proper-
ties of hydrogels and synthesis-
ing precursors  

Butzke, Julia Kristian Franze, 
A05, B02 Physics 01.12.23 / 

30.09.24 

Help with identifying mecha-
notransduction pathways in neu-
rons 

Kashish Veda, 
Eluri 

Soheil Firooz, 
C01 

Computational 
Engineering 

15.07.23 / 
31.01.24 

Investigation of thermal interfa-
cial conditions at the cell-matrix 
interface 

Feiler, Lea Jan Hinrichsen, 
A01 

Mechanical Engi-
neering 

01.05.23 / 
30.06.23 

Implementing neural network 
based surrogate models for the 
inverse parameter identification 
for human brain tissue. 

Franke, Lorenz 

Alexandra 
Schambony, 
Clara Froidevaux 
A03 

Biology 1.04.23 / 
31.12.23 

Organoid Preparation, help with 
Xenopus Laevis handling and 
preparation of hydrogel sub-
strates. 

Gataulin, Radik Kristian Franze, 
A05 

Molecular Medi-
cine 

01.03.23 / 
31.12.23 

Help with PCR, Western blots 
and general wet lab duties 

Gottipati, Taras-
win 

Jan Hinrichsen, 
Nina Reiter, A01 

Computational 
Engineering 

01.10.23 / 
31.12.23 

Automating the rheometer used 
for mechanical tests of brain tis-
sue to improve the repeatability 
of results. 

Hahn, Paula 
Renato 
Frischknecht, 
C02 

Biology 01.08.23 / 
31.12.23 

PCR and Cloning, Western blots, 
Immunohistochemistry 

Hernandez 
Mora, Alejandro Nina Reiter, A01 

Mechatronic En-
gineering Sci-
ences 

01.05.23 / 
31.07.23 

Assistance in the analysis of 
specimens and data regarding 
the correlation between mechan-
ics and microstructure in brain 
tissue 

Karakuzulu, 
Basak Buse 

Kristian Franze, 
A05, B02 

Molecular Medi-
cine 

01.05.23 / 
31.12.23 

Help with PCR, Western blots 
and general wet lab duties 

Table 16: Associated master's students 

Table 17: Student assistants 
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Name Supported re-
searchers 

Course / field of 
study 

Funded 
member of 
EBM (from / 

to) 
Tasks relating to EBM 

Kuhn, Arne 

Alexandra 
Schambony, 
Clara Froidevaux 
A03 

Biology 01.10. 23 / 
31.12.23 

Support in Xenopus Laevis han-
dling and preparation of Organ-
oids as well as Lab Data Man-
agement. 

Lehner, Annika Ingmar Blümcke, 
A02 Medicine 01.05.23 / 

31.03.24 

Technical lab support in studying 
perineuronal nets, sample selec-
tion and preparation (e.g. cutting 
of tissue slices) 

Mai, Katharina Kristian Franze, 
A05, B02 

Medical Engi-
neering 

12.09.23 / 
11.03.24 

Help with the development of 3D 
gels 

Modi, Sanskar 
Oskar Neumann, 
Silvia Budday, 
A01, B01 

Electromobil-
ity_ACES 

01.09.23 / 
30.11.23 

Assistance in the experimental 
investigation of the mechanical 
properties of human spinal cord 

Nasirli, Fatima Kristian Franze, 
B02 

Molecular Medi-
cine 

01.03.23 / 
31.12.23 

Help with PCR, Western blots 
and general wet lab duties 

Rahnama Esfa-
hani, Masoud 

Soheil Firooz, 
C01 

Computational 
Engineering 

01.04.23 / 
31.08.23 
15.09.23 / 
14.03.24 

Developing a peridynamic code 
to explore non-local behavior of 
the brain 

Rath, Alexander Kai Willner, X01 
Industrial Engi-
neering and 
Management 

01.03.23 / 
31.05.23 

Construction of the vibration ta-
ble test stand 

Roy, Sohini Silvia Budday, 
A01, B01 

Computer Sci-
ence & Engineer-
ing 

15.11.23 / 
14.02.24 

Sample preparation; Uniaxial ten-
sion tests; Material characteriza-
tion; Modification of the experi-
mental setup 

Safaei, Behzad Soheil Firooz, 
C01 

Computational 
Engineering 

01.09.23 / 
29.02.24 

Developing a peridynamic code 
to explore non-local behavior of 
the brain 

Schaffer, Darius Ben Fabry, C05 Medical Engi-
neering 

01.09.23 / 
31.03.24 

Setting up and programming a 
required microscope, as well as 
verifying and calibrating the 
planned measurement device 

Seo, Minsu Frauke Wilm, 
X02 

Information and 
Communication 
Engineering 

01.12.23 / 
30.06.24 

Assistance in the enhancement 
and maintenance of the EXACT 
annotation server 

Settipalli, Su-
manthreddy 

Silvia Budday, 
A01, B01 

Mechanical Engi-
neering 

15.11.23 / 
14.02.24 

Multimodal mechanical measure-
ments using the rheometer 

Shah, Rutvi Jan Hinrichsen, 
Nina Reiter, A01  

Computational 
Engineering 

01.08.23 / 
31.10.23 
15.11.23 / 
14.02.24 

Establishing Docker containers to 
run deal.ii (C++ library for FE 
simulations) on local computers 
and especially on the FAU HPC 
cluster. 

Surana, Harsh 
Vardhan 

Oskar Neumann, 
B01 

Computational 
Engineering 

01.08.23 / 
31.01.24 

Assistance in the experimental 
investigation of the mechanical 
properties of human spinal cord 

6.1.2.9 EBM Advisory Board 

Mercator fellows Affiliation Expertise 

Franklin, Prof., Robin Cambridge University, UK CNS regeneration 

Holzapfel, Prof., Gerhard  Institute of Biomechanics, Graz University of 
Technology, Austria 

Mechanical testing and model-
ing of brain tissue mechanics 

Kuhl, Prof., Ellen  Living Matter Lab, Stanford University, USA Continuum modeling and sim-
ulation of the brain 

Table 18: EBM Advisory Board 
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Further board members   

Götz, Prof. Dr., Magdalena  

Institute for Physiological Genomics, Ludwig-
Maximilians-Universität München & Institute 
of Stem Cell Research, Helmholtz Zentrum, 
Munich, Germany 

Neuroscience 

Jayamohan, Dr., 
Jayaratnam (Jay) 

Consultant Paediatric Neurosurgeon, John 
Radcliffe Hospital, and private practice at 
Nuffield Health Oxford, The Manor Hospital, 
Oxford, UK 

Clinician 

Schnell, Prof. Dr., Oliver Neurosurgical Clinic, Chair of Neurosurgery, 
University Hospital Erlangen, Germany Neurosurgery 

6.1.3 COORDINATION AND ADMINISTRATION 

 Work Address Contact Data 
(Tel / Fax, Email, Web) Work Area 

Bittner, Doris SFB 1540 EBM, 
Martensstraße 5a, 91058 Erlangen 

+49 9131 85 20783 / -20785, 
doris.bittner@fau.de, 
www.ebm.fau.eu 

EBM 
Administration 

Dakkouri-Baldauf, 
Andrea, 
Dr. rer. nat. 

SFB 1540 EBM, 
Martensstraße 5a, 91058 Erlangen 

+49 9131 85-20782 / -20785, 
andrea.dakkouri@fau.de, 
www.ebm.fau.eu 

EBM 
Coordination 

6.2 NETWORK AND COOPERATION 

Sophia Auer 

Partner institute  Researchers involved Research topic 

Neuropathology Ingmar Blümcke, Lucas Hoff-
mann, Annika Lehner. 

Quantitative description of PNN in 
the human cortex. 

Institute of Continuum Mechanics 
and Biomechanics 

Silvia Budday, Nina Reiter, Anne-
Mareike Schäfer 

Modeling the finite viscoelasticity 
of human brain tissue based on 
microstructural information 

Lars Bischof 

Partner institute  Researchers involved Research topic 
Institute for Neuropathology, Univ. 
clinic Erlangen 

Katja Kobow, Kristina Karan-
dasheva 

Neuronal growth in 2D and 3D 
matrices 

Erica Cecchini 

Partner institute  Researchers involved Research topic 
Institute of Continuum Mechanics 
and Biomechanics 

Silvia Budday, Jan Hinrichsen, 
Nina Reiter 

In silico modeling of brain malfor-
mations 

Institut für Funktionelle und Klini- 
sehe Anatomie Friedrich Paulsen, Sophia Auer 

Deep extracellular matrix (ECM) 
quantification and phenotyping in 
healthy human brain and cortical 
malformations, Electron micros-
copy 

Epilepsiezentrum Neurochirurgie Stefan Rampp 
Human brain datasets and multi- 
modal and multiparametric imag-
ing 

 
 
 

Table 19: EBM Coordination and administration  

https://www.frascal.research.fau.eu/person/dakkouri-baldauf-andrea-dr-rer-nat/
mailto:andrea.dakkouri@fau.de
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Ezgi Erterek 

Partner institute  Researchers involved Research topic 

Institute of Biomaterials, FAU Aldo Boccaccini, Markus Lorke, 
Sonja Kuth 

Engineering brain tissue-like ma-
trices 

Max Planck Institute for the Sci-
ence of Light, Erlangen Jochen Guck, Stephanie Möllmert  

Contribution of the ECM to the 
mechanical properties of cortical 
layers (m1-12) 

Clara Froideaux 

Partner institute  Researchers involved Research topic 

Institute of Biomaterials, FAU Markus Lorke, Sonja Kuth, Aldo 
Boccaccini, Project X03 

Hydrogels as substrates for ex-
plants 

Max Planck Institute for the Sci-
ence of Light, Erlangen 

Stephanie Möllmert, Jana Bachir 
Salvador  

AFM and Brillouin Microscopy 
measurements  

Jan Hinrichsen 

Partner institute  Researchers involved Research topic 
FAU, Institute of Continuum Me-
chanics and Biomechanics (Silvia 
Budday – A01/ B01) 

Nina Reiter Microstructure - Mechanics rela-
tion of human brain tissue 

FAU, Institute of Functional and 
Clinical Anatomy (Friedrich 
Paulsen – A02, Lars Bräuer, Mar-
tin Schicht) 

Sophia Auer (A02) 

Mechanical characterization of hu-
man brain tissue from body do-
nors. Correlation of tissue compo-
nent concentration with mechani-
cal properties. 

Universitätsklinikum Erlangen-
Neuropathologisches Institut 
(Ingmar Blümcke – A02) 

Lucas Hoffmann (A02), Erica Cec-
chini (A02) 

Mechanical characterization of hu-
man brain tissue from epilepsy 
surgery. Histological analysis of 
tested tissue. Investigating links 
between pathologies and mechan-
ical behavior. 

Universitätsklinikum Erlangen- 
Neurochirurgie (Arnd Dörfler – 
A02) 

Stefan Rampp (A02) MRT imaging of human brains 
prior to mechanical testing.  

Biophysics Group, Department of 
Physics (Ben Fabry – C05) David Böhringer Mechanical characterization of 

collagen hydrogels. 

ETH Zürich (Laura de Lorenzis) Moritz Flaschel 
Automated hyperelastic model 
discovery for human brain tissue 
(publication). 

Institute of Medical Physics and 
Microtissue Engineering (Kristian 
Franze – B02/ A05) 

Julia Becker, Alexander Winkel Viscoelastic modeling of rat spinal 
cord AFM data.  

FAU, Institute of Continuum Me-
chanics and Biomechanics (Sil-
via Budday – A01/ B01) 

Alexander Greiner Poroviscoelastic characterization 
of hydrogels. 

FAU, Institute of Continuum Me-
chanics and Biomechanics (Silvia 
Budday – A01/B01) 

Oskar Neumann (B01) Mechanical characterization of hu-
man spinal cord tissue. 

FAU, Institute of applied mechan-
ics (Paul Steinmann – B01/C01) Stephen Melly (B01) Inverse parameter identification 

for AFM data. 
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Jakob Jordan 

Partner institute  Researchers involved Research topic 
Charité Universitätsmedizin Ber-
lin, Klinik für Pädiatrie m.S. 
Onkologie und Hämatologie 

Anja Heeren Hagemann and 
group 

MYCN and LM01 driven Neuro-
blastoma 

Friedrich-Alexander Universität 
Erlangen-Nürnberg, Chair of 
Mathematics in Life Sciences 

Vasily Zaburdaev and group Bacillus Subtilis Biofilms 

Charité Universitätsmedizin Berlin, 
Department of Neurosurgery with 
Pediatric Neurosurgery 

Güliz Acker and group Treatment of melanomas 

Kristina Karandasheva 

Partner institute  Researchers involved Research topic 

Institut für Physik der Konden-
sierten Materie Ben Fabry, Lars Bischof 

Quantification of neuronal network 
formation using time-lapse and 
traction-force microscopy 

Max-Planck-Institut für die Physik 
des Lichts; Die Forschungsgruppe 
für Neuroregeneration 

Daniel Wehner 

ECM components in CNS scarring 
across species and tissues, spe-
cific role in regeneration and epi-
leptogenicity 

Max-Planck-Institut für die Physik 
des Lichts; Abteilung für biolo-
gische Optomechanik 

Stephanie Möllmert, Jochen Guck 
Investigation of seizure-like activ-
ity using confocal Brillouin micros-
copy 

Department Biologie Lehrstuhl für 
Mathematik in den Lebenswissen-
schaften 

Vasily Zaburdaev In silico modelling of mechanical 
cell-matrix interactions 

Neuropathologie Ingmar Blümcke Bioinformatic analysis for spatial 
transcriptomics 

Institut für Biomaterialien; Depart-
ments Werkstoffwissenschaften Aldo Boccaccini 

Primary neuronal network for-
mation in brain tissue-like matri-
ces 

Sonja Kuth 

Partner institute  Researchers involved Research topic 

Chair of Animal Physiology, FAU Renato Frischknecht Neuroplasticity of primary rat neu-
rons 

Chair of Biochemistry and Molecu-
lar Medicine, FAU 

Anja Bosserhoff, Shanice Hei-
denreich Melanoma cells and melanocytes 

Chair of Biochemistry and Molecu-
lar Neurosciences, FAU 

Sven Falk, Marisa Karow, Michael 
Tranchina Brain organoids 

Institute for Neuropathology, Univ. 
clinic Erlangen Katja Kobow, K. Karandasheva Primary rat neurons in epilepsy 

Department of Biology, FAU Alexandra Schambony, Clara 
Froidevaux Early brain development 

Institute for Radiology and Pediat-
ric Radiology, Charité, Berlin 

Jing Guo, Pedro Augusto Dantas 
de Moraes Magnetic resonance elastography 

Markus Lorke 

Partner institute  Researchers involved Research topic 

Chair of Animal Physiology, FAU Renato Frischknecht, Bartomeu 
Perelló Amorós, Sonja Kuth 

Primary rat neurons in contact to 
several hydrogel cultivation ap-
proaches 

Chair of Biochemistry and Molecu-
lar Neurosciences, FAU Michael Tranchina Encasulating organoids in ydro-

gels 
Chair of Biochemistry and Molecu-
lar Medicine, FAU 

Anja Bosserhoff, Shanice Hei-
denreich 

Cellular differentiation in brain tis-
sue-like matrices 
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Charité Berlin Jing Guo Testing hydrogels in the MRE 
Section of Developmental Biology, 
Department of Biology Clara Froidevaux Hydrogels as a growth platform for 

frog-organoids 

Institute for Neuropathology, Univ. 
clinic Erlangen 

Katja Kobow, Kristina Karan-
dasheva 

Influence of different hyaluronic 
acid-based hydrogels as a growth 
platform on primary neurons 

Chair of Medical Physics Kristian Franze 
Development of a 3D hydrogel 
matrix for culture of Xenopus reti-
nal ganglion cells 

Oskar Neumann 

Partner institute  Researchers involved Research topic 

Institute of Continuum Mechanics 
and Biomechanics, FAU Jan Hinrichsen 

Inverse identification of material 
parameters for human spinal cord 
tissue 

Institute of Continuum Mechanics 
and Biomechanics, FAU Nina Reiter 

Multimodal mechanical testing on 
human and porcine spinal cord 
with the rheometer 

Institute of Applied Mechanics, 
FAU Laura Ruhland 

Magnetic resonance elastography 
experiments on porcine spinal 
cord 

Max Plank Institute for the Sci-
ence of Light Daniel Wehner 

Scientific exchange on the mech-
ano-biological aspects of spinal 
cord regeneration  

Max Plank Institute for the Sci-
ence of Light Stephanie Möllmert 

Scientific exchange on the mech-
ano-biological aspects of spinal 
cord regeneration 

Institute of Anatomy/Neuroana-
tomy, Uni Bonn Maik Hintze 

Scientific exchange on the experi-
mental investigation and anatomy 
of spinal cord (staining, cutting 
and general questions) 

Bartomeu Perelló Amorós  

Partner institute  Researchers involved Research topic 

Institute of Biomaterials, FAU Aldo Boccaccini, Markus Lorke, 
Sonja Kuth 

Engineering brain tissue-like ma-
trices 

Nina Reiter 

Partner institute  Researchers involved Research topic 

Institute of Functional and Clinical 
Anatomy 

Friedrich Paulsen, Martin Schicht, 
Sophia Auer 

Mechanical characterization and 
histological analysis of human 
brain tissue from body donors 
(connected to B01, A01, A02) 

Neuropathology Ingmar Blümcke, Lucas Hoff-
mann, Erica Cecchini 

Mechanical characterization and 
histological analysis of human 
brain tissue samples from epi-
lepsy surgery (connected to A01, 
A02) 

Laura Ruhland 

Partner institute  Researchers involved Research topic 

Institute of Biomaterials, FAU Markus Lorke Material testing of hydrogels 
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Yashasvi Verma 

Partner institute  Researchers involved Research topic 

Charité, Berlin, Germany Ingolf Sack, Jing Guo MRE testing of brain samples and 
phantom materials 

SISSA, Trieste, Italy Luca Heltai 
Computational-based embedding 
of vascular structure in brain 
model 

B01-EBM Nina Reiter Compression-tension/Rheometer 
test on brain sample  

Kathrin Welsch 

Partner institute  Researchers involved Research topic 

Institute of Biochemistry FAU Prof. Lie, Dr. Schäffner, 
Francesco Bambini 

Adult neural stem cells and their 
interactions with their niche 

Frauke Wilm 

Partner institute  Researchers involved Research topic 

Technische Hochschule Ingolstadt Prof. Dr. Marc Aubreville, Jo-
nathan Ganz, Jonas Ammeling Digital Pathology 

Institute of Pathology, University 
of Veterinary Medicine, Vienna, 
Austria 

Dr. Christof Bertram Digital Pathology 

Institute of Veterinary Pathology, 
Freie Universität Berlin, Germany 

Prof. Dr. Robert Klopfleisch, Chloé 
Puget Digital Pathology 

Pathology Department, University 
Medical Centre Utrecht, The Neth-
erlands 

Nikolas Stathonikos Digital Pathology 

6.3 PARTICIPATION IN CONFERENCES AND CONGRESSES 

6.3.1 CONFERENCES AND RESEARCH STAYS OF PRINCIPAL INVESTIGATORS 

PI Date Conference Title of own presentation / partic-
ipation only 

Blümcke, 
Ingmar 17.08.-

23.08.23 

Chinese Epilepsy Society Meeting 
and Summer School, Beijing and 
Chengdu, China 

Guiding principles in Neuropathol-
ogy and Epilepsy Surgery  
FCD classification update 2022 

Blümcke, 
Ingmar 24.08. – 

26.08.23 

13th ILAE School for Neuropathol-
ogy and Epilepsy Surgery Vienna, 
Austria  

Organization and Leadership 

Blümcke, 
Ingmar 

12.09. – 
16.09.23  

20th International Congress of Neu-
ropathology, Berlin, Germany 

Genotype-Phenotype Classification 
of cortical Dysplasia 

Blümcke, 
Ingmar 

20.11. – 
30.11.23 

Cleveland Clinic Epilepsy Center, 
Ohio, USA, cooperation talks and 
lecture 

White matter terra incognita in corti-
cal Dysplasia 

Bosserhoff, 
Anja 

30.05. – 
02.06.23 

IPCC2023 (25th International Pig-
ment Cell Conference), Bilbao, 
Spain 

Plasticity in melanoma 

Bosserhoff, 
Anja 

06.09. – 
08.09.23 ADO 2023, Hamburg, Germany Differenzierung und Aggressivität 

Bosserhoff, 
Anja 

23.10 – 
25.10.23 

Hallmarks of Skin Cancer Confer-
ence, Heidelberg, Germany 

3D-modelling of melanoma by bio-
fabrication to understand molecular 
processes in tumor dormancy 

Breininger, 
Katharina 10.02.23 Workshop Vienna, Austria A practical introduction to deep 

learning 

Table 20: Conferences and research stays of PIs 
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Breininger, 
Katharina 

29.03. – 
30.03.23 

FAU – UCSF Workshop on AI Ap-
plications in Neurology, Oncological 
& Musculoskeletal Imaging, UCSF, 
San Francisco, USA 

Domain Generalization and Label-
Efficient Learning in Digital Pathol-
ogy and Beyond 

Breininger, 
Katharina 

02.07. – 
04.07.23 

BVM Workshop 2023, Braun-
schweig, Germany 

Multi-Scanner Canine Cutaneous 
Squamous Cell Carcinoma Histo-
pathology Dataset 

Breininger, 
Katharina 

08.10. – 
12.10.23 MICCAI 2023, Vancouver, Canada 

Adaptive Region Selection for Ac-
tive Learning in Whole Slide Image 
Semantic Segmentation 

Breininger, 
Katharina 

19.10. – 
20.10.23 

6th Conference on “Image-Guided 
Interventions” (IGIC), Mannheim, 
Germany  

invited panel discussion: AI use in 
medicine 

Budday, Silvia 13.02. – 
14.02.23 

Annual Meeting of the GAMM FA 
Computational Biomechanics 2023, 
Saarland, Germany 

On the importance of using region-
dependent material parameters for 
full- scale human brain simulations 

Budday, Silvia 30.05. – 
02.06.23 

GAMM Annual Meeting, Dresden, 
Germany 

Multifield computational model pre-
dicts the interplay between cellular 
processes and geometrical instabili-
ties in the developing human brain 

Budday, Silvia 09.07. – 
12.07.23 

ESBiomech 2023, Maastricht, The 
Netherlands 

Region-dependent material param-
eters for full-scale human brain sim-
ulations 

Budday, Silvia 30.08. – 
01.09.23 

Workshop BioPhysMed 2023, Ber-
lin, Germany 

Biomechanical modeling of the hu-
man brain 

Budday, Silvia 18.11. – 
26.11.23 Stanford, CA, USA  research stay 

Falk, Sven 01.06. – 
03.06.23;  

Black Sea Neurogenesis Meeting; 
Varna, Bulgaria 

Molecular control of cellular identity 
acquisition 

Falk, Sven 19.06. – 
22.06.23 

EMBO workshop: X-chromosome 
inactivation: new insights on its 
60th anniversary; Berlin; Germany 

X-chromosomal reactivation en-
hances female brain resilience 

Franze, Kristian 06.03. – 
11.03.23 

Spinal cord injury meeting, Hous-
ton, TX, USA invited talk 

Franze, Kristian 29.03. – 
31.03.23 DPG Meeting, Dresden, Germany The physical regulation of brain de-

velopment 

Franze, Kristian 11.05. – 
12.05.23 Sorbonne Université, Paris, France invited talk 

Franze, Kristian 20.06. – 
23.06.23 

Mechanics of cells, tissues and em-
bryos, Summer school, Lisbon, 
Portugal 

invited talk 

Franze, Kristian 04.07. – 
10.07.23 

Microscience Microscopy Congress 
2023 (mmc2023) incorporating 
EMAG 2023, Manchester, UK 

Measuring and manipulating in vivo 
tissue mechanics using AFM 

Franze, Kristian 19.07.23 
Scientific Symposium “Mechanical 
interaction of cells with their envi-
ronment”, Waischenfeld, Germany 

invited talk 

Franze, Kristian 13.10.23 
Retreat of Clinical Scientist Pro-
gram UKER, Waischenfeld, Ger-
many 

invited talk 

Guck, Jochen 06.12. – 
08.12.23 

BioBrillouin, Trinity College, Dublin, 
Ireland 

Current applications of Brillouin mi-
croscopy – from sub-cellular me-
chanics to spinal cord repair 

Karow, Marisa 26.03. – 
29.03.23 

Co-Organizer COB Workshop 
Novel technologies for program-
ming human cell fate; Eastwell 
Manor, UK 

Molecular control of cell identity ac-
quisition 

Karow, Marisa 08.07. – 
11.07.23 

XVO European Meeting on Glial 
Cells in Health and Disease; Berlin, 
Germany 

Dissecting the molecular framework 
underlying pericyte-to-neuron con-
version 

Karow, Marisa 04.09. – 
05.09.23 

Human Neurodevelopment Sympo-
sium; The Francis Crick Institute 
London, UK 

Dynamic X-chromosomal reactiva-
tion enhances female brain resili-
ence 
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Karow, Marisa 10.10. – 
14.10.23 CSHL Meeting, USA,  

Querying the molecular determi-
nants rendering iN reprogramming 
success or failure 

Kobow, Katja 20.06. – 
24.06.23 

EPNC 2023, Prague, Czech Re-
public 

The role of epigenetic mechanisms 
in the pathogenesis of drug-re-
sistant epilepsy 

Kobow, Katja 28.08. – 
01.09.23 WONOEP 2023, Kildare, Ireland 

Investigating the Role of the Extra-
cellular Matrix in Epilepsy – Evi-
dence from structural brain lesions 
and experimental models 

Kobow, Katja 02.09. – 
06.09.23 IEC 2023, Dublin, Ireland 

Histopathological hallmarks and ep-
igenetic background in MOGHE; 
Poster: Comparative analysis of 
brain and blood-derived DNA meth-
ylation signatures in MCD 

Kobow, Katja 04.10. – 
06.10.23 

Channelopathy meeting 2023, Tü-
bingen, Germany 

Epigenetics for diagnosis and 
mechanistic understanding of drug-
resistant focal structural epilepsies 

Kobow, Katja 16.11. – 
18.11.23 

GNP Jahrestagung, Dortmund, 
Germany 

Neocortical development and epi-
lepsy: insights from focal cortical 
dysplasia and brain tumours 

Steinmann, Paul 27.10. – 
05.11.23 

The University of Queensland, Aus-
tralia research stay 

Steinmann, Paul 05.12.23 
Glasgow Computational Engineer-
ing Center (GCEC), Uni Glasgow, 
UK, Seminar Talk 

Modelling and Simulation of Bacte-
rial Colony Formation: Challenges 
in Health and Computations  

Wehner, Daniel 09.07. – 
14.07.23 

Central Nervous System Injury and 
Repair Gordon Research Confer-
ence, Lucca, Italy 

Small leucine-rich proteoglycans in-
hibit CNS regeneration by modify-
ing the structural and mechanical 
properties of the lesion environment 

Wehner, Daniel 03.09. – 
06.09.23 

ISRB Inaugural conference, Vi-
enna, Austria participation only 

6.3.2 CONFERENCES OF (POST-)DOCTORAL RESEARCHERS 

Jana Bachir Salvador 

From / to Name of con-
ference Location Title of own presentation / title of own poster presenta-

tion / participation only 
06.12.23 / 
08.12.23 BioBrillouin 

Trinity Col-
lege, Dublin, 
Ireland 

Talk: Deciphering the determinants of nervous tissue me-
chanical properties in vivo 

Erica Cecchini 

From / to Name of con-
ference Location Title of own presentation / title of own poster presenta-

tion / participation only 

12.09.23 / 
16.09.23 ICN2023 Berlin, Ger-

many 

Poster: Mild malformation of cortical development with oli-
godendroglial hyperplasia in epilepsy (MOGHE) with patho-
genic SLC35A2 mutations reveals aberrant protein distribu-
tion and myelin loss 

Soheil Firooz 

From / to Name of con-
ference Location Title of own presentation / title of own poster presenta-

tion / participation only 

04.06.23 / 
10.06.23 

European 
Congress on 
Computa-
tional Meth-
ods in Applied 
Sciences and 
Engineering 
(ECCOMAS) 

Oslo, Norway Talk: Computational continuum modeling of cell aggregation 
phenomenon.  
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02.11.23 / 
04.11.23 

African Con-
ference on 
Computa-
tional Me-
chanics (Afri-
comp)  

CapeTown, 
South Africa 

Talk: On continuum modeling of cell aggregation phenome-
non.  

11.07.23 / 
15.07.23 

International 
Conference 
on The Evolv-
ing Nonlinear 
Continuum 
Panorama  

Castro Ur-
diales, Spain 

Talk: Continuum-Kinematics-Inspired Peridynamics (CPD). 
A Novel Take on Nonlocal Continuum Modelling and Simu-
lation.  

Jan Hinrichsen 

From / to Name of con-
ference Location Title of own presentation / title of own poster presenta-

tion / participation only 
10.09.23 / 
13.09.23 GACM Vienna, Aus-

tria 
Talk: Exploring the mechanical landscape of the human 
brain 

Jakob Jordan 

From / to Name of con-
ference Location Title of own presentation / title of own poster presenta-

tion / participation only 
06.07.23 ISMRM Ger-

man Chapter 
Berlin, Ger-
many Participation only 

07.07.23 BIOQIC days Berlin, Ger-
many 

Talk: Optical time harmonic elastography (OTHE) -  
Versatile stiffness mapping from zebrafish larvae, to bio-
films, to in-vivo human skin 

Sonja Kuth 

From / to Name of con-
ference Location Title of own presentation / title of own poster presenta-

tion / participation only 
04.08.23 / 
08.08.23 ESB Davos, Swit-

zerland 
Talk: Designing a hydrogel for mimicking nervous tissue: de-
velopment, optimization and application 

Olga Lyraki 

From / to Name of con-
ference Location Title of own presentation / title of own poster presenta-

tion / participation only 

02.09.23 / 
06.09.23 

Inaugural 
Meeting of the 
International 
Society for 
Regenerative 
Biology 

Vienna, Aus-
tria Participation only 

Nina Reiter 

From / to Name of 
conference Location Title of own presentation / title of own poster presenta-

tion / participation only 
03.05.23 / 
05.05.23 CMBBE Paris, France Talk: Mechanical characterization of human and porcine 

brain tissue and human brain organoids 
30.05.23 / 
02.06.23 

GAMM An-
nual Meeting 

Dresden, 
Germany 

Talk: Modeling the finite viscoelasticity of brain tissue based 
on microstructural information 

09.10.23 / 
11.10.23 

GAMM Jun-
iors Fall 
Meeting 

Zurich, Swit-
zerland Talk: Human Brain Mechanics in Health and Disease 

Sebastián Vásquez-Sepúlveda  

From / to Name of con-
ference Location Title of own presentation / title of own poster presenta-

tion / participation only 

08.06.23 
Franze/Paluch 
Lab Sympo-
sium 

Cambridge, 
UK 

Talk: Characterizing Brain mechanics during development 
and neurodevelopmental malformations 
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Jana Sipkova  

From / to Name of con-
ference Location Title of own presentation / title of own poster presenta-

tion / participation only 

08.06.2023 
Franze/Paluch 
Lab sympo-
sium 

Cambridge, 
UK 

Talk: Mechanical regulation of Eph/ephrin signalling in the 
developing brain 

28.06.23 / 
29.06.23 

Invited talk - 
Laboratoire de 
Biologie du 
Developpe-
ment seminar 
series 

Villefranche-
sur-Mer, 
France 

Talk: Mechanical regulation of Eph/ephrin signalling in the 
developing brain 

20.07.23 / 
23.07.23 

Society for 
Developmen-
tal Biology 
82nd Annual 
Meeting 

Chicago, IL, 
USA 

Talk: Mechanical regulation of Eph/ephrin signalling in the 
developing brain 

11.09.23 

Cambridge 
Morphogene-
sis Sympo-
sium 

Cambridge, 
UK 

Poster: Mechanical regulation of Eph/ephrin signalling in the 
developing brain 

09.10.23 / 
12.10.23 

Invited talk – 
Stowers Insti-
tute for Medi-
cal Research 

Kansas City, 
MO, USA 

Talk: Mechanical regulation of Eph/ephrin signalling in the 
developing brain 

6.4 SUMMER SCHOOLS / AUTUMN SCHOOLS 

Soheil Firooz 

From / to Name of school Location 

23.10.23 / 
26.10.23 

CISM Advanced Course on 
Peridynamic Models for Mate-
rial Degradation: from Frac- 
ture/Fragmentation to Corro-
sion; from Models to Computer 
Codes 

International Centre for Mechanical Sciences (CISM), 
Udine, Italy.  

16.10.23 / 
20.10.23 

CISM Advanced Course on 
Virtual Elements for Problems 
in Mechanics 

International Centre for Mechanical Sciences (CISM), 
Udine, Italy.  

Oskar Neumann 

From / to Name of school Location 

11.09.23 / 
15.09.23 

Biomechanics of soft tissues: 
From the heart to the cardio-
vascular system to the brain 

TU Graz, Austria 

Yashasvi Verma 

From / to Name of school Location 

11.09.23 / 
15.09.23 

Biomechanics of Soft Tissues: 
From the Heart to the Cardio-
vascular System to the Brain 

TU Graz, Austria 
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7.1 APPENDIX 1: PROGRAM OF THE 1ST EBM RETREAT 

Program of the 
1st EBM Retreat 

September 21 – 22, 2023 
Hotel Arvena Reichsstadt, Bad Windsheim 

 
21 September 2023 

Time Project Title Lecturer 

9:30 – 9:50 
WELCOME and INTRODUCTION  

by Silvia Budday and Paul Steinmann 

9:50 – 10:00 
C01 In silico modelling of mechanical cell-ma-

trix interactions 

Soheil Firooz, 
Vasily Zaburdaev 

10:00 – 10:15 Discussion 

10:15 – 10:30 C02 The role of mechanics for neuronal ‘plas-
ticity‘ Bartomeu Perelló Amorós 

10:30 - 10:45 C03 The role of mechanics in synchronized 
neuronal activity Kristina Karandasheva 

10:45 – 11:00 C04 Cellular differentiation in brain tissue-like 
matrices Shanice Heidenreich 

11:00 – 12:00 
IMPULSE DISCUSSION 

with a cup of coffee 

12:00 – 12:15 C05 Molecular mechanisms of neuronal 
mechanotransduction Lars Bischof 

12:15 – 12:30 
X01 Model-based reconciliation of ex vivo and 

in vivo test data 

Laura Ruhland 
Yashasvi Verma 
Jakob Jordan  

12:30 – 12:45 Discussion 

12:50 – 14:10 LUNCH BREAK  
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21 September 2023 

Time Project Title Lecturer 

14:15 – 14:30 X02 Data analysis and machine learning for 
heterogeneous, cross-species data Mathias Öttl 

14:30 – 14:45 X03 Engineering brain tissue-like matrices Markus Lorke 

14:45 – 15:00 Y Establishing magnetic resonance elas-
tography at FAU Frederik B. Laun 

15:00 – 16:00 
#NdW23 BRAINSTORMING || EBM EXECUTIVE BOARD MEETING 

with a cup of coffee 

16:00 – 18:00  WALK to the “Fränkisches Freilandmuseum” Bad Windsheim 

18:30 – 20:00 DINNER 

from 20:00  Joint evening with inspiring conversations 

 

22 September 2023 

Time Project Title Lecturer 

8:00 – 9:10 BREAKFAST 

9:15 – 10:15 EBM Members Plenary Meeting 

10:15 – 10:30 A01 In silico modeling of brain malformations Jan Hinrichsen 

10:30 – 10:45 
A02 Quantitative characterization of brain 

malformations 

Erica Cecchini  
Sophia Auer  
Stefan Rampp 

10:45 – 11:00 Discussion 

11:00 – 12:00 
IMPULSE DISCUSSION  

with a cup of coffee 

12:00 – 12:15 A03 In vitro model for the mechanics of early 
brain development Clara Froidevaux 
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7.2 APPENDIX 2: PROGRAM OF THE KICK-OFF MEETING 

Program of the 
EBM Kick-Off Meeting 

March 17, 2023 
Hans-Georg-Waeber-Saal, Schottkystraße 10, Erlangen 

 
 Project Title Project leader(s) 

9:00 - 9:40 WELCOME and INTRODUCTION  
by Silvia Budday and Paul Steinmann 

9:40 - 10:00 iRTG Integrated Research Training Group on 
EBM 

Friedrich Paulsen 

10:00 - 10:20 COFFEE BREAK  
with discussion at posters 

10:20 - 10:30 B01 In silico modelling of spinal cord regen-
eration 

Paul Steinmann,  
Silvia Budday 

10:30 - 10:40 B02 Pre and post metamorphosis spinal cord 
regeneration in frogs 

Kristian Franze 

10:40 - 10:50 B03 The determinants of spinal cord me-
chanics in homeostasis 

Jochen Guck,  
Stephanie Möllmert 

10:50 - 11:00 B04 Spinal cord mechanics in a mouse 
model of multiple sclerosis 

Stefanie Kürten 

11:00 - 11:10 B05 In vivo mechanical manipulation of spi-
nal cord regeneration 

Daniel Wehner 

11:10 - 11:30 COFFEE BREAK  
with discussion at posters 

11:30 - 11:40 C01 In silico modelling of mechanical cell-
matrix interactions 

Vasily Zaburdaev,  
Paul Steinmann  

11:40 - 11:50 C02 The role of mechanics for neuronal 
‘plasticity‘ 

Renato Frischknecht 

11:50 - 12:00 C03 The role of mechanics in synchronised 
neuronal activity 

Katja Kobow 

12:00 - 12:10 C04 Cellular differentiation in brain tissue-
like matrices 

Anja Bosserhoff 

12:10 - 12:20 C05 Molecular mechanisms of neuronal 
mechanotransduction 

Ben Fabry 

12:20 - 13:00 LUNCH BREAK  
with discussion at posters 
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