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12th BSRT Online Symposium 

 

A Deep Dive into Science 

Swimming through the Seven Seas of Regenerative Medicine 

29th November – 3rd December 2021 

 

Welcome 

 

A diver´s experience is certainly one of exploration and discovery, very much like the career of 

a scientist in the field of regenerative medicine. You know you are in for a great dive as you 

enter the depths of the ocean and reach the fascinating, yet also sometimes terrifying, 

creatures that lurk underwater. 

 

In this year´s symposium, the marine life itself and the subtle strategies used by its creatures 

draw an analogy between the way we scientists approach the different aspects of regenerative 

processes and therapies. We would like to take you on a journey through the wonders of this 

field by exploring the depths of immunology, organoid models, biomaterials and 

computational mechanobiology. Experts will not only navigate us through their scientific 

discoveries but also through their career journey and the lessons learnt along the way. Young 

scientists will have the opportunity to share their findings and discuss their ideas. 

 

Throw on that scuba gear and dive with us into the seven seas of regenerative medicine! Let’s 

go!  
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Program 

Monday 29 November 2021 

13:00 - 13:15 

Welcome 

Briefing from the Organizing Committee 

13:15 – 13:30 Session Introduction 
 

Unmasking the kraken, a deep-sea monster:  

Studying cancer and the immune system 

13:30 – 14:00 Keynote Speaker 

Damya Laoui | Vrije Unversiteit Brussel 

TBA 

14:00 – 14:30 Keynote Speaker 

Lenneke A. M. Cornelissen | Radboudumc, Nijmegen 

TBA 

14:30 – 14:45 PhD talk 

Sadra Bakhshandeh | Max Planck Institute of Colloids and Interfaces, Potsdam 

“Quiescence-inducing matrix reveals a mechanosensitive mechanism of cancer cell cycle arrest” 

14:45 – 15:00 PhD talk 

Sarah Young | Max Planck Institute of Colloids and Interfaces, Potsdam 

“Longitudinal micro-CT in vivo monitoring of pathological bone remodeling in breast cancer bone 

metastasis” 
 

15:00 – 15:30 Session discussion 

 

15:30 – 16:00 Coffee break 

16:00– 16:15 Session Introduction 
 

Grooming underwater like the cleaner fish: 

Using the immune system to fight cancer 

16:15 – 16:45 

Elizabeth Wayne | Carnegie Mellon University, Pittsburgh 

TBA 

16:45 – 17:15 

Kai W. Wucherpfennig | Dana-Farber Cancer Institute, Boston 

TBA 

17:15 – 17:30 PhD talk 

Ângela Magalhães | i3S – Institute for Research and Innovation in Health, Porto 

“Decellularized extracellular matrix: dissecting the biochemical and biomechanical properties of 

colorectal cancer patients-derived tissues” 

17:30 – 17:45 PhD talk 

Neha Rana | Centre of Translational Oral Research, Bergen 

“Systemic monocyte-macrophage response to co-transplanting mesenchymal stromal cells and 

biphasic calcium phosphate biomaterial for bone regeneration” 
 

17:45 – 18:15 Session discussion 

18:15 – 18:30 Closing Day 1 

  

https://researchportal.vub.be/en/persons/damya-laoui
https://www.radboudumc.nl/en/news/2019/a-personal-touch-of-lenneke-cornelissen
https://www.cmu.edu/bme/People/Faculty/profile/ewayne.html
https://www.dana-farber.org/find-a-doctor/kai-w-wucherpfennig/
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Tuesday 30 November 2021 

13:15 – 13:30 Session Introduction 
 

Sharpening piranhas’ teeth: 

Redirecting immune cells to expand their therapeutic potential  

13:30 – 14:00 Keynote Speaker 

Maksim Mamonkin | Baylor College of Medicine, Houston 

TBA 

14:00 – 14:30 Keynote Speaker 

Stephen Gottschalk | St. Jude Children's Research Hospital, Memphis 

TBA 

14:30 – 14:45 PhD talk 

Viktor Glaser | BCRT-BIH, Charité – Universitätsmedizin, Berlin 

“Reducing translocations during multiplexed genome editing for allogeneic CAR-T cell therapy by 

harnessing base editing and different CRISPR-Cas enzyme” 

14:45 – 15:00 PhD talk 

Ghazaleh Zarrinrad | BCRT-BIH, Charité – Universitätsmedizin, Berlin 

“A new generation of tacrolimus-resistant regulatory T cell products for advanced adoptive T cell 

therapy in solid organ transplantation” 
 

15:00 – 15:30 Session discussion 
 

15:30 – 15:45 Coffee break 

Time to listen to the Immune System and Cancer session Poster Pitches! 
 

15:45 – 16:15 Immune System and Cancer Poster Session 

 

16:15 – 16:30 Coffee break 

16:30 – 16:45 Session Introduction 
 

Scraping the lobster shell: 

Stem cell derived organoids in human disease and development 

16:45 – 17:15 Keynote Speaker 

Núria Montserrat Pulido Institute for Bioengineering of Catalonia, Barcelona 

TBA 

17:15 – 17:45 Keynote Speaker 

Milena Bellin | Leids University Medical Center, The Netherlands 

“Engineered models of the human heart: directions and challenges” 

17:45 – 18:00 PhD talk 

Leopold Koenig | TissUse GmbH, Berlin 

“Modelling the blood-brain barrier in the context of autologous induced pluripotent stem cell-derived 

Multi-Organ-Chips” 

18:00 – 18:15 PhD talk 

Milad Rezvani | Department of Pediatrics, Charité – Universitätsmedizin Berlin, Berlin 

“Generating Human Liver Organoids with Myeloid Immunity as a model for Fetal Liver Myelopoiesis 

and Non-Alcoholic Steatohepatitis” 
 

18:15 – 18:45 Session discussion 

18:45 – 19:00 Closing Day 2 

https://www.bcm.edu/people-search/maksim-mamonkin-26041
https://www.stjude.org/directory/g/stephen-gottschalk.html
https://bsrt-symposium.de/index.php/poster-gallery-2021/
https://ibecbarcelona.eu/member/934/N%C3%BAria+Montserrat+Pulido/
https://www.lumc.nl/org/anatomie-embryologie/research/1326265/
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Wednesday 01 December 2021 

13:15 – 13:30 Session Introduction 

 

Envying the starfish, regenerator of limbs: 

Organoids for regenerative therapies 

13:30 – 14:00 Keynote Speaker 

Donald E. Ingber | Wyss Institute for Biologically Inspired Engineering, Boston 

TBA 

14:00 – 14:30 Keynote Speaker 

Dan Dongeun Huh | Department of Bioengineering, University of Pennsylvania 

TBA 

14:30 – 14:45 PhD talk 

Kübrah Gürcan | Technische Universität, Berlin 

“In vitro endothelialisation of a bone marrow model” 

14:45 – 15:00 PhD talk 

Filipa Campos | i3S – Institute for Research and Innovation in Health, Porto  

“Development of lung organoids as in vitro models to study infectious diseases” 
 

15:00 – 15:30 Session discussion 

 

15:30 – 15:45 Coffee break 

Time to listen to the Organoids and Tissues Culture session Poster Pitches! 

 

15:45 – 16:15 Organoids and Tissues Culture Poster Session 

 

16:15 – 16:30 Coffee break 

 16:30 – 16:45 Session Introduction 

 

Building the reef – one coral at a time: 

Healthy and pathological organoid models 

16:45 – 17:15 Keynote Speaker 

Sina Bartfeld | Technische Universität, Berlin 

TBA 

17:15 – 17:45 Keynote Speaker 

Claudia Fischbach | Cornell University, New York 

TBA 

17:45 – 18:00 PhD talk 

Audrey Bresser | Institute for Pediatric Endocrinology, Charité – Universitätsmedizin, Berlin 

“hiPSC-derived Cerebral Organoids as a Model to Study Thyroid Hormone Regulation of Human 

Cortex Development” 

18:00 – 18:15 PhD talk 

Isabel Orellano | JWI BCRT-BIH, Charité – Universitätsmedizin, Berlin 

“Engineering vascular self-assembly by 3D bioprinting” 
 

18:15 – 18:45 Session discussion 

18:45 – 19:00 Closing Day 3 

https://wyss.harvard.edu/team/core-faculty/donald-ingber/
https://biolines.seas.upenn.edu/Huh-prof.html
https://bsrt-symposium.de/index.php/poster-gallery-2021/
http://www.imib-wuerzburg.de/research/bartfeld/research/
https://www.engineering.cornell.edu/faculty-directory/claudia-fischbach
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Thursday 02 December 2021 

  

13:15 – 13:30 Session Introduction 
 

Learning new skills from sea sponges:  

Using biomaterials to understand deviations in regenerative processes 

13:30 – 14:00 Keynote Speaker 

David Mooney | Wyss Institute for Biologicaly Inspired Engineering, Boston 

TBA 

14:00 – 14:30 Keynote Speaker 

Kara L. Spiller | Drexel University, Philadelphia 

TBA 

14:30 – 14:45 PhD talk 

Matthias Kollert | JWI BCRT-BIH, Charité Universitätsmedizin, Berlin 

“Osmotic environments regulate ECM stress relaxation and MSC proliferation and osteogenic 

differentiation” 

14:45 – 15:00 PhD talk 

Nicky Tam | Max Planck Institute of Colloids and Interfaces, Potsdam 

“Jellied vesicles: probing the interactions between vesicles and the extracellular environment” 
 

15:00 – 15:30 Session discussion 

 

15:30 – 15:45 Coffee break 

Time to listen to the Biomaterials and cellular mechanisms session Poster Pitches! 
 

15:45 – 16:15 Biomaterials Poster Session 

 

16:15 – 16:30 Coffee break 

 16:30 – 16:45 Session Introduction 
 

From mineral layers to seashells: 

Designing biomaterials to promote tissue regeneration 

16:45 – 17:15 Keynote Speaker 

Molly Stevens | Imperial College, London 

TBA 

17:15 – 17:45 Keynote Speaker 

Manuela Gomes | University of Minho, Braga 

TBA 

17:45 – 18:00 PhD talk 

Janina Stadter | JWI BCRT-BIH, Charité Universitätsmedizin, Berlin 

“In vitro recapitulation of spatiotemporal aspects of endochondral ossification using a biomaterial 

scaffold” 

18:00 – 18:15 PhD talk 

Xinxin Ding | Department of Biomaterials Friedrich-Alexander-Universität, Erlangen 

“A Biopolymer Hydrogel Electrostatically Reinforced by Amino Functionalized Bioactive Glass for 

Accelerated Bone Regeneration” 
 

18:15 – 18:45 Session discussion 

18:45 – 19:00 Closing Day 4 

https://wyss.harvard.edu/team/core-faculty/david-mooney/
https://drexel.edu/biomed/faculty/core/SpillerKara/
https://bsrt-symposium.de/index.php/poster-gallery-2021/
https://www.imperial.ac.uk/people/m.stevens
https://3bs.uminho.pt/users/megomes
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Friday 03 December 2021 

 

13:15 – 13:30 Session Introduction 
 

Forecasting swarm behaviour: 

Computational mechanobiology to predict tissue regeneration 

13:30 – 14:00 Keynote Speaker 

Hanna Isaksson | Lund University, Lund 

TBA 

14:00 – 14:30 Keynote Speaker 

Laoise McNamara | National University of Ireland, Galway 

TBA 

14:30 – 14:45 PhD talk 

Ali Entezari | University of Sidney, Sidney 

“Nondeterministic multiobjective optimization of 3D printed ceramic tissue scaffolds” 

14:45 – 15:00 PhD talk 

Chiara Dazzi | JWI BCRT-BIH, Charité Universitätsmedizin, Berlin 

“The role of mechanics on endothelial cells and fibroblasts organization during early bone healing: 

an in silico study” 
 

15:00 – 15:30 Session discussion 

 

15:30 – 15:45 Coffee break 

Time to listen to the Computational and Bone Regeneration session Poster Pitches! 
 

15:45 – 16:15 Computational Mechanobiology and Bone Regeneration Poster Session 

 

16:15 – 16:30 Coffee break 

16:30 – 16:45  

Thank you 

Symposium Committee 

16:45 – 17:45 Nikolaus Lecture 

Christmas at the Beach 
 

Mental Health in science careers: 

Desiree Dickerson 

17:45 – 18:00 

Awards for Best PhD talk and Best Poster 

Symposium Committee 

18:00 – 18:15 

Closing Symposium 

https://portal.research.lu.se/portal/en/persons/hanna-isaksson(854a6054-1fbb-4a5f-a9a6-4d9e36f5204b).html#:~:text=Dr%20Hanna%20Isaksson%20joined%20the,Biomedical%20Engineering%20at%20Lund%20University.
https://mechanobiology.ie/
https://bsrt-symposium.de/index.php/poster-gallery-2021/
https://desireedickerson.com/
https://doodle.com/poll/xnsf7gimpsgdffy9?utm_source=poll&utm_medium=link
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Keynote Speakers 

 

Claudia Fischbach-Teschl | Cornell University, New York, USA 

Claudia Fischbach and her lab explore the fields of tissue engineering, 
microfabrication, and biomaterials strategies to study tumor–
microenvironment interaction, particularly mechanical cues and 
materials properties relevant to breast cancer and bone metastasis, 
tumor associated vascular niches and angiogenesis. 

 

Damya Laoui | Vrije Universiteit Brussel, Belgium 

Damya Laoui’s lab investigates the diversity of populations of myeloid 
cells in organs and tumors, and the use of these cell populations and 
their molecular markers as a target for diagnosis and therapeutic 
interventions during inflammatory diseases and cancer. 

 

Dan Dongeun Huh | University of Pennsylvania, USA 

As a pioneer of the Organ-On-a-Chip technology, Dan Huh and his 
research group at Penn University focus on the development of novel 
bioinspired/biomimetic microsystems that can reproduce integrated 
structure and function of human organs. 

 

David Mooney | Wyss Institute for Biologically Inspired 
Engineering, Boston, USA 

David Mooney is one of the top leaders in the fields of biomaterials, 
mechanotransduction, drug delivery, tissue engineering and immuno-
engineering. From therapeutic angiogenesis and regeneration of the 
musculoskeletal tissues, all the way to cancer therapies, a wide spectrum 
of fields can profit from his cutting-edge research. 

 

Donald E. Ingber | Wyss Institute for Biologically Inspired 
Engineering, Boston, USA 

Donald Ingber’s work has led to major advances in many research fields, 
including mechanobiology, tumor angiogenesis, tissue engineering, 
systems biology, nanobiotechnology, and translational medicine, with 
his most recent contribution being the development of human Organ-
on-Chips as potential replacement for animal testing and drug discovery 
tool. 

https://www.engineering.cornell.edu/faculty-directory/claudia-fischbach
https://researchportal.vub.be/en/persons/damya-laoui
https://biolines.seas.upenn.edu/
https://wyss.harvard.edu/team/core-faculty/david-mooney/
https://wyss.harvard.edu/team/executive-team/donald-ingber/
https://www.engineering.cornell.edu/faculty-directory/claudia-fischbach
https://researchportal.vub.be/en/persons/damya-laoui
https://biolines.seas.upenn.edu/Huh-prof.html
https://wyss.harvard.edu/team/core-faculty/david-mooney/
https://wyss.harvard.edu/team/executive-team/donald-ingber/
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Elizabeth Wayne | Carnegie Mellon University, Pittsburgh, 
USA 

Elizabeth Wayne and her lab focuses on using macrophages as tools for 
diagnostic evaluation and drug delivery carriers in cancer and 
regenerative medicine. Her research interests cover macrophages, 
immunoengineering, drug and gene delivery, cancer and biomaterials. 

 

Hanna Isaksson | Lund University, Sweden 

Hanna Isaksson, professor in biomedical technology, is a leader in a 
research team in biomechanics and mechanobiology focused on skeletal 
tissues. Her research areas cover primarily bone and tendons 
biomechanics, and mechanobiology. 
Her group applies both experimental and computational techniques to 
help understand the mechanobiology of bones and tendons. 

 

Kai W. Wucherpfennig | Dana-Farber Cancer Institute, 
Boston, USA 

Kai Wucherpfennig studies the mechanisms that constrain the activity of 
cytotoxic T cells in the tumor microenvironment and identified a series 
of negative regulators of anti-tumor T cell activity. He is particularly 
interested in the molecular mechanisms by which these genes inhibit T 
cell function against tumors to develop novel cancer immunotherapeutic 
strategies. 

 

Kara L. Spiller | Drexel University, Philadelphia, USA 

As an associate professor, Kara L Spiller is currently conducting research 

in the design of immunomodulatory biomaterials, particularly for bone 

tissue engineering. Her research interests include cell-biomaterial 

interactions, biomaterial design, and international engineering 

education. 

 

Laoise McNamara | National University of Ireland Galway, 

Ireland 

As a professor in Biomedical Engineering, Laoise McNamara’s lab focuses 

on multidisciplinary techniques to get a better knowledge of bone 

mechanobiology and how it affects bone formation, function, and 

disease. Her team uses both experimental and computational methods 

to pinpoint the particular mechanosensation and mechanotransduction 

processes that allow bone cells to detect mechanical stimuli. 

https://www.cmu.edu/bme/People/Faculty/profile/ewayne.html
https://portal.research.lu.se/portal/en/persons/hanna-isaksson(854a6054-1fbb-4a5f-a9a6-4d9e36f5204b).html#:~:text=Dr%20Hanna%20Isaksson%20joined%20the,Biomedical%20Engineering%20at%20Lund%20University.
https://www.dana-farber.org/find-a-doctor/kai-w-wucherpfennig/
https://drexel.edu/biomed/faculty/core/SpillerKara/
https://mechanobiology.ie/
https://www.cmu.edu/bme/People/Faculty/profile/ewayne.html
https://portal.research.lu.se/portal/en/persons/hanna-isaksson(854a6054-1fbb-4a5f-a9a6-4d9e36f5204b).html#:~:text=Dr%20Hanna%20Isaksson%20joined%20the,Biomedical%20Engineering%20at%20Lund%20University.
https://www.dana-farber.org/find-a-doctor/kai-w-wucherpfennig/
https://drexel.edu/biomed/faculty/core/SpillerKara/
https://mechanobiology.ie/
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Lenneke A.M. Cornelissen | Radboud University Medical 

Center, Nijmegen, Netherlands 

As a postdoctoral researcher, Lenneke A. M. Cornelissen is investigating 

the effect of tumor-associated glycan structures on tumor immunity with 

a focus on understanding the mechanism to develop new cancer 

immunotherapeutics. 

 

Maksim Mamonkin | Baylor College of Medicine, Houston, 

USA 

Maksim Mamonkin’s lab investigate the immunobiology of CAR-T cells 

aiming to develop novel therapies to fight malignant diseases. Along with 

focusing on CRISPR-engineered CAR-T cells targeting hematologic 

malignancies, he also explores new opportunities to target pathogenic T 

cells in immune rejection and autoimmune diseases. 

 

Manuela Gomes | University of Minho, Portugal 

Manuela Gomes research interest focuses on bone, cartilage, and 

tendon tissue engineering strategies, namely the development of 

scaffold materials based on biodegradable natural origin polymers and 

stem cells sourcing and differentiation aiming at developing tissue 

substitutes. 

 

Milena Bellin | Leiden University Medical Center, 

Netherlands 

In Melina Bellin’s lab, they use hPSCs to develop 3D-cardiac microtissue 

constructs comprising of both cardiomyocytes and non-myocyte cells to 

reproduce the multicellular organization and the dynamic function of the 

native heart. From the patient-derived hiPSC to 3D mini hearts 

development, Belin’s techniques have revolutionized the way we study 

cardiac diseases. 

 

Molly Stevens | Imperial College London, England 

As a professor of biomedical materials and regenerative medicine, Molly 

Stevens’ research spans drug delivery, bioactive materials, tissue 

engineering, biosensing, material characterisation, soft robotics and the 

interface between living and non-living matter. 

https://www.radboudumc.nl/en/news/2019/a-personal-touch-of-lenneke-cornelissen
https://www.bcm.edu/people-search/maksim-mamonkin-26041
https://3bs.uminho.pt/users/megomes
https://www.lumc.nl/org/anatomie-embryologie/research/1326265/
https://www.imperial.ac.uk/people/m.stevens
https://www.radboudumc.nl/en/news/2019/a-personal-touch-of-lenneke-cornelissen
https://www.bcm.edu/people-search/maksim-mamonkin-26041
https://3bs.uminho.pt/users/megomes
https://www.lumc.nl/org/anatomie-embryologie/research/1326265/
https://www.imperial.ac.uk/people/m.stevens
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Núria Montserrat Pulido | Institute for Bioengineering of 

Catalonia, Spain 

Núria Montserrat’ lab focuses on developind new tools and 

methodologies for the generation of hPSCs cell lines, derivation of 

hPSCs-organoids and the formulation of biomimetic materials and 

bioengineering strategies emulating the tissue milieu particularly heart 

and kidney tissues. 

 

Sina Bartfeld | University of Würzburg, Germany 

Sina bartfield’s lab investigates 3D organoids as host models to study 

pathogenesis. She particularly aims to better understand the human gut, 

its barrier function, and the interaction with pathogens. Her group uses 

human stem cell-derived organoids as a model of the human gut and 

combines technology with approaches such as RNAseq and CRISPR/Cas9 

mediates knockout. 

 

Stephen Gottschalk | St. Jude Children's Research Hospital, 

Memphis, USA 

As a top leader in the field of cancer immunotherapy as well as cell 

therapy, Stephen Gottschalk’s research aims at developing novel 

strategies to reprogram the immune system with a focus on the 

generation of chimeric antigen receptor (CAR) T cells to fight cancer. 

 

  

https://ibecbarcelona.eu/member/934/N%C3%BAria+Montserrat+Pulido/
http://www.imib-wuerzburg.de/research/bartfeld/research/
https://www.stjude.org/directory/g/stephen-gottschalk.html
https://ibecbarcelona.eu/member/934/N%C3%BAria+Montserrat+Pulido/
http://www.imib-wuerzburg.de/research/bartfeld/research/
https://www.stjude.org/directory/g/stephen-gottschalk.html
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Nikolaus Lecture 

Mental health in science careers: well-being of young researchers 

The challenges and struggles PhD students and young researchers experience during the 

different stages of their journey take a considerable toll on both mental health and general 

well-being. With its constant rollercoaster of emotions, a PhD is challenging at the best of 

times, let alone during a global pandemic. That is why, in this year´s Nikolaus lecture, we took 

the opportunity to raise awareness about the psychological strain of undertaking research and 

the coping mechanisms to ensure well-being during our journey. 

 

Dr Desiree Dickerson is a clinical psychologist 

who specialises in the mental health and well-

being of researchers and the academic 

community. Having worked as a researcher in 

New Zealand, Australia and Austria, Desiree now 

works globally with universities, lab groups, and 

academics in the pursuit of a healthier approach 

to research. 

 

“My focus has come full circle and I now seek to use my diverse training and experience to serve 

academia and academics themselves in the pursuit of a healthier approach to research.” 

From https://desireedickerson.com/ 

  

https://desireedickerson.com/
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Early Scientists Talks Abstracts 

Session I 

Unmasking the kraken, a deep sea monster: 

Studying cancer and the immune system 
 

Talk I-1: Quiescence-inducing matrix reveals a mechanosensitive mechanism of 

cancer cell cycle arrest 
Bakhshandeh S1, Taïeb H M1, Varadarajan A R2, Hücker S M2, Lu X2, Garske D S1, Young S A E1, Contzen 
J3,4,5, Gossen M4, 5, Kirsch S2, Warfsmann J2, Honarnejad K2, Klein C A2, 6, Amaia Cipitria1. 

1 Department of Biomaterials, Max Planck Institute of Colloids and Interfaces; 2 Division of Personalized Tumor Therapy, 
Fraunhofer Institute for Toxicology and Experimental Medicine; 3 Department of Experimental Neurology, Charité 
Universitätsmedizin Berlin; 4 Institute of Active Polymers, Helmholtz Zentrum Hereon; 5 Berlin-Brandenburg Center for 
Regenerative Therapies, Charité Campus Virchow Klinikum; 6 Experimental Medicine and Therapy Research, University of 
Regensburg 
 

Introduction: 
Outgrowth of tumor cells disseminated to secondary organs might not occur instantly, with recurrences 
ranging from years to decades, pointing to the fact that a number of these cells might go into a state of 
dormancy. Nonetheless, the rarity and complexity associated with detection, isolation and analysis of 
disseminated tumor cells (DTCs) in disease-free patients, have prompted researchers to find artificial 
means to mimic this asymptomatic state of cancer metastasis. Recent studies have found dense 
extracellular matrix (ECM) confining individual disseminated cancer cells, hinting to ECM-mediated 
mechanical confinement to be a plausible mechanism inducing cancer dormancy. 
 

Material & Methods: 
To investigate this hypothesis, we genetically modified human breast cancer cell lines with fluorescence 
ubiquitination cell cycle indicator-2 (FUCCI-2) and encapsulated them in covalently-crosslinked, 
norbornene-modified 3D alginate hydrogels. Monitoring single-cell cycle progression over days revealed 
that 3D mechanical confinement selects for distinct populations of growth arrested cells as a function of 
the expression level of the DNA replication factor cdt1. Furthermore, combining cell cycle dynamics with 
correlative viability staining showed cells in the G0/G1 phase to be substantially more resistant to 3D 
mechanical confinement as opposed to cells in the S/G2/M phase. 
 

Results: 
In addition, RNA sequencing analysis revealed that mechanically-induced cell cycle arrest enriches for 
DNA damage and inflammatory-associated signaling pathways, as recently reported for patient-derived 
DTCs as well. Such a response is mediated by a stiffness-dependent nuclear localization of the cyclin-
dependent kinase inhibitor p21Cip1/Waf1, leading to different expression levels of the proliferation 
marker Ki67. Importantly, preventing p21 nuclear translocation by silencing upstream transcription 
factors resulted in higher Ki67 expression and sensitization of cells to chemotherapy in laminin/collagen-
rich extracellular matrices. 
 

Conclusions: 
Despite the simplicity of this approach, we show that mechanically-induced cell cycle arrest not only 
recapitulates several aspects of patient-derived DTCs, but can be used as a fast method to select, and 
later investigate growth-arrested cells, known to be inaccessible in large numbers from clinical settings. 
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Talk I-2: Longitudinal microCT in vivo monitoring of pathological bone remodeling 

in breast cancer bone metastasis 

Young S.A.E.1, Heller A.-D.1, Garske D.S.1, Rummler M.1,2, Qian V.1, Taïeb H.M.1, Ellinghaus A.3, Fratzl P.1, 
Duda G. N.3, Grüneboom A.4, Willie B.M.2, Cipitria A.1 

1 Department of Biomaterials, Max Planck Institute of Colloids and Interfaces; 2 Research Centre, Shriners Hospital for Children-
Canada, Department of Pediatric Surgery, McGill University, Montreal, Canada; 3 Julius Wolff Institute & Center for 
Musculoskeletal Surgery, Charité - Universitätsmedizin Berlin, Germany; 4 Leibniz-Institute for Advancing Analytics – ISAS – e.V., 
Dortmund, Germany 
 

Introduction: 
Within the metastatic process, cancer cells disseminate from the primary tumor and invade secondary 
organs, with breast cancer cells homing frequently to the bone. The late metastatic niche, describing a 
stage at which a large lesion has formed, is studied frequently. In contrast, the early and premetastatic 
niche, the latter referring to a stage before metastatic cancer cells have arrived at the secondary site, are 
less understood because it is more difficult to generate suitable in vitro and in vivo models to study them. 
In addition, the extracellular matrix (ECM) at both primary and secondary sites seems to display 
characteristic physical properties such as stiffness and tissue architecture, which cancer cells sense and 
respond to. 
 

Material & Methods: 
We aimed to establish in an experimental mouse model of human breast cancer bone metastasis a novel 
imaging method to study the onset and dynamic progression of early metastatic lesions and their 
dependency on ECM properties.  
Bone-tropic metastatic human breast cancer cells (MDA-MB-231 BoM 1833) were injected into the 
cardiac left ventricle using an ultrasound system as guidance. 14 days after injection, animals were 
monitored with in vivo longitudinal microcomputed tomography (microCT) twice per week over up to 6 
weeks, with a focus on the femoral distal metaphysis and tibial proximal metaphysis. After harvesting, 
bones are currently being analysed using a multiscale analysis. 
 

Results: 
First, we established a baseline for bone (re)modeling parameters in healthy mice by quantitatively 
describing changes in bone volume and surface over time, variations in the rate of change over time and 
spatial gradients of bone (re)modeling in the metaphyseal region. With this data, we were able to detect 
the onset of osteolytic lesions in both cortical and trabecular bone and track pathological bone 
(re)modeling over time. With a newly developed cluster analysis, we identified the onset of small 
osteolytic lesions in cortical bone and were able to track their spatio-temporal development. Using this 
in vivo longitudinal imaging method, we have localized, tracked and quantified small metastatic sites in 
the mouse femur and tibia by comparing it with healthy bone (re)modeling. 
 

Conclusions: 
Current ongoing work includes visualizing the entire bone and mapping in 3D the GFP-labeled cancer 

cells using light sheet microscopy after bone clearing. We aim to correlate our in vivo spatio-temporal 

analysis of developing osteolytic lesions, with an ex vivo analysis of the early metastatic niche from a 

cellular and extracellular matrix perspective. 
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Introduction: 
The extracellular matrix (ECM) is a main component of the tumor microenvironment with crucial roles in 
cancer progression. We demonstrated that colorectal cancer (CRC) patients’ decellularized surgical 
resections promote CCL18 expression by macrophages, inducing CRC cell invasion [1]. Our aim is to 
identify the tumor ECM signature that modulates CCL18 production by macrophages. The differences in 
mutational pattern, inflammatory infiltration and immunotherapy response between right and left colon 
[2], led us also to exploit the potential relevance of tumor location for CCL18 modulation. 
 

Material & Methods: 
Paired normal and tumor tissue samples from ascending (n=4) and sigmoid (descending) (n=4) colon were 
decellularized, solubilized and analysed by mass spectrometry (LC-MS/MS). Decellularization was assess 
through DAPI, H&E and Masson’s Trichrome staining. Bioinformatic analysis was performed with DAVID 
software. Biomechanical properties were evaluated by rheology. 
 

Results: 
The proteomics-based approach revealed 62 ECM-associated molecules differentially expressed between 
normal and tumor samples. These proteins belong to clusters that mainly comprise gene ontology terms 
related to collagen binding, ECM organization, negative regulation of cell adhesion and basement 
membrane. Rheological assessment revealed that tumor decellularized matrices are stiffer than the 
normal counterpart, and this difference seems to be dependent of the colon location. Additionally, while 
in normal tissue the stiffness is quite similar between locations, in tumor tissue the stiffness tends to be 
higher in the sigmoid. Biochemical differences were found on the matrisome of both ascending and 
sigmoid colon and their relevance for the modulation of CCL18 will be further explored. 
 

Conclusions: 
The potential impact of protein candidates and tumor anatomical locations on the modulation of 
macrophage-CCL18 expression will be assessed, allowing to identify key components of the tumor ECM 
responsible for inducing production of this anti-inflammatory and pro-invasive chemokine. 
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Introduction: 
Transplantation of bone marrow mesenchymal stromal cells (MSC) combined with biphasic calcium 
phosphate (BCP) biomaterial is a promising startegy for treating clinically challenging bone defects. 
Accumulating in-vitro evidence suggested that MSC significantly modulate the innate immune responses 
which is critical for their final regenerative outcomes (1). But, limited in-vivo studies have reported local 
monocyte-macrophage (MM) modulations (2) and lesser is known about the systemic ones. Further, 
trauma due to surgery or biomaterial implantation also individually regulates these immune responses. 
Hence, the current in-vivo study aims to delineate the systemic MM responses after BCP+MSC 
transplantation, and associate them with functional local MM response and new bone formation. 
 

Material & Methods: 
Rat bone marrow MSC were isolated and characterized in- vitro. MSC cultured with BCP were implanted 
in 5mm calvarial defects of 8 week-old Lewis rats. Two parallel control groups received either BCP alone 
or nothing (empty defect) after surgery.  Whole blood samples were collected, fixed and stored at -80C 
before surgery (baseline) and after surgery at pre-determined time points upto 8 weeks post surgery. 
Classical and non-classical MM sub- populations were identified and analyzed across groups using multi-
coloured flow cytometry. New bone formation was measured 8 weeks post surgery via micro-CT.Local 
macrophage response was analyzed using immunoflourosence staining for macrophage 
populations.Gene expression analysis was done by quantitative polymerase chain reaction (qRT-PCR). 
 

Results: 
At week 4 post-surgery, mean frequency of systemic classical MM was significantly upregulated in the 
BCP+MSC group compared with both BCP alone and empty groups. But, non-classical MM in the 
BCP+MSC group were significantly reduced compared to the empty group. Further, implanting MSC 
favoured increased differentiation of local M0 to M2 macrophages. Lastly, increased early expression of 
monocyte-macrophage associated genes and paracrine mediators (ITGAX, MAPK14, IL6, IL10) alongside 
osteogenesis markers (COLA1, RUNX2, SPP1) showed a potential link between macrophage response and 
enhanced bone formation in BCP+MSC treated defects. 
 

Conclusions: 
This study is the first to demonstrate that surgical implantation of BCP+MSC grafts differentially regulate 

both systemic and local tissue macrophage responses which is linked to enhanced bone formation in the 

defects. The results provide new insights into immune mechanisms underlying MSC-mediated bone 

regeneration. 

References: 
1.Shin RL-Y, Lee C-W, Shen OY-J, Xu H, Lee OK-S. The Crosstalk between Mesenchymal Stem Cells and 

Macrophages in Bone Regeneration: A Systematic Review. Stem Cells International. 2021;2021:8835156 

2.Gamblin A-L, Brennan MA, Renaud A, Yagita H, Lézot F, Heymann D, et al. Bone tissue formation with 

human mesenchymal stem cells and biphasic calcium phosphate ceramics: The local implication of 

osteoclasts and macrophages. Biomaterials. 2014;35(36):9660-7.  



17 

Session III 

Sharpening piranhas´ teeth: 

Redirecting immune cells to expand their therapeutic potential 
 

Talk III-1: Reducing translocations during multiplexed genome editing for allogeneic 

CAR-T cell therapy by harnessing base editing and different CRISPR-Cas enzyme 
Glaser V, Drosdek V, Kath J, Reinke P, Wagner D 

BeCAT, BIH, Charité Berlin-Brandenburg Center for Regenerative Therapies, Charité – Universitätsmedizin Berlin 
 

Introduction: 
CRISPR-Cas is a promising tool for the clinical application of gene and cell therapies. TRAC-inserted CAR 
T cells for example exhibit superior tumor control than conventional lentivirus transduced therapy. 
Recent clinical trials demonstrated that allogeneic CAR T cells fail to persist in patients due to HLA-
barriers. Therefore, disruption of HLA-genes during CAR knock-in could enhance the performance of our 
CAR-T cell therapy in an allogeneic setting. However, simultaneous knock-in and knock-out can lead to 
translocations between different DSB at the targeted genes. 
 

Material & Methods: 
Previously, we have established a technique to create CAR-T cells with CRISPR-Cas gene editing. 
Electroporation of pre-complexed CRISPR-Cas9 ribonucleoprotein complexes (RNP) with donor DNA 
allow the induction of a double-strand break (DSB) and exploits homology-directed repair (HDR) to insert 
a tumor-specific chimeric antigen receptor (CAR) into the T cell receptor alpha chain constant (TRAC) 
gene. We co-electroporate base editor mRNA and synthetic sgRNAs targeting B2M and/or CIITA. 
Translocations were detected by qPCR. 
 

Results: 
Here, we established a method for highly efficient knock-out of HLA-genes (B2M, CIITA) with a Cas9-
derived base editor that enables genetic modifications without DNA cleavage. Base editing of primary 
human T cells reduced the expression of HLA class 1 and HLA-class 2 in more than 80% and 50% of cells, 
respectively. Combining CAR knock-in and our base editing approach in a single electroporation, we 
observed that the sgRNA of the pre-assembled Cas9-nuclease is exchanged with sgRNA intended for base 
editing in cellulo (“guide swap”). Consequently, we detected translocations between TRAC and B2M or 
CIITA. By application of the high-activity Cas12a nuclease (Cas12a Ultra) for CAR knock-in, which uses a 
distinct crRNA, we avoided “guide swap” during simultaneous knock-in and base editing. 
 

Conclusions: 
This demonstrates that translocations during multiplexed genome editing can be reduced by the 
combination of a nuclease and a base editor derived from different Cas homologs. We thereby propose 
a solution for safer allogeneic cell products as step towards off-the-shelf CAR T cell therapies. 
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Introduction: 
Solid organ transplants (SOT) are currently the most effective way to treat end-stage organ failure, which 
requires immunosuppression(IS) to prevent allograft rejection. However, IS drug treatment is 
accompanied by unwanted side-effects. During a phase I/II trial adoptive transfer of regulatory T 
cells(Treg) proved to be safe and possibly effective for transplantation,reducing the need for IS drugs.  
We kept the calcineurin inhibitor Tacrolimus(TAC) at low doses in this clinical trial because we do not 
have enough evidence to rely solely on Treg therapies and to reduce immunosuppressive medications. 
Using our experience in developing TAC-resistant antiviral T cells, the present study was undertaken to 
develop GMP-compliant methods for manufacturing Treg products that are resistant to TAC. 
 

Material & Methods: 
CD4+ CD8- CD25+ CD127- Treg were sorted from peripheral blood in a closed flow cytometry-based 
sorting system with high purity. A TAC-resistant Treg product was obtained using vector-free CRISPR-Cas9 
technology, which involves transferring ribonucleoprotein complexes of Cas9 protein and a specific single 
guide RNA through electroporation into Treg to knock out (K.o.) FK506-binding protein 12 (FKBP12), a 
protein that is required for the immunosuppressive function of TAC. On day 21,Treg products checked 
for their phenotype, characterize and function. Expanded Treg cells were re-stimulated for testing their 
re-expansion potency  with aCD3/28 coated beads in the presence or absence of TAC and cyclosporine A 
(CsA), an alternative calcineurin inhibitor. 
 

Results: 
The data shows successful integration of a CRISPR/Cas-9-based K.o. protocol. Besides, a downregulation 
of FKBP12 in the edited cells was also proved by Proteomics, high-resolution mass spectrometry. High 
Mean Fluorescent Intensity (MFI) of FoxP3 and nearly complete demethylation of TSDR in gene-edited 
Treg demonstrated that our Treg product preserved the phenotypic and functional characteristics of 
Treg. Upon stimulation, expanded gene-edited and non-edited Treg did not produce inflammatory 
cytokines associated with effector T cells. FKPB12k.o. Treg products display increased expansion in the 
presence of TAC compared to the unedited Treg but can be inhibited by CSA, so that if there were any 
difficulties, we could treat the patient with CsA in an effort to inhibit them. 
 

Conclusions: 
We have developed a novel method of generating TAC-resistant Tregs with promising characteristics to 

promote adoptive T cell therapy under TAC therapy. This approach is suitable for adoptive Treg cell 

therapy in the SOT setting, conceivably allowing weaning from IS post-transplantation and supporting 

tolerance induction whilst preventing organ-specific T cell activation. 
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Scraping the lobster shell: 

Stem cell derived organoids in human disease and development 
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Introduction: 
Microphysiological systems play an important role for improving the low predictability of current 
preclinical testing. A wide range of single organ micropysiological systems have been shown to be highly 
valuable in the various stages of the drug development process. The next logical step, Multi-organ 
microphysiological systems can furthermore mimic complex biological processes involving organ–organ 
interaction, system homeostasis and pharmacokinetics. To allow incorporation of an equivalent to the 
human immune system it is pivotal to be able to build these systems from one donor. Here, we present 
a toolkit for cultivating induced pluripotent stem cell organ models from one donor in a common co-
culture medium in a closed microphysiological system. 
 

Material & Methods: 
Mutliple human integration-free iPSC lines were generated by reprogramming peripheral blood 
mononuclear cells with episomal vectors. State of the art differentiation protocols were used to build 
iPSC-derived models of the human liver, intestine, kidney and brain. Models were build as spheroid 
models (brain, liver) or membrane-based models (intestine, kidney) and cultivated in the HUMIMIC 
Chip4. Standard soft lithography and replica molding of polydimethylsiloxane were applied for the 
fabrication of the Chip4. The spheroid-based brain model was further developed by integration of brain 
microcascular endothelial cells to mimick the blood-brain barrier. Barrier integrity was tested by TEER 
measurment and substance permeation. Metabolization of compounds in the Chip 4 was analyzed by 
LC/MS. 
 

Results: 
In a proof-of-concept study, the ability of culturing multiple human stem cell-derived organ models 
including models of kidney, intestine, liver and brain in a common co-culture medium without tissue 
specific growth factors in a closed microfluidic system was shown over two weeks with further 
maturation of the liver and intestinal model. Brain microvascular endothelial-like cells could additionally 
be integrated into the system. Blood-brain barrier phenotpye of the cells were shown in a relevant tight 
junction markers and transporters and by characterization of barrier properties.The advantage of the co-
culture approach was shown by measuring metabolization and blood-brain barrier permeation of two 
model compounds in parallel, in the Multi-Organ-Chip. 
 

Conclusions: 
Co-culture of multiple organ models in a closed microfluidic systems allows to study relevant 
pharmakokinetic paramters such as drug absorption, distribution, metabolization and excretion. 
Therefore, autologous stem cell-derived Multi-Organ-Chips will become an important tool in preclinical 
testing, especially once these systems become immunocompetent. 
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Introduction: 
End-stage liver diseases, e.g. Non-alcoholic Steatohepatitis (NASH), are characterized by myeloid immune 
cell infiltration and hepatocyte injury. The development of novel  therapies requires platforms that model 
both processes. Such platforms are rendered authentic if they harbored Kupffer cells, monocytes and 
neutrophils as these are commonly seen in NASH and other chronic diseases. However, the exact 
crosstalk of myeloid cells and hepatocytes remains elusive. As example, the Neutrophil role in chronic 
liver disease is not definitely established, as their function ranges from regulating macrophage 
phenotypes and resolving fibrosis to exacerbating parenchymal injury and immune paralysis. This 
underscores the need for faithful multicellular models of liver inflammation. 
 

Material & Methods: 
Based on the premise that fetal livers are capable of hematopoiesis, we developed Fetal Liver Organoids 
that allow for the parallel hepatogenesis and myelopoiesis from a single human iPSCs (hiPSCs) source. 
The hiPSC-derived midgut spheroids were produced via endoderm induction using activin A and 
embedding in Matrigel drops to mimic the fetal liver microenvironment.  We cultured midgut spheroids 
in the presence of BMP4 and FGF2, which are established in the early hepatic specification. Lastly, we 
incorporated into our protocol cytokines known to be essential in the differentiation of neutrophils (i.e., 
IL-3, G-CSF), monocytes & macrophages (i.e., GM-CSF) and Kupffer Cells (i.e., IL-34). 
 

Results: 
Fetal liver organoids could spontaneously differentiate into erythrocytes, B cells and granulocytes. We 
directed co-differentiation to liver organoids with myeloid immunity (MyLOs) that harbor Neutrophils, 
Monocytes and Kupffer-like cells with appropriate immune phenotype, capable of cytokine secretion and 
cytokine-directed migration. MyLO-Neutrophils showed respiratory burst and neutrophil-extracellular 
traps after hepatocyte injury. We matured MyLO-hepatocytes using a novel media mix and added lipids 
or Palmitic Acid to model NASH. We detected exacerbated reactive oxidative species (ROS) production 
that could be alleviated by adding inhibitors of macrophage or neutrophil activation. Since macrophages 
activate neutrophils physiologically, this demonstrates myeloid cell crosstalk in MyLOs. 
 

Conclusions: 
We developed a novel liver organoid platform with myeloid immune cells (MyLO) consisting of 

hepatocytes and co-differentiated and juxtaposed neutrophils, monocytes and Kupffer-like cells. Overall, 

this platform allows for the interrogation of hepatocytes and myeloid immune cells in a multicellular 

context during liver disease or development. 
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Introduction: 
Hematopoietic stem and progenitor cells (HSPCs) give rise to all blood cell types. A stem cell niche is a 
heterogeneous composition of cells and extracellular matrix (ECM), which provides the essential cues to 
maintain stem cells. In detail, endosteal and perivascular niches of the bone marrow provide the harbour 
for the HSPCs. To properly understand this part of the human body, a suitable in vitro model of the bone 
marrow emulating the niche microenvironments has to be generated. In our group, Sieber et al. (2017) 
developed a long-term dynamic bone marrow model. It is capable of maintaining human HSPCs in co-
culture with primary human Mesenchymal Stromal Cells (MSCs) for up to 28 days in a hydroxyapatite 
coated zirconium oxide-based ceramic, thereby mimicking the endosteal niche.  
 

Material & Methods: 
In this study, an improved dynamic 3D bone marrow model is presented, where Endothelial cells (ECs) 
are added since they are described to constitute essential parts of the perivascular stem cell niche. Static 
co-cultures of ECs and MSCs to generate a more organotypic bone marrow environment and to induce 
pre-vascularization in the scaffold mentioned above are performed. Pre-vascular structures are checked 
via Immunofluorescence. Furthermore, transcriptional analyses via qPCR of EC-specific genes are 
performed to assess the endothelial character within the cell pool. Additionally, tri-cultures of HSPCs, ECs 
and MSCs, in serum-free medium, are performed dynamically to mimic the in vivo situation. Here, the 
stemness and the differentiation capacity of the HSPCs assessed via FACS. 
 

Results: 
Immunofluorescence stainings on CD31 show capillary-like growth pattern of ECs in the co-cultures with 
MSCs on the scaffold. Relying on gene-expression data, ECs keep up their endothelial character in the 
culture with MSCs.  
Further, comparison of the Tri-culture (MSC, EC, HSPC) with the Co-culture (MSC, HSPC), over three 
weeks, shows that both cultures are capable of maintaining CD34+CD38- HSPCs. However, the Tri-culture 
is, besides that, able to support the differentiation of those HSPCs. 
 

Conclusions: 
The data shows a unique complex model of the human bone marrow in a Multi-Organ-Chip where HSPCs 
can be cultivated up to 3 weeks by maintaining their stemness and supporting the differentiation of blood 
cells by emulating the endosteal and perivascular niche in one model. 
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Introduction: 
Tuberculosis (TB) is an infectious disease caused by Mycobacterium tuberculosis (Mtb) that remains a 
global threat. An individual may not manifest external symptoms for up to 8 weeks post-infection, but 
dynamic events are believed to occur in the alveolar compartment in this early timeframe. Upon 
inhalation, Mtb targets alveolar macrophages and there is evidence that bacteria also interact with 
alveolar epithelial cells, in particular alveolar epithelial type II cells (AEC2s). Despite in their infancy, lung 
organoids represent innovative in vitro platforms that propose to monitor in detail the enigmatic 
molecular mechanisms that occur soon after Mtb deposition and that are likely to dictate the following 
course of infection. 
 

Material & Methods: 
To generate the first lung organoids, the mouse lung was minced and digested by collagenase. The 
resulting fragments were passed through a 70μm filter, resuspended in Matrigel and plated on small 
domes. The airway organoid medium was changed every two days. To potentiate the formation of AEC2-
expressing organoids, we assessed the influence of (1) the lung region and selection of fragments by their 
size in isolation; (2) the cocktail of the culture medium; and (3) the expansion method. The structures 
obtained were successively characterized through immunohistochemistry, confocal imaging and PCR 
analysis. Finally, two infection approaches were tested: organoids were dissociated into single cells by 
TrypleExpress (monolayer) or mechanically fragmented into smaller aggregates (shredding). 
 

Results: 
Spherical structures emerged by day 3, suggesting that unsorted lung stem cells self-renewed without 
the need for co-culturing with stromal cells. One week later, the already grown organoids started to 
differentiate into bronchiolar-, bronchioalveolar- and alveolar-like structures, but with no clear rule for 
lineage commitment. In the optimal protocol, the isolation of the entire lung passed through the 70um 
filter, the addition of CHIR to the culture medium and the expansion by mechanical disruption rendered 
more AEC2-enriched organoids, which were then infected. The monolayer approach failed as organoid 
single cells were non-adherent. The shredding method suggested that the infection did not trigger a pro-
inflammatory response or a conclusive phenotypic alteration of alveolar cells. 
 

Conclusions: 
The use of these responsive and multicellular models is revolutionary for the TB field. Although there is 

a long way to go, this work has provided deeper knowledge about the differentiation mechanisms of 

lung stem cells and the requirements of murine lung organoids. Once there is evidence that lung 

organoids function as models to explore Mtb infection, this study may open a door to human samples. 
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Introduction: 
Thyroid hormones (TH) play a critical role in the regulation of brain development. In human, this role is 
illustrated by the severe clinical phenotypes (mental retardation, cognitive impairment, psychomotor 
defects) associated with systemic hypothyroidism or disrupted local TH signalling. Despite this abundant 
clinical evidence, mechanistic knowledge of TH-regulated processes in developing brain is still scarce. 
Rodent models provided critical insights in local TH availability and action but there are profound species-
specific differences in spatiotemporal expression of genes related to TH action in human and rodents. 
Thus, human experimental systems are needed when aiming at a better understanding of TH-regulated 
gene networks and cellular processes during early human brain development. 
 

Material & Methods: 
We selected hiPSC-derived cerebral organoids (COs) as promising 3D in vitro systems to model key 
processes of early cortex development and to analyse mechanisms of TH regulation. When COs were 
cultured according to standard protocols (1), intrinsic self-organizing processes promoted the formation 
of distinct cortical units including early organization of neuronal progenitors in rosette-like structures and 
a gradual emergence of multi-layered structures resembling in vivo cytoarchitectures. To study effects of 
TH on CO development, culture media were supplemented with different concentrations of T3 (0 – 15 
nM). COs were analysed at different stages by immunofluorescence staining (IF). Single cell transcriptome 
analyses of COs were additionally performed after acute T3 challenge (50 nM). 
 

Results: 
Single cell analyses showed broad expression of TH receptors (THRA) and transporters (SLC16A2, 
SLC16A10) across cell types confirming the value of COs for studies on TH signalling. Short-term T3 
treatment induced marked gene expression changes in a cell type-specific manner. Pathway analyses of 
top-regulated genes revealed that T3 promoted cell cycle exit of progenitors and stimulated neuronal 
differentiation. Interestingly, IF analyses showed differentiation of deep and upper layer neurons across 
all treatment conditions including COs cultured in the absence of T3. However, IF analyses revealed T3-
dependent changes in progenitor cell dynamics including reduced rosette size at high T3 levels and 
changes in size and cellular composition of the outer subventricular zone. 
 

Conclusions: 
Here we demonstrate that COs provide not only a powerful in vitro system to model early stages of 
cortical development but to interrogate the timely action of TH on distinct cell populations during 
neuronal differentiation. By combining single cell technologies and IF-based spatial analyses, we 
identified radial glial cell and intermediate progenitor populations as sensitive targets of TH action. 
 

References: 
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Nat Protoc. 9:2329-2340. 
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Introduction: 
Vascularization is an essential process for organogenesis, tissue formation, and homeostasis, as well as 
in healing and regeneration. However, engineering sufficiently vascularized 3D constructs and mimicking 
the physiological vascular complexity of tissues remains a critical challenge [1]. 3D bioprinting offers the 
opportunity of introducing channels and patterns within constructs to generate a controllable 
vascularization. This technique allows the utilization of cellular self-assembly for the formation of 
vascular structures. Understanding and controlling such processes would benefit the use of natural 
organizational competences of endothelial cells and empower the engineering of vascular network 
patterns which otherwise would be difficult to achieve. 
 

Material & Methods: 
Using a projection-based stereolithographic bioprinter (Cellbricks GmbH) a patterned hydrogel construct 
was generated. A channel system was created within the printed construct by combining two 
photopolymerizable biomaterials: methacrylated gelatin and a hyaluronic acid-based enzymatically 
degradable material [2]. By adapting 3D cell placement, cell type and concentration we were able to 
induce distinct self-assembled vascular patterns. Confocal images of the microvascular structures were 
analyzed and evaluated regarding their cellular density, the vascular orientation and vascular length 
density as well as their branching behaviour. In addition, the process of vascular network formation as 
well as vascular maturation processes were detected by fluorescent staining. 
 

Results: 
By combining geometrical and cellular cues we were able to induce and control the generation of 
endothelial lining in preformed channels (macrovascular structures) or the formation of controllable 
microvascular structures formed via self-assembly processes. The microvascular structures developed 
lumen, signs of vascular stabilization and maturation, and formed an interconnected vascular network 
including anastomosis in vitro. Different initial multicellular configurations were identified by modifying 
the printing setup and the concentration of cells in the print. Adapting the spatial arrangement of cells 
regulated the cell migration and proliferation, the amount, orientation, vessel length, and branching 
behaviour of the forming vascular structures by modifying cell-cell communication. 
 

Conclusions: 
The presented bioprinting approach to generate patterned vascular constructs allowed the mechanistic 

investigation and control of the vascularization process in vitro. The adequate control of the formation 

of macro- and microvascular structures will benefit the generation of constructs with a guided 

vascularization for tissue engineering and the development of vascularized 3D models. 
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Introduction: 
Mesenchymal stromal cells (MSCs) play a crucial role in the regeneration of musculoskeletal tissues and 
perceive cues from their microenvironment. One example are the extracellular matrix (ECM) viscoelastic 
material properties where stress relaxation is a crucial driver for MSC proliferation, cell spreading and 
differentiation. Despite the important roles of osmotic regulation in human physiology, e.g. on cell level 
where osmotic pressure influences stem cell fate, and on tissue level where hydration strongly influences 
mechanical properties, effects of osmolality on cells in 3D microenvironments remain largely unknown. 
We investigate how the interplay of osmotic environments and ECM viscoelastic material properties 
affect cell-matrix interactions of MSCs residing in physiological ECM. 
 

Material & Methods: 
We use alginate hydrogels equipped with RGD peptide as ECM for encapsulated cells. ECM biophysical 
properties are tuned by molecular weight, ionic (CaSO4) and covalent (DTT) crosslinking to control cell 
microenvironment cues. Native tissue biophysical properties are investigated for fracture hematoma and 
coagulated blood under changing osmotic environments to enable biomimetic modelling. We measure 
viscoelastic material properties by uniaxial compression, metabolic activity by Presto Blue, image 
stainings (live/dead, nuclei, KI-67, ALP, Col1) by fluorescence and confocal microscopy which we quantify 
by custom made imageJ macros. For differentiation assays we use a mouse MSC D1 cell line. 
 

Results: 
We found that viscoelastic properties of ionically crosslinked hydrogels can be modulated by osmotic 
environments. Comparing hypo, iso and hyperosmolar environments, we observed faster stress 
relaxation in fracture hematoma and coagulated blood in hypoosmolality. We defined material 
chemistries with ionic crosslinking to mimic the viscoelastic material response to osmotic alterations and 
a knock-out material chemistry with covalent crosslinking for elastic hydrogels insensitive to osmotic 
changes in the relevant range. After 6 days of osteogenic induction, we observed in hypoosmolar-
viscoelastic conditon enhanced proliferation and increased number of ALP-positive cells which exhibited 
less spherical shape compared to iso and hyperosmolar osmolalities in viscoelastic and elastic hydrogels. 
 

Conclusions: 

Our data showed hypoosmolality as stimulus for MSC proliferation and osteogenic differentiation in 3D 
fast relaxing gels with the effect absent in elastic gels. Therein the hypoosmolality-enhanced stress 
relaxation seems to play an important role. We want to elucidate mechanisms by which osmolality affects 
early-stage bone healing and aim at utilizing this to advance regenerative therapies. 
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Introduction: 
Extracellular vesicles (EVs) enable trafficking of proteins, lipids, and genetic material between cells and 
are known to be involved in various physiological processes such as immunomodulation, cell migration, 
and extracellular matrix (ECM) remodeling. Besides research into their roles in both physiological and 
pathological processes, there is also much interest in using cell-derived EVs and EV-mimics to deliver 
therapeutics or as functional components of materials used in tissue repair. Despite their prominence as 
a research topic, little is understood about their formation in and transport through ECM, especially in 
the context of the evolving ECM environment of healing tissues. 
 

Material & Methods: 
To study how environmental conditions such as mechanical properties, extracellular matrix architecture, 
and tissue composition affect vesicle formation and transport dynamics, a bottom-up strategy is used to 
entrap synthetic lipid vesicles as cell membrane mimetics in model hydrogel environments. Lipid 
dynamics within hydrogel environments are studied using fluorescence recovery after photobleaching 
(FRAP) and other microscopy techniques to better understand vesicle-matrix interactions. Vesicle 
transport is modeled using nanoscale liposomes (100-400 nm) dispersed in hydrogel matrices, imaged 
and analyzed using single particle tracking (SPT) algorithms to determine what factors affect their 
dispersal. 
 

Results: 
To study how environmental conditions such as mechanical properties, extracellular matrix architecture, 
and tissue composition affect vesicle formation and transport dynamics, a bottom-up strategy is used to 
entrap synthetic lipid vesicles as cell membrane mimetics in model hydrogel environments. Lipid 
dynamics within hydrogel environments are studied using fluorescence recovery after photobleaching 
(FRAP) and other microscopy techniques to better understand vesicle-matrix interactions. Vesicle 
transport is modeled using nanoscale liposomes (100-400 nm) dispersed in hydrogel matrices, imaged 
and analyzed using single particle tracking (SPT) algorithms to determine what factors affect their 
dispersal. 
 

Conclusions: 
Tissue environments show high complexity at multiple size scales, but the use of bottom-up biomimetic 

systems allows systematic study of membrane-matrix interactions influencing the formation and 

transport of extracellular vesicles. 
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Introduction: 
Healing of large bone defects often ends in the formation of non-unions and remains an unsolved clinical 
challenge [1]. Recapitulating endochondral ossification (EO), the developmental process in which 
intermediate cartilage is formed and replaced with bone, has gained interest as possible approach for 
bone regeneration. Recently, a collagen-based biomaterial with a channel-like pore architecture has been 
shown to promote endochondral healing of large bone defects in rats [2]. Here, we describe the 
establishment and evaluation of a newly developed in vitro system which allows for the recapitulation of 
spatiotemporal aspects of EO in vitro. This will allow future testing of biomaterial candidates supporting 
EO with higher predictability concerning their in vivo performance. 
 

Material & Methods: 
A two-chamber system was designed and built up to create opposing biochemical gradients. The 
formation of gradients across the sample was verified using Fluorescein and confocal imaging at various 
time points. Human BM-MSCs were seeding homogenously into a macroporous 1.5 wt-% collagen 
scaffold and pre-cultivated in chondrogenesis-inducing culture medium for one week. Scaffold-based 
microtissues were subsequently installed in the in vitro system and biochemical gradients promoting 
chondrogenesis, hypertrophy or osteogenesis were applied for additional 5 weeks. After fixation and 
cryosectioning, histological stainings (Alcian Blue, Alizarin Red, Movat Pentachrom, Van Kossa), 
immunohistochemical stainings (Collagen II, Colllagen X), SHI and micro-CT were performed to confirm 
differentiation. 
 

Results: 
Homogenous cell distribution and successful induction of chondrogenesis was verified before specimens 
were installed into the in vitro system. Two additional weeks of cultivation under chondrogenesis-
inducing medium in both chambers led to further maturation of the cartilage tissue as indicated by the 
desposition of GAGs and Collagen II. Next the type of medium in one of the two chambers was changed 
to first induce directional maturation into hypertrophic chondrocytes and, subsequently, induce tissue 
mineralization. This resulted in the formation of zones of the different cell types resembling the structural 
organisation observed in in vivo. Here, the respective cell morphology, ECM deposition or calcification 
grade of the different cell types were analyzed. 
 

Conclusions: 

An in vitro system for directional tissue maturation via biochemical gradients was sucessfully built up and 
validated. By applying gradients of differentiation-inducing factors on hBM-MSCs-based microtissues, the 
spatiotemporal regulation of EO was mimicked and resulted in the zonal tissue organisation with 
similarity to the growth plate. 
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Introduction: 
Composite hydrogels incorporating natural polymers and bioactive glass (BG) are promising materials for 
bone regeneration. However, their applications are compromised by the poor interfacial compatibility 
between organic and inorganic phases. In this study, we developed an electrostatically reinforced 
hydrogel (CAG) with improved interfacial compatibility by introducing amino functionalized 45S5 BG to 
the alginate/gellan gum matrix (AG). BAG composed of AG matrix and unmodified BG (10-100 μm size) 
was prepared as a control. 
 

Material & Methods: 
1. Surface functionalization of bioactive glass  
The amino functionalized BG (NBG) was obtained via a post-synthesis.  
2. Fabrication of hydrogels  
AG was prepared according to a previous study.(1) Briefly, alginate and gellan gum powders were 
dissolved in a 0.03% w/v CaCl2 solution followed by magnetic stirring at 90 °C and 300 rpm for 1 h.(2) The 
solution was cooled to room temperature and further placed in 1M CaCl2 for 10 min to enhance hydrogel 
crosslinking. The matrices containing BG and NBG were prepared according to the same method 
described above. 
3. Biocompatibility test in vitro and rat cranial defect model in vivo  
 

Results: 
Compared with BAG, CAG possessed a more uniform porous structure with a pore size of 200 μm and 
optimal compressive strength of 66 kPa. Furthermore, CAG promoted the M2 phenotype transition of 
macrophages and upregulated the osteogenic gene expression of stem cells. The new bone formation in 
vivo was also accelerated due to the enhanced biomineralization capacity of CAG. 
 

Conclusions: 
In summary, our results have shown that improving interfacial compatibility between different phases 

in composites simply by introducing the functionalized BG, rather than developing a new, complex 

inorganic phase can also enhance biological properties of composite hydrogels toward improved bone 

regeneration, which provides a convenient approach to promote the clinical translation of materials. 
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Introduction: 
Despite significant advances in design and fabrication of ceramic tissue scaffolds for treatment of large 
bone defects, the functionality of these synthetic constructs remains suboptimal in vivo. The design of 
ceramic scaffolds for enhancing their biomechanical functions involves several competing objectives such 
as their stiffness, strength, and permeability. Furthermore, additive manufacturing of ceramic scaffolds 
is subject to large uncertainties such as the variations in architecture of scaffolds induced by fabrication 
process and disparity in their constitutive material properties. 
 

Material & Methods: 
Computational analyses of a parameterized scaffold model are conducted first to determine its effective 
modulus, strength, and permeability. Then, surrogate models are constructed to formulate proper 
explicit mathematical relationships between the geometrical parameters (control variables), mechanical 
properties, and fluidic permeability. To address the nondeterministic issues in scaffold design, a 
multiobjective robust optimization is proposed here such that the effects of uncertainties on the 
optimized design can be minimized. The Non-dominated Sorting Genetic Algorithm II (NSGA-II) [1] is 
adopted to generate the robust Pareto fronts for an optimal set of trade-offs between the objective 
functions while ensuring that the effects of the noise parameters are minimal. 
 

Results: 
Kriging modelling and NSGA-II optimization were successfully employed in this study to search for the 
robust optimum. The new procedure demonstrated the capability to optimize both effective modulus 
and permeability in a robust manner, where the optimized scaffold demonstrates less sensitivity to 
uncontrolled perturbation occurring in the fabrication process, thereby enhancing the reliability of the 
scaffolds. 
 

Conclusions: 
The proposed nondeterministic multiobjective optimization procedure is expected to provide a more 
reliable tool for additive manufacturing based scaffold design for bone tissue engineering. 
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Introduction: 
The bone is able to self-repair; however, over 10% of patients suffer from non-unions. At the onset of 
healing, endothelial cells (ECs) and fibroblasts (FBs) are recruited into the healing zone. Abnormalities in 
early angiogenesis and an over-activity of FBs are associated with non-unions and scarring. In vitro 
observations suggest the existence of a complex mechanical interplay among ECs, FBs and the 
extracellular matrix; however, their role in the bone healing process remains largely unknown. In vivo, 
the mechanical environment within the fracture is also influenced by the external load and the fixation 
system. The aim of this in silico study is to investigate the individual and collective contribution of 
mechanical cues on ECs and FBs organization during the early stages of bone healing. 
 

Material & Methods: 
An in silico model of a mouse osteotomy stabilized with a rigid or semi-rigid fixator and subjected to 
physiological loading was developed. Finite Element Models, to compute mechanical signals within the 
healing region, were coupled to Agent-Based Models, describing ECs and FBs activity [1][2]. A feedback 
loop was implemented to simulate the reported response of ECs and FBs to local mechanical signals and 
the effect of cell traction forces on the local matrix deformation. The iterative nature of the model 
allowed to obtain results at discrete time points over the first week post-fracture and predictions at day 
7 were compared to dedicated in vivo experimental data. Further in silico experiments were performed 
to explore the effect of alterations in cell forces and cell mechano-response. 
 

Results: 
Vessels fragments, consisting of multiple ECs, were predicted to gradually align towards the lateral 
direction while approaching the osteotomy gap, as observed experimentally. Furthermore, the lack of 
vascularity within the gap observed for the semi-rigid fixator could be explained by the large mechanical 
strains within this region. FBs were less prone to invade the osteotomy gap in the semi-rigid fixator case 
as compared to the rigid fixator. Moreover, FBs were found oriented along preferential directions 
reflecting the direction of collagen fibers invasion occurring at later healing stages. The computer model 
predicted an altered cellular organization after cell mechano-response removal while the inhibition of 
cellular forces did not produce a visible change. 
 

Conclusions: 
To our knowledge, this is the first in silico study that analyses cell organization during the first week 

post-fracture and comprises both cell internally generated forces and externally applied load. 

Collectively, our results identified the external load as the main player driving early ECs and FBs 

organization, suggesting that initial mechanical stability determines early cell patterning. 
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Introduction: 
Today, cancer kills millions of people and is considered the second-deadliest disease in the world, so 
there are several ways to treat it. One of the most common methods is chemotherapy, which has several 
advantages and disadvantages. Although this method improves patients in the long run, due to the direct 
use of cancer drugs, it causes numerous side effects and numerous complications. But these days, with 
the targeted release of drugs into different tissues and parts of the body, we are witnessing a significant 
increase in the effectiveness of treatment. The aim of this study was to synthesize the metal-organic 
framework of mil-101 containing a doxorubicin drug for anti-cancer applications and treatment of 
ovarian and breast cancer. 
 

Material & Methods: 
In this research, for the design and synthesis of nanoparticles, the metal-organic framework of Mil-101 
has been performed using the hydrothermal method, and also through SEM, FTIR, XRD, nanoparticles 
have been characterized. Following this, the synthesized nanoparticles were immersed in an anticancer 
drug solution, and the drug loading efficiency of the nanoparticles was investigated. Drug release from 
nanoparticles was investigated. At this stage, the specific surface area analysis and the use of UV-Vis 
analysis are obtained and the release kinetics of the drug are analyzed by the data obtained from the 
release process. Finally, the MTT method was used to investigate the cytotoxic effect of synthesized drug 
compounds on the growth and proliferation of cancer cells. 
 

Results: 
The results of this study show that we were able to synthesize the metal-organic framework Mil-101 
using the hydrothermal method. Also, using several analyzes performed in this study, we achieved the 
rapid release of doxorubicin from the metal-organic framework Mil-101 in proportion to the maximum 
mortality of ovarian and breast cancer cells. 
 

Conclusions: 
The aim of this study was to load the drug in the Mil-101 organic metal-organic framework for the delivery 
of the anticancer drug doxorubicin. In addition, we achieved the synthesis of a highly compatible organic 
metal framework with the highest loading capacity of anti-cancer drugs for the treatment of ovarian and 
breast cancers. Therefore, with the help of this method, we were able to achieve. 
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Introduction: 
Tendon pathologies are common in the adult population and represent a significant burden for the 
patients due to pain, restricted mobility and therefore limited quality of life. Hence, there is a high clinical 
need to identify the underlying pathomechanism leading to impaired Achilles tendon healing. In 
Spondyloarthritis (SpA)-associated Achilles tendon enthesitis, IL23 receptor (IL23R) expressing γδ-T-cells 
that secrete cytokines of the IL17 family were described to play a driving pathogenic role.1 We 
investigated whether the IL23R/IL17 signaling cascade also contributes to the development of non-SpA-
associated tendon pathologies. 
 

Material & Methods: 
Achilles tendon biopsies from acute ruptures (n=39) and chronic tendon pathologies including reruptures 
and chronic tendinopathies (n=21) were collected at the time of surgery. Tendon samples were 
embedded in paraffin for immunohistological analysis of IL23R as well as IL17A/F expression. To identify 
the cellular source of the inflammatory cytokines IL17A, IL17F and IL22, Achilles tendon biopsies were 
digested for analysis by flow cytometry.  
Moreover, hematoma aspirate was harvested from the Achilles tendon rupture side and analyzed on 
protein level by Multiplex assay for IL23R/IL17 signaling mediators such as IL22, IL17A, IL17F, IL6 and IL23 
to determine potential patient-specific differences in the cohort. 
Statistics: Mann Whitney U test 

 

Results: 
Immunohistology revealed the presence of IL23R+ and IL17A/F+ cells in acute ruptures and chronic 
Achilles tendinopathies. Interestingly, 100% of the chronic specimens contained IL23R+ cells, whereas 
only 42.9% of acute ruptures showed IL23R+ cells. Furthermore, a higher percentage of the chronic 
specimens showed IL17A/F+ cells (46.7%) compared to the acute ruptures (20%) indicating a potential 
driving role of the IL23R/IL17A signaling cascade especially in chronic Achilles tendon degeneration. 
Preliminary flow cytometry data identified tenocytes as possible source of IL17A, IL17F and IL22 
expression. Moreover, the analysis of hematoma aspirate revealed elevated concentrations of IL23, IL17F 
and IL22 in 4 of 24 patients with acute Achilles tendon rupture. 
 

Conclusions: 
We demonstrate the presence of mediators of IL23R/IL17 signaling in non-SpA-associated Achilles tendon 
pathologies with differences between acute ruptures and chronic tendinopathies. Compared to IL17A as 
trigger in the SpA-associated enthesitis model1, we propose that also IL17F might drive non-SpA tendon 
pathologies. The results might reveal targets to improve tendon healing in the future. 
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Introduction: 
Peritoneal metastasis (PM) of gastric cancer (GC) origin is still associated with poor survival. 
Microparticles, small lipid-bilayer coated extracellular vesicles shed in the tumor microenvironment by 
immune and tumor cells, enhance tumor growth and metastatic potential of tumor cells by various 
mechanisms including the induction of an immunoregulatory microenvironment via degradation of ATP 
to its derivates ADP, AMP and adenosine by membrane-bound ectonucleotidases such as CD39. In this 
study, we explore the role of immune cell derived microparticles in GC derived PM. 
 

Material & Methods: 
Preoperative blood and intraoperative peritoneal fluid samples (PF) were collected from 21 GC patients 
undergoing surgery, including 15 patients with PM. As a control group, blood samples were taken from 8 
patients without evidence of cancer. Microparticles were isolated using differential ultracentrifugation, 
stained for CD45-,CD3-, CD14- and CD39 expression and analyzed via flow cytometry. 
 

Results: 
Patients blood contained more microparticles than PF (17278 ± 9868 vs. 5651 ± 8520, p = 0.0007). 
However, the percentage of CD39+ microparticles was higher in the PF in GC patients compared to blood 
of the same patients (0.02 ± 0.028 vs. 0.08 ± 0.089 p = 0.0002). Patients with GC had a significantly lower 
percentage of CD14+ microparticles in preoperative blood samples (0.125 ± 0.059 vs. 0.07 ± 0.067 p = 
0.0462) when compared to non-cancer controls. Overall levels of CD39+ microparticles in the PF of GC 
patients were significantly lower when PM was present (0.180 ± 0.08 vs. 0.06 ± 0.10 p = 0.0086) compared 
to non-metastatic GC patients. When further characterizing these CD39+ microparticles in the PF, we 
found a T-cell independent CD45+ CD3- CD39+ microparticle subset significantly decreas  
 

Conclusions: 
GC is associated with a decrease of macrophage-derived microparticles in peripheral blood. T-cell derived 
microparticles in the PF of GC patients seem to lose expression of CD39 in case of PM, offering potential 
as a biomarker. Our results encourage further studies to define the role of CD39 in tumor-associated 
immune cells and their microparticles in pm GC. 
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Intraperitoneal Chemotherapy for Gastric Cancer With Peritoneal Metastases (CYTO-CHIP study): A 
Propensity Score Analysis. Journal of clinical oncology : official journal of the American Society of Clinical 
Oncology 2019;37:2028-40. 
  

https://bsrt-symposium.de/index.php/poster-gallery-2021/


34 

Poster-4: Tomislav Kostevc 
Mitochondrial and metabolic characteristics of myeloid regulatory cells 
Kostevc T, Sawitzki B 
 
Institute of Medical Immunology, Charité - Universitätsmedizin Berlin 
 

Introduction: 
Myeloid regulatory cell (MRC) based therapies have a great potential in curing autoimmune and 
inflammatory conditions. Several such therapies have been developed in recent years and their safety 
was shown in clinical trials although with limited improvement over the classical treatments. This is in 
part due to their low in-vivo survival and functional stability. One largely unexplored area of MRC 
development is their immunometabolism and mitochondrial dynamics. Our project aims to determine if 
the tolerogenic properties of various MRC populations rely on common mitochondrial functions and 
metabolic programmes. We will also explore interfering with the proteins that regulate mitochondrial 
morphology, mitochondria-ER interaction and metabolism with a goal to generate or stabilize the MRCs. 
 

Material & Methods: 
MRC populations were generated by isolation of classical monocytes and differentiation in the presence 
of cytokines (GM-CSF, Il-4) and tolerogenic signals (IL-10, Vitamin D3). Immunophenotype was 
determined by flow cytometry and we image the mitochondrial dynamics and mitochondrial-ER contacts 
using electron and confocal microscopy. Tolerogenic function of MRCs will be determined by T cell 
supression assays and cytokine profiling. Mitochondrial function will be determined by measuring 
mitochondrial ROS, mitochondrial membrane potential and Ca2+ flux. Metabolic fluxes will be studied 
using Seahorse XF and untargeted metabolomics. Finally, we will use CRISPR/Cas9 to manipulate genes 
that control mitochondrial function (eg. Mfn2, Tcaim) and correlate it to the tolerogenic function of 
MRCs. 
 

Results: 
We have generated two MRC populations: DC-10 and VitD3-tolDCs, along with their inflammatory 
counterparts. MRCs showed a semi-mature phenotype, with lower expression of activation markers HLA-
DR, CD83 and CD86 compared to inflammatory DCs. Electron microscopy of DC-10 cells has revealed 
interesting translucent vacuole-like formations, which took most of the cytoplasm and were absent from 
the inflammatory DCs. We hypothesize those might be lysosomes and/or indicate mitophagy process, 
both claims to be further explored by confocal microscopy. Further stereological analysis of TEM data 
will reveal mitochondrial dynamics and levels of mitochondria-ER contact formation. 
 

Conclusions: 
We succesfully generated two MRC populations with a tolerogenic phenotype. The initial TEM data shows 
an intriguing difference in the subcellular structure between DC-10 and inflammatory DCs. Further 
functional, mitochondrial and metabolomic study will uncover common and distincs metabolic 
programmes and possible new pharmacological interventions to improve MRCs. 

 

References: 
Amodio G, Cichy J, Conde P, et al. Role of myeloid regulatory cells (MRCs) in maintaining tissue 
homeostasis and promoting tolerance in autoimmunity, inflammatory disease and transplantation. 
Cancer Immunol Immunother. 2019;68(4):661-672. doi:10.1007/s00262- 018-2264-3  
Sawitzki B, Harden PN, Reinke P, et al. Regulatory cell therapy in kidney transplantation (The ONE Study): 
a harmonised design and analysis of seven non-randomised, single-arm, phase 1/2A trials [published 
correction appears in Lancet. 2020 Jun 27;395(10242):1972]. Lancet. 2020;395(10237):1627-1639. 
doi:10.1016/S0140-6736(20)30167-7 
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Poster-5: Samira Picht 

Generation of chemokine checkpoint accelerated (CONAN) CAR T cells for the 

treatment of solid tumor disease 
Picht S., Schulenberg S., Kath J., Farrera Sal M., Szyska M., Mai M., Wagner D., Peter L., Noster R., 
Wendering DJ., Reinke P., Volk HD., Vollmer T., Schmück-Henneresse M.  

Institute of Medical Immunology, Charité; Berlin Institute of Health Center for Regenerative Therapies (BCRT) 
 

Introduction: 
Chimeric antigen receptor (CAR) T cells can be tailored to recognize and eliminate cancer cells. While 
their therapeutic potential is evident, multiple factors hinder a broader application and clinical success, 
especially to solid tumor diseases. Initial clinical studies with CAR T cells show that a major obstacle is the 
targeted migration to solid tumors. We recently identified the interplay of CXCR3alt and CXCL11, 
components of the CXCR3 chemokine system, as a migration and activation pathway for early 
differentiated T cells. I aim for the directed adaptation of the CXCR3 chemokine system utilized as a 
chemokine checkpoint accelerant for CAR T cell products (CONAN). Specific CXCR3 chemokine receptor 
states may simultaneously direct and activate CAR T cells against the malignancy. 
 

Material & Methods: 
I aim to isolate natively expressing CXCR3+ T cells for subsequent CAR integration as well as applying 
novel CRISPR-based gene-editing approaches to introduce specific CXCR3 proteaforms, and assess their 
safety, phenotypic and functional profile (i.e. via FCM, MCM, IMC and scRNA seq). Currently, I am working 
on the targeted selection of cells based on their specific receptor states and on the directed integration 
of specific CXCR3 splice variants using non-viral CRISPR-Cas9-based gene-insertion. To capture CXCR3-
specific functions, we established a stable knockout of the CXCR3 gene using CRISPR-Cas9 and 
functionally and phenotypically analyzed the CXCR3 native and deficient T cells. 
 

Results: 
The established non-viral CRISPR-Cas9-based gene editing approach results in a stable and effective 
knockout of the CXCR3 gene. By increasing the amount of sgRNA and Cas9 and combining multiple 
sgRNAs to efficient knockout the CXCR3 gene, a knockout efficiency of up to 95% was achieved in 
polyclonally activated T cells. In order to study CXCR3 specific functions in CXCR3 deficient and native T 
cells, functional analyses indicated no alterations in the ability to produce effector cytokines. Moreover, 
the gene knockout was transferable to all T cell subsets, excluding epigenetic inaccessibility of the CRISPR-
Cas9 system.  
 

Conclusions: 
Introducing CONAN into CAR T cells, this may overcome current limitations in the treatment of solid 
tumors by enhancing targeted migration and specific activation of tumor-directed immune cells in the 
hostile environment of solid tumors. Our approach is transferable to other immune cells multiplying its 
therapeutic use. 

 

References: 
Vollmer, T., Schlickeiser, S., Amini, L., Schulenberg, S., Wendering, D. J., Banday, V., Jurisch, A., Noster, R., 
Kunkel, D., Brindle, N., Schmueck-Henneresse, M. (2021). The intratumoral CXCR3 chemokine system is 
predictive of chemotherapy response in human bladder cancer. Science Translational Medicine, 13(576). 
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CD39 expressing M2 macrophages are elevated in the peritoneal fluid of patients 

with metastasis of gastric cancer 
Wolf V, Gronau F, Rau B, Feldbrügge F 

Department of Surgery, Charité Campus Mitte | Campus Virchow Klinikum, Charité-Universitätsmedizin Berlin 
 

Introduction: 
A critical immunoregulatory pathway in the tumor microenvironment (TME) involves CD39 and related 
cell-surface located enzymes that regulate the hydrolysis of extracellular, pro-inflammatory ATP and 
generate immunoregulatory adenosine. In gastric cancer, CD39 is upregulated and associated with worse 
survival, but little is known about the role of CD39 in peritoneal metastasis. In this study, we investigate 
immune cell expressed CD39 in peritoneal fluid as part of the TME of peritoneal metastasis derived from 
gastric cancer.Peritoneal fluid from gastric cancer patients with and without peritoneal metastasis was 
collected intraoperatively during laparoscopy, cytoreductive surgery (CRS) and hyperthermic 
intraperitoneal chemotherapy (HIPEC) or pressurized intraperitoneal aerosol chemotherapy. 
 

Material & Methods: 
Peritoneal fluid from gastric cancer patients with and without peritoneal metastasis was collected 
intraoperatively during laparoscopy, cytoreductive surgery (CRS) and hyperthermic intraperitoneal 
chemotherapy (HIPEC) or pressurized intraperitoneal aerosol chemotherapy (PIPAC) . Immune cells were 
isolated via centrifugation and were characterized for immune cell markers and purinergic signatures via 
flow cytometry. 
 

Results: 
In our analysis of peritoneal immune cells, 31 gastric cancer patients with peritoneal metastasis were 
compared to 18 gastric cancer patients without peritoneal metastasis. We observed a correlation 
between CD45+ cells and the Peritoneal Cancer Index (PCI) (r=0.591, p<0.001) and an increase in 
monocytes/macrophages (p=0.040) in patients with peritoneal metastasis. In addition, it was shown that 
CD39+ monocytes/macrophages (p=0.002), especially the subgroup of CD39+ CD206+ regulatory 
macrophages (p=0.013) were increased in cases of peritoneal metastasis. A sub-population expressing 
CD163, CD206 and CD39 also correlated with the PCI (r=0.450, p=0.002). Taken together, peritoneal fluid 
derived immune cells are more abundant in peritoneal metastasis, especially a CD39 expressing 
macrophage population. 
 

Conclusions: 
The increased CD39 expression on macrophages in the TME of peritoneal metastasis of gastric cancer 
denotes an immunoregulatory macrophage phenotype that may contribute to peritoneal cancer spread. 
Targeting CD39 may represent a future therapeutic approach in the treatment of peritoneal metastasis 
of gastric cancer. 

 

References: 
Bonnot PE, Piessen G, Kepenekian V, et al. Cytoreductive Surgery With or Without Hyperthermic 
Intraperitoneal Chemotherapy for Gastric Cancer With Peritoneal Metastases (CYTO-CHIP study): A 
Propensity Score Analysis. Journal of clinical oncology : official journal of the American Society of Clinical 
Oncology 2019;37:2028-40. 
Moesta AK, Li X-Y, Smyth MJ. Targeting CD39 in cancer. Nature Reviews Immunology 2020;20:739-55. 
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Organoids and Tissue Culture Poster Session 

 

Poster-7: Martí Farrera Sal 

Patient-derived tumor organoids-on-a-chip for preclinical development of next-

generation CAR-T cells. 
Farrera-Sal M, Picht S, Ehlen L, and Schmück-Henneresse M 

Experimental Immunotherapies Group, Berlin Institute of Health Center for Regenerative Therapies (Charité Universitätmedizin) 
 

Introduction: 
Recent advances in the field of onco-immunology unraveled T cells as key players capable of eliminating 
tumors. These findings have led to an exponential increase in the development of immunotherapeutic 
strategies to trigger the immune system against the tumor such as immune check point inhibitors or 
chimeric antigen receptor (CAR) T cell therapy. Initial clinical remission rates after CAR T cell therapy in 
hematological pediatric patients were 90%, yet this has not been replicated in solid cancers. The 
translation of similar response rates obtained in hematologic diseases in solid tumors would be a crucial 
breakthrough in cancer treatments. The tumor homing of CAR T cells has been identified as one of the 
main challenges. The aim of this project is to assess next-generation CAR-T cells. 
 

Material & Methods: 
A549, NCI-H292, HCT-116, and HT-29 tumor cell lines generate tumor spheroids. Tumor spheroids and 
tumor patient-derived organoids will be established in two-chamber "endothelialized" organ-on a chip 
model (TissUse) to assess the extravasation, tumor homing, and killing of CAR-T cells. 
 

Results: 
Recently we found that stem-like T cell subpopulations with abundant CXCR3alt, a variant form of the 
CXCL11 receptor, responded to CXCL11 by migration and enhanced effector function. Importantly, our 
recent data unraveled the relevance of CXCL11-CXCR3alt axis in the T-cell mediated tumor eradication. 
Therefore, we will apply this chemokine-checkpoint system to CAR T cells for addressing the limited 
migration and activity of these therapies in solid tumors. To this aim, we engineered 4 tumor lines to 
express a target (CD19tr) and the CXCL11 to assess the homing and killing of CXCR3alt-CAR-T cells. 
Furthermore, patient derived tumor organoids (PDO) will be established, and the new generation CAR-T 
cells will be assessed in an organ-on a chip model containing tumor spheroids or PDO. 
 

Conclusions: 
We envision the organ-on-a-chip setup as a suitable alternative for animal models to develop the 
preclinical pipelines of CAR-T cell therapy. 

 

References: 
Vollmer T, et al. The intra-tumoral CXCR3 Chemokine system is predictive of chemotherapy response in 
human bladder cancer. Science Translational Medicine, 2021. DOI: 10.1126/scitranslmed.abb3735. 
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Poster-8: Rita Gomes 

Dissecting the role of cardiac fibroblasts in regeneration and repair 
Gomes RN1,2, Manuel F1, Pereira C1, Fonseca AC1, Nascimento DS1,2 

1 i3S - Instituto de Investigação e Inovação em Saúde, Universidade do Porto, Portugal; 2 ICBAS - Instituto de Ciências Biomédicas 
Abel Salazar, Universidade do Porto, Portugal 
 

Introduction: 
The adult mammalian heart does not regenerate after injury which has devastating consequences for 
normal organ function. In contrast, neonates are able to regenerate their hearts after myocardial 
infarction (MI), by reactivating cardiomyocyte proliferation and neovascularization [1,2] - a capacity can 
be harnessed to unravel regenerative mechanisms with therapeutic relevance. This process is, however, 
transient as 7 days-old animals develop extensive scarring similarly to the adult [1]. Yet, no study 
addressed the role of cardiac fibroblasts (CF) - the main orchestrators of fibrosis - in this response. The 
ultimate goal of our research is to unravel CF-centred key mechanisms that confer regenerative potential 
to the neonate and re-activate these processes in the adult. 
 

Material & Methods: 
RNA-sequencing of mouse ventricles was performed to unveil differences in gene expression throughout 
development, from embryonic day (E)16 to P7. qPCR and immunofluorescence were used to validate 
RNA-seq data. Myocardial infarction surgery was induced in regenerative (P1) mouse hearts by 
permanent ligation of the left descending coronary artery. To directly and specifically assess the impact 
of CF in heart regeneration, we have generated Tcf21iCre knock-in mice carrying the short i-diphtheria 
toxin receptor (DTR), which renders Tcf21+ CF susceptible to diphtheria toxin. Tcf21-iDTR animals are 
induced with tamoxifen followed by injection of diphtheria toxin after surgery. 
 

Results: 
RNA-sequencing shows extracellular matrix (ECM)-related gene changes along development. By 
immunofluorescence we have confirmed that immune cells and CF infiltrate the heart throughout the 
first week of life and are transiently activated to proliferate upon injury. Total ablation of Tcf21+ cells was 
achieved on operated and non-operated animals after the administration of several doses of diphtheria 
toxin until the day of sacrifice. These cells are fibroblasts as confirmed by immunostaining to be neither 
cardiomyocytes, endothelial or hematopoietic cells. Ablation of Tcf21+ CF does not compromise survival 
in non-operated animals in the first week, but does if performed continuously in the 6 days following MI 
surgery. 
 

Conclusions: 
Our results highlight a pivotal role of CF in switching from the regenerative (P1) to reparative (P7) period 
after birth. Ablation of Tcf21+ CF in regenerative hearts negatively impacts heart recovery after MI, which 
points to a positive role of CF in injury resolution in this period. 

 

References: 
1. Porrello, E. R. et al. Transient regenerative potential of the neonatal mouse heart. Science (80-. ). 331, 
1078–1080 (2011). 
2. Sampaio-Pinto, V. et al. Neonatal Apex Resection Triggers Cardiomyocyte Proliferation, 
Neovascularization and Functional Recovery Despite Local Fibrosis. Stem Cell Reports 10, 860–874 
(2018). 
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Poster-9: Yanyan Luo 

A new strategy for in vitro study of mast cell-driven disorders: Induced pluripotent 

stem cells derived mast cells 
Luo Y, Vallone VF, He J, Frischbutter S, Kolkhir P, Romero SM, Stachelscheid H, Streu-Haddad V, Maurer 
M, Siebenhaar F, Scheffel J. 

Dermatological Allergology, Department of Dermatology and Allergy, Charité - Universitätsmedizin Berlin, corporate member of 
Freie Universität Berlin, Humboldt-Universität zu Berlin, and Berlin Institute of Health, Berlin, Germany; Charité-BIH Centrum 
Therapy and Research, BIH Stem Cell Core Facility, Charité - Universitätsmedizin Berlin, Germany; Department of Dermatology, 
the Affiliated Hospital of Southwest Medical University, Luzhou, China; I.M. Sechenov First Moscow State Medical University 
(Sechenov University), Division of Immune-mediated skin diseases, Moscow, Russian Federation 
 

Introduction: 
Mast cells (MCs) are not only effector cells in allergic reactions, but also contribute in the pathogenesis 
of various inflammatory diseases, urticaria and mastocytosis. To study their functions in vitro, human 
primary MCs are isolated directly from several tissues or differentiated from hematopoietic progenitors. 
However, these techniques bear several disadvantages and challenges including low proliferation 
capacity, donor-dependent heterogeneity, and the lack of a continuous cell source. To address this, we 
developed a novel strategy for the rapid and efficient differentiation of MCs from human induced 
pluripotent stem cells (hiPSC). 
 

Material & Methods: 
A four-step protocol for the generation of hiPSC derived MCs (hiPSC-MCs), based on the use of three 
hiPSC-lines, was established and validated by comparison with human skin MCs (hsMCs) and peripheral 
hematopoietic stem cell-derived MCs (PSCMCs). 
 

Results: 
This novel hiPSC-based approach could provide a sustainable and homogeneous MC source for allergy 
testing and its principle allows for the investigation of disease- and patient-specific MC populations. 
 

Conclusions: 
The aim of this study was to load the drug in the Mil-101 organic metal-organic framework for the delivery 
of the anticancer drug doxorubicin. In addition, we achieved the synthesis of a highly compatible organic 
metal framework with the highest loading capacity of anti-cancer drugs for the treatment of ovarian and 
breast cancers. Therefore, with the help of this method, we were able to achieve. 

 

References: 
1. Siebenhaar F, Redegeld FA, Bischoff SC, Gibbs BF, Maurer M. Mast cells as drivers of disease and 
therapeutic targets. Trends Immunol. 2018;39(2):151-162.  
2. Ikuno T, Ito S, Inoue T. Human induced pluripotent stem cell-derived mast cells useful for in vitro mast 
cell activation assay exhibiting phenotypes and morphological characteristics of human mast cells. J 
Toxicol Sci. 2019;44(11):789-797. 
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Poster-10: Lan Vi Nguyen 

Neuromuscular organoids to model Spinal muscular atrophy 
Angélica García-Pérez, Lan Vi Ngoc Nguyen, Mina Gouti 

Max Delbrück Center for molecular medicine in the Helmholtz association  
 

Introduction: 
Spinal muscular atrophy (SMA) is characterized by the degeneration of motor neurons in the spinal cord 
and muscle atrophy (1). It is the most common genetic disease leading to infant mortality caused by 
mutations of the survival of motor neuron 1 (SMN1) gene with an incidence of 1 in 11,000 resulting in 
reduced level of SMN protein (2,1). The severity of the disease inversely correlates with the amount of 
SMN protein (1). Patients with SMA type I show symptoms at 6 months of age and die by the age of 2 
whereas patients with SMA type 4 have mild symptoms and a normal life expectancy (1). These 
phenotypic differences appear to be related in part to the number of copies of a related gene, SMN2 (1). 
 

Material & Methods: 
In this study we use neuromuscular organoids (NMOs) to model different SMA types. NMOs are complex 
3D models of the developing neuromuscular system (3). They are generated from human pluripotent 
stem cells derived neuromesodermal progenitors which are bipotent and therefore can give rise to both 
neural and mesodermal cell derivatives. That allows spinal cord motor neurons (MNs) and skeletal muscle 
to develop in parallel and during maturation to self-organize to form functional neuromuscular junctions 
(NMJs) which are supported by terminal Schwann cells. Due to the formation of the functional network 
between spinal cord MN and skeletal muscle, the NMOs contract. Further, they were shown to be 
electrophysiologically active and form central pattern generator-like circuits. 
 

Results: 
In this study we use neuromuscular organoids (NMOs) to model different SMA types. NMOs are complex 
3D models of the developing neuromuscular system (3). They are generated from human pluripotent 
stem cells derived neuromesodermal progenitors which are bipotent and therefore can give rise to both 
neural and mesodermal cell derivatives. That allows spinal cord motor neurons (MNs) and skeletal muscle 
to develop in parallel and during maturation to self-organize to form functional neuromuscular junctions 
(NMJs) which are supported by terminal Schwann cells. Due to the formation of the functional network 
between spinal cord MN and skeletal muscle, the NMOs contract. Further, they were shown to be 
electrophysiologically active and form central pattern generator-like circuits. 
 

Conclusions: 
Here, we have used patients derived iPSCs with SMA type 1 and 2 to successfully generate human 
neuromuscular organoids and study the pathomechanism of the disease with temporal and spatial 
resolution. Our data suggest that neuromuscular organoids resemble key aspects of the disease and can 
be use to study the long-term efficacy and safety of specific drugs. 

 

References: 
(1) Chen, T. H. (2020). New and Developing Therapies in Spinal Muscular Atrophy: From Genotype 
to Phenotype to Treatment and Where Do We Stand?. International journal of molecular sciences, 21(9), 
3297. 
(2) Martins, J. M. (2020). Self-Organizing 3D Human Trunk Neuromuscular Organoids. Cell Stem Cell, 
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Poster-11: Isabell Matz 

Impact of IL-6 on the inflammatory potential of cardiac- and skeletal muscle-derived 

fibroblasts 
Matz I, Pappritz K, Van linthout S 

BIH Center for Regenerative Therapies 
 

Introduction: 
Cancer and heart failure are leading causes of morbidity and mortality. The underlying pathological event 
in both diseases is inflammation1. Fibroblasts are established to be salient mediators of both 
inflammation and fibrosis in the heart2. Inflammation drives cachexia, resulting in wasting of skeletal and 
cardiac muscle tissue and cardiac dysfunction. Interleukin-6 (IL-6) has been shown to play an important 
role in mediating tumor-induced cachexia. Whereas the general outcome of IL-6 on the heart’s function 
and muscle wasting has been intensively studied, the influence of IL-6 on fibroblasts of the heart and 
skeletal muscle (SM) has not been analyzed so far. Therefore, the present project was designed to 
evaluate the impact of IL-6 on left ventricle (LV)- and SM-derived fibroblasts. 
 

Material & Methods: 
Fibroblasts from either the heart’s LV, or SM (quadriceps) were isolated from wild-type C57BL/J6 mice 
via outgrowth cell culture. Fibroblasts were characterized regarding their expression of α-smooth muscle 
actin (SMA), collagen, components of the innate immunity, chemokines, and the potential to attract 
different immune cell subsets. Therefore, quantitative real-time PCR, flow cytometry, and migration 
assays were performed. Furthermore, the fibroblast’s metabolism was determined by analyzing 
mitochondrial energy turnover and evaluating mRNA expression of key regulatory enzyme expression via 
mitochondrial stress test (seahorse assay), and quantitive real-time PCR, respectively. 
 

Results: 
SM-fibroblasts showed higher basal mRNA expression of α-SMA, collagen1a1/3a1 and chemokines (CCL2, 
CCL7, CX3CL1) compared to LV-fibroblasts. IL-6 stimulation led to transdifferentation of fibroblasts into 
myofibroblasts in both LV- and SM-fibroblasts, as indicated by an increase in α-SMA expression. 
Collagen3a1 was upregulated in IL-6-stimulated LV- but not in SM-fibroblasts. IL-6 induced an 
inflammatory phenotype in LV- and SM-derived fibroblasts as indicated by upregulated NLRP3 
inflammasome activity. Supernatant of IL-6-stimulated LV- and SM-derived fibroblasts attracted more 
anti- and pro-inflammatory monocytes versus supernant of respective unstimulated fibroblasts. SM-
fibroblasts had a higher mitochondrial energy turnover compared to LV-fibroblasts under basal and IL-6 
conditions. 
 

Conclusions: 
With the focus on the heart, our results suggest that IL-6 activates a pro-inflammatory phenotype of LV-
originated fibroblasts and together with other cytokines might serve as an amplifier for the induction of 
pro-inflammatory reactions leading to HF. Our results might be of relevance for not only the pathology 
of tumor-driven cachexia, but also other inflammation-associated heart diseases. 

 

References: 
1.  Libby and Kobold. Inflammation: a common contributor to cancer, aging and cardiovascular 
diseases. Cardiovasc Res. 2019; 824-829. 
2. Van Linthout S, Miteva K, Tschöpe C. Crosstalk between fibroblasts and inflammatory cells. 
Cardiovascular Research. 2014;102(2):258-69. 
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A 3D model for the survival niche of human long-lived bone marrow plasma cells  
Zehra Uyar-Aydın, Neval Avinc, Gabriela A. Hernández-Reina, Prof. Dr. rer. nat. Roland Lauster, Dr. rer. 
nat. Mark Rosowski 

Technische Universität Berlin, Institute of Biotechnology, Department of Medical Biotechnology, Berlin, Germany 
 

Introduction: 
Human long-lived plasma cells (LLPCs) are terminally differentiated effector cells of the B-lymphocyte 
lineage that reside in specialized niches in the human bone marrow (BM) harboring many different 
microenvironmental niches. LLPCs play an essential role in the humoral immune protection by 
maintaining constant high-affinity antibody levels against pathogens and their toxic products, 
independently of antigen presence.  
So far, the in vitro long-term cultivation of BM LLPCs is challenging since they reveal a brief survival time 
ex vivo. Thus, this project aims to develop an in vitro model that mimics the physiological 
microenvironment of their niche in the BM and enables long-term cultivation of LLPCs. 
 

Material & Methods: 
Our previously developed 3D model based on a hydroxyapatite-coated zirconium oxide-based ceramic 
can be used to maintain hematopoietic stem and progenitor cells for up to 8 weeks in their 
undifferentiated state (CD34+CD38-) when co-cultivated with BM mesenchymal stromal cells (MSCs) 
(Sieber et al. 2018). Based on this data, we aim to adapt the model to establish a microenvironment to 
support the survival of functional LLPCs in vitro. Human plasma cells (PCs) (CD38+CD138+) are isolated 
via magnetic activated cell sorting (MACS) from femoral head after mechanical preparation and 
introduced into the ceramic pre-seeded with MSCs building up a BM microenvironment. The survival 
capacity of functional PCs is assessed by flow cytometric analysis and detection of secreted antibodies by 
Bioplex. 
 

Results: 
So far, we are able to maintain PCs for up to 21 days in our in vitro system built up by the 3D scaffold pre-
seeded with MSCs. Due to limitations of efficient extraction of PCs embedded in the 3D 
microenvironment after cultivation for flow cytometric analyses, their survival is shown indirectly by 
making use of their ability to secrete immunoglobulins. The cultured PCs remain functional and maintain 
their ability to secrete immunoglobulins (IgG1, IgA, IgM) over the culture time. By including further 
signaling factors, the in vitro PC survival can be even prolonged. Previously performed transcriptome 
analyses of primary MSCs are used to determine PC niche relevant soluble factors that are lacking in our 
culture system and are necessary to supplement. 
 

Conclusions: 
The established survival niche model could serve as a system to study niche interactions and will pave 
the way to establish disease models for diseases like multiple myeloma or autoimmunity to analyze 
changes in the microenvironment that promote the maintenance of pathogenic PCs. The better 
understanding of survival mechanisms of pathogenic PCs could disclose new targets for specific 
therapies. 

 

References: 
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Poster-13: Norman Drzeniek 

Biomaterial microenvironments to modulate the MSC secretome 
Drzeniek NM, Mazzocchi A, Schlickeiser S, Forsythe SD, Moll G, Geißler S, Reinke P, Gossen M, Gorantla 
VS, Volk HD, Soker S 
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Introduction: 
The therapeutic efficacy of clinically applied mesenchymal stromal cells (MSCs) is limited due to their 
injection into harsh in vivo environments, resulting in the significant loss of their secretory function upon 
transplantation. A potential strategy for preserving their full therapeutic potential is encapsulation of 
MSCs in a specialized protective microenvironment. Here we introduce a customizable collagen I-
hyaluronic acid (COL-HA)-based hydrogel platform for the encapsulation of MSCs. 
 

Material & Methods: 
Hydrogels were prepared from hyaluronic acid and either telopeptide-intact type 1 collagen or type A 
gelatin and different types of PEG linkers were crosslinked through a light-initiated thiol-ene radical 
addition. Hydrogel pore size and elastic modulus were assessed. For 3D culture human bone marrow 
(BM) MSCs were encapsualted in the hydrogel formulations at a density of 5 ×cells ml−1. FIJI was used to 
analyze changes in cell viability and morphology from microscopy images. 24h-conditioned media (CM) 
were collected on day 7 of 3D MSC culture. Levels of 266 proteins in CM were analyzed using an Olink 
assay and analyzed using R. An endothelial tube formation assay was used to confirm bioinformatical 
functional prediction of secretome pro-angiogenic potency. 
 

Results: 
MSC encapsulated within COL-HA showed a spindle-shaped morphology and significant expansion of 
their secretory profile compared to MSCs cultured in standard (2D) cell culture dishes or encapsulated in 
gelatin hydrogels. Functionalization of the COL-HA backbone with thiol-modified glycoproteins such as 
laminin led to further changes in the paracrine profile of MSCs. In depth profiling of more than 250 
proteins revealed an expanded secretion profile of proangiogenic, neuroprotective and 
immunomodulatory paracrine factors in COL-HA-encapsulated MSCs with a predicted augmented pro-
angiogenic potential. This was confirmed by increased capillary network formation of endothelial cells 
stimulated by conditioned media from COL-HA-encapsulated MSCs. 
 

Conclusions: 
Encapsulation of MSC in a protective COL-HA hydrogel layer provides the necessary bio-instructive cues 
to maintain and direct their therapeutic potential. Our  hydrogel combines bioactivity and clinically 
applicable properties (injectability, on-demand polymerization, tissue-specific elasticity) that will support 
the ability to successfully deliver functional MSCs into patients. 

 

References: 
Drzeniek NM, Mazzocchi A, Schlickeiser S, Forsythe SD, Moll G, Geißler S, Reinke P, Gossen M, Gorantla 
VS, Volk HD, Soker S. Bio-instructive hydrogel expands the paracrine potency of mesenchymal stem cells. 
Biofabrication. 2021 Jul 8;13(4). doi: 10.1088/1758-5090/ac0a32. PMID: 34111862. 
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Patterned degradable materials for 3D cell encapsulation 
Garrido, C., Amini, S., Cipitria, A. 

Max Planck Institute of Colloids and Interfaces  
 

Introduction: 
Patterned materials with spatially discretized material characteristics offer multiple options for guided 
cell behavior. The patterning is achieved by modifying the biochemical, topographical or mechanical 
properties of materials. Previous studies using orthogonal Diels-Alder and thiol-ene crosslinking in 
alginate hydrogels showed that patterns in 2D affect cell attachment and differentiation (1). However, 
3D cell encapsulation in patterned materials has not yet been fully elucidated. Therefore, this study aims 
to characterize the cell response in 3D alginate hydrogels with patterns in mechanical and biochemical 
characteristics. The results of this research may shed light on understanding cell behavior in patterned 
materials and possible applications in regenerative medicine. 
 

Material & Methods: 
Single-phase materials were formed using norbornene (N) and tetrazine (T) modified alginate varying the 
N-T ratio to tune the mechanical properties. Dual crosslinked hydrogels were formed combining Diels-
Alder crosslinking and UV-mediated thiol- ene crosslinking using a crosslinker molecule. The patterns on 
the material were formed using a photomask with UV irradiation. Bulk elastic modulus was determined 
with rheometry and the surface elastic modulus by microindentation. For the cell studies, mouse 
embryonic fibroblasts (MEFs) were encapsulated in 3D in a concentration of 1E5 cells/mL with 3mg/mL 
RGD peptide. The cell response was evaluated in terms of cell viability (live/dead staining), cell 
morphology (DAPI/phalloidin) and proliferative state (Ki67), at day 1, 7 and 14. 
 

Results: 
The rheology of single-phase materials revealed an elastic modulus of ~6kPa in stiff materials and ~2kPa 
in softer materials. These results were comparable to the microindentation of patterned hydrogels, 
showing soft regions (~1.8kPa) and stiff regions (~7kPa). The previous single-phase materials were used 
for 3D encapsulation of MEFs, which showed high viability (>85%) over the 14 days and a slight increase 
in cell number in the softer gels. The cell area increased with time in both cases, although no significant 
changes were seen in cell circularity. The main differences in cell morphology were observed in filopodia 
formation, as the cells in softer gels had higher filopodia number and length. The proliferation marker, 
Ki67, was highly expressed in softer gels compared to the stiff gels. 
 

Conclusions: 
The materials showed spatially tunable mechanical characteristics determined by the crosslinking type. 
Patterns in mechanical properties influenced 3D cell response in terms of morphology and proliferation. 

 

References: 
Lueckgen, A., Garske, D. S., Ellinghaus, A., Mooney, D. J., Duda, G. N., & Cipitria, A. (2019). Enzymatically-
degradable alginate hydrogels promote cell spreading and in vivo tissue infiltration. Biomaterials, 
217(June), 119294. https://doi.org/10.1016/j.biomaterials.2019.119294 
Lueckgen, A., Garske, D. S., Ellinghaus, A., Mooney, D. J., Duda, G. N., & Cipitria, A. (2020). Dual alginate 
crosslinking for local patterning of biophysical and biochemical properties. Acta Biomaterialia, 115, 185–
196.  
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Using alginate hydrogels to unravel the influence of viscoelasticity on monocyte 

derived dendritic cell activation 
Knecht RS, Mooney D, Schmidt-Bleek K, Duda GN. 

Julius Wolff Institute, Berlin Institute of Health & Charité — Universitätsmedizin Berlin, Berlin, Germany 
 

Introduction: 
A misdirected or imbalanced local immune composition is often one of the reasons for unsuccessful 
regeneration resulting in scarring or fibrosis. While biomaterial-based approaches to control local 
immune responses are emerging as potential new treatment options, the extent to which biophysical 
material properties themselves play a role in modulating a local immune niche response has so far been 
considered only occasionally. The communication loop between extracellular matrix, non-hematopoietic 
cells, and immune cells seems to be specifically sensitive to mechanical cues and appears to play a role 
in the initiation and promotion of a local inflammatory setting (1). Here, the influence of elastic and 
viscoelastic tissue properties on human monocyte-derived dendritic cells is investigated. 
 

Material & Methods: 
Alginate hydrogels are used to mimic the elastic and viscoelastic properties of tissues. Depending on the 
crosslinking concentration of Ca2+, alginate hydrogels with different stiffnesses can be achieved. 
Similarly, changing the molecular weight of the alginate polymer allows for the control of the viscoelastic 
properties. To ensure cell-matrix interaction, alginate was modified with different cell adhesive motifs 
using carbodiimide chemistry. Human monocyte-derived dendritic cells were then seeded either on top 
(2D) or encapsulated (3D) in alginate hydrogels with different elastic and viscoelastic properties. 
Additionally, the cells were activated with lipopolysaccharides or TNF-α. After 24h, the expression of 
activation markers was analyzed using flow cytometry. 
 

Results: 
Despite using linear and cyclic RGD motifs to allow for cell adhesion, MoDCs showed no adhesion on the 
alginate hydrogels. While the maturation of MoDCs with TNF-α and LPS upregulated the surface 
expression of CD40, CD80, CD83, CD86, CCR7, and HLA-DR, no influence of stiffness and stress relaxation 
half-time could be observed on the expression of the measured surface markers. However, it is 
hypothesized that this is not due to the lack of mechano-responsiveness of MoDCs, but rather the lack of 
interaction of MoDCs with the alginate hydrogel, since no adhesion or morphological changes were 
observed in the 2D and 3D environment respectively. 
 

Conclusions: 
 
While MSCs show strong adhesion to RGD modified alginate hydrogels (2), RGD as a minimal binding 
motif seems not sufficient enough for the binding and adhesion of MoDCs. Thus, alginate should be 
modified with a higher affinity adhesion motif for MoDCs; such as fibronectin. So far, preliminary 
experiments showed strong adhesion of MoDCs on fibronectin-coated tissue culture plastic. 

 

References: 
(1) Knecht, R. S., Bucher, C. H., Van Linthout, S., Tschöpe, C., Schmidt-Bleek, K., and Duda, G. N. (2021). 
Mechanobiological Principles Influence the Immune Response in Regeneration: Implications for Bone 
Healing. Front. Bioeng. Biotechnol. 9, 614508. doi:10.3389/fbioe.2021.614508. 
(2)Chaudhuri, O., Gu, L., Klumpers, D., Darnell, M., Bencherif, S. A., Weaver, J. C., Huebsch, N., Lee, H., 
Lippens, E., Duda, G. N., & Mooney, D. J. (2016). Hydrogels with tunable stress relaxation regulate stem 
cell fate and activity. Nature Materials, 15(3), 326–334. https://doi.org/10.1038/nmat4489 
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Improving wound healing: Modulation of the keratinocyte-fibroblast interactions in 

a 3D stereolithographic bioprinted full-thickness skin model 
Lemke B1,3, Lam T4, Kloke L4, Duda G1,2,4 

JWI 1, BCRT 2, BSRT 3, Cellbricks GmbH 4 
 

Introduction: 
Wound healing of skin injuries represents a clinical challenge. Artificial full-thickness (FT) skin models 
could present a solution to foster endogenous healing. Interestingly, keratinocyte-fibroblast interactions 
(KFI) allow a cellular selforganisation resulting in the formation of a basement membrane (BM)-like layer 
mimicking skin regeneration (1). However, the role of a 3D ridge architecture, present in native skin, on 
such regenerative cascades remains unclear. The addition of a 3D ridge-like structure could modulate the 
KFI, improve formation of a BM-like layer and promote maturation of a FT skin model. Here, we will 
establish an approach to gain understanding on wound healing using a 3D bioprinted FT skin model with 
a 3D ridge-like architecture to modulate the KFI. 
 

Material & Methods: 
First, the stereolithographic 3D bioprinting process will be optimized. Printing of distinct small-sized 
architectures like the ridges will need a careful selection of appropriate bioinks and crosslinking 
characteristics (e.g. excitation time, concentration of the crosslinking reagent, etc.). 
Finally, the 3D bioprinted FT skin model featuring a 3D ridge-like architecture will be compared to a 
control print lacking the 3D ridge-like structure. Both models will be cultivated for 28d. The KFI, especially 
with respect to the BM formation, will be analysed using immunohistochemistry stainings of sections and 
real-time PCR to identify the cellular signatures during such self-assembly cascade over time. 
 

Results: 
Data of both the 3D bioprinted FT skin model featuring a 3D ridge-like architecture and the control in 
comparison to native skin will allow to directly assess the influence of a specific 3D architecture and to 
compare the organisation of the artificial in vitro 3D bioprinted FT skin model to the native situation. 
 

Conclusions: 
The characterization of the KFI will allow to gain insights into the influence of a specific 3D architecture 
on the cellular crosstalk between keratinocytes and fibroblasts. Moreover, the results will help decipher 
the role of a tuned 3D arrangement of material and cells in skin regeneration and may lead to 
improvements in wound healing systems like the one used in artificial FT skin grafts. 

 

References: 
(1) Fuchs, E., Raghavan, S. Getting under the skin of epidermal morphogenesis. Nat Rev Genet 3, 199–
209 (2002). https://doi.org/10.1038/nrg758 
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The Impact of Endothelial Cell YAP/TAZ on Callus Formation in Bone Healing 
Mehl J.1,3, Khomeijani S.1, Brauer E.1, Klaus A.2, Gerhardt H.2, Vogel V.3, Duda G 1 

1Julius Wolff Institute, Berlin Institute of Health and Charité, Universitätsmedizin Berlin, Germany; 2 Max Delbrück Center for 
Molecular Medicine, Berlin, Germany; 3 ETH Zurich, Department of Health Sciences and Technology, Zurich, Switzerland 
 

Introduction: 
Bone regeneration requires successful coupling of angiogenesis and osteogenesis. Blood vessels invade 
the fracture and serve as a template for bone development. Type H vascular endothelial cells (ECs), 
characterized by high expression of CD31 and endomucin have been identified as key regulators for 
angiogenesis-osteogenesis coupling. However, the underlying cellular mechanisms, how the formation 
of new blood vessels is linked to osteogenesis, are not well characterized yet. Here, we especially want 
to draw attention to the role of mechanosensors YAP and TAZ in ECs during bone regeneration and how 
they affect angiogenesis and osteogenesis. We hypothesize that YAP/TAZ is a crucial component in 
neovascularization and indispensable for a successful callus assembly in bone regeneration. 
 

Material & Methods: 
We analyze angiogenesis under different fixation stabilities during bone regeneration. Female, 12 weeks 
aged mice with endothelial YAP/TAZ dKO are sacrificed 7 days or 14 days post-osteotomy, respectively. 
Soft callus formation, cell organization and ECM deposition within the fracture gap will be analyzed by 
immunohistological protocols and second harmonic imaging (SHI). To characterize H type vessel 
formation, CD31 and endomucin antibodies are used. Confocal microscopy will be employed to analyze 
the target proteins during the onset of neo-vascularization in bone regeneration. 
 

Results: 
We could show that H type vessels are present in the osteotomy gap, suggesting that they play a key role 
in de novo angiogenesis during pathological and regenerative processes. Further, we could show that H 
type vessels are surrounded by osterix expressing pre-osteoblasts, supporting their important role in 
angiogenesis-osteogenesis coupling during bone healing. Conditionally knocking out YAP and TAZ in ECs 
leads to an increase in bone vasculature in the hypoxic microenvironment of the osteotomy gap. Further, 
EC YAP/TAZ dKO induces more vessel crosses and more aneurysms, suggesting that vessels fail to 
stabilize. Bone volume in the fracture gap in 14 days post-osteotomy mice does not show a significant 
difference in EC YAP/TAZ dKO compared to their control littermates. 
 

Conclusions: 
Bone regeneration is dependent on progressive angiogenesis. We explored the role of EC 
mechanosensors YAP/TAZ and their ability to regulate the build-up of a capillary network within the early 
phases of fracture healing. This knowledge is essential to develop new therapies helping how to best 
accelerate bone healing, which would be particularly important for the treatment of bone fractures in 
the elderly. 

 

References: 
Neto F, Klaus-Bergmann A, Ong YT, et al. YAP and TAZ regulate adherens junction dynamics and 
endothelial cell distribution during vascular development. Elife. 2018;7:e31037. doi:10.7554/eLife.31037 
Kusumbe, A., Ramasamy, S. & Adams, R. Coupling of angiogenesis and osteogenesis by a specific vessel 
subtype in bone. Nature 507, 323–328 (2014). 
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Modeling Breast Cancer Bone Metastases based on Evolutionary Game Theory 
Heller A.a, Young S. A. E.a, Rossato G.b, Valleriani A.b, Cipitria A.a 

a Department of Biomaterials, Max Planck Institute of Colloids and Interfaces 
b Department of Theory, Max Planck Institute of Colloids and Interfaces 
 

Introduction: 
Even when primary cancer seems to be defeated, patients can remain in remission for up to 10 to 15 
years before fatal metastases - often in the bone - appear. One explanation for this is the dormancy of 
cancer cells in the bone marrow. In the last years, computational and mathematical models have been 
exploited to investigate cancer cell dynamics. We aim to contribute to that research field by providing a 
mathematical model that connects breast cancer bone metastases development with bone remodelling 
(BR) in its microenvironment. This model is based on the principles of evolutionary game theory (EGT), 
which simulates the growth rates of the main processes (called strategies in the following) of BR: bone 
resorption, formation and quiescence1. 
 

Material & Methods: 
First, we implemented a non-spatial three-strategy model. In order to fit parameters that lead to system 
dynamics detectable in physiological and pathological BR, the model was first evaluated analytically and 
then numerically. Experimental in vivo data derived from a breast cancer bone metastasis mouse model 
and healthy controls were used to fit the parameters for the three-strategy model. Afterwards, a fourth 
strategy representing the activity of metastatic cancer cells was introduced to the non-spatial model. We 
then transferred this modelling approach to a spatial version in order to study local effects. Currently we 
are working on implementing and tuning those bone-specific features in the spatial model of BR, before 
we add the fourth strategy again. 
 

Results: 
Fitting parameters with experimental data of physiological and pathological BR allowed us to simulate 
the course of healthy BR, an exemplary disease progression and rescue by potential treatment. The non-
spatial four-strategy model could not be used to reproduce the highly local character of metastasis 
development, which motivated the development of the spatial model. The first simulations from the 
spatial three-strategy model look promising. We have confirmed that most parameters for physiological 
BR from the non-spatial model can also be used in the spatial model. However, the current preliminary 
spatial model still lacks important features of bone behaviour in a 3D structure. Thus, further rules and 
features are being incorporated to the existing model. 
 

Conclusions: 
The first steps towards creating a spatial four-strategy-model have been completed successfully. Our 
ultimate goal is to gain new insights in the interaction of growing bone metastases with the process of 
BR in its microenvironment. This could lead to more detailed predictions about progression of bone 
metastases and contribute to improved therapy options. 

 

References: 
[1] Ryser, M. D. and Murgas, K. A. (2017). Bone remodeling as a spatial evolutionary game. Journal of 
Theoretical Biology, 418(January):16–26. 
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An in silico model reveals mechanobiological mechanisms behind tissue 

remodelling during in vivo bone fracture healing 
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France; 3 ESPCI Paris – PSL Research University, France; 4 Université Côte d’Azur, France 
 

Introduction: 
Tissue remodelling is a key process for successful bone healing. Over the healing period, cartilage, fibrous 
and bone tissues need to be resorbed to restore the original bone geometry. How exactly this stage is 
regulated is not fully understood; yet, if the remodelling is not successful, the healing won’t be complete 
[1]. In silico fracture healing models have helped gaining knowledge on the mechanoregulation of 
fracture healing, i.e. the mechanical environment driving tissue formation. However, such computer 
models have often failed at describing the remodelling stage of fracture healing. Here, we propose an in 
silico model for multi-tissue evolution to investigate tissue remodelling during bone healing. This model 
will help unravelling mechanisms behind uneventful fracture remodelling. 
 

Material & Methods: 
A computer model for multi-tissue formation and resorption [2] was developed to investigate the 
mechanobiological mechanisms behind bone fracture remodelling. Two previously described 
experimental bone healing studies were modelled: 1) a 0.5-mm mouse femur defect and 2) a 3-mm sheep 
tibia defect. The geometries were discretised into finite elements for mechanical analysis and tissue 
evolution simulations. Each element contained various fractions of fibrous tissue, cartilage and bone. The 
evolution of the tissue fractions depended on tissue-specific mechano-responses for formation, 
resorption and maturation based on the accumulation of principal strains. Diffusion was additionally 
implemented to model cell migration. Computer model predictions were compared to histological data. 
 

Results: 
Starting from the hard callus phase of the fracture healing, the computer model could successfully 
reproduce the bone remodelling observed in both mouse and sheep during fracture healing. In particular, 
re-opening of the bone marrow cavity, reduction of the bone density in the external callus and bone 
densification in the inter-cortical region were predicted. Moreover, the use of a mechanics-based 
computer model revealed some of the mechanisms driving this process, with the identification of strain 
ranges favouring bone formation or resorption. However, this model was not able to predict the cartilage 
and fibrous tissue resorption in the fracture callus over time. 
 

Conclusions: 
Our computer model reproduced bone remodelling as observed during bone healing in mouse and 

sheep, suggesting conserved mechanoregulation principles between species. Further refinement of the 

cartilage and fibrous tissue mechano-responses is needed to describe their resorption more 

adequately. Future work should use this model to investigate delayed healing and possible treatment 

strategies. 

References: 
[1] A. Schindeler, M. M. McDonald, P. Bokko, and D. G. Little, ‘Bone remodeling during fracture 
repair: The cellular picture’, Semin. Cell Dev. Biol., vol. 19, no. 5, pp. 459–466, Oct. 2008, doi: 
10.1016/j.semcdb.2008.07.004. 
[2] J. Frame, P.-Y. Rohan, L. Corté, and R. Allena, ‘A mechano-biological model of multi-tissue 
evolution in bone’, Contin. Mech. Thermodyn., Dec. 2017, doi: 10.1007/s00161-017-0611-9. 
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Humboldt-Universität zu Berlin 
 

Introduction: 
Accelerated fracture healing and increased bone formation are observed in clinical studies following 
Central Nervous System (CNS) injuries such as traumatic brain injury (TBI) and traumatic spinal cord injury 
(TSCI) (1). Subsequently, translational research focuses on elucidating pathophysiological processes 
behind this clinically relevant phenomenon. Besides our established trauma model, combining TBI and 
bone healing (2), the role of TSCI in multi-trauma and its mechanism behind enhanced bone healing stays 
unclear. As there is no preclinical model mimicking this clinical situation, we aim to establish the multi-
traumatic mouse model in a murine intensive care setting to unravel molecular mechanisms of multi-
trauma and beyond the interaction of CNS injury and fracture healing. 
 

Material & Methods: 
For the first steps of establishment, six female C57/BL6 mice (control) undergo long-term anaesthesia 
using inhalative anaesthetics. Once anesthetized, the animals are intubated, mechanically, volume-
controlled ventilated and placed on a heated sensor-controlled monitoring platform, recording 
ElectroCardioGram (ECG), ventilation rate, sPO2, and body temperature. By catheterizing an artery, we 
will measure continuous arterial pressure and conduct blood gas analysis. According to the monitoring, 
analgosedation, ventilation parameters and volume regime will be recorded and adapted in order to 
achieve approximate physiological conditions until the end of the experiment. 
 

Results: 
The first steps of the multi-trauma model establishment will provide us with the most appropriate 
analgosedation, ventilation parameters, and volume management, resulting in a balanced long-term 
anaesthesia with sufficient ventilation. Furthermore, the significant monitoring measures are 
highlighted, which provide the foundation for the following trauma surgeries: long bone fracture, 
traumatic brain injury, and traumatic spinal cord injury. 
 

Conclusions: 
While the first steps of our model establishment represent the definition of the settings for a balanced 
long-term anaesthesia, the next step is to adapt the anaesthesia and intensive care to the trauma 
surgeries. Along with supporting our own trauma model, these results provide a validated base for other 
experimental trauma models. 

 

References: 
1) Hofman M, Koopmans G, Kobbe P, Poeze M, Andruszkow H, Brink PR, Pape HC. Improved fracture 
healing in patients with concomitant traumatic brain injury: proven or not? Mediators Inflamm. 2015: 
204842. 
2) Tsitsilonis S, Seemann R, Misch M, Wichlas F, Haas NP, Schmidt‐Bleek K, Kleber C, Schaser KD. The 
effect of traumatic brain injury on bone healing: an experimental study in a novel in vivo animal model. 
Injury. 2015. 46: 661‐5. 
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Characterisation of the osteoanabolic effect of the neuropeptide calcitonin gene-

related peptide alpha (ɑ-CGRP) in vitro 
Yu X, Appelt J, Otto E, Jahn D, Köhli P, Tsitsilonis S 

Centrum für Muskuloskeletale Chirurgie (CMSC) Charité Universitätsmedizin Berlin 
 

Introduction: 
Compromised fracture healing poses a continuous clinical issue strongly affecting patients' quality of life 
and causing high socioeconomic costs1. Our previous research showed that the neuropeptide alpha 
calcitonin gene-related peptide (ɑ-CGRP) plays an essential role in callus formation through promoting 
Runx-2 gene expression during bone healing2. Therefore, understanding ɑ-CGRP signalling during bone 
regeneration represents a promising approach for the development of therapies of impaired bone 
healing. As the molecular mechanisms of ɑ-CGRP during bone healing still remains to be elucidated, we 
aim to to confirm the relativity between CGRP and Runx-2 gene and how the osteoanabolic response of 
ɑ-CGRP presents through regulating Runx-2 gene expression in vitro. 
 

Material & Methods: 
Primary derived osteoblasts were isolated from C57BL/6J wild type mice and stimulated with ɑ-CGRP in 
short- and long-term stimulation. The short-term stimulation of different ɑ-CGRP concentration lasted 
for 6h on the 2nd and 9th day of differentiation, while the long-term stimulation at a picked physiological 
concentration lasted for 10 days during the osteoblast differentiation. The primary osteoblasts have been 
intervened with were then harvested and gene expression was analysed using real time quantitative 
polymerase chain reaction (qPCR). The differing concentrations and conditions are compared using 
statistical analysis. Alizarin red staining and quantifying analysis of day 10 long-term stimulation samples 
was applied to explore the difference with control group. 
 

Results: 
The bone formation-related genes Runx-2 expression positively correlate with the ɑ-CGRP concentration 
applied, varying according to the stimulation time point. This makes it possible to determine the optimal 
concentration for the therapeutic use of ɑ-CGRP in scaffolds. Furthermore, it is clarified mature 
osteoblasts are primarily stimulated by ɑ-CGRP. 
 

Conclusions: 
As ɑ-CGRP previously showed strong osteoanabolic capacity, we are convinced that ɑ-CGRP 
implementation either directly or via coating represents a promising strategy to ytarget delayed healing 
and non-union fractures therapy. 

 

References: 
1. Russow G, Jahn D, Appelt J, Märdian S, Tsitsilonis S, Keller J. Anabolic Therapies in Osteoporosis 
and Bone Regeneration. Int J Mol Sci. 2018 Dec 26;20(1):83. 
2. Appelt J, Baranowsky A, Jahn D, Yorgan T, Köhli P, Otto E, Farahani SK, Graef F, Fuchs M, Herrera 
A, Amling M, Schinke T, Frosch KH, Duda GN, Tsitsilonis S, Keller J. The neuropeptide calcitonin gene-
related peptide alpha is essential for bone healing. EBioMedicine. 2020 Sep;59:102970. 
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