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Patient-derived airway epithelial cell cultures from non-invasive 

brushes by conditionally reprogrammed cell (CRC) technology  
  
Anita Balázs1,2, Tihomir Rubil1,2, Pamela Millar-Büchner1,2, Ruth Urbantat1,2, Marika Drescher1,2, Kathrin 

Seidel1,2, Christin Mache³, Jessica Schulze³, Thorsten Wolff³, Morris Baumgardt4, Benedikt Obermayer5, Katja 

Hönzke4, Andreas C. Hocke4, Michael Mülleder6, Markus Ralser7,8, Jobst Röhmel1,², Marcus A. Mall1,2,9   
 
1. Department of Pediatric Respiratory Medicine, Immunology and Critical Care Medicine, Charité - Universitätsmedizin Berlin, Berlin, 

Germany  

2. German Center for Lung Research (DZL), Associated Partner Site, Berlin, Germany   

3. Unit 17 “Influenza and other Respiratory Viruses", Robert Koch Institute, Berlin, Germany  
4. Charité – Universitätsmedizin  Berlin, Department of Infectious Diseases and Respiratory Medicine, Berlin, Germany.  

5. Berlin Institute of Health at Charité – Universitätsmedizin Berlin, Core Unit Bioinformatics, Berlin, Germany.   

6. Charité - Universitätsmedizin Berlin, Core Facility - High-Throughput Mass Spectrometry, Berlin, Germany   
7. Charité - Universitätsmedizin Berlin, Department of Biochemistry, Berlin, Germany  

8. The Francis Crick Institute, Molecular Biology of Metabolism Laboratory, London, UK  

9. Berlin Institute of Health (BIH) at Charité, Berlin, Germany  

  

In vitro studies utilizing highly differentiated patient-derived primary airway epithelial cell cultures 

grown at air–liquid interface (ALI) provide a unique opportunity to investigate airway epithelial innate 

defense in health and disease. ALI cultures recapitulate key physiological features of the airways in vivo 

including the pseudostratified morphology, composition of relevant proportions of airway epithelial cell 

types, barrier function, coordinated ciliary beating, and mucus secretion. Historically, freshly isolated 

airway epithelial cells from surgical resections at high seeding densities were necessary to obtain 

polarized, differentiated cultures. The development of conditionally reprogrammed cell (CRC) culturing 

method enables the generation of sufficient cell numbers to establish cultures from airway brushings 

(nasal or bronchial) that can be obtained non-invasively from healthy and diseased individuals, including 

children. This human model system is based on expansion of primary cells in co-culture with irradiated 

feeder cells in presence of Rho kinase inhibitor, which is followed by re-differentiation as 2D airway 

cultures grown at ALI, under near-physiological conditions. This poster will discuss our laboratory´s 

established pipeline to generate ALI cultures from airway brushings, as well as functional assays and 

molecular characterizations to investigate the airway epithelium in healthy and diseased states in vitro.   
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Revealing the molecular nuances of TRPC6 in Focal Segmental 

Glomerulosclerosis in a hiPSC-derived glomerular basement 

membrane model on a microfluidic chip  
 

Lilas Batool1, Krithika Hariharan1, 2, Maik Gollasch1, 3, Manfred Gossen1, 4, Petra Reinke1, Andreas 

Kurtz1, 2  

 
1BIH Center for Regenerative Therapies (BCRT), Charité - Universitätsmedizin Berlin, 2Fraunhofer-Institute for Biomedical Engineering 
(IBMT), Fraunhofer Project Center for Stem Cell Process Engineering. 3Klinik und Poliklinik für Innere Medizin D - Geriatrie, 

Universitätsmedizin Greifswald. 4Institut für Aktive Polymere, Hereon Teltow, Abteilung Stammzellmodifikation und Biomaterialien.   

  
  

Chronic kidney diseases (CKDs) have long been an enigma with respect to mechanisms by which they 

develop. Podocytes have been identified as a primary target in both, genetic and acquired glomerular 

disorders. In that context, it was shown that mutations in a non-selective transient receptor potential 

calcium cation channel-6 (TRPC6) can cause focal segmental glomerulosclerosis (FSGS), which is a 

disease that progresses from podocyte injury to a complete nephron degeneration. The process of 

podocyte damage and loss has been, however, difficult to address in the past, because of deficiencies in 

animal models and a paucity of suitable human in vitro models. For that reason, this project aims to 

establish a novel human in vitro model system that shall help to unravel the mechanism behind podocyte 

loss and is suitable to develop therapeutic approaches. To model FSGS caused by TRPC6 mutations, a 

collection of human induced pluripotent stem cells (hiPSCs) was established carrying gain (GOF) or 

loss of function (LOF) TRPC6 mutations and used for differentiation into induced podocytes 

(iPodocytes). The Tet-ON-controlled system allowed the controlled expression of the GOF / LOF 

TRPC6 proteins in iPodocytes for assessment of their impact on intracellular Ca+2 levels in combination 

with TRPC6 agonists and antagonists. In order to mimic the effects of mutation–dependent intracellular 

Ca+2 perturbations on the glomerular basement membrane, we want to use the transgenic TRPC6 

iPodocytes in a microfluidic chip-based model system. The novel glomerulus platform offers a deeper 

understanding of the TRPC6-associated mechanism of podocyte loss by allowing the comparison 

between healthy and diseased iPodocytes in their morphology and behavior. We strongly believe that 

this humanized and personalized system can provide helpful insights for future therapeutic interventions 

that can slow down or even abolish the progress of FSGS and other CKDs.  
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Pathogen-host interactions and pharmacological testing using 

human lung tissue cultures and organoids   
 

Morris Baumgardt, Mara Fischer, Diana Fatykhova, Katja Hönzke, Anna Löwa, Maren Mieth, Li-

Ling Yang, Zeynep Demir, Katharina Vogt, Katharina Hellwig, Stefan Hippenstiel, Andreas C. Hocke  
 
Charité – Universitätsmedizin Berlin, corporate member of Freie Universität Berlin and Humboldt Universität zu Berlin, Department of 

Infectious Diseases and Respiratory Medicine, Charitéplatz 1, 10117 Berlin, Germany.  

  

 

Disease Background: Using primary human material for ex vivo lung disease modeling efficiently 

supports translational research and fosters its mechanistic understanding. Considering host specificity 

of human lung pathogens, it is pivotal to apprehend the molecular interplay between viruses, bacteria, 

and pulmonary target cells. Adult human lung stem cells derived in vitro organoids allow the indefinite 

and scalable maintenance of primary patient-derived material.    

 

Principle models used: Human lung tissue explants are used for ex vivo infection experiments with 

common lung pathogens, such as influenza A virus (IAV), SARS-CoV-2 and Streptococcus pneumonia. 

Additionally, alveolar-like and bronchial organoids can also be used to study infections of IAV and 

SARS-CoV-2. All models are well suited for antiviral drug testing. Replication kinetic analysis, spectral 

microscopy, single-cell RNA sequencing (scRNA-seq) and others can be carried out using these models.

   

Major outcomes of our research: Important findings which have been generated using our models 

include the tropism of different viruses and their subtypes or differences in viral replications. The 

interplay of IAV and S. pneumoniae using ex vivo co-infected lung tissue as well as lung tissue damage 

after infection with S. pneumoniae or coronaviruses can be highlighted. The efficacy of antiviral drugs 

may also be demonstrated. Cell type clustering reveals important target cells of the studied pathogens.

   

Future objectives: The ex vivo lung tissue is well suited to display viral and bacterial infections and to 

serve as a reference model. The in vitro lung organoids come with the benefit of long-term culture. 

However, the current challenge is to generate an immunocompetent organoid model to increase 

physiological relevance of infection studies. For example, alveolar macrophages are to be integrated in 

the future. Bacterial and viral co-infections will then be performed also in human lung organoids. 
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hiPSC-derived Cerebral Organoids as a Model for Probing Thyroid 

Hormone Action during Cortical Neurogenesis  
  
Bresser A.1, Megges M.1, Anthofer L.1, Graffunder A.1, Rijntjes E.2, Sane R.2, Wiese N. 2,  Obermayer, 

B.3, Fernandez-Vallone V.4, Stachelscheid H.4, Kühnen P.1 & Opitz R.1  

  
1  Institute of Experimental Pediatric Endocrinology, Charité Universitätsmedizin Berlin  
2  Institute of Experimental Endocrinology, Charité Universitätsmedizin Berlin  
3  Berlin Institute of Health, Core Unit Bioinformatics  
4  Berlin Institute of Health, Core Facility Stem Cells  

  
  

Recently, human cerebral organoids (hCOs) emerged as powerful three-dimensional in vitro models 

recapitulating key aspects of early human cerebral cortex development. We adopted this technology as 

a model system to delineate the regulatory logic of thyroid hormone (TH) action during early human 

brain development.   

 

Here, we share our experience regarding experimental strategies to control for the intrinsic variability 

of growth and differentiation in organoids derived from different hiPSC lines. We found that 

implementation of various quality measures during hCO culture and use of biological replicates are 

critical to prevent experimental artefacts. Based on such principles, we developed experimental 

strategies for the analysis of molecular mechanisms underlying TH action by combining multiplexed 

single cell transcriptome analyses and spatial analyses using IF and smFISH.   

 

In developing hCOs, progenitor and neuronal cell types position themselves in three-dimensional in 

vivo-like laminar structures along with lineage specification. In addition to confirmation of correct 

forebrain patterning (FOXG1, PAX6) and cortical neurogenesis (TBR2, TBR1), we established a broad 

panel of canonical cell type markers to distinguish three germinal zones and a cortical plate-like zone. 

Our IF analyses captured the sequential appearance of diverse cell types and their spatial organization 

within cortical units and permitted a sensitive characterization of perturbed hCO development in 

response to varying TH media levels.   

 

We also used single cell transcriptome techniques to comprehensively catalogue TH-induced effects 

with cell type-specific resolution during the course of hCO development. Here, multiplexing strategies 

were applied to facilitate triplicate analyses of hCOs derived from different hiPSC lines in order to avoid 

cell line-inherent bias. We highlight some key findings including our observation how hCOs converge 

on very similar differentiation trajectories despite gross differences in early growth dynamics.  
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hiPSC derived 3D-model systems @ BIH Stem Cell Core  
 
Cernoch J., Daher U., Fernandez Vallone V., Fisch T., Fischer K., Jahn R., Küchler J., Von Kügelgen 

N., Ludwik K., Mattis K., Schaar C., and Stachelscheid H.  
 

 

BIH Stem Cell Core (SCC) established many differentiation protocols to derive complex organoids from 

human pluripotent stem cell (hiPSC) and provide them to the scientific community for basic and clinical 

research. In response to the growing demand for accessible and reproducible in vitro 3D models, the 

SCC continues to devote its efforts to develop robust and approachable protocols. SCC strives to provide 

our collaborators the know-how, state of the art protocols, techniques and infrastructure for proper 

handling, use and analysis of hiPSC and derivatives. Additionally, SCC provides infrastructure, 

equipment, and theoretical and hands-on training courses for standardized hiPSC culture and advanced 

techniques.  

 

Currently, SCC portfolio includes hiPSC derivation from somatic cells, gene editing and differentiation. 

The SCC has reproduced, adapted, improved, and/or developed differentiation protocols to generate 

several hiPSC-monolayer derived specific cell types including hepatocytes, neural stem cells (NSC), 

neural crest stem cells, different type of neurons, cardiomyocytes, endothelial cells, mural cells such as 

vascular smooth muscle cells and pericytes. Furthermore, five hiPSC-derived 3D organoids models are 

well established at the core: cerebral organoids, NCS-derived neuronal organoids, kidney, lung, and 

intestinal organoids. Here we present examples of our most robust models and their characterization.   
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Advanced 3D high-resolution live-cell imaging at AMBIO  
  
Stefan Donat, Jutta Schüler, Robyn Brackin-Helmers, Jan Schmoranzer  

  
Advanced Medical BIOimaging Core Facility – AMBIO; Charité – Universitätsmedizin Berlin, Charité Campus Mitte,  

CharitéCrossOver, Rm. 01-306; Virchowweg 6, 10117 Berlin, Germany  
  

The Advanced Medical BIOimaging Core Facility 

(AMBIO) at the Charité-Universitätsmedizin has been 

established to provide both the infrastructure and expertise 

necessary for researchers with diverse backgrounds to 

efficiently perform advanced fluorescence microscopy 

imaging projects on the molecular, cellular and tissue 

level. AMBIO services include individual user training and 

assistance, and if necessary supervised image acquisition 

and guidance for data analysis. AMBIO currently offers 

most advanced fluorescence imaging modalities, including Widefield/Deconvolution, Point Scanning & 

Spinning Disk Confocal, Single Molecule/TIRF, Multiphoton Scanning Confocal, Super-Resolution 

(dSTORM/ PALM, DNA-PAINT, STED, SIM) and most recently Lattice Light Sheet (LLS). All 

systems are equipped for automated, multiplexed, long-term, time-lapse imaging on living samples.  

  

LLS microscopy is currently considered the most suited fluorescence-based microscopy method to 

analyze rapid, subcellular, 3-dimensional dynamics in multiple channels while exposing the sample 

to minimal photodamage. In contrast to the spinning disk confocal, the LLS allows longer, low 

background time-lapse imaging of sensitive cell culture or organoid samples. Compared to the 

conventional Gaussian-beam light sheet, the thinner Bessel-beams of the LLS illumination allow 

improved sectional resolution with lower background. Recent technical developments allow user-

friendly LLS imaging of regularly mounted samples in a stable, live-sample compatible environment.   

  

We will show preliminary data acquired with our LLS system (Zeiss LLS7). In particular, we will show 

3D 3-color live-cell subcellular dynamics within a photosensitive human neuronal precursor cell line 

that has markers for organelle traffic (mitochondria), the cytoskeleton (tubulin) and DNA. In 

collaboration with AG Granada we have performed initial experiments on organoids. We are currently 

benchmarking the capabilities of the novel Zeiss LLS7 with the aim to quantitatively compare the 

imaging power of the LLS with established live-cell imaging systems (e.g. spinning disk confocal).  

  

Acknowledgement: We thank the BIH - Core Unit Stem Cells (H. Stachelscheid) for help with the 

hiPSC (hNPC) line.  
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Capturing dynamics of 3D cancer models by time-series analysis   
  
Carolin Ector1,2, Alaa M. Ibrahim1, Adrián E. Granada1,2

 

 
1Charité – Universitätsmedizin Berlin, 2Comprehensive Cancer Center  

 

 

High resistance and recurrence rates are enduring problems in the treatment of cancer and closely 

associated with intra- and intertumoral heterogeneity. Non-genetic tumor heterogeneity involves the 

microenvironment and internal cellular factors such as the proliferation behavior of a tumor. Studies 

undertaken with isogenic cancer cells showed that these internal factors alone are capable of driving 

tumor progression and responses to DNA damage with evoking different cell outcomes ranging from 

transient cell cycle arrest to terminal fates such as cell death and senescence. Despite its importance, the 

characterization of non-genetic cellular factors driving intratumor heterogeneity, and particularly their 

heterogeneous response to treatment, remains poorly understood. Tumor patient-derived organoid 

models and cell line-derived spheroid models provide great potential to increase our understanding of 

cancer heterogeneity. Compared to 2D cancer cell lines, such 3D tumor models are more representative 

of the physiological nature of a human cancer by capturing its complex spatial organization and tissue 

dynamics more accurately. Using two different spheroid formation techniques, Matrigel-embedment 

and Agarose plate-coating, we were able to successfully form spheroids from established cancer cell 

lines expressing constitutive fluorescent nuclear reporters. To study their growth dynamics, we 

continuously monitor them in real-time by long-term high throughput fluorescent widefield and high-

resolution confocal imaging. We further characterized circadian clock properties by using long-term 

bioluminescence recordings of circadian clock-driven luciferase reporter spheroids. Taken together, our 

results give interesting insights into capturing dynamics of 3D cancer models by long-term live 

recordings and time-series analysis.   

  
  



 

 
- 8 - 

 

8 

3D solid tumor models as testing platforms for precision 

immunotherapy  
 

Lukas Ehlen1,2, Martí Farrera Sal1, Martin Szyska1, Janine Arndt1, Simon Schallenberg3, Onur Akca1, 

Anna Löwa4, Claudia Vollbrecht3, Andreas Hocke4, Claudia Spies2, Michael Schmueck-Henneresse1   
 

1 Charité – Universitätsmedizin Berlin, Berlin Institute of Health Center for Regenerative Therapies (BCRT), 2 Charité – Universitätsmedizin 

Berlin, Department of Anesthesiology and Operative Intensive Care Medicine, 3 Charité – Universitätsmedizin Berlin, Institute of Pathology, 
4 Charité – Universitätsmedizin Berlin, Department of Infectious Diseases and Respiratory Medicine  

  

Solid tumors are among the leading causes of death worldwide. Immunotherapies such as immune check 

point inhibitors (ICIs) and chimeric antigen receptor (CAR) T cells have evolved as novel therapeutic 

cornerstones against hematological disease, but their efficacy in solid tumors remains poor. Adequate 

preclinical models are needed to test and to improve immunotherapy for solid tumors.   

 

Hence, we develop 3D solid tumor models to address the specific needs for preclinical human model 

systems in immuno-oncology: Cell line-derived tumor spheroids provide 3D context that we use to 

evaluate the potency and specificity of next generation CAR-T cell products. Resistance mechanisms to 

immunotherapies in solid tumors are highly individual, and models that resemble patient tumor 

heterogeneity are required. Thus, we focus on the generation and characterization of patient-derived 

tumor organoids (PDTOs), multicellular 3D structures derived from resected tumors or biopsies that 

can serve as patient avatars (ethical votes EA2/274/20; EA4/093/017). We established PDTO lines from 

4 lung and 2 gastric cancers, and matched healthy organoid controls. We performed DNA sequencing 

as well as histology and verified that PDTOs retain the identity of their parental tumors. We are assessing 

the expression of tumor associated antigens in PDTOs, to establish a personalized testing platform for 

CAR-T cell therapies. To enhance the complexity of epithelial-only PDTOs, we are planning to 

repopulate our PDTOs with autologous immune cells to create patient-derived immunocompetent 

tumor organoids (PITOs). We have already characterized the tumor microenvironment and assembled 

immune cells from lung tumors in a biobank. We intend to further enhance the complexity of our PITOs 

by adding fibroblasts in the future. To address the need to model tumor vasculature, systemic drug 

delivery and multi organ context, we plan to integrate our PITOs in microfluidic systems to eventually 

create patient-derived tumor organoids on a chip.  
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Ultrastructural changes of organoids from head and neck 

squamous cell carcinomas following irradiation  
  
Anne-Sophie Fisch, 1, 2 Ingeborg Tinhofer-Keilholz 1 and Johanna Plendl 2  

  
1 Klinik für Radioonkologie und Strahlentherapie, Charité Universitätsmedizin, Berlin, Germany  
2 Institut für Veterinär-Anatomie, Freie Universität, Berlin, Germany  

  

Introduction   

Achieving personalization in radiation oncology requires adequate models. Important tools are 

organoids derived either from fresh tumor tissue specimens of cancer patients or derived subclones from 

cell lines with different radiosensitivity. Until now, there is only sparse information on the ultrastructure 

of these organoids. Therefore, we examined untreated and irradiated organoids by transmission electron 

microscopy to investigate ultrastructural effects of irradiation.  

 

Methods  

Two patient-derived organoid models from head and neck squamous cell carcinoma (HNSCC) were 

irradiated with 0, 2 or 2 x 2 Gray. Seven days after delivering the final dose, the PDOs were processed 

for transmission electron microscopy. The same protocol was applied on the radiosensitive (C46) and 

intermediate radioresistant (C78) subclones derived from the HNSCC cell line FaDu.  

  

Results  

The PDOs recapitulate aspects of the ultrastructural morphology of poorly differentiated squamous cell 

carcinoma, such as high nuclear to cytoplasmic index, segmented nuclei, well developed cell organelles 

and nucleoli, high abundance of polyribosomes and low content of heterochromatin. The most striking 

ultrastructural changes in irradiated organoids included increased number of fragmented cells, 

heterolysosomes, lipid droplets and membrane blebs. Upon radiation the quantity of microvilli 

diminished in cells showing signs of apoptosis or necrosis. In FaDu C46, those features were already 

detectable after a total dose of 2 Gy. The double dose was necessary to induce a comparable effect in 

FaDu C78.  

  

Conclusion  

Transmission electron microscopy reveals distinct ultrastructural changes and different responses to 

radiotherapy, opening opportunities to study personal radioresistance mechanisms in more detail.   
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3D Modelling and Printing as Support for Repair of Double Outlet 

Right Ventricle  
 

Leonid Goubergrits1,2, Jan Brüning1,3, Peter Kramer4, Antonia Schulz5,6, Peter Murin5, Joachim 

Photiadis5, Viktoria Weixler2,5,6  

 
1 Institute for Cardiovascular Computer-assisted Medicine, Charité - Universitätsmedizin Berlin, Berlin, Germany  
2 Einstein Center Digital Future, Berlin, Germany  
3 Partner Site Berlin, German Center for Cardiovascular Research (DZHK), Berlin, Germany  
4 Department of Congenital Heart Disease - Pediatric Cardiology, German Heart Center Berlin, 13353 Berlin, Germany.  
5 Department of Congenital Heart Surgery and Pediatric Heart Surgery, German Heart Center Berlin, Germany   
6 Berlin Institute of Health (BIH), Berlin, Germany.  

  
Double Outlet Right Ventricle (DORV) describes a complex group of congenital heart defects where 

pulmonary artery and aorta originate completely or predominantly from the right ventricle. The 

individual anatomy of DORV patients varies widely with multiple subtypes. Thus, surgical treatment 

modalities are as heterogenous as pathology and require patient-specific decision-making. The advent 

of image processing and rapid prototyping allow to generate detailed virtual and physical models of the 

patient-specific anatomy which can support this process within the Heart Team.   

  

To facilitate this, the patient-specific cardiovascular anatomy of the respective patient can be 

reconstructed from either CT or MRI imaging data. These 3D reconstructions are used to characterize 

the morphology of DORV, such as size, type, and location of the ventricular septum defect (VSD), 

atrioventricular valve, ventricular volumes, relationship between the great arteries and to the VSD, 

outflow tract obstructions, coronary artery anatomy, etc. Additionally, physical models can be generated 

via 3D printing. Using either virtual or physical models, different treatment strategies can be assessed 

with respect to possible biventricular repair vs. univentricular palliation.   

  

This approach was evaluated in a cohort of nine patients with a median age of 1.1 years (IQR: 0.7-2.0) 

and median weight of 8 kg (IQR:7.8-11.0). Patient-specific reconstruction was feasible for all patients 

despite heterogeneous image quality of the retrospective data. Complex biventricular repair was feasible 

in 5/9 patients (55%). Reasons for univentricular palliation were straddling/overriding atrio-ventricular 

valves, single ventricle morphology and non-committed ventricular septum defects.  

  

Both physical and digital 3D models of the patient-specific anatomy were considered to support 

comprehension of the complex anatomy. They provide important additional information supporting 

decision-making processes and surgical planning.  
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Effects of Adipose-derived Stem Cells and Their Conditioned 

Medium in a Human ex vivo Wound Model  
 

Xiao Guo 1, Christoph Schaudinn 2, Ulrike Blume-Peytavi1, Annika Vogt1, Fiorenza Rancan 1  
 
1 Clinical Research Center for Hair and Skin Science, Department of Dermatology and Allergy, Charité - Universitaetsmedizin Berlin, 

Germany; 2 Advanced Light and Electron Microscopy, ZBS4, Robert Koch Institute, Germany  

  

 

Adipose-derived stem cells (ASCs) have been shown to improve wound healing by promoting re-

epithelialization and vascularization as well as modulating the inflammatory immune response. In this 

study, we used ex vivo human skin cultured in six-well plate with trans-well inserts as a model for 

superficial wounds. Standardized wounds were treated with allogeneic ASCs, ASCs conditioned 

medium (ASC-CM), or cell culture medium (DMEM) supplemented with fetal calf serum. Skin 

viability, histology, β-catenin expression as well as inflammatory mediators and growth factors were 

monitored over 12 days of skin culture. We observed only a moderate time-dependent decrease in skin 

metabolic activity while skin morphology was preserved and re-epithelialization occurred at the wound 

edges. Increase of β-catenin expression was observed in the newly formed epithelia, especially in the 

samples treated with ASC-CM. Interestingly, different expression profiles were observed for different 

treatments. Samples treated with ASC-CM significantly increased the levels of inflammatory cytokines 

and PDGF-AA with respect to control, whereas the treatment with ASCs resulted in significantly 

increased levels of fibroblast growth factor-basic (FGF-basic) and moderate increases of 

immunomodulatory cytokines. The ex vivo wound model used in this study exhibited low-perfusion 

chronic wounds and allowed us to compare the effects of topical treatments with regard to re-

epithelialization and modulation of growth factors and immunoregulatory cytokines. These results 

confirm that the wound microenvironment can influence the type of mediators secreted by ASCs and 

the mode as to how they improve the wound healing process.   
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Quality enhancing measures in organ model research  

  
Maren Hülsemann1, Alexandra Bannach-Brown1,2, Stefan Hippenstiel3, Andreas C. Hocke3, Ulrich 

Dirnagl1 and Ulf Tölch1  

  
1 Berlin Institute of Health at Charité (BIH), BIH QUEST Center for Responsible Research, Berlin, Germany, 2 Berlin Institute of Health at 

Charité (BIH), BIH QUEST Center for Responsible Research, CAMARADES Berlin, Berlin, Germany, 3 Charité - Universitätsmedizin 
Berlin, Department of Infectious Diseases and Respiratory Medicine, Berlin, Germany  

 

 

Organ models are promising new approaches providing unique opportunities for the study of human 

diseases and treatment designs. However, proving the reliability and robustness of these novel 

approaches will be crucial for their broad acceptance and successful application in translational 

biomedical research. The BIH QUEST Center for Responsible Research is to establish quality 

standards in organ model research, based on data integrity principles and focusing on scientific value.   

We closely collaborate with researchers in the Einstein Center 3R to increase the internal and external 

validity of their organ model systems and map out different dissemination strategies to laboratories 

who want to take up the technology (Replace/Reduce). By analyzing the transferability of organ 

models, we evaluate challenges and define boundary conditions. To increase methodological rigor and 

transparency we are initiating protocol standardization and publication, including the development of 

minimum reporting standards in organ model research.   

 

Quality measures in an academic research environment have to be pragmatic and science-driven and 

allow for innovation, ensure data integrity, and an economic use of resources. This approach has to 

evolve over time and need the continuous contribution and willingness from laboratory-based 

scientists, as well as a patient but persistent QM team.  

 

Additionally, we are leading a large team of organ model experts conducting a systematic review 

assessing the contribution of organ model systems to COVID-19 research. This systematic review 

focuses on the scientific outcome of infection studies on human organ models, but also assesses the 

quality of reporting in organ model research.   
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Brain organoid technologies to model human brain disorders  
  
Nicolai Kastelic, Miriam Wandres Emanuel Wyler, Tancredi Massimo Pentimalli, Ivano Legnini, 

Markus Landthaler, Nikolaus Rajewsky, Agnieszka Rybak-Wolf  

  
Berlin Institute for Medical Systems Biology (BIMSB)  
Max-Delbrück-Centrum für Molekulare Medizin (MDC) Berlin  

   

 

Understanding how the human brain functions in health and disease is one of the greatest challenges of 

modern science. Limited availability of human samples and ethical limitations hinder the study of the 

brain with methods from genomics and genetics. Recently, three-dimensional human brain organoids 

have emerged as a cutting-edge, genetically-tractable experimental system to study human brain 

development and function in vitro while retaining the cellular complexity and functionality of the fetal 

brain.  

 

We will give an overview of a) current brain organoid technologies, b) organoid vascularization 

approach, c) an experimental flow how to model Alzheimer’s disease in brain organoids, d) and finally 

present one exemplary project focused on modeling herpes simplex virus 1 encephalitis in cerebral 

organoids.  
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Exploration of primary resistance to the anti-EGFR and BRAF 

blockade in BRAFV600E CRC patient-derived organoid models  
  
Anna Kotarac1,2, Hiroki Osumi3, Manuela Benary4, Merve Keziban5, Christine Sers6, Sandra Liebs1, 

Anastasia Dielmann1, Ulrike Krüger7, Christian Rose7, Frank Reichenbach7, Tomasz Zemojtel7, Philipp 

Mertins5, Ryoji Yao8, Ulrich Keilholz1, Sebastian Stintzing2 and Loredana Vecchione1,2  

  
1. Charité Comprehensive Cancer Center, Charité - Universitätsmedizin Berlin, Berlin, Germany  

2. Department of Hematology, Oncology, and Cancer Immunology, Campus Charité Mitte, Charité -    Universitätsmedizin Berlin, Berlin, 
Germany;  

3. Department of Gastroenterology, Cancer Institute Hospital, Japanese Foundation for Cancer Research, Tokyo, Japan  

4. BIH-Core Unit Bioinformatics, Charité - Universitätsmedizin Berlin, Berlin, Germany  
5. Max-Delbrück-Centrum für Molekulare Medizin (MDC), Berlin, Germany  

6. Department of Pathology, Charité - Universitätsmedizin Berlin, Berlin, Germany  

7. BIH-Core Unit Genomics, Charité - Universitätsmedizin Berlin, Berlin, Germany  
7. Pierre Fabre Pharma GmbH, Freiburg, Germany   

8. Department of Cell Biology, Cancer Institute, Japanese Foundation for Cancer Research, Tokyo, Japan  

  

Background  

The administration of the dual combination of BRAF inhibitor encorafenib (LGX818) and anti-EGFR 

inhibitor cetuximab (C225) was approved as second- and third-line treatment for BRAFV600E metastatic 

colorectal cancer (mCRC) patients. Despite improving the overall and progression free survival, primary 

and secondary resistance occur and remain an area for active investigation. Therefore, we aim to use 

molecular analysis to explore mechanisms of primary resistance in BRAFV600E CRC patient derived 

organoids (PDOs) that could improve the therapeutic index.   

 

Methods   

Ten BRAFV600E CRC PDOs were treated with single agents anti-EGFR inhibitor erlotinib (OSI-774), 

BRAF inhibitor LGX818, as well as chemotherapeutic agent SN38. Moreover, they were treated with 

the dual combinations of OSI-774+ LGX818 and OSI-744+SN-38 to differentiate between sensitive and 

resistant models. All PDOs were profiled at basal level using whole exome sequencing, RNAseq and, 

mass spectrometry. Additionally, three sensitive and three resistant models were analyzed on gene 

expression levels before and upon anti-EGFR and BRAF blockade.   

 

Results  

PDOs showed to be intrinsically resistant to single agents OSI-744, LGX818, and sensitive to SN38. 

Three out of ten models were sensitive to the combination of OSI-744 and LGX818. The genomic, gene 

expression, and protein analysis are currently ongoing.  

 

Discussion  

The combination of OSI-744 and LGX818 resulted in a broad spectrum of responses in BRAFV600E CRC 

PDOs. The molecular analysis should allow us to disclose possible biomarkers and mechanisms of 

resistance to the dual combination of OSI-744 and LGX818.  

 

Conclusions   

The molecular analysis and its multiomic integration might help us identify the cohort of patients that 

might be excluded from such treatment and allow us to determine new therapeutic targets.   
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Breast cancer (BC) is the second leading cause of cancer death in women, with triple-negative breast 

cancer (TNBC) representing the BC subtype with the poorest prognosis and limited therapy options due 

to the lack of targetable hormone receptor (HR) expression. To identify new treatment strategies within 

the INTEGRATE-TN project, a biobank of BC organoids with the focus on TNBC will be established 

and characterized molecularly and functionally. This includes the analysis of drug responses to multiple 

treatments, allowing the direct comparison of sensitive and resistant models to identify possible drivers 

of cancer progression.   

  

Patient-derived organoids were established from tumor tissue (PDOs, N=23), malignant pleural 

effusions (MPEOs, N=2) and patient-derived xenografts (PDXOs, N=8), resulting in initial take rates of 

74%, 100% and 88%, respectively. However, long-term take rates of PDOs (passage 3 and higher) 

decreased to 48%, whereas no MPEO exceeded passage 1. No significant difference in success rates 

were observed between PDOs originating from different BC subtypes (50% and 40% in TNBC and 

HR+, respectively). In contrast, more PDOs were expanded to higher passages when derived from 

resection samples compared to biopsies (75% vs. 33%). 50% of primary tumor samples and 53% of 

metastatic tissues (skin, liver) were long-term cultivated, whereas lymph node metastases failed to be 

cultivated neither in the long-term nor initially.   

  

Reduced establishment rates represent a common challenge in the field of BC organoids, furthermore 

including a high frequency of fibroblast contaminations possibly overgrowing tumor cells over time. 

Thus, different protocols for the cultivation of BC organoids are currently tested, including the depletion 

of fibroblasts in PDOs and murine cells in PDXOs. In this way it will be possible to exploit the full 

potential of preclinical cancer models in precision oncology programs to evaluate novel therapy options 

for BC patients, resulting in improved response and survival rates.  
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Background & Aims: Non-alcoholic fatty liver disease (NAFLD) is a chronic liver condition defined 

by the association of fat-loaded vesicles in liver parenchymal cells (steatosis), lipotoxicity, inflammation 

and varying degrees of fibrosis. The liver sinusoids are lined by liver sinusoidal endothelial cells 

(LSECs), and represent the interface between circulating blood and liver resident macrophages (Kupffer 

cells, KCs) on one hand, liver epithelial cells (hepatocytes, cholangiocytes) and hepatic stellate cells 

(HSCs) on the other hand. Thus, the liver sinusoid microenvironment includes all cellular players 

involved in NAFLD pathogenesis. Current in vivo mouse NAFLD models present ethical challenges, 

and in vitro approaches cannot recapitulate the complex cellular interplay and the involvement of 

circulating cells. In this project, we aim at establishing and testing a biochip-based liver sinusoid model 

for the study of NAFLD driving mechanisms.  

 

Methods: The Liver-on-chip model consists of two distinct seeding chambers separated by a porous 

membrane. A microfluidic system can differentially perfuse both chambers. Primary mouse hepatocytes, 

cholangiocytes, HSCs, KCs and LSECs are isolated from fresh liver tissues. Peripheral blood 

mononuclear cells (PBMCs) are collected from the vena cava of the same animal. Free fatty acid (FFA)-

induced steatosis is evaluated by Oil Red O staining. Lipotoxicity is measured by a fluorescent TUNEL 

assay. Inflammation is evaluated by PBMC labelling and immunostaining.   

 

Results: We successfully isolated all cell types of interest from a singular mouse, seeded liver cells in 

our biochip system and perfused PBMCs. Moreover, our preliminary data shows increased hepatocyte 

lipid accumulation under FFA stimulation. We also evidenced FFA-induced cellular damage and 

circulating immune cell accumulation in the Liver-on-chip model within 24 hours of treatment.  

 

Conclusion: Our preliminary data shows promising results on the relevance of the Liver-on-chip model 

to study NAFLD, suggesting that it could serve as a model for molecular studies.  
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Personalized cancer medicine can be advanced by testing alternative treatment options using in-vitro 

avatars derived from tumor tissue of the patients. Current avatar and analysis options, such as bulk cell 

analysis of of organoids, take long to yield results and do not provide detailed information about cell 

interactions and emerging therapy-resistant cancer cell populations. These limitations result in low rates 

of cancer patients undergoing treatment adaptation based on preclinical personalized methods. We 

propose to leverage clinical utility of patient avatars by developing advanced 3D bioprinted in-vitro 

tissue models incorporating patient-derived tumor, stromal, and potentially also immune cell types. We 

plan to employ image analysis and single cell sequencing to define cell interactions and trajectories, and 

use machine learning to identify therapy-resistant minority cancer cell populations, such as stem-like 

cancer cells forming under therapy. We describe here our technical approach towards developing an 

advanced and robust patient avatar system for cancer therapy prediction.  
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Pancreatic cancer is one of the most lethal types of cancer with a five-year survival rate of less than 

10%1 and will be the second most common lethal cause of cancer in Germany by 2030.2,3 Little 

therapeutic improvements could be made over the last decades. In order to develop better therapeutic 

approaches, more fundamental research of the tumor physiology is needed. By implementing a living 

biobank of patient-derived organoids (PDOs), a better understanding of tumor cell plasticity of 

pancreatic cancer can be gained.   

 

In the context of this research project a biobank of 26 PDO models was established from resection 

samples, ascites, liver and lung biopsies and fine needle biopsies. Firstly, established organoid models 

are verified histologically as well as through panel sequencing. Secondly, organoids will be exposed to 

sequential cycles of chemotherapy (mFOLFIRINOX vs. Gemcitabin and Paclitaxel) and mechanisms of 

primary and secondary resistance will be identified on a proteomic level. Moreover, by establishing 

PDOs of differential metastatic sites of the same patient, the differential tumor physiology of the 

individual metastatic state is being scientifically exploited. The long-term aim will be future 

personalized therapy decisions taking into account the intrinsic resistance of the tumor as well as its site-

specific metastatic characteristics.  
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Heart hemodynamics are hypothesized to serve as early biomarker for heart diseases or as a biomarker 

for the treatment success. Computational fluid dynamics (CFD) allows to assess hemodynamic 

parameters at high spatio-temporal resolutions by using patient-specific imaging data of computed 

tomography, magnetic resonance imaging or echocardiography.   

 

Our aim is to develop a largely automated modelling pipeline including the crucial patient-specific 

characteristics of the 3D heart anatomy and motion. After segmentation and surface reconstruction from 

image data, the individual heart anatomy is mathematically described via a statistical shape model. This 

allows for standardized representation of individual or representative shape and contracbresstive motion 

of the heart in a comprehensive CFD setup. Pathological valve conditions can be incorporated with some 

additional manual steps. Coupling the CFD with a lumped element model of the human circulation is 

used to generate largely individualized time-resolved input boundary conditions.   

 

A broad range of clinically useful hemodynamic biomarkers can be calculated, such as kinetic energy, 

blood washout, turbulent kinetic energy, pressure gradients, and flow structures such as jets or vortices. 

To validate the modelling approach, we use 4D flow MRI acquisitions. Furthermore, we are working on 

the development of the virtual treatment procedures simulating, for example, heart valve replacement 

or trans-catheter edge-to-edge repair. Perspectively, this may serve as a tool to predict the outcome of a 

simulated treatment under a range of hemodynamic conditions.   

 

Our current clinical focus comprises structural heart diseases such as heart valve diseases (e.g. mitral 

valve insufficiency or aortic valve stenosis), left ventricle aneurysms after myocardial infarction, and 

congenital heart diseases such as univentricular hearts.  
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3D-printed human tissues/organs provide versatile in vitro models for drug development and toxicology 

assessment, and hold great promise for regenerative medicine. They have the potential to serve as an 

alternative to donated human tissues/organs and to eventually reduce animal testing. However, a routine 

application of 3D-printed tissues/organs is hindered by several limitations of the current models.   

One critical limitation is the lack of a perfusable vascular system, which greatly limits their utility, 

especially for highly perfused organs such as the liver. 3D-bioprinting represents a possible solution; 

however, small-diameter vessels such as capillaries cannot be generated with this technology.   

We aim to solve this problem by combining vascular self-assembly and 3D-vascular printing, harnessing 

the intrinsic morphogenetic capacity of vascular cells. We develop a 3D-cell model, in which capillaries, 

generated by self-organized sprouting and tubulogenesis, form intact connections with bioprinted 

vessels of medium-sized diameters.  

 

We investigate vessel maturation during vasculogenesis and describe the endothelial heterogeneity in 

the system over time. Further, we describe organ specificity of endothelial cells under the influence of 

surrounding cells as e.g., hepatocytes.  

 

We trust that our approach will simplify the 3D-printing process and allow the generation of functional 

and mature perfusable capillaries for use in tissue/organ mimics.   
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Background: Ewing sarcomas (EwS) are sarcomas with stemness signatures characterized by 

pathognomonic EWSR1-ETS translocations. These translocations induce tumor-specific expression 

profiles associated with specific epigenetic marks that either induce or suppress expression.   

 

Methods: We established and characterized PDXs mice transplanted with patient material from primary 

EwS. Spheroid growth culture of primary tumor material derived from these mice was established by 

use of Matrigel containing media. Subsequent drug testing of these speroids comprised drugs targeting 

tumor specific super enhancers such as BRD4 and CDK9 inhibitors as well as epigenetic modifiers of 

EwS typical histone decoration including EED and class I HDAC inhibitors.  

 

Results: Treatment of EwS spheroids with BRD4i and the specific CDK9 inhibitor I-73 overall 

recapitulated previous results in EwS cell lines demonstrating synergistic blockade of spheroid growth 

and was overall more effective than individual drug application. In contrast, although class I HDACs 

are constitutively expressed in EwS, combined inhibition of chromosome binding of PRC2 by EED 

inhibition using A-395 together with HDAC blockade by Romidepsin or Entinostat, respectively was 

only effective in some primary EwS patient samples indicating major differences of the individual 

epigenetic expression profile and susceptibility to targeted therapy. Furthermore, combination of 

doxorubicin with HDAC inhibitors could improve susceptibility of individual spheroids to treatment 

with chemotherapeutics.  

 

Conclusion: Spheroid growth culture of primary EwS is an excellent tool to preclinically evaluate 

potentially effective targeted therapeutic approaches on individual patient material.  
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In head and neck squamous cell carcinomas (HNSCC), multimodal treatment regimens are in use; 

nonetheless, long-term tumor control remains a challenge. Intratumor heterogeneity (ITH) has been  

reported  in  HNSCC, and has  been  suggested  as  a  driver  of  therapy  resistance  and  tumor recurrence. 

Here, we report on the exploitation of barcoding/RGB marking of HNSCC organoid cultures to study 

ITH and clonal dynamics. Two organoid cultures from patient-derived xenograft (PDX) models of  

tongue  cancer  were established in the laboratory and successfully transduced with two different clonal  

tracking methodologies. Both primary cultures were first DNA barcoded (BC) using a highly complex 

lentiviral library.  Several lentiviral concentrations were tested, to obtain 4% of transduction efficiency, 

which would allow the insertion of only one barcode per cell.  Efficiencies of transduction of 3.69% and 

3.82% were selected for both models. After expansion of the barcoded cells, these were transduced with 

lentiviral vectors encoding for red (R), green (G) and blue (B) fluorescent proteins to generate cultures 

consisting of a large number of distinctly coloured clones. Using the RGB organoids cultures, several 

protocols were established for optical/spatial characterization of the different clones (color clonal 

distinction, IF, H&E coloration). Considering the genetic  background  of  the  established  organoid  

cultures,  three  different  targeted  therapies  were tested. Size measurements were performed at day 0, 

3, 7 and 10 of treatment, and the experiment was concluded with a cell viability assay. As expected, the 

two cultures had different susceptibilities to the different drugs and concentrations. Currently we are 

treating the BC/RGB cultures with specific concentrations, to collect them for optical/spatial 

characterization of the resistant clones. We expect with this work to shed a new light in the clonal 

dynamics of resistance to therapy in head and neck cancers. 
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In human development, fetal livers symbiotically undergo hepatogenesis and hematopoiesis. Hepatic 

lineages differentiate into hepatobiliary progenitors that will proceed to form luminal bile ducts and 

hepatic plates. Human fetal liver hematopoietic progenitors differentiate into erythroid, lymphoid and 

diverse myeloid lineages that reside as tissue-resident innate immune cells postnatally. In different 

neonatal liver diseases with high morbidity and mortality, this well-orchestrated co-development is 

considered dysfunctional. Examples are biliary atresia, neonatal sclerosing cholangitis or even infant 

leukemia with an urgency to understanding the fetal stage of the disease.   

 

To model fetal hemato-hepatogenesis, we generated human fetal liver organoids (FLOs) from human 

induced pluripotent stem cells (iPSCs). FLOs co-develop hepatobiliary and syngeneic hematopoietic 

lineages (Hema-FLOs). We established 3D-culture conditions for CHIR, BMP4 and FGF2 doses 

allowing the symbiotic endo- and mesoderm induction. Since Activin A concentration gradient regulates 

endo- vs. mesoderm fate, we titrated Activin A doses and determined that 100 ng/ml allows for the co-

induction of FOXA2+/CXCR4+ endoderm (61%), KDR+/CD235a+ yolk sac mesoderm (6%) and 

CD34+/CD45+ hematopoietic stem cells (2.4%). After two weeks, erythroid colonies emerge from 

Hema-FLOs. After three weeks, we observe–per immunofluorescence and confocal microscopy–a fetal 

liver tissue-like organoid system composed of luminal-forming SOX9+ hepatobiliary progenitors and 

scattered CD68+ macrophages, reminiscent of Kupffer cell distribution in mammalian livers.  

 

In sum, our human iPSC-derived Hema-FLOs recapitulate certain aspects of human multi-lineage liver 

development, including the co-development of the hepatobiliary and erythromyeloid lineages with high 

relevance to modeling of neonatal diseases affecting the liver or embryonic hematopoiesis. Further 

studies will include further upstream identification of hematopoietic progenitors and modeling of 

newborn liver injury in patient-specific Hema-FLOs.  
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Organoids are three-dimensional self-aggregating cell aggregates that reflect the function and structure 

of their organ of origin. Tubuloids represent a new form of renal organoids, which mainly reflect the 

renal tubular epithelium. In this work, the tubuloid technology developed based on adult stem cells 

should be transferred to hiPSC to establish a suitable 3D in vitro model for the study of nephrotoxic 

substances. Tubuloids were successfully formed from hiPSC differentiated proximal tubule cells. For 

the formation, different differentiation degrees and seeding densities of proximal tubule cells were tested 

for their formation capacity. The various differentiation levels showed significant differences in their 

formation capacity. Cells harvested on day 10 of the differentiation protocol showed the highest 

formation capacity. Seeding density in turn showed no effect on tubuloid formation. During the 

examination of specific proximal tubule markers, the tubuloids showed inhomogeneous marker 

expression, which is probably due to the used medium. Therefore, tubuloid formation was tested with 

alternative media. A mix of the organoid medium and REGM result in a higher tubuloid formation 

capacity of all different differentiation degrees of the proximal tubule cells. Four Different nephrotoxic 

substances (albumin, CoCl2, tacrolimus, vancomycin) were tested for their deleterious effect. All 

substances used showed a nephrotoxic influence on the tubuloids and led to a loss of viability. The 

tubuloids showed in comparison a higher viability to the nephrotoxic substances than 2D cell cultures.   

 

  



 

 
- 25 - 

 

25 

Generation of human lung organoid cultures from healthy and 

tumor tissue to study infectious diseases  
 

Lorena Salgueiro1, Susann Kummer2#, Vera Sonntag-Buck2, Anne Weiß2, Marc A. Schneider3,4, Hans-

Georg Kräusslich2, Rocio Sotillo1,4  

  
1 Division of Molecular Thoracic Oncology, German Cancer Research Center (DKFZ), Heidelberg, Germany  
2 Department of Infectious Diseases, Virology, University Hospital Heidelberg, Heidelberg, Germany  
3 Translational Research Unit, Thoraxklinik at Heidelberg University, Heidelberg, Germany   
4 Translational Lung Research Center Heidelberg (TRLC), German Center for Lung Research (DZL)  
# Present address: Risk Group 4 Pathogens – Stability and Persistence, Biosafety Level-4 Laboratory, Center for Biological Threats and 

Special Pathogens, Robert Koch Institute, Berlin, Germany.  

  

 

Influenza A virus (IAV) infections and disease linked hospitalisations place a burden on public health 

systems around the world. In the past, the identification of new therapeutic agents was limited to the 

usage of either 2D monolayers or mouse models which often led to failure in human applications. Both 

approaches attempt to mimic the infection in the human respiratory tract, often produce inconsistent 

results and have physiological limitations that hinder effective drug screening. New strategies are 

urgently needed to improve human related infection research. The ability to use cells of human origin 

minimizes deficits due to species variation, as mice are not natural hosts of IAV. In collaboration with 

the Lung Biobank Heidelberg and the German Cancer Research Center, DKFZ, we have established a 

3D lung organoid culture from human primary and lung tumor tissue. These organoids are susceptible 

to IAV infection and replication forming infection foci patterns which have been visualized using 

immunofluorescence-based 3D high-resolution microscopy and analysed via a semi-automated 

bioinformatic approach. In addition, we found differences between healthy and tumor organoids in 

respect to the expression of interferon-associated and pro-inflammatory genes mediating the innate 

immune response. This initial study aims to add supportive data for the development of organoid-based 

drug screenings and emphasizes to highlight the relevance of human 3D lung culture systems for 

infectious research.   
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To date, animal models are the experimental standard in neurodegeneration and nociception research, 

despite their serious shortcomings and ethical issues. We therefore aimed to evaluate whether sensory 

neurons derived from induced pluripotent stem cells (iPSC-DSN) can serve as a human disease model 

system by the example of chemotherapy induced neurotoxicity. We found that treatment of iPSC-DSN 

with the neurotoxic drugs paclitaxel, bortezomib, vincristine and cisplatin leads to axonal damage and 

a dose dependent decline of cell viability in clinically relevant dosage ranges, which was not observed 

for non-neurotoxic antineoplastic compounds. Global transcriptome analyses revealed the differential 

expression of genes of neuronal injury, cellular stress response, and sterol pathways which were 

similarly known from animal models and from studies in human neurons. Evaluating if iPSC-DSN also 

serve as a platform for biomarker research, we found that neurofilament light chain (NFL) is released 

from sensory neurons upon neurotoxic treatment. This could then be recapitulated in patients in whom 

NFL correlated with the extend of chemotherapy induced neuropathy. In conclusion, iPSC-DSN are a 

promising translational platform to study the pathogenesis of neurotoxicity and to evaluate biomarkers 

and neuroprotective treatment strategies. In the future, the application of patient-specific iPSC-DSN 

could help implement the 3R principles to Replace and Reduce animal based experiments and open new 

avenues for personalized medicine.  
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Ischemic stroke is the most common form of stroke and is caused by occlusion of a cerebral artery. 

Consequently, undersupply of oxygen and nutrients lead to acute neurodegeneration at the lesion site. 

This acute cell death is followed by blood brain barrier disruption and peripheral immune cell 

infiltration. Accumulating immune cells within the brain display diverse neuroprotective and 

neurodestructive phenotypes, which can modulate neurodegeneration and outcome after stroke. The 

mechanisms that regulate this inflammatory cascade are still not fully understood. However, immune 

cell activation is associated with changes in glucose metabolism within the cell. In my PhD project, I 

will model neuroinflammation after stroke by combining human induced pluripotent stem cell-derived 

brain organoids and immune cells in in vitro stroke conditions. This brain-immune-assembloid model 

will be used to investigate metabolic mechanisms that regulate immune cell behavior and the 

inflammatory impact on neurodegeneration. By this, we aim to build an assembloid platform that can 

be used to identify key neuroinflammatory mechanisms in stroke to introduce new therapeutic 

opportunities for stroke treatment without relying on animal models.  

 

This project is a collaboration between the group of PD Dr. Philipp Mergenthaler and Prof. Andreas 

Meisel at Charité Berlin and Dr. Harald Stachelscheid at the Berlin Institute of Health. It is funded by 

the Einstein Centre 3R. Furthermore, we strongly collaborate with Prof. Alastair Buchan form 

University of Oxford.   
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Colorectal carcinoma (CRC) is one of the most common cancer types worldwide. Approximately 50% 

of patients with CRC will develop colorectal liver metastases (CRLM) over the course of their disease. 

The only curative treatment option for CRLM patients is a liver resection. Although modern multimodal 

therapies have improved the outcome of these patients, the overall prognosis is still limited. To advance 

treatment options for CRLM patients, it is necessary to design and test new in vitro models which better 

reflect the tumor biology and metastatic state.  

 

Here, we demonstrate a patient-derived 3D in vitro model based on human decellularized liver scaffolds. 

For this proof-of-concept study the non-tumor affected liver tissue from patients undergoing liver 

resection for CRLM was obtained, processed and decellularized. The decellularized scaffolds were then 

recellularized with the colorectal cancer cells HCT-116 or HT-29 and incubated under cell culture 

conditions.   

 

First, we performed histological and immunohistochemical staining for the major matrix proteins to (a) 

assess a complete decellularization and to (b) characterize the extracellular matrix (ECM) composition. 

The evaluation showed that all cells were removed and the ECM microstructure was preserved. 

Recellularization experiments were examined histologically along with immunohistochemistry and 

showed that during a cultivation time of 10 and 21 days, both HCT-116 and HT-29 cells proliferated 

within the scaffold. Gene expression analysis revealed a drastic increase of mRNA expression levels of 

known CRLM markers such as TIMP-1, MMP-9, SLC1A2 and VEGFA in the decellularized liver 

matrix over 2D cell culture conditions.   

 

In summary, decellularized human liver matrices in combination with tumor cells can create a 3D in 

vitro model for CRLM. Cancer cells adapt to the matrix and upregulate metastatic markers pointing at 

a better representation of metastatic state induced by its microenvironment. This new 3D matrix-based 

CRLM model enables us develop new strategies for personalized therapies.   



 

 
- 29 - 

 

29 

Identifying hepatic reprogramming factors alleviating NAFLD via 

genomic-to-transcriptional screen.  
 

Julian Weihs1, Peter Tang2, Igor Sauer2 and Milad Rezvan1, 3   
 
1Charité Universitätsmedizin Berlin, Department of Pediatrics, Division of Gastroenterology, Nephrology and Metabolic Medicine, 
Augustenburger Platz 1, 13353 Berlin; 2Charité Universitätsmedizin Berlin, Department of Surgery, Augustenburger Platz 1, 13353 Berlin; 
3Division of Gastroenterology, Hepatology and Nutrition, Cincinnati Children’s Hospital Medical Center, Cincinnati, OH 45229, USA.  

 

 

Non-Alcoholic fatty liver disease (NAFLD) has evolved to a global pandemic with a serious cascade of 

consequences, i.e. cirrhosis and hepatocellular cancer. Yet there is no approved therapy for NAFLD and 

its consequences. Ex-vivo analyses of NAFLD patient liver revealed a loss of hepatocyte-governing 

transcription factors (TFs). In turn, rodent studies of NAFLD demonstrated how replenishing TFs in 

hepatocytes resolves fibro-inflammation and improves liver function. Evaluation of such approaches in 

human systems are lacking.  

 

Thus, we aim to identify TFs, or combinations thereof, that therapeutically reprogram injured human 

hepatocytes. Specifically, we perform a genomic-to-transcriptional CRISPR activation (CRISPRa) 

screen using established CRISPR droplet sequencing (CROP-Seq) vectors that will be applied to a 

human iPSC-model of NAFLD. First we will derive a library of 100 clinically-relevant TFs that show a 

depletion in human hepatocytes along NAFLD progression. Then we will screen this library in our in 

vitro NAFLD model to identify genes whose activation restores hepatocyte function on a cell 

population-based read-out for endoplasmatic reticulum stress (a hallmark of NAFLD). Next, we narrow 

down factors via barcoded single cell transcriptome analysis to identify hits that reverse the molecular 

NAFLD-signature. We validate the identified TFs in a) human liver organoid model of NAFLD with 

syngeneic leukocytes and b) in humanized mice harbouring engrafted human hepatocytes and exposed 

to a NAFLD-inducing diet. In preliminary experiments we showed that our iPSC-derived hepatocyte 

model features crucial hallmarks for NAFLD induction. This is based on gene expression, protein and 

functional characterization. Also, our barcoded CRISPRa system showed efficient and specific gene 

activation capacity in pilot experiments. This allows, targeted gene over-expression of our screening 

library later on. Overall, this multi-modal pipeline permits the establishment of the transcriptional code 

needed for gene therapy of human hepatocytes to reverse NAFLD.  
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Patient-derived organoids are a model of choice to elucidate inter- and intratumoral heterogeneity to 

combat therapy resistance. However, their utility is limited by heterologous and poorly defined 

extracellular matrices and lack of proper tumor microenvironment, thus failing to model the tumor in its 

complexity.  

 

Here, we present an approach to identify relevant paracrine interactions between stromal and tumor cells 

in colorectal cancer. Single cell-RNAseq data of 12 patients were analyzed for ligand-receptor pairs 

enabling stroma-to-tumor signaling. Physiological relevance wastested by adding stroma-derived 

ligands to the organoid culture, followed by mass cytometry and scRNAseq analysis. We also aimed to 

model extracellular matrix composition in colorectal cancer by supplementing the laminin/collagen IV 

rich environment with other known matrix proteins such as collagen I to identify the impact of a 

changing substrate on cell plasticity.   

 

We identified paracrine factors and signals affecting proliferation, differentiation, and developmental 

trajectories of patient-derived organoids in vitro. We hypothesize that environmental factors may limit 

the phenotypic space in which organoid cells differentiate, disabling the study of more invasive 

behaviors in vitro. We show that extracellular matrix parameters have a strong impact on cell plasticity 

and highlight the importance of adjusting and expanding organoid in vitro culture models.  

 

Our data provide guidelines to improve existing tumor organoid models and provide a feasible approach 

to address common limitations in organoid culture. Based on our findings, we currently identify factors 

that can interfere with drug efficacy and potentially favor clinically relevant therapy resistance 

mechanisms.  
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The Hedtrich Lab combines research expertise from the areas of pharmacology, biomedical engineering, 

and drug delivery. We focus on inflammatory and genetic diseases of human epithelia such as the skin 

and the lungs and strive to (1) unravel pathophysiological mechanisms and (2) develop next-generation 

treatment strategies leveraging, for example, gene editing. We mostly employ bioengineered human 

tissue models, yielding a high predictivity and translational value of the obtained results. Our tissue 

models comprise primary cells from patients or healthy donors that we use to study atopic diseases 

among others. A current focus lies on interrogating the role of fibroblast-mediated ECM remodeling in 

atopic diseases and how a skin-lung crosstalk contributes to the manifestation of allergies in the lungs. 

Other projects currently focus on the improvement of the tissue models. Here, induced pluripotent stem 

cells (iPSC) from healthy donors as well as patients will be used to generate complex tissue models. 

Thereby, we aim to circumvent the bottleneck of patient cell availability and to study genetic disorders 

by introducing specific gene alterations on iPSC level. Besides, we are particularly interested in 

incorporating our tissue models into (multi-)organ-on-chip (OoC) setups to study intertissue crosstalk 

in health and disease and to perform drug testing in a complex human-based system.  
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Several congenital heart defects result in the need for univentricular palliation, as no biventricular repair 

can be achieved either by intervention or surgery. In those patients, the superior and inferior vena cava 

are connected to the pulmonary artery via staged surgeries, facilitating the so-called total cavopulmonary 

connection (TCPC). While the life expectancy of patients treated via this approach increases 

continuously, the non-physiologic hemodynamics, among others, are associated with several sequelae 

requiring recurrent catheter-based or surgical treatments. As the patient-specific morphology and 

hemodynamics of the TCPC, as well as the respective patient’s treatment history feature relevant 

heterogeneity, personalized treatment strategies are of utmost importance.  

 

To facilitate personalized treatment planning, digital twins of the respective patients TCPC can be 

generated. A digital, three-dimensional representation of the patient-specific anatomy is reconstructed 

from medical image data obtained either by CT or MRI, or combinations thereof. This anatomical model 

is then enhanced by hemodynamic information using computational fluid dynamics. Here, patient-

specific measurements as well as assumptions and literature-based values are used to parametrize the 

model. These models can provide information on a large variation of hemodynamic parameters of 

interest, such as the power loss occurring within the TCPC or the distribution of hepatic blood towards 

the left and the right pulmonary artery.   

 

Once these digital twins are parametrized and validated, they can be altered virtually, to mimic different 

treatment strategies, such as interventional implantation of a covered stent or surgical implantation of a 

vascular graft. Thus, the immediate functional outcome of different treatment strategies can be assessed 

and compared against each other to identify an optimal treatment for a given patient. These procedures 

have to be conducted on close collaboration with the heart team to ensure feasibility of all approaches 

assessed in-silico.  


