b

NETWORKING EVENT
10. June 2026

ABSTRACTS

EINSTEIN
CENTER

3R




Human

3D ORGAN MODELS  NETWORKING EVENT
A A

We would like to express our sincere thanks to our
sponsors for supporting the networking event!

. ACTIVE BIOSCIENCE

e PROTEINS - CELLS-ANTIBODIES

bit.bio

THE CELL CODING COMPANY

SYNENTEC

= = biomol

Part of Europa Biosite

Q) DYNAMIC42

TiSSUSE

- Emulating Human Biology


https://www.active-bioscience.de/
https://www.bit.bio/
https://synentec.com/?msclkid=50f325027a2d1e46c9184f230cb74aae
https://www.biomol.com/de/?pk_campaign=Google-Ads&pk_cid=688888255&pk_kwd=biomol&pk_source=google&pk_medium=cpc&pk_content=&msclkid=14a41216a28d13c98d817837d435972f
https://dynamic42.com/
https://www.tissuse.com/de/

Human
3D ORGAN MODELS  NFTWORKING FVENT

Content

1

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Barton P et. al.: A toolbox of human iPSC-derived microglia with functional inflammatory readouts
in 3D and multi-cell in vitro models for neurodegeneration research

Bayram S et al.: Diet modulates colonic epithelial proinflammatory responses by influencing
butyrate-producing microbiota

Beltran-Mestres C, Romero Suarez S et al.: A Human 3D Skin—Immune Co-Culture Model to
Dissect Treg-Mediated Regulation in Atopic Dermatitis

Bhatia P et al.: Brain organoid technologies to model human brain diseases

Brauer E et al.. Geometry as a Biological Signal: Xolographic Fabrication of Programmable
Hydrogel Niches for Three-Dimensional Tissue Growth

Chacén S et al.: Developing an in vitro bone model for screening osteoporotic effects in pre-
clinical drug testing

Celic D, Mangold M et al.: Analyzing the role of CD40L+ helper CD8+ T cells in skin immunity
using 3D skin models and high-plex imaging

Daher U et al.: An autologous human iPSC-derived 3D lung organoid infection model for
preclinical testing of antiviral T-cells

Dalgic AS et al.: Establishment of a PTLD infection model and functional analysis of EBV-specific
T-cells

Dubrovska H et al.: Identifying the Memory Signature in Mouse, Human and Organoid Networks
for Neurodegenerative Drug Discovery

Fernandez Vallone V et al.: Enabling Robust Human hiPSC and Organoid Models for
Translational and 3R-Oriented Research

Fisch AS et al.: Investigating the Role of Tumor Stiffness in Therapy Resistance in Head and
Neck Squamous Cell Carcinoma Organoids

Fischer M et al.: Human lung tissue cultures and organoid-derived models for infectious disease
modeling

Flechner M et al.: A Microphysiological System with Integrated Real-Time Assessment of Cell
Viability and Drug Response

Geisen R et al.: Advancing Cytotoxicity Assessment: Automated High-Content Kinetic Analysis of
2D vs. 3D Colorectal Cancer Models

Horvatovi¢ K et al.: Resolving Tau and a-Synuclein Co-Pathology Dynamics in Human Brain
Organoids

Icheln B; Shigematsu K: Stable and Highly Active Synthetic Peptide Growth Factors: Alternatives
to BDNF, Noggin, and Wnt3a for Organoid Development

Keck K et al.: In vitro test battery for screening pro- and anti-osteoporotic effects of new drug
candidates - establishment based on osteoblast models

Kochina E et al.: Analysis of claudin-10b function in salivary gland organoids by Ussing chamber
and intra-luminal potential measurements

Koenig L et al.: A microfluidic stem-cell based bone marrow chip for the safety profiling of new
drug candidates in pre-clinical drug development

Kotarac A et al.: Unraveling causes of drug resistance in BRAFVG600E Colorectal Cancer using
single-cell mMRNA sequencing of preclinical models

Krohn J, Dean C: A Calcium Imaging Pipeline to Detect and quantify Compound-Specific Effects
in Human and Mouse Astrocytes

Kupryianchyk-Schultz | et al.: Elucidating SYNGAP1 Isoform Functions in Human
Neurodevelopment Using Cerebral Organoids

Kuzinska M et al.: Cytokine Secretome Profiling Coupled with Cholangiocyte Organoids Enables
Human Modeling of Inflammatory Epithelial Liver Injury

Lakotsenina E et al.: Optimizing human-derived Vital Tissue Slices as a platform for personalized
treatment of patients with Head and Neck Cancer



26

27
28

29

30

31
32

33

34

35

36

37

38

39

40

41

42

43
44

45

46

47

48

49

50

Human
3D ORGAN MODELS  NFTWORKING FVENT
A

Le Ch et al.: Medium-Throughput Bioprinted Spatially Recapitulated Triple-Droplet Organoids
Reveal Stroma-Barrier-Driven Therapeutic Resistance

Lin M et al.: Colon assembloids recapitulate tumor ecosystem rewiring

Megges M et al.: Characterization of early human cortical neurogenesis in MCT8-deficient
cerebral organoids

Mor J et al.: The impact of carbohydrate complexity on host-microbe interaction: Sialylated colonic
mucus shapes EPEC chemotaxis, retention, and antimicrobial interactions

Muinjonov B et al.: Humanized Chimeric 3D Brain Slice Models for Studying Neuroglial
Interactions in a Translational CNS Environment

Nguyen DBT et al.: 3D bioprinted humanized liver models for toxicity and efficacy assessment

Paulissen A et al.: A pooled single-cell screen integrating bacterial and oncogenic perturbations
to reveal modulations in CRC signaling

Peuschel SK et al.: Elucidating pathomechanisms of CNS autoimmune disease in three patient
derived integrated in vitro immune cell — 3D organoid models

Picoche L et al.: Molecular profiling of early gastric carcinogenesis in genetically predisposed
mucosa infected with Helicobacter pylori

Quach S et al.: Embryonic macrophages maintain liver progenitors and establish hepatocyte
biased proliferation during liver development

Reusch S et al.: Using human airway and alveolar organoid-derived monolayers for quantification
of fungal-host interactions

Ribeiro Q et al.: Exploring human blood vessel organoids to study endothelial dysfunction in
atherosclerosis

Roussou E et al.: /n Vitro Skeletal Progenitor Populations Enable Modeling of Cellular Interplay
During Early Human Fracture Healing

Samperio-Ventayol P et al.: Modeling host-microbe interactions with human intestinal organoid
monolayers

Schmelz K et al.: Charité 3R PRIMARY TISSUE PIPELINE: Clinical Waste into Scientific Gold to
Support Biomedical Research at the Charité

Scholz E et al.: Quantifying Intestinal Barrier Translocation of Copper Oxide Particles in Caco-2
cell model

Schroder S et al.: Mimicking the topography of the skin using 3D-(bio)printing techniques
including dermal human fibroblasts and keratinocytes

Schwarzkopf J et al.: In-vivo-like sprouting tip cell biology in human microphysiological systems

Sheldon HT et al.: DissOrg: A high-throughput 2D cortical organoid-derived neuronal and glial co-
culture platform that is capable of synaptic plasticity

Stolte KN et al.: Validating Human immunocompetent 3D Oral Mucosa Models for Preclinical Use
via Imaging Mass Cytometry

Urankar M et al: Toward Physiologically Relevant In Vitro Lung Models: 3D Bioprinted Platforms
for Studying Respiratory Viral Infections Under ALI Conditions

Wilzlein J-H et al.: Integrated transmission and antiviral testing studies in a BSL-4 laboratory
using multi-organ chip platforms

Weihs J et al.: Integrating stem cell-derived and computational modeling identifies Vitamin B2-
dependent pathways as targets in metabolic liver disease

Wieler HM et al.: Engineering developmental gene regulation: synthetic dissection of the CDX2—
PDX1 locus

Wilberg E et al.: Thyroxine action and metabolism in human cerebral organoids



Human
3D ORGAN MODELS  NFTWORKING FVENT

A toolbox of human iPSC-derived microglia with functional
inflammatory readouts in 3D and multi-cell in vitro models for
neurodegeneration research

Philippa Barton?, Euan Yates’, Grace Cooper’, Stefan Milde', Richard Hickman', Hannah Garnett’,
Lucas Kowalski', Magdalena Gamperl?, Samir Barbaria?, Clara Schmidt?, Kemal Arat?, Rebecca
Northeast!, Jasmine Trigg®, Adriana-Natalia Murgoci#, Robin Pronk?*, Petra Szeszula* Sejla Salic-
HainzP, Karl Firth', Will Bernard'

1. bit.bio, Cambridge, United Kingdom
2. bit.bio, Vienna, Austria

3. Sartorius, Royston, United Kingdom
4. BrainZell AB, Stockholm, Sweeden

Microglia are resident macrophages of the central nervous system (CNS) and are essential
for neural homeostasis; they regulate neurogenesis, synaptic remodelling, and are first
responders to injury. Despite the critical role of microglia in CNS health, modelling human
microglia biology in vitro remains challenging. Here, we use opti-ox™, a deterministic cell
programming technology, to generate scalable human-induced pluripotent stem cell derived
microglia (ioMicroglia). The transcriptional profile of ioMicroglia aligns closely with publicly
available datasets of adult and foetal human microglia, confirming that this model effectively
recapitulates microglia biology. ioMicroglia express CD45, P2RY 12, CD11b, CD14, IBA1,
and TREM2 proteins and are functionally competent. ioMicroglia demonstrate robust pro-
inflammatory cytokine secretion and phagocytic activity in response to both amyloid beta-42
and bacterial particles. These core functionalities were demonstrated as early as day 4 post-
thaw, providing a fast time frame to perform key assays. ioMicroglia also demonstrate a
P2RY12 mediated chemotactic response to ATP, the “find me” signal released by damaged
neurons. The P2RY12-/- ioMicroglia enables further exploration of this function by providing
genetic ablation of this key purinergic sensor. In addition, we engineered ioMicroglia with
mutations associated with Alzheimer's disease, including TREM2 (R47H) and APOE
(C112R). 3D modelling with ioMicroglia demonstrates that they retain their functionality with
3D bioprinting and after successful integration into brain organoids. Lastly, we showcase a
tri-culture of ioMicroglia, ioAstrocytes and ioGlutamatergic Neurons to demonstrate tractable
in vitro modelling of CNS physiology. This work demonstrates how ioMicroglia can provide

physiologically relevant human in vitro modelling of microglia function in health and disease.
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Diet modulates colonic epithelial proinflammatory responses by

influencing butyrate-producing microbiota.

Safak Bayram'2, Hilmar Berger!, Kimberly Hartl2, Marie Florence Kiefer®, Ronja Mébius’?, Sabrina

Geisberger?, Robert Siegel, Stefan Kempa?, Michael Schupp?, Michael Sigal’-?

1. Medical Department, Division of Gastroenterology and Hepatology, Campus Virchow-Klinikum, Charité-
Universitatsmedizin Berlin, Berlin, Germany.

2. Berlin Institute for Medical Systems Biology (BIMSB), Max Delbriick Center for Molecular Medicine in the Helmholtz
Association (MDC), 10115, Berlin, Germany.

3. Medical Department, Surgical Clinic, Campus Virchow-Klinikum, Charité — Universitatsmedizin Berlin, Berlin, Germany.

4. Institute of Pharmacology, Max Rubner Center (MRC) for Cardiovascular Metabolic Renal Research, Charité-Universitatsmedizin
Berlin, Corporate Member of Freie Universitat Berlin, Humboldt-Universitat zu Berlin, Berlin, Germany.

Obesity, a growing global health concern, is linked to many diseases and influenced by diet,
which can alter the gut microbiota. Emerging evidence ties dysbiosis—an imbalance in gut
microbes—to chronic inflammation, involved in inflammatory and malignant diseases. Yet the
mechanistic connections between diet, gut dysbiosis, and inflammation are not fully
understood. Our study hypothesized that high-fat diet (HFD)-induced microbiota changes
could modify mucosal immune responses, increasing intestinal inflammation and susceptibility
to systemic inflammatory and malignant conditions. In experiments, mice on an HFD for 13
weeks gained 67% more weight. Colonic tissue analysis revealed significant immune cell
infiltration, especially macrophages marked by Iba1. 16S rRNA sequencing showed notable
changes in microbiota composition and diversity, including reduced butyrate-producing
bacteria. Butyrate, a short-chain fatty acid essential for gut health and mucosal function, was
markedly lower in stool from HFD-exposed mice, confirmed by GC-MS. In parallel, exposing
mouse and human epithelial organoids to lipopolysaccharide (LPS) activated NF-kB and
increased expression of proinflammatory chemokines Cxcl1, Cxcl2, and IL-8. Pretreatment
with butyrate attenuated this inflammatory response, demonstrating butyrate’s capacity to
suppress proinflammatory epithelial signals. These findings suggest butyrate helps mediate
tolerance to the gut microbiota, and its diet-driven depletion may heighten proinflammatory
responses in the gut epithelium. Ongoing work aims to clarify butyrate’s specific effects on

mucosal immunity and human health.
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A Human 3D Skin—-Immune Co-Culture Model to Dissect Treg-
Mediated Regulation in Atopic Dermatitis

Claudia Beltran-Mestres™-23: Silvina Romero-Suarez3*; Lisa-Marie Burkhardt'3; Dana Wérz56; Toralf
Roch?; Levent Akyliz”; Meslina Almaci 8, Margeritta Worm 8, Sarah Hedltrich®®; Leila Amini’#

1 BeCAT, Charité- Universitatsmedizin Berlin

2 Berlin School for Regenerative Therapies, Charité — Universitatsmedizin Berlin

3 Institute of Medical Immunology, Charité — Universitdtsmedizin Berlin

4 Berlin Institute of Health (BIH) at Charité — Universitatsmedizin Berlin, BIH-Center for Regenerative Therapies
5 School of Biomedical Engineering, University of British Columbia, Vancouver, BC V6T 1Z3, Canada.

6 Max-Delbruick-Center for Molecular Medicine in the Helmholtz Association (MDC), Berlin, Germany.

7 Checkimmune, Berlin.

8 Clinic for Dermatology, Venerology and Allergology, Charité — Universitatsmedizin Berlin.

Atopic dermatitis (AD) is a chronic inflammatory skin disease with increasing global
prevalence, driven by epidermal barrier dysfunction and a predominantly type 2 (TH2)-skewed
immune response. Despite therapeutic advances, including biologics such as dupilumab, long-
term disease control remains challenging, highlighting the need for more physiologically
relevant human model systems to better understand disease mechanisms. Regulatory T cells
(Treg), central mediators of immune tolerance, have been implicated in AD pathophysiology;
however, their functional role in human skin inflammation remains incompletely defined. Here,
we established a 3D in vitro AD model integrating FLG-deficient (FLG-/-) skin equivalents with
CD4~ effector T cells and Treg to investigate Treg-mediated regulation of skin inflammation
and to compare immune-tissue interactions under static and dynamic culture conditions.

The system was initially developed using immune cells derived from healthy donors to ensure
robustness and reproducibility, and subsequently implemented in both static transwell systems
and microfluidic organ-on-chip platforms to enable direct comparison of conventional and flow-
based culture conditions. The model recapitulates key features of AD-like inflammation,
including altered skin morphology and inflammatory cytokine profiles. Importantly, preliminary
analyses of incorporated immune cells revealed clear phenotypic modulation of both CD4* T
cells and Treg within the 3D environment, including differences in FOXP3 expression patterns
and changes in CD4* T cell expansion capacity.

Building on this established framework, the same experimental pipeline is currently being
applied to AD patient-derived immune cells to enable direct comparison with healthy donor-
derived systems and to identify disease-specific alterations in Treg function and
immunoregulatory capacity. Collectively, this platform provides a robust tool to dissect Treg-
driven mechanisms in AD and highlights the added value of microfluidic systems for modeling
complex immune—skin interactions, ultimately supporting the identification of potential Treg-

targeted therapeutic strategies.
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Brain organoid technologies to model human brain diseases

Priyanka Bhatia®, Josephine Coburn® and Agnieszka Rybak-Wolf*

1. Organoid Platform, Berlin Institute for Medical Systems Biology (BIMSB), Max Delbriick Center for Molecular Medicine in the
Helmholtz Association (MDC), Berlin, Germany

Understanding how the human brain functions in both health and disease remains one of the
greatest challenges in modern science, hindered by limited availability of human samples and

ethical restrictions.

In recent years, three-dimensional human brain organoids have emerged as a groundbreaking
experimental system that overcomes many of these limitations. Derived from human
pluripotent stem cells, brain organoids are genetically tractable and capable of recapitulating
key aspects of early brain development, including cellular diversity, spatial organization, and

functional properties reminiscent of the fetal brain.

We will provide an overview of recent developments in the brain organoid platform and
showcase several exemplary projects that illustrate how this technology can be leveraged to
model human brain diseases. These include applications in the study of neurodegenerative
diseases, highlighting the potential of organoids to transform our understanding of brain

pathology and support the development of novel therapeutic strategies.
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Geometry as a Biological Signal: Xolographic Fabrication of
Programmable Hydrogel Niches for Three-Dimensional Tissue
Growth

Erik Brauer!, Till Zachow?, Niklas Kénig?, Stefan Hecht!, Ansgar Petersen’

1. Humboldt Universitat zu Berlin, Institute for Chemistry, Berlin, Germany

2. Xolo GmbH, Berlin, Germany

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

The ability to direct tissue formation through geometry rather than biochemical
supplementation represents a fundamentally attractive design principle for regenerative
medicine. Curvature, confinement, and internal connectivity are well-established regulators of
cell behavior and tissue organization, yet translating these principles into freely designable,
three-dimensional architectures at biologically relevant length scales has remained out of
reach. Existing fabrication methods either lack the resolution to produce free-standing
mesoscale features or cannot generate hierarchically interconnected geometries within
volumes relevant for tissue engineering.

Here we present a Xolography-based platform for the rapid fabrication of hierarchically
structured hydrogel niches from an optimized GelMA/PEGDA co-polymer system. Systematic
formulation screening yielded mechanically stable, optically clear constructs with tunable
stiffness and free-standing features at single-cell length scales (100-250 pym) within
centimeter-scale volumes. We validated geometric fidelity by replicating uCT-derived human
trabecular bone architectures at native scale, achieving a mean structural deviation below 50
pMm across the full construct volume as confirmed by synchrotron uCT registration.
Constructs were cytocompatible, supported adhesion and matrix deposition by primary
human fibroblasts and osteoblasts, and showed no material-driven inflammatory response in
a whole-blood assay.

Using defined pore geometries, we demonstrate that tissue void closure is governed by local
curvature and pore dimensions, consistent with curvature-driven growth principles
established in simpler model systems. Building on this, we designed hierarchical pore
architectures with inward-facing guiding elements that partition large voids into recurring local
niches. Rather than merely accelerating pore filling, these architectures fundamentally
restructure the closure process: tissue growth becomes multidirectional, originating from
spatially distributed seed points generated at mesoscale concavities between guiding
elements. Increasing internal connectivity through additional geometric elements further
redistributes closure dynamics within one continuous pore space, demonstrating that growth
regime, not just rate, is programmable through geometry alone.

This work establishes a scalable route to study geometry-driven tissue formation in controlled
three-dimensional environments and provides a design framework for bio-instructive
hydrogel architectures with direct relevance to the engineering of synthetic tissue niches.
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Developing an in vitro bone model for screening osteoporotic
effects in pre-clinical drug testing

Sky Chacén’, Frank Buttgereit!, Moritz Pfeiffenberger!, Alexandra Damerau’

Charité — Universitatsmedizin Berlin, corporate member of Freie Universitat Berlin and Humboldt-Universitat zu Berlin, Berlin,
Germany

Osteoporosis is a skeletal disease characterized by low bone mass and deterioration of bone
microarchitecture, leading to pain, reduced mobility, and increased fracture risk. As
osteoporosis is strongly associated with aging, its prevalence is expected to rise with the
increasingly aging global population. In addition to aging, glucocorticoid-induced osteoporosis
(GIOP) is among the most common secondary forms of osteoporosis. Current osteoporosis
therapeutics require preclinical evaluation in animal models; however, these models often fail
to fully recapitulate human bone biology. In particular, animal models are limited in their ability
to evaluate species-specific biologics and reproduce clinically relevant features of
osteoporosis, such as spontaneous fractures, resulting in poor translational predictability to
human patients. This project aims to develop an in vitro bone test battery capable of screening
for pro- and anti-osteoporotic effects of novel therapeutics while meeting EMA- and FDA-
defined endpoints currently used in osteoporosis animal models. To achieve this, we are
developing 2D and 3D human bone co-culture systems consisting of human osteoclasts
derived from CD14+ monocytes and osteoblasts differentiated from mesenchymal stromal
cells (MSCs). As part of our preliminary model development, we have successfully isolated
and differentiated human cells into osteoblasts and osteoclasts. Micro-computed tomography
(MCT) analyses demonstrated volumetric changes in 3D cultures consistent with anabolic and
catabolic bone remodeling activity. Additionally, expression of the bone formation markers
such as procollagen type | C-terminal propeptide (PICP) was confirmed. Current work focuses
on establishing a stable osteoblast—osteoclast co-culture capable of maintaining homeostatic
bone turnover over time. Co-culture ratios ranging from 1:1 to 1:3 osteoclasts:osteoblasts are
being evaluated using UCT in 3D models and calcium deposition and pit resorption assays in
2D models. Future work will focus on the induction of GIOP to evaluate the model’s ability to

reproduce osteoporotic bone phenotypes to support preclinical drug testing applications.
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Analyzing the role of CD40L+ helper CD8+ T cells in skin immunity
using 3D skin models and high-plex imaging

Dicle Celik’2, Maike Mangold?3, Irit Vahav?4%, Andreas Thiel 2, Lucie Loyal’?

1. Berlin Institute of Health (BIH) at Charité, — Universitdtsmedizin Berlin, Center of Immunomics - Regenerative Immunology
and Aging, Berlin, Germany

2.  Der Simulierte Mensch (Si-M), a science framework of Technische Universitat Berlin and Charité — Universitatsmedizin
Berlin, Berlin, Germany

3. Miltenyi Biotec B.V. & Co. KG — Bergisch Gladbach, Germany

4. Amsterdam Movement Sciences, Tissue Function & Regeneration, Amsterdam, The Netherlands

5. Department of Molecular Cell Biology and Immunology, Amsterdam UMC Location Vrije Universiteit Amsterdam,
Amsterdam, The Netherlands

The immune system of the skin maintains tissue homeostasis through tightly regulated local
and systemic interactions. Disruption of this balance contributes to chronic inflammatory
diseases such as psoriasis. While CD4* T cells have been extensively studied in psoriasis, the
role of CD8" T cells remains unclear despite their abundance in lesions. Challenging the
classical “division of labor” model, where CD8" T cells are cytotoxic and CD4* T cells provide
help, we previously identified subsets of memory CD8* T cells (Tc2, Tc17, Tc22) that lack
cytotoxic features and instead express CD40L at levels comparable to CD4* T cells. These
“helper” CD8* T cells mirror their CD4* counterparts in cytokine and chemokine receptor
profiles, including Th17-like characteristics central to psoriasis. They also exhibit skin-homing
signatures and are enriched in the blood of psoriasis patients, suggesting a functional role in
skin immunity.

To understand the diverse contributions of CD4* and CD8* T cell subsets to psoriasis
pathogenesis, we extended current human three-dimensional full thickness skin equivalent
(hFTSE) models to incorporate not only CD4* but also CD8" T cell subsets. To assess the
immune infiltration and disease relevant changes in our models such as epidermal thickening,
we use histology, immunofluorescence, and high-plex imaging with the MACSima. Our results
show that Tc1 and Tc17 CD8* T cells infiltrate the hFTSEs equally to Th1 and Th17 CD4* T
cells and induce hallmark psoriatic features. We now establish autologous hFTSEs to allow
direct comparison between healthy and diseased conditions. Next, we aim to include additional
immune cells such as antigen presenting cells to further enhance the immune composition in

our in-vitro model. By dissecting the distinct roles of individual T cell subsets to skin immunity,

we aim to provide insight into skin homeostasis and chronic inflammation and support the

development of more targeted therapeutic strategies.
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An autologous human iPSC-derived 3D lung organoid infection
model for preclinical testing of antiviral T-cells

Ugarit Daher’234, Valeria Fernandez Vallone?, Niklas Wiese®24, Morris Baumgardt®, Benedikt
Obermayer®, Achim Klaus Kirsch?, Tanja Fisch®, Anna Léwa®, Michael Schmiick-Henneresse?,
Andreas C. Hocke®, Leila Amini’2, Harald Stachelscheid?®

1. Berlin Institute of Health (BIH) at Charité - Universitdtsmedizin Berlin, BIH Center for Regenerative Therapies (BCRT), Berlin,
Germany

2. Berlin Center for Advanced Therapies (BeCAT), Charité - Universitatsmedizin Berlin, Berlin, Germany

3. Berlin Institute of Health at Charité - Universitdtsmedizin Berlin, Core Unit pluripotent Stem Cells and Organoids, Berlin,
Germany

4. Berlin School for Regenerative Therapies (BSRT), Berlin, Germany

5. Charité - Universitatsmedizin Berlin, Corporate Member of Freie Universitat Berlin and Humboldt-Universitat zu Berlin,
Department of Infectious Diseases, Respiratory Medicine and Critical Care, Berlin, Germany

6. Berlin Institute of Health at Charité-Universitatsmedizin Berlin, Core Unit Bioinformatics, Berlin, Germany

7. Revvity GmbH, Germany

Immunocompromised patients, such as those undergoing transplantation, are highly
susceptible to viral infections, highlighting the urgent need for novel therapeutic strategies.
Adoptive transfer of antiviral T-cell products (TCPs) represents a promising approach to control
viral infections by specifically eliminating infected cells. However, reliable human-relevant
preclinical models for evaluating the safety and efficacy of antiviral TCPs remain limited, as
current testing primarily relies on traditional 2D cultures and animal models that do not fully
recapitulate human tissue complexity and immune interactions. Therefore, there is a critical
need for advanced in vitro human infection platforms enabling more predictive and
personalized assessment of antiviral responses.

Here, we established an autologous human induced pluripotent stem cell (iPSC)-derived
alveolar-like lung organoid (iPSC-aLO) influenza A virus (IAV) infection model for preclinical
testing of antiviral TCPs. IAV-specific TCPs targeting H3N2 and H1N1 were generated using
a GMP-compliant workflow and demonstrated specific elimination of viral peptide-loaded
antigen presenting cells in suspension co-cultures. To evaluate TCP efficacy in a more
physiological setting, infected 3D iPSC-aLOs derived from autologous lines were analyzed
using an automated high-throughput, high-content imaging workflow. Transcriptomic analysis
confirmed pulmonary lineage commitment and expression of key immunological markers,
including HLA class |. Upon IAV challenge, the organoids showed induction of antiviral
pathways.

Volumetric high-resolution image analyses at single-cell level enabled the investigation of
interactions between infected organoids and antiviral TCPs within a 3D context. Furthermore,
the platform proved reproducible and enabled comparative analyses of virus-specific TCPs as
well as distinct CD4+ and CD8+ T-cell subset responses. This modular human 3D infection
model represents a promising platform for more predictive human-based preclinical evaluation
of antiviral T-cell therapies and provides the first proof-of-concept for assessing T-cell-
mediated cytotoxicity in a physiologically relevant human 3D infection model.
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Establishment of a PTLD infection model and functional analysis of
EBV-specific T-cells

Ahmet Serdar Dalgic’; Niklas Wiese’23; Lisa-Marie Burkhardt'#; Lukas Ehlen?%; Michael Schmiick-
Henneresse'2; Leila Amini'-2

1. Berlin Center for Advanced Therapies (BeCAT), Charité - Universitdtsmedizin Berlin, Berlin, Germany

2. Berlin Institute of Health (BIH) at Charité - Universitatsmedizin Berlin, BIH Center for Regenerative Therapies (BCRT), Berlin,
3. Sg:lriTr:agZhool for Regenerative Therapies (BSRT), Berlin, Germany

4. Institute for Medical Immunology, Charité — Universitatsmedizin Berlin, Berlin Germany

5. Clinic for Anaesthesiology and Intensive Care, Charité — Universitatsmedizin Berlin, Berlin, Germany

Viral complications remain a major cause of mortality in solid organ transplant (SOT) recipients,
who rely on lifelong immunosuppression to prevent allograft rejection. Tacrolimus-based
immunosuppressive regimens, a first-line standard therapy after transplantation, profoundly
impair endogenous T-cell immunity, thereby increasing susceptibility to opportunistic viral
infections and reactivation of latent viruses such as Epstein—Barr virus (EBV). EBV-associated
post-transplant lymphoproliferative disorder (PTLD) represents one of the most severe
complications after transplantation, particularly in lung transplant recipients leading to poor
clinical outcome and increased mortality. PTLD is characterized by EBV-driven immortalization

and uncontrolled proliferation of infected B-cells under impaired antiviral immune surveillance.

Current therapeutic strategies, including antiviral drug administration and adoptive transfer of
EBV-specific T-cell products (TCPs), remain limited by insufficient long-term persistence and
functional suppression under continuous immunosuppression. To overcome these limitations,
we established a GMP-compatible process for CRISPR-Cas9-mediated generation of
FKBP12-knockout Tacrolimus-resistant virus-specific TCPs with preserved antiviral effector
function under clinically relevant Tacrolimus exposure. However, current peptide-based
potency assays insufficiently recapitulate the physiological and immunosuppressive
microenvironment encountered after lung transplantation.

Therefore, we aim to establish a clinically relevant preclinical evaluation platform for
Tacrolimus-resistant EBV-specific TCPs using patient-specific 3D lung organoids, from which
reopened epithelial cultures are generated for co-culture with autologous, EBV-transformed
lymphoblastoid cell lines (LCLs) and the respective TCPs. Thus, this platform could enable
comparative safety and efficacy assessment of antiviral TCPs in a physiologically relevant
transplantation-associated microenvironment.

Additional characterization of the TCPs will be possible through analysis of target-specific
cytotoxicity, antiviral effector function, functional persistence, and pharmacological
controllability. Beyond conventional peptide-based assays, this highly translational platform
aims to provide a humanized potency and safety assessment system for next-generation
antiviral Advanced Therapy Medicinal Products (ATMPs) and may support the future clinical
translation of personalized, bioengineered antiviral T-cell therapies for transplant recipients.
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Identifying the Memory Signature in Mouse, Human and Organoid
Networks for Neurodegenerative Drug Discovery

Hanna Dubrovska'?, Dmytro Nesterenko??, Julieta Aprea Perez?, Pawel Fidzinski*, Miriam Wandres?,
Agnieszka-Rybak Wolfs, Nikolaus Rajewsky®, Camin Dean?4

German Center for Neurodegenerative Diseases (DZNE) - Berlin, Berlin, Germany

Freie Universitat Berlin, Berlin, Germany

Dresden Concept Genome Center, Dresden, Germany

Charité — Universitatsmedizin Berlin, Berlin, Germany

Max Delbriick Center - Berlin Institute for Medical Systems Biology (MDC-BIMSB), Berlin, Germany

oo

The prevalence of neurodegenerative diseases is increasing, at a huge global cost, with few
effective therapeutics, likely due to a focus on single targets, mouse models, and protein
aggregates as disease cause. Instead, we use a multi-omics approach in human models, and
target synapses. There is substantial evidence that neurodegeneration is triggered by synapse
weakening, which leads to synapse loss, degeneration of neuronal processes, and then cell
death, which results in cognitive dysfunction. To determine molecular targets that strengthen
synapses - and could prevent or reverse neurodegeneration - we aimed to identify the “memory
signature” in mouse and human brain tissue, and human brain organoids, using spatial and
single cell transcriptomics, following induction of long-term synapse strengthening. Preliminary
spatial sequencing signatures from these preparations included genes involved in synapse
structure and function, synaptic plasticity, and learning and memory, as well as to top hits for
neurodegenerative diseases, synaptic biomarkers of resilience, and novel targets. There was
more overlap of differentially expressed genes in human tissue and human brain organoids,
than between any human preparation with mouse, suggesting that human organoids better
recapitulate human neurophysiology. In addition, the memory signature appears to be
predictive of clinical trials, since genes present in the mouse signature but not in the human
signature have failed in clinical trials. Novel targets are present in the human signature, some
of which are already targeted by existing compounds for other indications, presenting possible
opportunities to repurpose these compounds for treatment of neurodegenerative diseases. In
addition to revealing novel targets, the memory signature can be used as a fluorescent reporter
system to screen disease models, targets, and compounds that could prevent or reverse

neurodegeneration.
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Enabling Robust Human hiPSC and Organoid Models for
Translational and 3R-Oriented Research

Valeria Fernandez Vallone, Judit Kiichler, Tanja Fisch, Regina Jahn, Kristin Fischer, Janine Cernoch
and Harald Stachelscheid

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

The BIH Core Unit pluripotent Stem Cells and Organoids (CUSCO) supports basic and
translational research by enabling access to high-quality, state-of-the-art human pluripotent
stem cells (hiPSC) and organoid technologies. Our mission is to provide expertise,
infrastructure, and services covering key aspects of hiPSC-based research, including
reprogramming, gene editing, cell line characterization and quality control, differentiation,
protocol implementation, training, and consultation. Through these activities, we aim to
empower researchers to establish, apply, and further develop human-relevant 2D and 3D

model systems.

At CUSCO, we place strong emphasis on technology transfer and collaborative research.
Beyond providing established services, we work closely with researchers to adapt hiPSC-
derived models to specific biological, disease-related, and translational questions. This
includes the development and refinement of differentiation protocols, support for emerging
organoid technologies, automation strategies, and efforts to reduce costs and technical
barriers. Our goal is to make advanced hiPSC and organoid technologies more broadly

accessible to the BIH and Charité research community.

In the context of the 3R principles, hiPSC-derived 2D cultures and 3D organoid models offer
powerful opportunities to strengthen human-based experimental systems and improve the
physiological relevance of preclinical research. However, their broader implementation
requires robust standards for reproducibility, quality control, and protocol harmonization.
CUSCO is committed to advancing these standards by promoting rigorous workflows,
transparent documentation, and model validation. By combining service provision, technology
development, and a collaborative mindset, CUSCO aims to support the reliable application of
hiPSC-derived models and contribute to more predictive, reproducible, and human-relevant

biomedical research.
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Investigating the Role of Tumor Stiffness in Therapy Resistance in
Head and Neck Squamous Cell Carcinoma Organoids

Anne-Sophie Fisch’, Vanessa Sachse’, Sumaia Dulal’ and Ingeborg Tinhofer!

1. Department of Radiooncology and Radiotherapy, Charité Universitatsmedizin Berlin, Berlin, Germany

Tumor stiffness in head and neck squamous cell carcinoma (HNSCC) is associated with poor
therapy responses, yet underlying molecular mechanisms remain unknown. Current preclinical
organoid models rely on animal-derived extracellular matrices, limiting mechanistic insight and
alignment with the 3Rs principle.

We aim to integrate established HNSCC patient-derived organoids (PDOs) with tunable
biomimetic hydrogels to modulate tumor stiffness, investigate its impact on therapy resistance,
and test potential resistance-targeting agents.

We utilize a biobank of 38 well-characterized PDOs for selection, combined with a tunable,
animal-free hydrogel system (HELP) developed by Heilshorn and colleagues [1], comprising
hyaluronic acid with a benzaldehyde tail and a recombinant elastin-like protein containing an
integrin-binding (RGD) domain. By combining these components in specific concentrations,
distinct stiffness conditions can be generated (HELP Low: 0.3 kPa; HELP High: 6 kPa shear
modulus). Parallel biomechanical phenotyping of HPV-negative HNSCC tissue specimens is
envisioned to identify stiffness-associated molecular features through ECM and matrisome
protein analysis.

Feasibility of using PDOs for therapy screening was demonstrated in eight models. Single cells
were cultivated in Matrigel until organoids formed, then treated with cisplatin or radiation.
Survival was assessed using Cell Titer Glo Assay and Clonogenic Survival Assay for radiation
experiments. In one model, it was shown that treatment response can be modulated by
inducing hypoxia, a major driver of radioresistance in solid tumors. Pilot experiments with FaDu
cells in HELP confirmed preservation of morphological features and cell proliferation, with
maintained epithelial identity (DAPI, E-Cadherin, Ki67, Phalloidin staining). A primary PDO
model (HNO80) formed organoids in HELP comparable to Matrigel with maintained cell viability
(CalceinAM/BoBo-3 assay), 6 days after encapsulation.

Cultivating primary HNSCC organoids under distinct stiffness environments appears feasible;
however, systematic testing across additional PDO models and the assessment of long-term
growth potential in HELP is required to establish utility for investigating stiffness-mediated
treatment resistance.

[1]: LeSavage BL, Zhang D, Huerta-Lopez C, Gilchrist AE, Krajina BA, Karlsson K, Smith AR, Karagyozova K,
Klett KC, Huang MS, Long C, Kaber G, Madl CM, Bollyky PL, Curtis C, Kuo CJ, Heilshorn SC. Engineered
matrices reveal stiffness-mediated chemoresistance in patient-derived pancreatic cancer organoids. Nat Mater.
2024 Aug;23(8):1138-1149. doi: 10.1038/s41563-024-01908-x. Epub 2024 Jul 4. PMID: 38965405; PMCID:
PMC13098013.
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Human lung tissue cultures and organoid-derived models for
infectious disease modeling

Mara Fischer, Anna Léwa, Maren Mieth, Erik Becher, Zeynep Demir, Julia Dreimann, Josephine
Melzer, Isabelle Schulze, Mara Hausler, Katharina Hellwig, Stefan Hippenstiel, Andreas C. Hocke

Charité — Universitatsmedizin Berlin, corporate member of Freie Universitat Berlin and Humboldt Universitat zu Berlin,
Department of Infectious Diseases and Respiratory Medicine, Charitéplatz 1, 10117 Berlin, Germany

Disease Background: Many human lung pathogens produce host-specific disease
outcomes which can only be fully understood through the molecular interactions between
pathogens and distinct lung target cells. The use of primary human lung tissue for ex vivo
lung disease modeling provides valuable insights into respiratory infections and supports
translational research. In parallel, in vitro lung organoids derived from adult human lung stem
cells represent a scalable and long-term source of patient-specific material and enable
diverse experimental approaches for infection studies.

Models: Ex vivo human lung tissue explants are infected with common respiratory
pathogens, such as influenza A virus (IAV) or Streptococcus pneumoniae (S. pneumoniae).
Additionally, alveolar- and bronchial-like organoids are generated from tissue-derived
epithelial cells and cultured in matrix, suspension, or layer-based systems, optionally under
air-liquid interface (ALI) conditions prior to infection. Advanced spectral confocal microscopy,
pathogen replication assays, and molecular analyses including ELISA, gPCR, and scRNA-
seq are applied.

Major outcomes of our research: Organoids recapitulate key features of the human lung
epithelium and display distinct cellular architecture depending on their alveolar- or bronchial-
like identity as well as their culture format. Infection studies in tissue explants and organoid-
based models revealed pathogen- and model-specific replication dynamics and host
responses.

Future objectives: Ex vivo lung tissue remains a valuable reference model for studying
infections. While lung organoids enable long-term culture, their properties strongly depend on
culture conditions and therefore require careful standardization and characterization. A major
future objective is the development of immunocompetent organoid systems, for example
through the incorporation of alveolar macrophages. Such advanced models will enable the
investigation of viral and bacterial host—pathogen interactions in a more physiologically
relevant environment.
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A Microphysiological System with Integrated Real-Time
Assessment of Cell Viability and Drug Response

Marie Flechner?, Christine Rémer’, Hanna Glasebach?, Anke Burger-Kentischer?, Christian RA
Regenbrecht®#, Lena Wedeken?®, Katja Uhlig’
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Recent advances in drug development, including targeted, biological, and immunotherapies,
have improved therapeutic potential but require precise prediction of treatment responses for
each individual patient. Testing of safety and efficacy of potential drug candidates remains one
of the most challenging tasks in medicine due to their biological complexity, variability, and the
high failure rate in drug development process. Microphysiological systems such as organ-on
chips have the potential to better mimic the physiological conditions, reduce animal testing,
and therefore improve the therapeutic outcome.

Here, we combine several recent technological advances. We integrate different cell models,
such as patient-derived 3D cell cultures (organoids) from colorectal carcinomas that
recapitulate the architecture and heterogeneity of the original tumor, liver cells for
hepatotoxicity testing, and skin models for investigating cosmetics-induced inflammatory
responses. The integration of induced pluripotent stem cell (iPSC)-derived models is currently
being established. Microfluidic perfusion enables long-term measurements and defined
exposure of cytostatic drugs, such as mimicking plasma concentration profiles of the patient’s
medications. Oxygen microsensor particles are embedded in cavities along the channels
together with the cells to assess cell viability in real time. In parallel, cell-based sensors can
be used to detect inflammatory responses.

By combining real-time sensor technology with microfluidics, we are able to examine growth
behavior during and after drug exposure, which provides insights into the regeneration of tumor
growth. This provides a valuable opportunity to evaluate and anticipate the effectiveness of

cancer therapies before they are administered.
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Advancing Cytotoxicity Assessment: Automated High-Content
Kinetic Analysis of 2D vs. 3D Colorectal Cancer Models

Geisen, R."; Schaefer, W.*; Hedemann, N.2; Willms, A."; Mansuroglu, B."; Kollenda-Strunk, S.’;
Sebens, S.3; Pirsch, M."

1. SYNENTEC GmbH, Elmshorn, Germany;
*Formerly with SYNENTEC GmbH, EImshorn, Germany;

2. Unit for 3D-Patient Avatars & Personalized Medicine, Department of Gynaecology and Obstetrics, CAU + UKSH, Kiel,
Germany

3. Institute for Experimental Cancer Research, CAU + UKSH, Kiel, Germany

While two-dimensional (2D) cell cultures have long served as the standard for drug
discovery, they frequently fail to recapitulate the complex biology of solid tumors.
Consequently, three-dimensional (3D) models, such as tumor spheroids, have emerged as
critical tools for bridging the gap between in vitro assays and in vivo efficacy. However, the
widespread adaption of 3D models is often hindered by the complexity of generating,
handling, and quantitatively evaluating these structures. Therefore, simple endpoint assays
using plate readers are often used for high-throughput screening, or confocal or time-lapse
microscopes are used for high-content analysis with only a few samples. This study presents
a robust, automated workflow designed to overcome these barriers, enabling high-throughput
kinetic analysis of cytotoxicity in both 2D and 3D colorectal cancer models (HCT116 cells).

Using SYNENTEC's automation system (CYTOMAT™ 2 C-LiN, SYBOT-1000®,
CELLAVISTA®, and YT-SOFTWARE®), we monitored the time-dependent effects of the
cytotoxic drug staurosporine over 72 hours. Cells were grown in 96-well ultra-low attachment
U-bottom plates, treated with different staurosporine concentrations, and stained with the
CellTox™ Green Cytotoxicity Assay for 3D models or with a live cell DNA probe for 2D
models. Cells were automatically imaged and analyzed every 2 h/6 h using our own
scheduler- and YT-SOFTWARE®. From this data, growth rates were calculated and plotted
as dose response curves. Notably, IC50 values derived from the 3D model were substantially
higher (502 nM) compared to the 2D model (~20 nM), reflecting the increased drug
resistance characteristic of 3D tumor architectures. Furthermore, kinetic analysis highlighted
a critical temporal development in 3D models, with IC50 values shifting from 661 nM at 24
hours to 193 nM at 72 hours.

These findings underscore the limitations of traditional endpoint assays, which risk missing
optimal therapeutic windows or misinterpreting drug efficacy in complex 3D environments. By
demonstrating a robust, automated methodology for longitudinal analysis in 3D models, this
work provides a solution for high-throughput screening, reducing time and cost.

15



Human
3D ORGAN MODELS  NFTWORKING FVENT

16

Resolving Tau and a-Synuclein Co-Pathology Dynamics in Human
Brain Organoids

Kamelija Horvatovi¢'?, Paula Santos Otte’-3, Malcolm Hain#, Melissa Birol"3
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Alzheimer's (AD) and Lewy body dementia (LBD) share overlapping tau and a-synuclein
pathology, yet the mechanistical understanding of their co-occurrence remains unresolved. It
is unclear which protein acts first, and whether their interaction drives or results from metabolic
dysfunction. These questions cannot be resolved in post-mortem tissue or conventional 2D
culture systems, which either lack early disease signatures, or spatial and temporal control. IN
parallel, diabetes mellitus has emerged as a major risk factor for both AD and LBD, implicating
systemic metabolic dysfunction in disease progression. How metabolic signals intersect with
tau—a-synuclein co-pathology in human tissue is unknown.

To address this, we engineered human iPSC-derived 2D and 3D models co-expressing Halo-
tagged tau and SNAP-tagged a-synuclein under an optogenetic Cre-lox system. This enables
temporally controlled, mosaic induction of each protein, allowing direct comparison of single-
versus co-pathology conditions, representing one of the first robust approaches to
experimentally model IDP co-pathology in a human 3D brain system. Using this system, we
ask whether tau and a-synuclein co-pathology produces synergistic additive, or distinct
molecular programs compared to single pathologies, and how their coexistence reshapes
cellular identity, proteostasis, and metabolic function at single-cell resolution. TO answer these
questions, we will integrate time-resolved imaging with proteomic, transcriptomic and single-
cell multiomics analyses. FRET and FLIM approaches will further define the molecular
architecture, interaction dynamics, and metabolic consequences of tau and a-synuclein co-
assemblies within human organoids. Finally, we will investigate whether systemic metabolic
dysfunction directly exacerbates mixed proteinopathies. Adipose-derived extracellular vesicles
from diabetic and non-diabetic invdividuals will be applied to organoids to determine whether
diabetic cargo enchances protein assemblies, intercellular propagation, and neurotoxicity.

By combining human organoid co-pathology modelling with patient-derived extracellular
vesicles, this project aims to uncover convergent mechanisms linking metabolic stress and
proteopathic interactions in neurodegeneration.
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Stable and Highly Active Synthetic Peptide Growth Factors:
Alternatives to BDNF, Noggin, and Wnt3a for Organoid
Development

Bérbel Icheln’, Kazuki Shigematsu?

1. Active Bioscience GmbH, Germany
2. Peptigrowth Inc., Japan

Conventional growth factors (GFs) used in organoid development face several challenges,
including lot-to-lot variability, potential contamination with biological impurities, low stability,
and high manufacturing costs. To address these issues, PeptiGrowth Inc. has developed
synthetic peptides that replicate the functions of conventional GFs while overcoming these
limitations. Additionally, these synthetic peptides offer regulatory advantages due to their

chemically defined nature.

In this symposium, we will feature 3 alternative peptide growth factors: PG-003, PG-004, and
PG-008, which are synthetic peptides for Brain-Derived Neurotrophic Factor (BDNF), Noggin,

and Wnt3a, respectively.

PG-003 exhibits similar activity to recombinant BDNF (rBDNF). Using Nerve Organoids, a
proprietary system developed by Jiksak Bioengineering, PG-003 enhanced neural axon

growth, producing longer and thicker axon bundles compared to rBDNF.

PG-004 inhibits the signaling of BMP4 and BMP7 families. PG-004 effectively induced the
differentiation of lung progenitor cells from hiPSCs and facilitated the formation of lung alveolar

organoids at levels comparable to those achieved with Noggin.

PG-008 is a heterodimeric peptide that binds Frizzled and LRP5/6 receptors and exhibits
agonistic activity on B-catenin pathway of WNT signaling. It effectively demonstrated the
differentiation of iPSCs into definitive endoderm with comparable efficiency to CHIR99021.
Notably, while CHIR99021 often faces issues of cytotoxicity, PG-008 exhibits no cytotoxicity
up to 10 uM, the highest concentration tested. This contributes to increased development

efficiency for various types of organoids.

In this presentation, we will present the data on PG-003, PG-004, and PG-008, along with

application data using those peptides as well as other synthetic peptide GFs.
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In vitro test battery for screening pro- and anti-osteoporotic effects
of new drug candidates - establishment based on osteoblast
models

Katharina Keck' ", Marta Barenys'2, Julia Scheinpflug’

1. German Centre for the Protection of Laboratory Animals (Bf3R), German Federal Institute for Risk Assessment (BfR), Berlin,
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2-GRET and Toxicology Unit, Department of Pharmacology, Toxicology and Therapeutic Chemistry, Faculty of Pharmacy and
Food Sciences, University of Barcelona, Barcelona, Spain

* E-mail: Katharina.keck@bfr.bund.de

Current pre-clinical evaluation of therapeutic interventions for osteoporosis requested by
regulatory agencies such as the European Medicines Agency (EMA) and Food and Drug
Administration (FDA) remain still based on animal models. The translation of the results of
these animal models to human patients is limited [1], and to date, there are no validated
alternative models that allow for accurate transferability of the results from in vitro models to
human patients in osteoporosis research.

EMA and FDA regulations for the approval of new anti-osteoporotic drugs require efficacy
evidences in defined osteoporotic endpoints, such as bone turnover, structure and
microarchitecture. In our project, conducted in cooperation with the AG Buttgereit of Charité
University Medicine Berlin, we aspire to develop an in vitro test battery based on different bone
models, that is able to cover all these endpoints.

Combining a co-culture of human primary osteoblasts and osteoclasts in two- (2D) and three-
dimensional (3D) systems with our inhouse-developed “on-a-Chip” platform [2], we will first
establish a physiological model to serve as control. In this environment we will define the
variability of the control system for all osteogenic parameters. We will then establish a
pathological disease model by administering a glucocorticoid to the physiological control model
and characterize the osteoporotic effect sizes. Finally, by applying drugs with pro- and anti-
osteoporotic effects as well as drugs known to have no effects on bone, we will assess the
functionality of the in vitro-test battery and therefore support its scientific pre-validation.

The successful establishment of the in vitro-test battery will contribute greatly to the reduction
and substitution of animal experiments, that are conducted in the basic research and in the

pre-clinical evaluation of therapeutics against osteoporosis.

References:

[1] Lank et al. (2025). Modelling osteoporosis in pre-clinical research—Challenges, trends and new
approaches. doi.org/10.3390/cells14211649

[2] Scheinpflug et al. (2023). A microphysiological system for studying human bone biology under
simultaneous control of oxygen tension and mechanical loading. DOI: 10.1039/D3LC00154G
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Analysis of claudin-10b function in salivary gland organoids by
Ussing chamber and intra-luminal potential measurements
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Salivary secretion is a highly regulated process integrating receptor-mediated signaling

pathways with downstream Ca?*- and cAMP-dependent mechanisms that control epithelial
ion and fluid transport. Mutations in the tight junction protein Claudin-10b (Cldn10b) cause
HELIX syndrome, characterized by hypohidrosis, electrolyte imbalance and salivary gland
dysfunction. We hypothesize that Cldn10b deficiency impairs paracellular Na* transport in

salivary gland acini, resulting in reduced fluid secretion.

To investigate this, we established salivary gland organoids from inducible Cldn10b knockout
(C10b iKO) mice. Organoids were cultured in 3D Matrigel and as 2D monolayers on
permeable supports, enabling functional electrophysiological assessment using Ussing
chamber recordings and a novel intraluminal potential measurement approach in intact 3D
structures. Live-cell imaging of luminal swelling confirmed functional secretory responses,
while immunostaining validated the presence of acinar, ductal, myoepithelial and progenitor
cell populations. Tamoxifen-induced Cldn10b deletion resulted in reduced mRNA expression
and decreased protein signal, confirming efficient knockout induction at the organoid level.
Functional measurements revealed differences between control and tamoxifen-induced C10b
iKO organoids in both Ussing chamber and intraluminal potential recordings. Bulk RNA
sequencing of control and induced organoids has been performed to further characterize

downstream molecular changes.

These findings establish salivary gland organoids as a physiologically relevant model to
study epithelial ion transport and demonstrate that Cldn10b is essential for proper
paracellular ion transport and fluid secretion. Integration of intraluminal potential
measurements provides a novel real-time readout of luminal bioelectrical properties
complementary to Ussing chamber analysis, offering mechanistic insight into HELIX

syndrome pathophysiology.
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A microfluidic stem-cell based bone marrow chip for the safety
profiling of new drug candidates in pre-clinical drug development
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Hematologic toxicities are frequent dose-limiting side effects encountered during drug
development. The use of animal models for assessing bone marrow toxicity is often limited
due to the phylogenetic distance between species, which leads to differences in
hematopoietic processes and immune system function. To address this challenge, a human
bone marrow microphysiological system (MPS) was developed and evaluated for its potential
to predict hematopoietic toxicities. A zirconium oxide scaffold, designed to replicate the
structure and surface of trabecular bone, was seeded with bone marrow-derived
mesenchymal stromal cells. Human CD34+ hematopoietic stem and progenitor cells
(HSPCs) were then introduced into the stromal cell-coated scaffold. The assembled
construct was cultured within MPS for up to 31 days. Differentiation and maturation of
HSPCs into myeloid, erythroid, and lymphoid lineages were driven by the addition of specific
hematopoietic growth factors. Treatment effects were monitored weekly using flow
cytometry, erythroid enucleation assays, and cytokine profiling of the culture medium.
Consistent with published data, the presence of pro-inflammatory cytokines, such as IL-1b,
altered lineage distribution and cell output. Additionally, the system successfully reproduced
the inhibition of erythroblast differentiation caused by bispecific antibodies targeting the
transferrin receptor (TfR), a finding previously observed in cynomolgus monkey studies.
Results from the chip suggest that antibody-dependent cell-mediated cytotoxicity (ADCC)
may contribute to the suppression of erythropoiesis. Exposure to T-cell bispecific antibodies
(TCBs) triggered T-cell activation and target cell killing. Notably, the immune response was
markedly stronger in an allogeneic versus an autologous setup, indicating that the

therapeutic index of TCBs may be underestimated when assessed in allogeneic systems.
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Unraveling causes of drug resistance in BRAFV600E Colorectal
Cancer using single-cell mMRNA sequencing of preclinical models
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Introduction

The BRAFV69%E mutation arises in 10-15% of colorectal cancer (CRC). Chemotherapy remains the
standard of care for BRAFY6%E microsatellite stable (MSS) metastatic colorectal cancer (MCRC)
patients, especially in first line setting. However, overall survival (OS) and progression-free survival
(PFS) remain poor, thus indicating a persistent medical need.

With the current study we aimed to identify mechanisms of intrinsic resistance to conventional
chemotherapy and uncover therapeutic vulnerabilities with potential clinical applications.

Materials and Methods

Nine BRAFV60E CRC cell lines and ten BRAFY690F patient-derived organoids (PDOs) were treated in
short term proliferation assays with the following drugs: 5-flurouracil (5-FU), irinotecan (SN-38),
oxaliplatin  (L-OHP), 5-FU+SN-38 (FOLFIRI), 5-FU+L-OHP (FOLFOX), 5-FU+SN-38+L-OHP
(FOLFOXIRI). Sensitivity was defined by IC50 and AUC. Drug effects were quantified by Synergy Score.
After isolation, cell lines and PDOs were subjected to barcoding, library preparation and scRNAseq
(lumina NovaSeq, 1600 mio. reads/library) at baseline and upon treatment with FOLFOX, FOLFIRI and
FOLFOXIRI.

Results

Preclinical models showed heterogenous response to FOLFOX, FOLFIRI and FOLFOXIRI. While
FOLFIRI showed mainly an additive effect, FOLFOX and FOLFOXIRI showed additive and antagonistic
effects despite of sensitivity as measured with IC50/AUC. Based on the drug effects we were able to
identify six different phenotype-associated subgroups. Preliminary scRNAseq analysis at baseline
showed that pathway enrichment across Seurat clusters differs between cell lines and PDOs and is not
influenced by cell cycle regression. Moreover, no association was observed between chemotherapy
response and either cell type composition or cell cycle phases. Further molecular analysis of resistance
mechanisms to conventional therapy is currently ongoing.

Conclusions

We could confirm the clinical data of heterogeneous responses of BRAFY60% CRC preclinical models to
conventional chemotherapy. Updated results regarding intrinsic mechanisms of resistance to
chemotherapy as well as validation in clinical datasets will be presented.
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A Calcium Imaging Pipeline to Detect and quantify Compound-
Specific Effects in Human and Mouse Astrocytes
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Astrocytes are crucial mediators of diverse aspects of brain function, including energy
metabolism and synapse formation and maturation. They form a vast network in the brain
and signal both with each other and with neurons. Calcium is the primary information carrier
in astrocytes and can be measured using fluorescent indicators. However, it is unclear how
calcium signals differ between mouse astrocytes, human astrocytes derived from forward
programming, and astrocytes from brain organoids. Here we characterise astrocyte calcium
dynamics in mouse astrocytes, human astrocytes derived from two iPSC- lines, and human
astrocytes from dissociated cortical brain organoids. Astrocytic calcium signals were
measured using GFAP-driven GCaMP6f in mouse astrocytes and the calcium dye Cal520-
AM or GFAP-driven GCaMP6f human astrocyte cultures. We demonstrate reliable activation
using the purinergic receptor agonist ATP, as well as decreased activity following treatment
with the ER calcium pump blocker CPA across all culture models. Furthermore, we identify
similarities and differences in event-based characteristics such as amplitude, area, and
duration. We then tested serotonergic receptor function using lysergic acid (LSD) and
observed increased calcium activity. Furthermore, human recombinant tau aggregates, an in
vitro model of Alzheimer’s disease pathology, decreased activity in human astrocytes. We
show that properties of calcium signals are sensitive to species and model system. Despite
limited knowledge regarding the interpretation of astrocyte calcium data, this pipeline
provides valuable insight about cell health and compound-specific effects that could support

drug candidate screening in the future.
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Elucidating SYNGAP1 Isoform Functions in Human
Neurodevelopment Using Cerebral Organoids
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SYNGAP1, encoding Ras/Rap GTPase-activating protein, is a critical gene involved in
synaptic signaling and neurodevelopment. Mutations in SYNGAP1 are associated with
intellectual disability and autism spectrum disorder (ASD). However, the specific functions of
its multiple isoforms, generated by alternative splicing and transcription start sites, remain
poorly understood. Current methods for studying SYNGAP1 functions rely on animal models,
which do not fully recapitulate human neurodevelopment. This project aims to elucidate the
roles of different SYNGAP1 isoforms using human cerebral organoids as an alternative to
animal models. Cerebral organoids, derived from pluripotent stem cells, offer a promising 3R
approach by mimicking the human brain architecture and functionality. We will employ
cutting-edge techniques including single-cell RNA sequencing, CRISPR-based gene
perturbation, and BaseScope in situ hybridization to comprehensively profile SYNGAP1
isoform expression, manipulate their levels, and visualize their spatiotemporal distribution
across different developmental timepoints: 15, 30, 60 days, roughly equivalent to 4, 10, 18
post-conceptional weeks of human development in vivo. By developing this innovative 3D
model system, we aim to uncover isoform-specific roles of SYNGAP1 in human brain
development. Our approach will not only advance mechanistic understanding of SYNGAP1
biology, but also exemplify how cerebral organoids can serve as a powerful alternative to
animal use. This project showcases the potential of human cerebral organoids to replace
animal experiments in studying neurodevelopmental disorders, aligning with the 3R
principles (Replacement, Reduction, and Refinement). We will provide updates on the

progress of this work.
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Organoids Enables Human Modeling of Inflammatory Epithelial
Liver Injury
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Epithelial dysfunction driven by inflammatory cytokine signaling underlies many chronic
conditions, including inflammatory bowel diseases and biliary epithelial disorders of the liver.
Mechanistic studies of immune-epithelial crosstalk have traditionally relied on rodent models,
which show limited translational relevance. To address this limitation, we propose a human
“Virtual Immune Co-Culture” pipeline that reconstructs inflammatory microenvironments
without requiring direct immune cell co-culture. This approach combines multiplex cytokine
profiling of patient-derived tissue-conditioned media with single-cell transcriptomic datasets to
assign cytokines to their cellular sources; defined cytokine compositions corresponding to
diseased secretomes are subsequently applied to patient-derived organoids, enabling
reconstruction of inflammatory disease phenotypes in vitro.

As a proof of concept, we applied the platform to model biliary atresia (BA), a severe
inflammatory disease of the newborn liver, characterized by epithelial injury and rapidly
progressing fibrosis. Multiplex cytokine profiling of liver tissue-conditioned media revealed an
enrichment of pro-inflammatory cytokines, including IL-6, TNFa, IFNy, IFNa2, IL-12, and IL-
17, in BA samples compared with controls. Integration with a single-nucleus RNA-sequencing
dataset enabled mapping of cytokine-producing immune cell populations and identification of
candidate inflammatory signaling axes associated with epithelial remodeling. Patient-derived
intrahepatic cholangiocyte organoids (ICOs) exposed to disease-associated cytokine cocktails
demonstrated impaired growth and induction of interferon-responsive and remodeling-
associated transcriptional programs characteristic of BA. To further validate immune-derived
epithelial injury mechanisms, BA macrophage-conditioned media was applied to organoids
and reproduced key inflammatory epithelial phenotypes, supporting a central role for immune-
derived soluble factors in epithelial injury. Preliminary cytokine blockade experiments partially
reversed disease-associated marker expression, supporting the feasibility of therapeutic
modulation within the system.

By modeling immune—epithelial signaling directly in human tissue contexts, the system may
support mechanistic studies and therapeutic testing while reducing reliance on exploratory
animal experiments. Beyond BA, the platform may provide a transferable framework for
investigating immune-epithelial crosstalk across inflammatory diseases affecting other organ
systems.
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Optimizing human-derived Vital Tissue Slices as a platform for
personalized treatment of patients with Head and Neck Cancer
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Ex vivo vital tissue slices (VTS) represent an experimental platform that captures each patient’s
individual tissue characteristics, serving as a reliable tool in cancer research. In this study, we
developed a fast and animal free method to cultivate ex vivo human head and neck cancer
VTS from patient tissues, enabling the investigation of endpoints including tissue radiation

response.

13 VTS models were generated from tissue samples of oral squamous cell carcinoma patients.
6 VTS models were studied in the context of DNA damage repair response 24h after ex vivo
irradiation. For irradiation experiments, VTS — or control cell line FaDu — were cultured
overnight before irradiation with 0, 4, or 8 Gy. yH2AX foci formation was measured 24h after
irradiation via immunofluorescence. Tumor cell content was studied using histology and
immunofluorescence. Additionally, flow cytometry was used to evaluate the effects of IR on

immune cell composition and viability.

In the six VTS models, baseline yH2AX foci levels ranged between 0.07 and 2.91 foci per
nucleus. All models exhibited a significant dose dependent increase in residual yH2AX foci
after IR with 4 Gy (slopes 0.11 — 2.42) when compared to baseline. For three models, data for
a second dose point at 8 Gy was available resulting in slopes of -0.04 — 0.61. The FaDu cell
line demonstrated a similar DNA repair efficacy with a slope of 0.21. The percentage of viable
CD45+ cells in unirradiated controls ranged between 70% and 90% (n = 2). Following

irradiation, viabilities ranged between 60% and 90% at 4 Gy (p = 0.01).

We successfully established VTS for investigating the effects of radiation on (immune) cell
responses in head and neck cancer 3D tissue models. This will allow the exploration of
functional and mechanistic aspects of therapy resistance to radiation. As an emerging 3R
approach, VTS will contribute to efforts to advancing animal-free translational research

platforms.

Acknowledgements: We thank the Advanced Medical Bioimaging Core Facility (AMBIO) of

Charité for support in acquisition of the imaging data.
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Medium-Throughput Bioprinted Spatially Recapitulated Triple-
Droplet Organoids Reveal Stroma-Barrier-Driven Therapeutic
Resistance
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Introduction: Patient-derived organoids (PDOs) are widely used for drug screening; however,
their lack of tumor microenvironment (TME) components limits recapitulation of in vivo
therapeutic response. Current co-culture models fail to preserve the spatial architecture and

cellular interactions that might influence treatment resistance.

Aim: To engineer a medium-throughput spatially recapitulated PDO (srPDO) platform using
3D biofabrication and quantify how spatial TME reconstruction influences drug response and
cellular interactions.

Methods: We developed spatially recapitulated PDOs (srPDOs) via a digital-to-print workflow:
bioprinted triple-droplet constructs in 96 well plates comprising a central head and neck
squamous cell carcinoma (HNSCC) tumor core, a fibroblast stromal shell of defined density
(thin/thick/dense), and peripheral PBMCs. Stromal configurations were compared with mixed
co-culture and organoid controls. Drug response was assessed by Live/Dead assay, and an
in situ 3D cyclic immunofluorescence (CyCIF) pipeline was implemented for quantitative spatial
analysis, including 3D cell mapping and distance analysis. This medium-throughput platform
directly supports the 3R principle of Replacement as a biologically faithful alternative to in vivo
tumor models.

Results: Using the FaDu parental line as a model head and neck squamous cell carcinoma
(HNSCC) cell line, srPDOs showed significant rightward shifts in IC50 and GR50 for cisplatin
compared to unstructured co-culture mixtures. CyCIF imaging revealed fibroblasts actively
deposit Collagen | throughout the stromal shell, forming a biologically self-assembled physical
barrier. In dense configurations, immune cells were predominantly sequestered within the
stromal shell; reducing stromal density permitted partial immune infiltration, with a subset
retaining cytotoxic capacity (CD45*CD397), demonstrating the platform's tunability for studying
immune-stroma-tumor interactions.

Ongoing and Future Work: This platform is being expanded to primary patient-derived
samples with matched autologous immune cells, and integrated with spatial multi-omics, to
enable biologically grounded and clinically translatable drug response prediction and reduce
reliance on animal models in oncology drug development.
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Colon assembloids recapitulate tumor ecosystem rewiring
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The mechanistic dissection of epithelial-stromal crosstalk in colorectal cancer (CRC) has been
limited by a lack of advanced in vitro models that faithfully capture the complexity of the native
tumor microenvironment. Here, we develop murine and patient-derived tumor assembloids that
integrate genetically defined epithelial organoids with intact, tissue-resident stroma. This
platform recapitulates native tumor self-organization, enabling the high-resolution study of
niche-driven tumor progression. Using these assembloids, we identify a unique fibroblast
population that is rapidly induced by transforming epithelium and acquires a transcriptional
program linked to tissue regeneration. These regenerative fibroblasts, in turn, promote a
regenerative stem cell state in neighboring tumor epithelium, resulting in tumor stem cell
heterogeneity and chemotherapeutic resistance. Through assembloid-based integration of
stromal reprogramming and therapy-resistant stemness, we reveal a reciprocal epithelial-
stromal circuit driving tumor ecosystem rewiring and identify a niche-derived therapeutic

vulnerability in CRC.
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Inactivating mutations of MCT8 cause Allan-Herndon-Dudley syndrome, leading to
neurodevelopmental delay and impaired psychomotor development. Yet, how dysfunctional
MCTS8 affects early human neurodevelopment is still unclear. Here we aimed to characterize
cell type-specific effects of MCT8 deficiency on human cortical development in hiPSC-derived
cerebral organoids (hCOs). We generated several MCT8-deficient hiPSC lines (Gly401Arg
variant, MCT8-KO) together with corresponding isogenic wild type (WT) controls and assessed
individual clones for their propensity to generate cortical tissue in vitro. MCT8-deficient hiPSC
models that passed ISSCR quality criteria were then used in long-term culture experiments to
assess differences in corticogenesis compared to isogenic WT controls. All experiments
included additional groups containing hCOs cultured under thyroid hormone (TH)-deficient
conditions to capture possible TH-dependent phenotypes. Size, morphology, laminar
organization and cell type composition of 7-week-old organoids was not different between
MCT8-deficient hCOs and isogenic WT controls, whereas TH-deficient hCOs showed delayed
corticogenesis. Additional transcriptome analyses at 7 weeks showed no effects of MCT8
deficiency on expression of known T3-responsive genes. Proteome analyses at 8.5 weeks
revealed a delay in upper-layer neuron generation in MCT8 deficiency. By 10 weeks of culture,
single cell RNA-seq identified a more pronounced transcriptional difference between WT and
MCT8-deficient hCOs. In summary, early cortical neurogenesis was unaffected by MCT8

deficiency but phenotypic differences evolved in later stages of corticogenesis.
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The intestinal mucus layer constitutes the first barrier encountered by enteric pathogens and
is highly enriched in complex glycans, including terminal sialic acids. To investigate how mucus
glycosylation influences host—pathogen interactions, we performed LC-MS glycomic profiling
of mucus derived from human gastrointestinal organoids representing different regions of the
gastrointestinal tract. We observed a progressive increase in mucus sialylation toward the
distal intestine and colon, with the highest levels detected in colonic mucus. Interestingly,
enteropathogenic Escherichia coli (EPEC) predominantly infects the small intestine and shows
limited colonization of the colon, suggesting that the highly sialylated colonic mucus
environment may contribute to restricting EPEC epithelial access and shaping bacterial
behavior within the mucus layer.

Using EPEC and human colonic organoid-derived mucus, we investigated the role of sialic
acid in bacterial localization and infection-related behavior. Chemotaxis assays demonstrated
that EPEC is attracted to free sialic acid in a dose-dependent and gradient-dependent manner.
In mucus transfer assays, EPEC formed mucus-associated microcolonies in untreated colonic
mucus, whereas neuraminidase-mediated desialylation markedly reduced bacterial
aggregation and retention within the mucus layer. Preliminary experiments using chemically
modified sugars suggest that specific sialic acid linkages may differentially influence EPEC
retention and microcolony formation.

In parallel, we identified mucus fractions with antimicrobial activity against EPEC using size
exclusion chromatography. Interestingly, neuraminidase treatment abolished this Kkilling
activity, suggesting that mucus-associated antimicrobial components may depend on
sialylated interactions for efficient bacterial targeting or retention.

Together, our findings support a model in which highly sialylated colonic mucus acts as a
selective interaction niche that attracts and retains EPEC within the mucus layer, potentially
contributing to host protection by limiting epithelial access.
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Humanized Chimeric 3D Brain Slice Models for Studying Neuroglial
Interactions in a Translational CNS Environment
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Neurodegenerative diseases are characterized by complex interactions between neurons,
astrocytes, and microglia. However, existing preclinical models remain limited: animal models
insufficiently reflect human-specific CNS biology, while conventional 2D iPSC cultures and
organoids lack preserved neuronal circuitry and tissue architecture.

Here, we present a humanized 3D organotypic brain slice model with functional integration of
human iPSC-derived astrocytes (iAstrocytes), microglia (iMicroglia), and neurons (iNeurons).
This chimeric system combines preserved hippocampal tissue architecture with human cellular
specificity, thereby providing a translationally relevant platform for mechanistic studies and
preclinical therapeutic screening in a humanized CNS environment.

To establish defined cellular niches for engraftment, endogenous murine astrocytes, microglia,
or neurons were selectively depleted using cell type-specific depletion strategies. Human CNS
cells subsequently integrated efficiently into organotypic hippocampal slices and remained
viable over extended culture periods. Astrocyte engraftment restored glial networks following
depletion and significantly improved engraftment efficiency compared with non-depleted
controls. Functional analyses using multi-electrode array (MEA) recordings and two-photon
calcium imaging demonstrated preserved and potentially enhanced neuronal network activity
in humanized slices. Single-cell RNA sequencing analysis further confirmed successful
astrocyte engraftment and molecular integration within the chimeric tissue environment.
Harmony-integrated UMAP visualization of single-cell transcriptomes identified distinct cell
populations based on canonical marker gene expression. These analyses demonstrated that
engrafted human astrocytes formed a clearly distinguishable astrocytic population within the
preserved organotypic tissue context.

Sequential depletion of murine astrocytes and microglia further enabled dual engraftment of
human iMicroglia and iAstrocytes. Engrafted microglia displayed highly ramified surveillant
morphologies with complex branching patterns, indicating stable functional integration into the
tissue environment.

Overall, this humanized ex vivo CNS model bridges the gap between reductionist iPSC
systems and complex in vivo models. The platform enables investigation of human neuroglial
interactions, disease-relevant cellular phenotypes, and translational therapeutic approaches in
a physiologically relevant 3D tissue context.
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Drug-induced liver injury remains one of the leading causes of late-stage drug attrition and
acute liver failure, highlighting the urgent need for predictive and human-relevant in vitro testing
systems. While three-dimensional liver models have emerged as promising New Approach
Methodologies (NAMs), many currently used platforms still rely on fetal bovine serum (FBS)
and animal-derived extracellular matrices. These undefined components introduce batch-to-
batch variability, compromise reproducibility, and create animal-human hybrid culture
environments that limit translational relevance. The establishment of chemically defined
medium (CDM) and xeno-free culture systems is therefore essential for the development of

standardized, reproducible, and fully animal-free testing platforms.

Here, we present a scalable xeno-free multicellular micro-liver platform developed under
chemically defined conditions for hepatotoxicity assessment and compound screening. The
high-throughput platform integrates four human liver-associated cell types within a miniaturized
3D co-culture system. By eliminating animal-derived supplements and matrices, the model
provides improved experimental standardization while maintaining cellular functionality and
physiological relevance. Functional characterization demonstrated reliable classification of
hepatotoxic compounds with high predictive accuracy of 90%, supporting the suitability of the
system for modern safety assessment workflows. In addition, transcriptomic analyses revealed
that chemically defined culture conditions promote gene expression profiles more closely

aligned with primary human hepatocyte-like phenotypes in HepaRG cell line.

Building on this established micropillar platform, ongoing work focuses on the development of
a compartmentalized core-shell microtissue model consisting of a cancerous core surrounded
by a liver shell to better mimic tumor-liver interactions during chemotherapy treatment. Future
studies will investigate a library of 48 chemotherapeutic compounds to characterize hepatic

biotransformation and its influence on chemotherapy efficacy.

Overall, this work advances the development of a human-relevant, reproducible, and fully
animal-free liver model with the potential to improve the translational predictivity of preclinical

studies and reduce reliance on animal testing in drug development.
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Colorectal cancer (CRC) is a heterogeneous disease, shaped by a high mutational diversity
in addition to microbial impacts. This makes it necessary to classify tumors beyond classical
biological markers for therapeutic decision-making and prognostic evaluation. Transcriptomic
profiling has further advanced the classification of CRCs into four consensus molecular
subtypes (CMS). However, while unveiling relevant clinical features, they lack insights into
potential links between specific oncogenes and their transcriptional responses, as well as

any microbial influences.

By employing a variational autoencoder-based model on our pooled single-cell transcriptomic
screen, we previously developed 10 transcriptional modules unlocked by oncogenes (TMOs).
These modules link oncogenic drivers to transcriptional states and functional effects,

revealing prognostic potential beyond the CMS classification.

To refine the relationship between oncogenic signaling, transcriptional modules and clinical
outcome, we adapt the screening system to 3D colorectal organoid lines. A second
component of this screen aims to investigate the potential of gut microbiota to modulate TMO
activities, by performing transcriptomic screens in co-cultures of colorectal organoids with

supernatants of several bacterial species.

In summary, the project is designed to assess the interaction of oncogenes and gut
microbiome metabolites in a systematic manner, in order to improve our knowledge on CRC

oncogenesis and classification.
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In this project we aim establish a chronic all-human in vitro integrated immune cell - 3D CNS
organoid co-culture model to study pathomechanisms and possible therapeutic approaches
for Neuromyelitis optica spectrum disorder (NMOSD), a devastating inflammatory disease of
the central nervous system (CNS) with a disease specific autoantibody against the water
channel aquaporin 4 (AQP4). Patients suffer from blindness, as well as motoric and sensory
deficits. There is currently no cure for NMOSD and patients often encounter relapses and
accumulate disease burden over time.

To establish our in vitro model we use NMOSD patient stem cell (iPSCs) derived
neuromuscular 3D organoids and co-cultured them with autologous patient derived immune
cells and autoantibodies. In these models we aim to investigate yet unresolved questions of
NMOSD disease pathogenesis, including the occurrence of secondary de-myelination in this
primary astrocytopathic disease. We were able to demonstrate that it is possible to generate
patient iPSC derived CNS organoids with the standard cerebral organoid (CO) Lancaster
protocol as well as spinal cord organoids (SCO) via the StemCell protocol. We were able to
demonstrate presence of AQP4 and GFAP on astrocytes, as well as myelination in all three
organoid models used, neuromuscular organoids (NMO), SCO and CO. First co-culture
experiments of activated T cells with NMOs (Gouti group) demonstrated survival of both T
cells and organoids in the co-culture conditions as well as infiltration of T cells into the
organoid.

These models will provide a platform for the study of cell - cell interactions, cell -
autoantibody binding, cell - autoantibody dynamics and allows for the analysis of differences
between patient derived autoantibodies and cell specificities towards the autoantigen AQP4.
Furthermore, they offer the opportunity to study possible medication approaches, new
therapies/medication repurposing, on a well-controlled wholly human in vitro disease model
and could be personalized to uncover new perspectives for, especially but not limited to,
therapy refractory patients.

Acknowledgements: Stem cell facility MDC-Berlin Campus Buch (head Dr. Sebastian
Diecke)
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Gastric cancer is a highly aggressive malignancy driven by prolonged interactions between
environmental exposures and genetic predisposition, yet the early molecular events that
irreversibly commit gastric tissue to malignancy remain poorly defined. Helicobacter pylori
infection, the most significant environmental risk factor in the stomach, induces chronic
inflammation leading to premalignant alterations such as intestinal metaplasia, but only a
minority of affected individuals progress to cancer, suggesting the existence of a critical and
currently undefined molecular tipping point. Individuals carrying germline BRCA1/2 mutations,
display elevated gastric cancer risk in the context of H. pyloriinfection and represent a powerful
human model to investigate how impaired DNA repair capacity interacts with chronic bacterial
inflammation to drive malignant commitment. Preliminary work demonstrates that H. pylori can
colonize human gastric stem cells and induce sustained DNA damage. Therefore, we
hypothesize that H. pylori-induced chronic inflammatory stress in BRCA-mediated DNA repair
deficiency contexts accelerates genomic instability, pushing gastric stem cells beyond a
reversible adaptive threshold. To test this, the newly established Cancer Prevention Clinic at
Charité will enable prospective recruitment and systematic surveillance of BRCA1/2 mutation
carriers and matched controls, stratified by H. pylori infection status. Gastric biopsies will
undergo single-cell RNA sequencing and strand-specific single-cell DNA sequencing to
compare mutation burden, clonal dynamics, and transcriptional programs across defined
genetic and environmental risk groups in order to identify cellular signatures associated with
reversible adaptation versus loss of tissue homeostasis. To mechanistically validate these
findings, patient-derived gastric organoids will be used to model H. pylori-induced DNA
damage in BRCA-deficient and wild-type backgrounds. Together, this work will provide early,
actionable markers of gastric cancer initiation and establish a framework for precision

prevention in high-risk populations.
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The developing liver harbors progenitors, namely hepatoblasts, which differentiate into
hepatocytes or biliary epithelial cells (BECs). Despite their bipotential nature, the hepatocytes
vastly outnumber BECs, comprising approximately 80% of the adult liver. Previous studies
have shown that signaling from hematopoietic cells, such as oncostatin M, promotes
hepatocyte maturation. However, the role of the liver's most abundant immune cells—
embryonic macrophages—in orchestrating epithelial cell output remains unknown.

We address this gap by depleting macrophages in otherwise immune-competent fetal liver
organoids (FLOs) derived from human pluripotent stem cells. Chemical inhibition of colony-
stimulating factor 1 receptor (CSF1R) depleted CD45+14+ immune cells and thereby reduced
HNF4a+ hepatic and SOX9+ biliary progenitors in a dose-dependent manner. In addition,
ALB+ PanCK- hepatocytes were reduced, whereas ALB+ PanCK hepatobiliary cells remained
unaffected. Genetic CSF1R depletion recapitulated hepatocyte loss and further showed
impaired epithelial expansion. Secretome analysis revealed extracellular matrix organization
pathways enriched in wild-type compared with macrophage-depleted FLOs.

In vivo, Tnfrs11aCre/+ Csf1rfi/fl (KO®™) mice showed depletion of embryonic liver
macrophages at embryonic day E12.5, which are repopulated by monocyte-derived
macrophages at birth. Nevertheless, newborn KOS livers exhibited reduced Hnf4a+
hepatocytes and Sox9+ BECs. Thus, monocyte-derived macrophages do not compensate for
embryonic macrophage loss during hepatobiliary development.

Together, organoid and mouse models identify embryonic macrophages as key regulators of
epithelial output in the developing liver. Embryonic macrophages maintain the hepatoblast
progenitor pool and promote hepatocyte-biased proliferation, potentially through extracellular
matrix remodeling.
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Background and aims

Cryptococci are environmental fungi that cause localized or disseminated infections typically

after uptake via the respiratory tract. Studies on pathogenicity are based on animal models,

cancer cell lines or immune cells. However, to understand pathomechanisms novel models

are required.

Methods

We cocultured cryptococcal reference strains (C. gatti VGII/R265 and C. neoformans
VNI/H99) with organoid-derived monolayers (ODMs) originating from adult stem cells of
proximal (= Airway) and distal (= Alveoli) human respiratory tissue. Barrier function of ODMs
was probed by measuring the transepithelial electrical resistance. Internalization of fungi into
respiratory cells was visualized by immunofluorescence stainings. Fungal viability was
assessed by cell counting and cultivation. Ink stainings were used to assess fungal cell
morphology.

Results

While barrier function of airway ODMs was maintained, cryptococci induced a barrier
breakdown in alveolar ODMs. Immunofluorescence stainings revealed that cryptococcal
adhesion and internalization events to and into airway ODMs were rare, while alveolar ODMs
showed an increased susceptibility towards cryptococcal internalization. Both cryptococcal
strains were able to proliferate on ODMs. Analysis of fungal morphology revealed strain
specific fungal adaptation with giant cells in C. gattii and pseudohyphal growth for C.
neoformans while cocultured with alveolar, but not with airway ODMs.

Conclusions

Studying interactions of cryptococci with primary human cells of the respiratory tissue is
feasible and suggests different fungal-host interactions of C. gattii and C. neoformans and
distinct tissue reaction in proximal versus distal tissues. The model enables future studies in
the tissue response leading to barrier breakdown and analysis of related fungal
subpopulations, as well as immunologic reactions of epithelial tissues.
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Exploring human blood vessel organoids to study endothelial
dysfunction in atherosclerosis
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Introduction: Atherosclerosis (AS), the major cause of cardiovascular disease (CVD), is
driven by silent lipid accumulation in medium and large arteries and age-associated
inflammation ("inflammaging"). Despite current therapeutic interventions, CVD remains a
leading cause of death worldwide, underscoring the need for models that better capture early
disease pathobiology before irreversible vascular damage occurs. Human blood vessel
organoids (hBVOs) provide a physiologically relevant platform to model AS by recapitulating
key vascular features and enabling the study of early events such as endothelial dysfunction.
Here, a previously characterized family of pro-atherogenic oxidized lipids, the Cholesteryl
Hemiesters (ChE), will be used to induce a pathological microenvironment in hBVOs, enabling

investigation of mechanisms involved in AS initiation.

Methods: hBVOs, containing endothelial (CD31+) and perivascular cells (PDGFR- and a-
SMA), were derived from human iPSCs using an established protocol (Wimmer et al., Nature
Protocols, 2019). These were baseline-characterized to confirm expected cell types and
integrity prior to pathological stimulation. To trigger early-stage events in hBVOs, these were
transferred to a spinning system (70 rpm) to activate ECs and, 24h after, ChE — 100, 200 and
400 uM — were applied as an atherogenic stimulus. Phosphatidylcholine (POPC) liposomes
were used as control vehicles. 72 h post-lipid treatment, hBVO samples were collected for

downstream analysis by Western Blot and RT-qPCR.

Results and Discussion: hBVO baseline characterization confirmed the presence of
canonical human vascular markers, along with a round shape expected for these organoids.
Notably, hBVO cultures kept under agitation and exposed to ChE mainly displayed changes in
the EC CD31 marker, which was accompanied by upregulation of EC activation markers, like

the adhesion molecule VCAM-1 and phosphorylated p65, reflecting NF-kB signaling activation.

Conclusion: The preliminary data presented is consistent with early atherosclerotic
phenotypes, supporting the suitability of hBVOs as a model to investigate initial vascular

responses.

37



Human
3D ORGAN MODELS  NFTWORKING FVENT

38

In Vitro Skeletal Progenitor Populations Enable Modeling of Cellular
Interplay During Early Human Fracture Healing
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While most fractures heal successfully, up to 10% result in impaired healing, including delayed
union or non-union, commonly affecting young healthy adults, and imposing substantial
socioeconomic burden. Bone healing is a highly coordinated process involving interactions
between the periosteum, endosteum, and bone marrow niches. While rodent studies suggest
periosteal skeletal progenitor cells can support bone marrow regeneration after injury, the
cellular interplay underlying early human fracture healing remains poorly understood. To
address this gap, we aim to develop a human in vitro model that recapitulates the
communication between these key compartments in early human fracture healing and enables
investigation of patient-specific regenerative responses.

Human periosteal, endosteal, and bone marrow samples are collected. Cell populations are
characterized using single-cell approaches and functional assays assessing osteogenic,
chondrogenic, and adipogenic differentiation, as well as proliferation and migration under
trauma-related conditions. Tissue explants from each compartment are integrated into
microfluidic devices to study inter-compartmental communication in homeostatic conditions
and in response to human fracture hematoma.

Preliminary studies have established key methodological foundations for the project. Bone
marrow tissue derived from iliac crest bone marrow aspirates has been identified to serve as
a promising biomaterial for reconstructing the bone marrow compartment. In addition, studies
of human skeletal explants exposed to fracture-related stimuli enabled the development of
robust sample collection workflows, standardized tissue processing SOPs, optimized culture
conditions, and baseline characterization of primary periosteal, endosteal and bone marrow
tissues.

This human in vitro fracture model provides a scalable and physiologically relevant model to
study early fracture healing mechanisms. The platform will enable investigation of how factors
such as age, sex, genetics, and regenerative capacity influence tissue repair, supporting the
development of precision medicine approaches and future regenerative therapies for bone
healing.
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Clinical studies have linked the presence of specific bacterial strains in the gut microbiome
with beneficial outcomes, yet the mechanisms of action are often difficult to resolve. This is in
part caused by the lack of human in vitro models that allow the mechanistic analysis of host-
microbe-interaction, especially for a prolonged duration of time, such as weeks rather than
hours. To investigate host-microbe-interaction in vitro, we use patient-derived intestinal
organoids, which preserve gastrointestinal region specificity, epithelial cell heterogeneity, and
innate immune features. By growing human intestinal organoids as monolayers and applying
previously reported differentiation media, we generated an apically accessible intestinal
epithelium composed of differentiated enterocytes and mucus-secretory cells. To enable long-
term colonization, we focused on the probiotic bacterium Limosilactobacillus reuteri (L. reuteri).
While contact with pathogenic bacteria, such as Enteropathogenic Escherichia coli (EPEC),
leads to cell death within the first 3-6 hours, direct contact with L. reuteri induces only mild
epithelial cell responses while maintaining barrier integrity. We observed that epithelial cell
responses differ according to the enterocyte maturation state in the small intestine. This model
will now be used to address the question, whether secreted mucus is necessary to physically
separate the colonic epithelium from a lumen-like environment containing probiotics to support
long-term co-culture. Our approach highlights adult stem cell-derived intestinal organoids as
physiologically relevant models for dissecting strain-specific probiotic mechanisms across

different regions of the host—microbe interface.
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Scientific Gold to Support Biomedical Research at the Charité
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Human model systems, such as organoids and engineered tissues, serve as proxies for
specific aspects of organ function. Patient-derived tumor organoids can capture oncogenic
signaling within a patient-specific background, which can reveal mechanisms of therapy
resistance. Additionally, advances in omics-based transcriptome, proteome, and metabolome
analysis technologies offer invaluable tools for uncovering disease mechanisms and
optimizing therapies. When combined with clinical data, these methods can enhance the
predictive value of preclinical research and expand the possibilities for personalized
medicine, ultimately benefiting patients. A structured and comprehensive access to primary
tissue is essential for these advancements.

As one of Europe’s largest hospitals, Charité provides both patient care and performs
extensive biomedical research. During surgeries and medical procedures, tissues and cells
are excised and withdrawn from patients—though only partially utilized for diagnostics.

With the “Primary Tissue Pipeline”, we have established a central facility at the Charité —
Universitatsmedizin Berlin that facilitates access to primary tissue for Charité researchers
and their collaborators. It serves as an interface between Charité as a hospital and the
biomedical research community. The pipeline supports specific research projects by initiating
and coordinating the sampling of human tissue. Specifically, it contacts relevant clinical
departments, recruits patients and suitable biosamples, supports with application for ethical
votes and builds up a project-specific logistic for sampling. The initiative serves as a central
point of contact and takes on a pilot function in order to make the best possible use of the
existing infrastructures at Charité.

This initiative enhances the use of organoid models and direct tissue cultures, promoting
personalized medicine and regenerative medicine by bridging the gap between healthcare
and research, while reducing reliance on animal models. The Primary Tissue Pipeline is a
service platform to provide primary samples and clinical data that might serve as a blueprint
for similar approaches beyond Charité.
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Quantifying Intestinal Barrier Translocation of Copper Oxide
Particles in Caco-2 cell model
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Copper oxide particles are widely used as feed additives, however intestinal uptake and barrier
translocation is poorly understood. For a better understanding of particle size-dependent
effects, we used three distinct approaches and compared CuO nanoparticles (CuO NPs) with
CuO microparticles (CuO MPs) and CuSO4 as an ionic control using differentiated Caco-2
models.

We investigated (A.) cellular interaction and uptake studies using atomic absorption
spectroscopy (AAS) in combination with uptake inhibiton at 4 °C and by 2-
deoxyglucose/sodium azide treatment, (B.) barrier translocation studies in a Transwell system
including transepithelial electrical resistance (TEER) measurements, and (C.) gPCR analysis
of copper homeostasis-associated genes (CTR1, CCS, ATOX1, MT, ATP7A, and SCO1) as
an indirect measure for intracellular copper exposure.

CuO particles strongly interacted with the cell surface but were not internalized to a degree
distinguishable from background levels, indicated by controls using uptake-inhibiting
conditions. In the Transwell system, CuSO, crossed intact intestinal barriers, whereas CuO
NPs were only detected in the basolateral compartment after barrier disruption. CuO MPs
impaired barrier integrity but showed no detectable translocation. TEER measurements
identified barrier disruption as a highly sensitive early endpoint preceding detectable
nanoparticle translocation. Further, both CuSO, and CuO particles induced significant
changes in copper homeostasis gene expression, indicating cellular sensing and response to
copper exposure. Metallothionein expression was already strongly upregulated after 4 h,
suggesting rapid activation of intracellular copper storage mechanisms.

Overall, our findings indicate that quantitative uptake measurements in cell culture models are
strongly biased by membrane-associated particles, making discrimination between surface-
bound and internalized particles difficult. Complementary approaches such as gene
expression analysis can provide indirect evidence of cellular uptake. In contrast, polarized
intestinal barrier models enable functional assessment of barrier translocation and therefore
represent a more meaningful endpoint for evaluating nanoparticle interactions with the
intestinal epithelium.
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Mimicking the topography of the skin using 3D-(bio)printing
techniques including dermal human fibroblasts and keratinocytes
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The skin as the largest human organ has several functions, such as natural protection for
internal as well as external environmental influences. Three-dimensional (3D) tissue
engineering has emerged as a promising approach for the development of functional and
physiologically relevant skin substitutes. Today's challenge is to develop a skin-niche model
(SKN) that exhibits the natural dimensions of invaginations and contains epidermal stem cells
and self-produced extra cellular matrix (ECM) producing by human dermal fibroblasts (HDF).
Human epidermal keratinocytes can be used for building a stratified corneum and the

interaction between the dermis and epidermis is increased due to the higher surface area.

To create a structure that approximates the physiological structure, a pattern is printed using
2-photon polymerization (NanoOne) and then characterized by laser scanning microscopy
(LSM) and scanning electron microscopy (SEM). LSM analysis confirms pre-determined
dimensions of the computer-aided design (CAD) of the 2PP-printed pattern. The pattern is
molded with an agarose hydrogel, and then with gelatin-methacrylate (GelMA) including
dermal human fibroblasts (HDF). The HDF grow, proliferate and spread in the new formed
dermis equivalent (DE). In addition, the immunohistochemistry analysis of the DE shows that
the HDF generate fibronectin and collagen IV, which supports the adhesion of the HEKs.
Laminin-332 could be detected in the HEKs after 3 days, as well as a keratin 5 monolayer.
After 21 days of air liquid interface cultivation, a stratified corneum was established and

involucrin, filaggrin and Keratin 1 were detected.

The development of new skin models has become a high priority in recent years. New SKNs
promote the development of new drugs and implants for wound healing and after burns.
Clusters of stem cell-like keratinocytes increase the formation of new skin tissue, which might

promote wound healing compared to current known models.
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As 3R becomes more and more important, it is necessary to develop and establish functional
in-vitro organ models. Reducing animal testing, they can be used for drug development and
toxicology assessment, and hold great promise for regenerative medicine. However, a routine

application of organoids is hindered by several limitations of the current models.

Here, we develop a vascular organoid model, to study the mechanisms of vascular formation.
Harnessing the intrinsic morphogenetic capacity of vascular endothelial cells, we develop a
3D-capillary model, generated by self-organized sprouting and tubulogenesis. We investigate
vessel maturation during vasculogenesis and angiogenesis and describe endothelial
heterogeneity in the system over time. Further, we explore different sources of endothelial cells
as primary and induced pluripotent stem cell derived endothelial cells. We describe cell

interaction between endothelial cells and mural cells and their role in sprouting angiogenesis.

Understanding the underlying mechanisms of vascular formation enables us to develop a
functional vasculature-on-a-chip platform. This technology can be used in a wide range of
applications. The system allows e.g. to perform drug screening studies on human cells in a
physiological three-dimensional setting. Further, the platform can be used to vascularize
organoids. To date, a critical limitation of these organoids is the lack of a perfusable vascular
system, which greatly limits their utility, especially for highly perfused organs such as the liver.
We aim to solve this problem by introducing our self-assembling microvascular system which

forms intact connections with organoids.

We trust that our approach will allow the generation of functional and mature perfusable

capillaries for use in tissue/organ mimics.
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Human induced pluripotent stem cells (hiPSCs) are increasingly used to bridge the
translational gap between basic research and clinical applications. Brain organoids have
mature, diverse cell types, but are limited in throughput and experimental accessibility and

often exhibit restricted maturation due to necrotic core formation.

We therefore developed a high-throughput, long-term functional hiPSC-derived neuron—
astrocyte co-culture system using dissociated organoid (DissOrg) cultures. We dissociated
hiPSC-derived cortical organoids (DIV70+) from two donor cell lines. Immunostaining
confirmed the presence of mature neurons, interneurons, astrocytes and synapses. Calcium
imaging detected spontaneous activity in neurons and astrocytes, with neuronal calcium
signals enhanced by NMDA and gabazine, and astrocytic responses increased by ATP and
suppressed by CPA. DissOrg cultures exhibited a progressive increase in mean firing rate and
network bursts over 7 weeks and long-term potentiation (LTP) for up to 3 hours
followingchemical LTP in high-density multi-electrode array (HD-MEA) recordings.
Transcriptomic profiling is in progress. As cortical organoids lack microglia, we supplemented
DissOrg cultures with hiPSC-derived ioMicroglia (bit.bio), to model neuroimmune and
inflammatory processes. ioMicroglia successfully integrated into the neuron-astrocyte network.
We also characterized DissOrg cultures from an Alzheimer’s patient line (PSEN1) and found
aberrant astrocyte morphology and calcium dynamics compared to donor cell lines. Overall,
DissOrg cultures offer a humanized, scalable in vitro platform consisting of mature, functional
neurons and astrocytes that can be supplemented with additional cell types like microglia or
endothelial cells. This system provides a versatile approach for modelling healthy and

diseased brain physiology and offers broad potential for translational neuroscience research.
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Oral inflammatory diseases are characterized by complex interactions between epithelial cells,
stromal components, and immune cells within the oral mucosa. Understanding these
processes and evaluating novel therapeutic strategies require physiologically relevant human
model systems that reproduce the spatial organization and immune responsiveness of native

tissue.

Here, we established and characterized an immunocompetent human 3D oral mucosa model
consisting of gingival epithelial cells, fibroblasts, and macrophages. Inflammatory conditions
were induced using LPS and IFN-y stimulation. Tissue architecture, barrier formation, cytokine
secretion, and immune marker expression were analyzed wusing histology,

immunofluorescence, cytokine profiling, and Imaging Mass Cytometry (IMC).

The model developed a stratified epithelium with clearly distinguishable epithelial and stromal
compartments resembling native oral mucosa. IMC enabled high-dimensional spatial
characterization and revealed heterogeneous macrophage populations expressing CD68,
CD163, CD206, HLA-DR, and PD-L1. Inflammatory stimulation induced pronounced cytokine
secretion and increased expression of activation-associated markers, particularly in stromal

and basal epithelial regions.

Comparative analyses with human oral mucosal tissue demonstrated that the model

reproduces key structural and immunological characteristics of native oral mucosa.

Overall, this immunocompetent 3D oral mucosa model provides a spatially resolved platform
for studying oral inflammation, immune—epithelial interactions, and the preclinical evaluation

of novel anti-inflammatory and drug-delivery strategies.
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Respiratory viral infections remain a major global health challenge, emphasizing the need for
physiologically relevant in vitro lung models to study host—pathogen interactions and evaluate
antiviral therapies. Here, we describe the development of complementary three-dimensional
(3D) bioprinted lung models cultivated under air-liquid interface (ALI) conditions for viral
infection and epithelial barrier studies. Initially, a complex multicellular lung model was
generated using a microextrusion bioprinting approach. Endothelial cells, primary fibroblasts,
macrophages, and epithelial cells were bioprinted within a hydrogel composed of alginate,
gelatin, hyaluronic acid, collagen, and laminin-521. A549 and Calu-3 cells were selected to
represent epithelial cells of the lower and upper respiratory tract, respectively. The constructs
were cultured under ALl conditions for 21 days and successfully infected with seasonal
influenza A virus (IAV) and severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
demonstrating the suitability of the model for respiratory viral infection studies. To better
represent the alveolar region, a second 3D bioprinted alveolar model was developed using
Arlo cells, an immortalized monoclonal human alveolar epithelial cell line. Arlo monolayers
formed a robust epithelial barrier under ALl conditions and supported efficient IAV replication
with high viral titers. Viral infection disrupted epithelial barrier integrity. These optimized ALI
conditions were subsequently translated into a simplified 3D alveolar construct in which Arlo
cells were seeded on top of a biomimetic hydrogel matrix designed to mimic the structural
and biochemical properties of the alveolar basement membrane. Together, these models
provide physiologically relevant platforms for investigating respiratory viral infections,

epithelial barrier disruption, and antiviral strategies.
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The respiratory tract is a major entry route for human pathogens, making the lung a key organ
for studying early host—pathogen interactions. Human lung-derived 3D organoids closely mimic
native tissue architecture and function, providing a physiologically relevant model for
investigating viral entry and replication. When integrated into multi-organ-chip systems with
organoids from tissues such as intestine or skin, these models enable the study of inter-organ
viral transmission and support comprehensive antiviral testing. Especially for BSL-4
pathogens, such in vitro systems contribute to 3R implementation by reducing animal use while

allowing research in high-containment environments.

Human lung organoids were generated from patient-derived tissues and commercially
available nasal epithelial cells. In parallel, bat lung organoids were established from Mops
condylurus specimens collected in Céte d’lvoire, a species considered a natural reservoir for
Ebola virus. Human lung organoids from different sources were systematically characterized
to evaluate their physiological relevance, including comparisons of cellular composition with

native lung tissue and assessments of differentiation consistency and availability.

Subsequently, human co-culture systems were established on multi-organ-chips, linking pre-
infected and naive organoids through a microfluidic circuit designed to mimic physiological
inter-organ pathogen transfer. In addition, antiviral testing with clinically licensed drugs
repurposed for antiviral applications was conducted in conventional organoid cultures to

benchmark future studies in the chip-based system.

The generated organoids closely resembled native human lung tissue, confirming their
physiological relevance. Using Vaccinia virus as a model pathogen, infectious viral particle
production and transmission to naive organoids were demonstrated, validating the co-culture
system as a proof-of-concept for studying inter-organ and inter-species transmission. The
platform is now being used to evaluate antiviral compounds and will be extended to BSL-4
pathogens, providing a controlled and physiologically relevant model for studying cross-

species transmission.
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Human induced pluripotent stem cell (hiPSC)-derived models are a powerful technology for drug
testing; however, they often operate in isolation from computational drug predictions, limiting their full
potential. We integrate hiPSC disease modeling into computational frameworks to improve disease
network identification. We apply this strategy to metabolic dysfunction-associated steatotic liver
disease (MASLD). We developed the computational backbone MetaL.iver, integrating bulk and single-
cell MASLD patient transcriptomic data combined with a knowledge graph (KG) capturing 20
biomedical databases. To intensify MASLD-relevant nodes, we established a MASLD-KG integrating
transcriptomic data from a hiPSC-derived MASLD escalation model. This model induces metabolic
crisis in hepatocyte-like cells (HLCs) by compounding free fatty acid excess, disease-aggravating
extra-hepatic signaling molecules and immune cell co-culture. Exposed HLCs mimicked metabolic
injuries as benchmarked to patient transcriptomes, including mitochondrial dysfunction reproduced
across 3 different hiPSC-donors. The MASLD-KG increased the relevance of known disease nodes
including the MASLD-risk gene PNPLA3 and enabled donor-specific network predictions (digital
avatars). Among unknown nodes, we chose the vitamin B2 network for functional validation. Under
metabolic crisis, HLCs experienced vitamin B2 network gene expression changes, reversible by
supplementing its effector molecule flavin adenine dinucleotide (FAD). FAD supplementation rescued
steatosis, mitochondrial dysfunction, and pathologic transcriptional programs including fibrogenic
signaling. We validated this further in primary human hepatocytes and immune cells. For clinical
translation, we queried FAD-affected network nodes identifying aspirin, norleucine and 3P that
recapitulate mitochondrial rescue effects. Notably, 3P increased the expression of vitamin B2
homeostasis genes, suggesting increased network activity. To identify vitamin B2-dependent hub
genes, we performed Cox regression analysis on an independent patient cohort (n =460)
discriminating liver events. The hub-signature outperformed the clinical fibrosis marker FIB-4,
positioning these signature-genes as critical bottlenecks. Our study demonstrates how integrating
stem cell-derived models with computational drug prediction expedites therapeutic discovery and
reveals previously invisible pathways.

48



Human
3D ORGAN MODELS  NFTWORKING FVENT

49

Engineering developmental gene regulation: synthetic dissection of
the CDX2-PDX1 locus

Hannah M. Wieler"- 2 3, Julia Schwedek™ 2 4, Daniella Fradin® 2, Irene Talon- 2, Ludovic Vallier® 2,
Daniel M. Ibrahim?: 2

Berlin Institute of Health (BIH) Center for Regenerative Therapies, Berlin, Germany
Max-Planck-Institute for Molecular Genetics, Berlin, Germany

Department of Biology, Chemistry, Pharmacy, Freie Universitat Berlin, Berlin, Germany
Institute for Biotechnology, Technical University Berlin, Berlin, Germany

PN =

Precise spatial and temporal control of gene expression during development depends on
regulatory input from cis-regulatory elements. In mammalian genomes, genes are generally
thought to receive regulatory input from elements located within the same topologically
associating domain (TAD). Yet, genes residing in the same TAD frequently exhibit markedly
different expression patterns, suggesting that TAD organization alone cannot fully explain

regulatory specificity.

To investigate how regulatory specificity is established within a shared regulatory landscape,
we use a synthetic genomics approach to systematically dissect the CDX2/PDX1 locus.
These two developmental master transcription factors specify intestinal and pancreatic
lineages, respectively, and are expressed in a mutually exclusive pattern despite being
located in close genomic proximity. We rebuild the entire locus (~100 kb) at a safe harbour
site in human induced pluripotent stem cells (hiPSCs) and generate rationally designed
variants to probe the contributions of individual regulatory elements to differential gene
expression. These include promoter swaps between CDX2 and PDX1 and perturbations of
an intervening long non-coding RNA LINC00543 that may function as a regulatory boundary
or enhancer element. In parallel, we integrate the orthologous mouse locus to assess the

conservation of regulatory logic across species.

Differentiation of engineered hiPSCs into CDX2- and PDX1-expressing lineages, including
mid/hindgut progenitors, intestinal organoids, pancreatic progenitors and caudal mesodermal
progenitors, allows us to monitor the expression dynamics driven by synthetic and
endogenous loci simultaneously. Preliminary results show that the mouse locus recapitulates

the lineage-specific expression patterns of the human locus in human cells.
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Thyroid hormones (TH) are essential regulators of fetal brain development, but the specific

neuronal processes controlled by fetal TH function remain poorly understood.

We adopted hiPSC-derived cerebral organoids (hCOs) as a model to investigate TH action
during first trimester corticogenesis. In this study, we cultured hCOs at equimolar
concentrations of T3 and T4 or in TH-depleted media. Analyses of tissue differentiation showed
that T4 media supplementation overcomes the delayed corticogenesis observed in TH-
depleted cultures. While the increasing fetal brain tissue content of T3 is thought to be
generated locally through DIO2-mediated T4 deiodination, hCOs and first trimester human
cortex tissue are characterized by very low D/O2 mRNA expression levels. Moreover, we found
that spent media from T4-treated hCOs did not contain T3 (but high amounts of rT3) suggesting
low DIO2 activity in hCOs. In fetal cortex, DIO2 expression increases at midgestation in

glioblasts and later in astrocytes.

We therefore used LIF stimulation to induce precocious glioblast differentiation in hCOs.
However, despite a strong induction of GFAP+ glioblasts and increased expression of glioblast
markers (AQP4, S100B, SLCO1C1), DIO2 expression levels were barely increased in LIF-
treated hCOs. We are currently using scRNA-seq to assess T4 effects on T3-responsive gene

expression modules to uncover possible local T3 generation in hCOs.
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