
Preclinical studies traditionally rely on three main approaches: animal models, cell culture, and, more recently,
Microphysiological Systems (MPS) or Multi-Organ-Chips (MOC). The motivation for developing MOC platforms is the high
attrition rate—over 85%—when translating findings from conventional models into clinical success. By connecting human
microtissues in physiologically relevant arrangements, MPS offer a translational bridge toward more predictive and
personalized drug development.
Our work focuses on advancing these systems by integrating automation and complexity. In our automated MOC platform
with an on-chip micro-pump, we have combined up to sixteen different organ equivalents into twenty-two distinct co-
culture models, interconnecting two to four organs. The micro-pump enables stable, long-term circulation of medium at
adjustable flow rates, mimicking tissue-specific mechanical cues and supporting physiologically relevant cross-talk. This
setup allows the study of ADMET (Absorption, Distribution, Metabolism, Excretion, Toxicity), organ interactions, and

disease models such as type II diabetes and lung cancer, while also hosting complex 3D organoid constructs under
controlled mechanical and electrophysiological stimuli.
Automation plays a central role in making these complex systems feasible. Beyond reducing manual workload,
automation ensures reproducibility, standardization, and the generation of large-scale data. Continuous imaging, high-
frequency sampling, and integration with stem cell banks provide unprecedented datasets that can be analyzed using
omics, machine learning, and hybrid AI models. This enables the development of virtual “soft sensors” and, ultimately,
digital twins of biological systems—where in silico predictions can be validated directly against real-time experimental
data.
Together, these advances position Multi-Organ-Chips not only as powerful tools for disease modeling and personalized
medicine, but also as the foundation for a new paradigm in preclinical research.
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Imagine looking into the eyes of your future self, as the
world faces a global aging wave and the rise of chronic
illnesses like dementia and heart disease.
What solutions does the future of drug development
and precision medicine have to offer? Will Digital Tools
and AI step in to rewrite your story?

The HUMIMIC MPS platform: Emulating human biology 
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Our HUMIMIC Assay pipeline

III Internally & externally qualified assay
II Internally qualified assay
I Internally or externally established biological model = Proof of concept

DMPK / Safety / Hazard identification                
Mode of Action / Efficacy

Nr. Organ model Schematic Context of use (shown, but not limited to) Level of 
readiness Species

1 Blood-Brain-Barrier – Neuro – Liver BBB permeability, organ toxicity, metabolite neurotoxicity III Human
2 Bone marrow Bone marrow toxicity, chemotherapy scheduling, lineage development III Human
3 Hair follicle Hair growth agents (non-Chip assay) III Human
4 Intestine – Liver Absorption, metabolism III Human
5 Intestine – Liver – Kidney – Neuro ADME-profiling, PBPK, first-path metabolism, primary & secondary organ toxicity III Human
6 Intestine – Liver – Kidney – Neuro – Blood-Brain-Barrier ADME-profiling, PBPK, first-path metabolism, primary & secondary organ toxicity III Human
7 Lung – Liver Hazard identification III Human
8 Pancreas – Liver Diabetes target finding, mathematical modeling III Human
9 Skin – Liver Compound PK/PD, skin irritancy, toxicity, first-path metabolism III Human

10 Skin – Tumor Anti-tumor antibodies III Human
11 Thyroid – Liver Endocrine disruption III Human vs. Rat
12 Liver Drug evaluation II Human
13 Lung Nanoparticle toxicity II Human
14 Skin – Liver – Thyroid Repeated dose topical and systemic administration II Human
15 Testis – Liver Testicular toxicity II Human
16 Vasculature – Pancreas – Tumor Anti-tumor therapy II Human
17 Kidney Proximal tubular toxicity II Human
18 Bone Nanoparticle toxicity I Human
19 Cardio – Liver Metabolite cardiotoxicity I Human
20 Endometrium Physiology/Pathology I Human
21 Intestine – Skeletal muscle Muscle growth agents I Human vs. Pig
22 Kidney (tubules) – Liver Therapeutic effect of MSC-derived extracellular vesicles I Human
23 Kidney (proximal tubules) – Liver Repeated dose proximal tubules toxicity I Human

24 Kidney – Tumor (1) Tumor-host interactions, biomarker studies (2) Immune Modulation in healthy 
and tumor Co-Culture [in Response to SARS-CoV-2 S Protein] I Human

25 Lymph node – Vasculature Immunological crosstalk, adaptive immune responses I Human
26 Neuro – Liver Metabolite neurotoxicity I Human
27 Prostate cancer Discovery and validation of clinically relevant biomarkers I Human
28 Immunocompetent Skin – Gingiva Skin and oral toxicity I Human
29 Skin including dermal papillae Skin sensitizer I Human
30 Skin – Leukocytes Allograft rejection therapies I Human
31 Tumor (DLBCL) – Liver Personalized automatized cancer treatment I Human
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