ICT PHD
Research project for a PhD curriculum in ICT – Computer Engineering and Science/Electronics and Telecommunication/Industrial Applications of ICT 

Tutor: 




Prof. Ing. Michele GIUGLIANO, PhD
(*) Italian [Industrial] Co-tutor: 

(Not applicable)
(**) Foreign Co-tutor: 


(To be completed on the second year) ()

Proposed Title of the research: 
Electrophysiological and Morphological Dynamics of Human 
Cortical Organoids in Simulated Microgravity

Keywords: Human Cortical Organoids; Simulated Microgravity; Micro-Electrode Arrays (MEA); Hodgkin-Huxley Biophysical Modeling; Synaptic Plasticity and Mechanobiology
Research objectives:  The project aims to uncover the mechanobiological mechanisms driving microgravity-induced neurodegeneration, a primary risk factor for long-duration deep-space exploration. By utilizing human-derived 3D cortical organoids, the research seeks to overcome the translational limitations of classical rodent models. The primary objective is to characterize how structural unloading disrupts cellular tensegrity, altering dendritic arborization, synaptic scaling, and the fundamental kinetic properties of voltage-gated ion channels. Mechanistically, the project will map functional network remodeling, specifically focusing on the homeostatic shifts in excitation-inhibition balance and synchronous network bursting. Ultimately, these biological observations will be integrated into a novel computational framework to provide predictive mathematical models of neural circuit adaptation during sustained weightlessness.
Proposed research activity: The candidate will execute a multi-scale experimental and theoretical workflow. Initially, human cortical organoids will be cultured and matured, followed by controlled exposure to structural unloading via a Random Positioning Machine (RPM). Longitudinal electrophysiological dynamics will be recorded non-invasively using high-density Micro-Electrode Arrays (MEAs) to trace spontaneous network activity and circuit-wide plasticity in real time. Confocal microscopy and immunofluorescence assays targeting synaptic markers will validate structural alterations in dendritic branching. Concurrently, the candidate will develop biophysical simulations based on a modified Hodgkin-Huxley formalism, incorporating membrane tension variables  to link mechanobiological state transitions to signal propagation deficits. Finally, advanced signal-filtering and data pipelines will be implemented to separate neural activity from mechanical artifact noise. 
Supporting research projects:  Joint National Science Foundation (NSF) grant (Co-PI: Prof. M. Giugliano; Coordinator: University of Texas at San Antonio, USA); 

EU’s European Innovation Council (grant agreement No. 101070908, CROSSBRAIN project, to MG), the National Science Foundation (under award number No. 2515404, ORGANOID-Intelligence Project, to MG); (and Department: Dept. Biomedical, Metabolic, & Neural Sciences).
Possible connections with research groups, companies, universities:
University of Texas at San Antonio (UTSA), USA (Lab of Prof. Jenny Hsieh): Focused on the genetic standardization, generation, and directed maturation of high-fidelity 3D human brain organoids under a shared NSF grant framework.

HEPIA (HES-SO University of Applied Sciences and Arts Western Switzerland), Geneva (Tissue Engineering Lab, Prof. Luc Stoppini): Specialized in neurospheroid engineering and the physical integration of 3D neural tissues with high-density Micro-Electrode Arrays (MEAs).

Radboud University, Nijmegen, The Netherlands (BRAINCHAIN Multidisciplinary Research Center): Focusing on cross-disciplinary translational modeling to link cellular biophysics with system-level clinical paradigms and neurological countermeasure design.

Agenzia Spaziale Italiana (ASI) Network: Direct involvement in national aerospace biology workshops, space economy training, and technology transfer schemas for structural payload certification (ISS / Lunar Gateway).
Dept. of Informatics, Bioengineering, Robotics and System Engineering (DIBRIS), University of Genova, Italy (Organoids and interconnected brain-regions on a chip lab, Prof. Dr. Paolo Massobrio): Collaboration on characterizing complex network topology, functional connectivity dynamics, and closed-loop neuro-engineering architectures.
Agenzia Spaziale Italiana (ASI) Network: Direct involvement in national aerospace biology workshops, space economy training, and technology transfer schemas for structural payload certification.
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