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The target of 

“Centro Fermi” 

project: 

 

To explain fMRI 

signals in terms 

of neuronal 

functions 



How the problem can be conceptualized 



BACKGROUND 

Critical 

data 

Multiscale 

models 

Brain 

theories 

In collaboration with Human Brain Project 



(D’Angelo  and Gandini , RNC, 2017) 

Multi-scale brain organization ...  



(D’Angelo  and Gandini , RNC, 2017) 

Multi-scale experimental analysis ... 
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Multi-scale brain modeling !!  

Simplification 

and 

embedding 

Neurons computing and  

learning in closed-loop in 

a robot !!  
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Network 

biophysics and 

computation 

theory   

(D’Angelo  and Gandini , RNC, 2017) 



. 

 

“Modeling the Brain” to “Understand the 

Brain” 

The brain is a complex adaptive system (among the most 

complex of Universe) with multiscale organization. But we are 

missing the “project” as well as “critical data”.  

  

•What we have is information sufficient to start the 

reconstruction of brain functions in a model and the 

computational power required to simulate it.  

 

•This approach will require combining top-down  

and bottom-up models ( reverse enginering ). 

 

•By analyising spatio-temporal dynamics  in the  

model, we will formulate hypothesis on brain functions.  



Multi-scale modeling of 

the cerebellar 

network 

Biological 

experiments 

Model 

construction 

Model  

optimization 

Model  

validation 

Model  

predictions 



NEWS  

 

Integrated experimental 

research and  

mathematical modeling 

 

(1) 

neurons and microcircuits 



Mathematical methods for 

realistic modeling 
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→ RECONSTRUCTION of PC model 

1
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PROBLEM 1: 

 

Spike generation an ionic 

channel balance 

PROBLEM 2: 

 

Distribution of electrical 

propetries:  

Monocompartmental model  - 

D’Angelo et al. (2001)  J 

Neuroscience 

Prediction & discovery of a 

new current and of dynamics 

phenomena  

BUT: 

AP amplitude does not match 

!! 

Multicompartmental model  - 

Diwakar et al. (2009)  J 

Neurophysiology 

Prediction of  AP generation 

and  amplitude 

BUT: 

AP propagation does not 

match !! 

Detailed description and 

hypothesis on ionic  

current dynamics .  

D’Angelo e al. (1998) J 

Neurophys 

Na channel kinetics, 

localization, modulation.  

Magistretti et al. (2006) J 

Physiol; Goldfarb et al., 

(2007) Neuron 

PROBLEM 3: 

 

Axonal properties :  

Multicompartmental model  - 

Dover et al. (2016)   Nature 

comm 

Prediction of  AP propagation 

New properteis in Na channel regulation 

and axonal resistance change the view in 

AP generation 

Na channel modulation by 

FHF in the axon Dover et 

al. (2016) Nature comm 

Plasticity 

of AIS ? 

Plasticity of intrinsic excitabity (2000, 2006) 

Dover, ... D’Angelo, Goldfarb, 

Nature  Comm. 2016 

Na channel modeling in Granule cell axons 



The general “membrane equation” and  

Hodgkin-Huxley model assume that ther eis 

finite membrane resitance, Rm,  in the axon. 

 

But here we have precisely  detemined that  

 

 

and therefore 

 

 

 

 

 

This imposes constraints on the ionic 

channel gating particles that cannot work 

in the classical HH manner. A correct 

functioning is achieved through the 

intevention of FHF, a modulatory protein 

that shits the inactivation curves of the Na 

channel.  

 

With such high resistance, tny currents 

are needed to generate actions potentials. 

1 billion years evolution has selected a 

specialiation of Na channels for low 

energy consumption !! 



→  PROPAGATION to MICROCIRCUIT  

Validation 

against 

complex 

output 

space 

../Constellation_Stimulusvisible.mov
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Integrated experimental 

research and  

mathematical modeling 

 

(2) 

Neurovascular coupling  







The final step: 

 

Integration with brain models 

and interpration of fMRI 

signals 



OBSERVING CEREBELLUM IN ACTION 

task-dependent fMRI (AEON “mirror” network) 

Cassiraghi et al., , submitted 



A priori models in Dynamic Causal Modeling 



Realistic Microcircuit Model 
(RMM) 

 

 

Molecular/cellular 

neurophysiology and NVC 

Realistic NVC 

model 

 

 

RMM-NVC model 
 

INTEGRATED BRAIN SIGNALS (MRI, MEG) 

 

 

 

 

 

UNDERSTANDING 

NEURONAL DYNAMICS 

NA-NVC MODEL 
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IM-loke 

Realistic neuron model  
reconstruction 

Realistic microcircuit model 
activity 

Simplified  SNN microcircuit model with plasticity  
in a controller emulating the brain 

Realistic micorcircuit  model  reonstruction 

llllllllllllllllllllllllllllllllllllllll 

Simplified neuron model  
activity in closed-loop 



Ho we are doing it : 

 

Collaborations 

Projects  

Courses 

Community 

 



Ettore Majorana Foundation for Scientific Culture 

  

School of Brain Cells and Circuits       

“Camillo Golgi” 
 

From cell physiology to integrated signals and 

emerging brain functions 

School  Directors: Egidio D’Angelo & Claudia Gandini W-K  

Course Directors: Egidio D’Angelo, Claudia Gandini W-K, Nikos Logothetis 



https://education.humanbrainproject.eu/
http://www.unipv.eu/site/en/home.html
http://www.centrofermi.it/
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RESEARCH MILESTONES 

 
2016-2017:  

- experimental analysis of  neurovascular coupling (NVC) in the cerebellum – 

ACHIEVED,  paper published 

- experimental analysis of fMRI signals in complex tasks involving the cerebral 

and cerebellar cortical networks (CTX and CBL) – ACHIEVED,  papers 

published, and in preparation 

- elaboration of scaffold models and methodologies for brain modeling  - 

ACHIEVED through HBP and CEREBNEST. 

 

2018: exploit HBP infrastructure to model NVC in the cerebellum (in 

collaboration with AMRITA University, India) 

 

2019: exploit HBP infrastructure to generate simplified CTX and CBL modules 

with NVC  (in collaboration with POLIMI, CEREBNEST). 

 

2020: use CTX and CBL modules to generate the final brain model and fit fMRI 

data  through a “model inversion” procedure (in collaboration with UCL IoN/FIL 

and University of Marseille). 



EDUCATION EVENTS (with support of Centro Fermi) 

 
ERICE COURSES 

 

2015 : Modeling the brain: from neurons to integrated systems - ACHIEVED 

 

2016 :  The cerebellum inside-out: cells, circuits and functions - ACHIEVED 

 

2017:  From cell physiology to integrated signals and emerging brain functions - 

ACHIEVED 

 

2018: The sensory-motor system from cellular microcircuits to large-scale 

networks – CALL LAUNCHED 

 

2019: TBD 

 

2020: TBD 



REQUIREMENTS 

 

2018 – 1 postdoc 

2019 – 1 postdoc 

2020 – 1 postdoc 


