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Can we repair brain 
connectivity?

Many brain disorders are not 
about cell death but about 
incorrect connections

Autism / epilepsy / stroke



The brain fails at the 
level of synapses

Connectopathies
Synaptopathies



Two levers control synapses

Variability →
Ca2+ channels

Specificity →
Adhesion molecules



Calcium channel:

One gene → thousands of channel variants



Can we reprogram calcium channel variability

to treat CACNA1A disorders?



We use CRISPR to reprogram calcium channel variability  

and correct disease mechanisms

CaV2.1

Splicing preference in CaV2.2

CaV2.1

Isoform switching upon disruption 
of the EFb branch point

CaV2.1

Students can design and 

test these strategies



What can you do in the lab

Record neurons

(patch-clamp)

Control circuits

(optogenetics)

Inhibitory 
currents

Excitatory 
currents

Optical 
pulses

Vm = -70 mV

Vm = 0 mV



Open arena
Electrodes 

implantation

Study behaviour

(EEG, epilepsy models…)

What can you do in the lab
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Ca2+ channels:
Synaptic variability

Cell adhesion molecules:
Synaptic specificity

Two levers control synapses





Magnetogenetics

• It can achieve brain circuit 

specificity because it is based on 

genetic actuators

• It is minimally invasive because it 

exploits magnetic fields

Project: 101099579 — SynMech — HORIZON-EIC-2022-
PATHFINDEROPEN-01

Chen et al., 
2017

We are building wireless control of brain circuits



Synaptic magneto-genetics:

a new technology we are developing



Synaptic magneto-genetics:

a new technology we are developing

SyGCaMP8
MNPs

TdTomato
MNPs

Control circuits

(magnetogenetics)



Where this can make a difference?

• Focal epilepsy

• Stroke

• Wireless circuit repair
Transcranial magnetic stimulator (TMS)



Synaptic Toolbox

Patch-clamp Multi-electrode array

BehaviorOpto-genetics

Genome-editing

Live imaging

Magneto-genetics



What you gain by joining the lab

• Hands-on training

• Interdisciplinary work

• International collaborations (Germany, NL,...)

lcingolani@units.it
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