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DENDRITIC MODULATION  
BALANCES STABILITY AND PLASTICITY
To thrive in continuously evolving 
environments, animals need to assim-
ilate new sensory information while 
maintaining stable representations for 
previously acquired information. This 
interplay between plasticity and stabil-
ity lies at the core of lifelong learning, 
although its underlying neural mecha-
nisms remain poorly understood.

 I propose that biological learners 
primarily attempt to modulate neural 
activities when facing new challenges, 
through the activation of context-spe-
cific, top-down afferents targeting 
distal dendritic compartments (stabil-
ity). Learning of feedforward weights 
(plasticity) then proceeds on a slower 
time-scale and only when necessary. I 
will demonstrate, through biophysical 
modelling, that dendritic processes 
constitute a plausible and highly suita-
ble substrate to implement contextual 
adaptation of feedforward processing. 

In a machine learning model and 
under the broad assumption that 
plasticity in cortex performs a form 
of predictive coding, I will then show 
that these dendritic modulations 
constitute a memory trace that (i) 
sharpens representations of new 
sensory percepts in an unsupervised 
manner and (ii) stabilises the network 

to minimise forgetting of previously 
learned information. 

Together, these findings indicate 
that the architecture of cortex may 
be optimised to balance stability and 
plasticity, through the spatial segre-
gation of feedforward and top-down 
information streams on individual 
neurons.
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