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Activity-dependent synaptic plasticity during 
development

• New synapse formation 
• Synapse maturation 
• Synapse elimination
• Network fine-tuning

• The failure rate in 
experiments with minimal 
stimulation was higher at 
hyperpolarised than at 
depolarised potentials

• The second observation was 
that in a proportion of 
experiments no synaptic 
response at all was detected at 
hyperpolarised potentials but 
NMDAR-mediated responses 
were present at depolarised 
potentials

“Silent” synapses hypothesis

(Isaac et al., Neuron, 1995)
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The proportion of ‘silent’ synapses decreases during 
development

(Durand et al., Nature 1996; Petralia et al., Nat. Neurosci,1999) 

Induction of LTP mimics developmental synapse 
maturation

(Durand et al., Nature, 1996; see also Leao et al., Nature, 1995)
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“Deaf” or “mute”? Possible explanations of silent 
synapses

(Kullmann, Phyl. Transactions, 2003)

‘deaf’

‘vocal’ ‘whispering’

‘eavesdropping’
(at the different neuron)

Unsilencing with LTP induction: the possible 
mechanisms

(Kullmann, Phyl. Transactions, 2003)
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Activity-dependent synapse silencing in neonatal brain

(Xiao et al., Nat. Neurosci., 2004)

Synapse silencing can be reversed

(Xiao et al., Nat. Neurosci., 2004)
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Do they born silent?

(Groc et al., TINS, 2006)

Growth of dendritic protrusions in response to tetanic 
stimulation

• Dendritic morphogenesis requires synaptic activation of NMDA receptors.
(Maletic-Savatic et al., Science, 1999)



6

Induction of LTP in the hippocampus results in the 
emergence of new spines

(Engert&Bonhoeffer, Nature, 1999)

Combined local superfusion technique with two-photon imaging

Less than 3% of spine synapses
(Fiala et al., Nat Neurosci, 2002)

Same-dendrite multiple-synapse boutons (sdMSB) 
number is transiently increased following LTP
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Splitting dendritic spines after LTP, a viable mechanism?

• Attractive model for increasing synaptic coupling between neurons
• Preserve synaptic specificity

No evidence for 
split spines 

to synapse at the 
same axon

Very rarely observed 
under control 

conditions but do 
occur more 

often after LTP

Dendritic spines do not split during hippocampal
LTP or maturation

(Fiala et al., Nat Neurosci, 2002)
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Alternative model for sdMSB formation

(Harris et al., Phil Trans Royal Soc, 2003)

Dendrites are more spiny on mature hippocampal neurons 
when synapses are inactivated, but not after LTP

• Dendrites are also spinier with the selective 
block of presynaptic or postsynaptic activity

(Kirov&Harris, Nat Neurosci, 1999)
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Developing hippocampal neurons display endogenous 
patterns of network activity (GDPs)

(Ben-Ari, TINS, 2001)

• Characterized by stereotypic bursts

• Underlying mechanisms? 

• Role in synaptic or network
development?

Sequence of events during the maturation of GABA and 
glutamate synapses in primate neurons in utero

(Ben-Ari, Nat. Neurosci., 2002)
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Synaptic contacts are overproduced during development

Is there an activity-dependent synapse elimination?
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Activity blockade is paralleled by an increase in 
synapses: morphological data

(Lauri et al., 2003)

Synaptic density

(Lauri et al., 2003)

Activity blockade is paralleled by an increase in 
synapses: functional data
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Neural activity and circuitry formation during development

Input-specific induction of functional synapses Elimination of constitutively formed synapses

• Weaker synapses with lower probability of release are eliminated 
(e.g. in cerebellum, Hashimoto&Kano, Neuron, 2003)

• What are the activity-dependant mechanisms by which synapses  
can be suppressed  during the critical perioud when new contacts 
are rapidly being formed and eliminated? 
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NMDAR-dependent decay of AMPA component of LTP

(Xiao et al., EJN, 1996)

GABAAR activation is needed for LTD induction in 
neonatal hippocampus

(Pavlov et al., Eur. J. Neurosci., 2004)

The expression of LTD exhibit clear developmental profile: the magnitude and reliability of 
LTD decline with age

Inhibition does not change during LTD in 
gluatamatergic synapses
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Developmental changes in [Cl-]i

(modified from Stein&Nicoll, 2003)

Immature CNS neuronsMature CNS neurons

(Ben-Ari, Nat. Neurosci., 2002)

Synergistic actions of GABA, NMDA and AMPA 
receptors in developing neurons

(Ben-Ari, Nat. Neurosci., 2002; Pavlov et al., Eur. J. Neurosci., 2004)

Low [Cl-] in the pipette
(EGABA-A<-70mV)
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LTD causes spine retraction. Spine changes are 
bidirectional and reversible

(Zhou et al., Neuron, 2004)

LTD and spine shrinkage are mediated by divergent 
signaling pathways

(Zhou et al., Neuron, 2004)
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Summary

• Spontaneous network activity is instrumental for synapse maturation and 
elimination

• Changes in synaptic efficacy are paralleled by changes in morphology

• Depolarizing GABA can contribute to NMDAR-dependent plasticity

• Heterogeneity of the development state of synapses at any one age


