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Chapter 5. General Discussion
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Summary

The establishment of precise synaptic connections during development is crucial 

for proper network functioning in adulthood. Interestingly, synaptic connectivity 

is shaped in part through early synaptic activity patterns. Specifically, before many 

developing networks receive sensory information they internally generate spontaneous 

network bursts (Ben Ari, 2001; Hua and Smith, 2004; Katz and Shatz, 1996). During 

this spontaneous activity large numbers of neurons become active at the same time 

(Ben-Ari et al., 1989; Galli and Maffei, 1988; Garaschuk et al., 1998; O’Donovan et 

al., 1994; Yuste et al., 1992). It has long been suspected that the synchronous nature 

of this activity is crucial in shaping synaptic connectivity through the recruitment of 

Hebbian-like plasticity mechanisms (Stellwagen and Shatz, 2002; Triplett et al., 2009). 

Spontaneous connectivity can therefore be imagined as a “test signal” that propagates 

through the network and establishes an early coarse connectivity matrix. Later, as 

spontaneous activity is replaced by sensory driven activity, connectivity becomes 

further refined by experience-driven mechanisms. While spontaneous activity has 

been studied intensively on the level of networks, it remains unclear which specific 

plasticity mechanisms are driven by spontaneous activity. We therefore decided to start 

investigating this question using an observational approach. Specifically, we focused 

on developing a method to record synaptic activity patterns on single cells during 

spontaneous network bursts. This method allowed us to make direct observations on 

how spontaneous activity shapes network connectivity. First, we found that while the 

synapses that are active during spontaneous activity vary from burst to burst, their 

activity patterns are not random: synapses that are close together are more often co-

active then synapses that are farther away. Second, this clustering of temporally related 

synapses requires the presence of spontaneous network activity during development. 

Third, during spontaneous activity, synapses that are not often co-active with their 

neighbors become depressed through a decrease in their transmission efficiency. 

Finally, we found that this ‘out-of-sync’ plasticity is dependent on proBDNF/p75NTR 

signaling. Taken together, we find that spontaneous activity drives local synaptic 

plasticity in a way that leads to the clustering of temporally related synapses on the 

dendrite.


