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186 Summaries

Summaries
Layman’s summary
Cognition emerges from neuronal connectivity, the interaction of neurons in the brain com-
municating with each other. The connections between neurons have varying strengths; this 
variation and the change of connectivity strength are essential for the ability to learn and for 
the process of thinking in general.

In order to reach well-developed cognition, the proper and highly specific connections be-
tween neurons have to be created already during early neuronal development. The basic 
outline of all our neuronal networks is encoded in our genome. However, after basic forma-
tion has taken place neuronal networks have to be fine-tuned. In sensory areas of the brain 
this fine-tuning is achieved in a developmental time period of synchronized activity. Dur-
ing this activity connected neurons spontaneously, i.e. in the absence of sensory input, send 
patterned activity to their connected downstream neighbors and receive the same kind of 
activity from their upstream neighbors. This enables a neuron to assess its connectivity state 
within the network and adjust its connectivity accordingly. 

If the fine-tuning of these brain areas depends on the periods of spontaneous activity, does 
this also apply to areas involved in higher order brain functions? Until now, this type of ac-
tivity is only described in more basic sensory brain areas and the hippocampus. In this thesis 
I investigate the activity during such a period of synchronized activity for the first time in 
a higher order brain area: the medial entorhinal cortex, seat of the so called grid cells which 
function as the ‘GPS-cells’ of the brain.

To probe this activity, I formalize a specialized technique in chapter 2: Two-photon cal-
cium imaging in brain slices of young mice. Whenever a neuron is active calcium will enter 
the cell. With the aid of indicator dyes sensitive to calcium concentration this activity can 
be recorded. In chapter 3 an advanced way to detect the neurons filled with the calcium 
sensitive dye and analysis of their activity is described. Applying this technique I show in 
chapter 4 which signaling pathways underlie this activity and that activity originates in the 
medial entorhinal cortex itself and not upstream in the hippocampus, a brain area that drives 
activity in medial entorhinal cortex in later stages of life. Furthermore, I demonstrate that 
this activity is only present during the second week after birth, just before mice open their 
eyes, start exploring the environment and therefore need to be able to orientate themselves.

In chapter 5 I confirm the hypothesis that the sensitive period for fine-tuning of the ‘GPS-
cells’ is disturbed in a mouse model for fragile X syndrome and show that inhibition of the 
metabotropic glutamate receptor, a receptor type that regulates the strength of connectiv-
ity between two neurons, can influence the disturbed activity patterns. Inhibition of this 
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receptor has been shown to rescue many symptoms seen in the mouse model for fragile X 
syndrome. Surprisingly, clinical trials with metabotropic glutamate receptor blockers did 
not succeed. To understand the difference between mice and men the physiology of the 
metabotropic glutamate receptor was investigated in this thesis for the first time in living 
human cortex received from patients undergoing brain surgery. In chapter 6 the effect of 
activation of these receptors on human excitatory and inhibitory neurons is described allow-
ing for better comparison of human and rodent data in the future.

To sum up, this thesis describes methods to measure and analyze neuronal activity data in 
developing mouse brain slices. A potential sensitive time window and its underlying mecha-
nisms are investigated in healthy mice and in a mouse model for fragile X syndrome and, 
finally, the working of a receptor involved in this disorder is described for the first time in 
living human tissue.


