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Summary 

Prefrontal cortex has important roles in the coordination of incoming sensory 

and motor information with representations of internal goals and rules. This 

coordination facilitates a context-dependent behavioral response important for 

cognitive function like planning, or decision making. Being connected with 

multiple brain areas prefrontal cortex is capable to gather and process complex 

information but also to send output electrical signals. These electrical outputs 

can affect the activity pattern of several brain regions implicated in sensory and 

motor processing, thus influencing the processing properties of the cells within 

these areas. To understand how prefrontal cortex contributes to cognitive 

behavior it is important to understand how different neuronal networks are 

organized within this brain area. For example, important information converge 

within layer 3 of prefrontal cortex and is being processed locally before an 

output is send out to other regions of the cortex or to deeper layers of prefrontal 

cortex. Thus the activity pattern of middle layers can reflect computations with 

roles in cognition.  

The activity pattern of neuronal networks strongly depends on two 

fundamentally different classes of neurons, the glutamatergic pyramidal cells 

and GABAergic interneurons. Pyramidal neurons represent the majority of 

neurons and mediate the communication between brain areas, but their activity 

is controlled by GABAergic interneurons. How interneurons carry out this 

function within the superficial layers of the prefrontal cortex constitutes the 

main topic of this thesis. 

The temporal regulation of the activity of pyramidal cells is achieved 

via division of labor among a rich diversity of GABAergic interneuron 

subtypes. The specific subgroup of interneurons called the fast- spiking (FS) 

cells, are reliably differentiated from other interneuron subtypes (Non-Fast 

Spiking; NFS) based on their electrical properties and the presence of the 

calcium binding protein parvalbumin (PV) which is not contained in any of the 

NFS interneuron subtypes. The FS PV cells innervate the somatic region of the 

target pyramidal neurons. Via activation of GABAA receptors, FS cells can 

establish a “break” on the electrical activity of pyramidal cells. Thus FS cells 

are capable to exercise precise control of the neuronal output by dictating 

whether already processed information from the entire dendritic tree of the 

pyramidal cells can be transmitted to other neurons. Moreover, PV basket cells 

contact a vast number of postsynaptic cells and are able to temporally regulate 

the firing of large groups of neurons leading to the establishment of neural 

oscillations and synchrony within cortical networks with important roles in 

cognition. On the other hand, many of the NFS interneuron subtypes synapse in 

close contact to excitatory inputs arriving along the pyramidal dendritic tree, a 
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location which enables them to regulate synaptic plasticity or integration of 

inputs from specific brain regions.  

In this thesis four specific questions have been addressed, in order to 

better understand the functions of GABAergic interneurons in neuronal circuits 

of middle layer PFC. We used electron microscopy and electrophysiology 

approaches to assess the properties of synaptic inputs onto and from 

GABAergic interneurons. Thus we investigated the glutamatergic inputs onto 

interneurons, in the second and the third chapter. In the fourth and the fifth 

chapter we focused on GABAergic inputs onto pyramidal cells and 

interneurons. We described several synaptic properties that are important for 

feedforward inhibition and oscillations which are neural process implicated in 

sensory processing and thus in cognitive function 

Glutamatergic inputs that arise from excitatory pyramidal cells in 

different brain areas are the main ways of depolarizing neurons in a temporally 

controlled manner. In the second chapter we showed that the mediodorsal 

thalamus which is the main subcortical area projecting to prefrontal cortex 

recruits PV interneurons with a higher probability then the other subtypes. Thus 

the FS cells are the main subtype of interneurons implicated in feedforward 

inhibition from mediodorsal thalamus. The next chapter focused on the 

glutamatergic receptors of the excitatory synapses onto FS cells. Glutamatergic 

synapses are complex structures containing both AMPA and NMDA receptors 

with different roles in mediating excitatory transmission. We showed that FS 

cells have a low amount of NMDA receptors at their synapses and thus these 

cells are recruited via synapses containing mostly AMPA receptors that confer 

fast activation kinetics.  

Activation of GABAergic synapses containing GABAA and GABAB 

receptors is important for controlling the firing pattern of the postsynaptic 

targets. These postsynaptic targets include both pyramidal cells and 

interneurons. Intense firing of GABAergic cells generates release of GABA in 

the extracellular space that may lead to unspecific activation of GABA 

receptors in the brain. The membrane GABA transporters 1 (GAT1) contributes 

to the removal of released GABA and thus helps maintaining synapse 

independence. In the fourth chapter we assessed the role of GAT1 in controlling 

somatic and dendritic inhibition onto pyramidal cells. We showed that GAT1 is 

equally important in regulating GABAA transmission both at somatic and 

dendritic sites. Moreover, GAT1 has important roles in removing extracellular 

GABA from dendritic sites where we found a strong GABAB mediated 

transmission.  

The fifth chapter focused on interneurons to interneuron signaling. It 

was suggested that networks of interneurons are important in the maintenance 

of oscillatory rhythms. Moreover, the oscillatory frequency appeared to be 

influences by the kinetics of GABAA mediated transmission between these 

networks of interneurons. We showed FS cells had faster GABAergic currents 
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then NFS cells and this was at least partially dependent on a higher level of α1 

GABAA subunits at their synapses.  

Our results reinforced previous conclusions suggesting that within the 

large group of interneurons the FS cells are intricately implicated in the activity 

of pyramidal cells and other interneurons. These cells are preferentially targeted 

by different sources of excitation via fast, predominantly AMPA containing 

glutamatergic inputs. Moreover FS cells are interconnected with the rest of the 

interneurons via fast α1 subunit GABAA receptors. This microcircuit made up 

of the somatic compartments of pyramidal cells together with their FS 

interneurons in which receptors with fast kinetics predominate for both 

excitatory and inhibitory synapses might be of great importance in generating 

and maintaining fast rhythmic activity such as gamma oscillations with 

importance in cognitive behavior. As opposed to FS cells, the NFS subgroup 

participates in networks with slower kinetics that may involve computations at 

distal dendrites, which currently are less understood. 





 

 


