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Summary 
Visual perception constitutes an important aspect of our daily life and, even though 

several studies were done in order to understand how it is accomplished in the brain, 

still much remains to be discovered. Visual processing is the result of the interplay 

between inhibitory and excitatory neurons in large neuronal networks in the cerebral 

cortex. Cortical inhibitory interneurons stand out in these networks for their great 

morphological and functional variety. Many attempts have been made to classify them 

and to identify their role in neuronal processing in general and in the visual cortex in 

particular. Much has been discovered about several classes of interneurons, but the 

function and visual response properties of the class of Calretinin-positive (CR) 

interneurons remains an enigma. As a group, they appear to be conserved across 

mammalian species, from primates to rodents. In both rat and monkey, CR neurons 

were found to primarily contact other GABAergic neurons. Based on this, it was 

proposed that CR neurons would have an interesting disinhibitory function, and their 

activity would release excitatory neurons from inhibition.  

One aim of this thesis is to highlight some aspects of CR visual properties and function. 

To study the visual response properties of CR neurons in the primary visual cortex of 

mice, we initially achieved the expression of the tdTomato reporter in a wide CR group 

(Chapter 2). This group contained, besides the CR interneurons also pyramidal neurons 

which expressed the CR protein in the past (until the first two post-natal weeks). 

Among the examined functional properties only the selectivity for one stimulus 

feature was different between the two groups.  The group of cells with a common CR-

expression past had a lower orientation selectivity. 

We later achieved a specific expression of the tdTomato fluorescent reporter in 

neurons which expressed the CR protein at the time of the functional measurement 

(Chapter 3). The results of our experiments showed that CR interneurons are less 

selective for orientation and less suppressed by stimuli of increasing size, than the 

general population. Additionally, we tested the hypothesized disinhibitory role of CR 



interneurons by optogenetic activation. Our experiments resulted in a reduced activity 

of the general population and not in its increased activation, thus refuting the 

hypothesis for the group of CR neurons as a whole. Despite the heterogeneous nature 

of CR interneurons, different experimental conditions might disclose additional 

features which make this class of interneurons different from the others.  

Apart from the specific role interneurons play in visual processing, there is still much 

unknown about visual processing in general. When information enters the eye, 

different visual features such as contrast, speed, orientation and spatial frequency are 

completely intertwined. The visual system does an excellent job in separating these 

features, but it is not perfect. Our perception of speed, or temporal frequency, of a 

stimulus, for example, is still influenced by its contrast. In Chapter 4, we describe how 

neural responses are interdependent on the temporal frequency and contrast in the 

primary visual cortex. We found that temporal frequency tuning was dependent on 

contrast. The divisive normalization model has previously been used to describe non-

linear response properties in the visual cortex. At high temporal frequencies, it could 

well describe the relation between temporal frequency and contrast tuning, but not 

at lower temporal frequencies.  

Various techniques can be used in order to reach a better understanding of the 

functions of different interneurons, the connections between them and excitatory 

neurons and the visual processing features that rely on those. Intersectional genetics 

can be used in order to differentiate subpopulation of CR interneurons. Testing the 

disinhibitory hypothesis only on CR and Vasoactive Intestinal Polypeptide expressing 

interneurons (CR+VIP+) or CR and Somatostatin (CR+SOM+) expressing interneurons 

might have a different result than the one we obtained. Stronger effects in the 

functional characterisation of CR interneurons could be obtained with behaving mice.  

The new technological developments together with the studies conducted by different 

research groups, will allow us to understand how the external world is translated into 

images in the brain and how our knowledge, culture and mood is able to shape our 

perception of it.  
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