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The focus of professor Touma’s research group is to generate and characterize clinically relevant 
animal models of inborn (trait) emotionality and stress reactivity in order to elucidate 
neurobiological, endocrine and molecular genetic mechanisms underlying affective disorders such as 
major depression. It is only with deep insight into these mechanisms that novel treatment strategies 
and promising targets for therapeutic interventions can be developed in the future. 

The spectrum of our research includes projects at the genetic, proteomic and systemic level. We 
apply a variety of behavioural tests assessing emotionality, coping and cognitive functions along with 
neuroendocrine approaches to analyse neuropeptides and proteins involved in the activity and 
regulation of the hypothalamic-pituitary-adrenocortical (HPA) axis. Furthermore, we use paradigms 
addressing the interaction between genetic predispositions and environmental influences, shedding 
light on the epigenetic modification of behavioural traits and neurobiological endophenotypes.   

Research interests: 

• Genes, Hormones and the Brain 
- molecular genetic and neuroendocrine bases of behaviour 

• Function and Regulation of the Stress Hormone Systems 
- focus: alterations in neurodegenerative and psychiatric disorders 

• Gene-Environment Interactions, Epigenetics 
- modulation of genetic predispositions by social and non-social environmental factors 

• Regulation of Energy Metabolism and Neuronal Functions 
- impact of metabolic changes on behavioural and neurobiological endophenotypes  

 

Methods:  

• Behavioural analysis and test paradigms 
emotionality and coping styles 
activity rhythms, learning and memory 
social behaviour, parental care  

• Neuroendocrine investigations 
- testing reactivity and feedback regulation of the HPA axis 
- hormone measurements in plasma samples and microdialysates from specific brain areas 
(quantifying steroids, neuropeptides and neurotransmitters) 
- non-invasive monitoring of steroid hormone metabolites in faecal samples  

• Functional neuroanatomy and pharmacology  
- gene expression profiling in different brain areas (microarray, in situhybridisation, real-time 
PCR) 
- neuronal plasticity measures and microdialysis 
- effects of neuromodulatory substances and drugs on emotionality and neuroendocrine 
responses 

 
Study species:  

• Laboratory mice 
- animal models of neurodegenerative and affective disorders (generated by selective 
breeding or targeted genetic manipulation)  

 
 



In another research focus, Oliver Ambrée studies the interaction between the immune system, 
neuroplasticity and behavior. For a long time it has been assumed that the immune system and the 
central nervous system do not interact with each other due to the separation through the blood-
brain barrier. However, new evidence suggests that a multi-faceted bidirectional communication 
between the immune system and the brain takes place, thereby influencing behavior as well. For 
example, if we suffer from an infection, the activation of the immune system and the release of 
immunological messengers (cytokines) ensures that we show typical sickness behavior. 

In stress-associated diseases such as depression, activation of the immune system is frequently 
observed as well, however without a pathogen being detected. In such a case, the depressive 
symptomatology, which is very similar to the sickness behavior, can be understood as a maladaptive 
effect of a nonspecific activation of the immune system. 

In our work on different mouse models applying behavioral, cellular and molecular techniques, we 
address the following questions: 

1. How does the immune system mediate the effects of stress on behavior and how does it differ in 
stress-susceptible and resilient individuals? 

Chronic stress can cause long-lasting changes in behavior. Our studies showed altered numbers of T 
cells, dendritic cells and inflammatory monocytes in chronically stressed mice. In addition, more 
monocytes were recruited to the brain in stressed animals (Ambrée et al., 2018, Ambrée et al., 2019). 
Stress-susceptible individuals showed an increased inflammatory activation (Ambrée et al., 2018). 
These findings suggest that the individual immune response affects stress at the behavioral level. 

2. How do immunological factors influence neuroplasticity? 

In the non-inflammatory state, immune cells release important growth factors that contribute to the 
health of many organs. Microglial cells, the immune cells of the brain, for example produce and 
release neurotrophic factors that regulate adult neurogenesis. We were able to show that an 
increased expression of the neurotrophic factor S100B, which is mainly produced by astrocytes, leads 
to increased neurogenesis and reduces anxiety in mice housed in an enriched environment (Buschert 
et al., 2013). Furthermore, experimental manipulation of adult neurogenesis also influences 
emotional behavioral responses to fearful stimuli (Sakalem et al., 2016). 
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