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Severe depression affects 10-15 percent of all individuals during their lifetime, can result in suicide 
and increases risk for other health problems including cardiovascular disease, diabetes or dementias. 
Its contribution to the global burden of disease has been recognized and has stimulated huge research 
efforts on causality and treatment.  
 
Basic and clinical neuroscience enabled us to compile a vast amount of exciting evidence that genetic, 
cellular and neural network perturbations cause depression. However, the progress in drug treatment is 
only incremental, as we still employ pharmacologies that are based upon enhancement of 
monoaminergic neurotransmission, a principle not fundamentally different from a serendipitous 
discovery in the 1950ies.  
 
The heritability of depression and the fact that antidepressants work in most patients had been viewed 
as portal for studies of causality, but failed to deliver so far. 
 
Genetic studies, based on the hypothesis that multiple common genetic variants with small effects lead 
to a common disease phenotype were of limited success because technologies used were unable to 
detect rare and spontaneous mutations as well as some other abnormalities. Genetics will remain the 
key driving force in depression research, but several realignments will be needed: (1) Recruitment of 
cohorts will require integration of objectifiable biomarkers into diagnostic algorithms and diagnoses 
must come from the laboratory not from the conference room; (2) Genetics will move away from 
assembling huge cohorts where single nucleotide polymorphisms are interrogated with DNA-chips. 
Instead, next-generation sequencing (NGS) will be employed where DNA is fragmented and clonally 
amplified in one reaction. Genetic depression research will also benefit from studies of gene-gene as 
well as gene-environment interactions; (3) The latter area will clearly involve epigenetics, such as 
DNA-methylation patterns that change as consequence of experience-related events. Understanding 
epigenetic regulation will become the prime future challenge in depression research.  
Proteomics have become a daunting task as there are over a million of proteins that continuously 
change their quantitative composition and will become the most important source for biomarkers. 
 
Next-generation animal-models will be mice where brain area specific and time-controlled changes in 
gene expression as well as humanized gene variants are  integrated. Also mice with innate behavioral 
traits due to selective breeding will become more important. Finally, recent technologies that achieve 
homologous combination in fertilized oocytes will allow to generate also transgenic species. These 
and other techniques are urgently needed to validate human genetic findings. 
 
A few examples from the Max Planck Institute illustrate the direction future basic-science driven 
depression research will take: 
 

- Currently six independent studies encompassing altogether over 8.000 patients with major 
depression as well as 4.000 controls underwent a meta-analysis from which an association of the 
disease within a SNP that lies 300kb distant from a gene (SLC6A15) boundary emerged at a genome 
wide significance level of 10-8. This information would be useless without a series of validation 
experiments, showing that the respective mutation affects SLC6A15 gene expression in humans and is 
associated with volumetric changes as evidenced by MRI. Moreover, mice with innate high stress 
reactivity have decreased SLC6A15 gene expression. In the light of this convergent evidence it is 
important to recognize that SLC6A15 encodes a protein that is amenable to drug intervention. 
 

- Many different genetic variants in combination with environmental factors determine onset 
and course of depression. Trauma exposure is a particularly critically environmental trigger rendering 
an individual prone to develop depression. Such traumatic experiences can result in epigenetic 
modifications which ultimate relate in different levels of proteins that influence mood and behaviour. 



In an animal model of early life stress we have shown that postnatal emotional trauma results in a 
changed methylation at a DNA sequence that regulates vasopressin gene expression. This epigenetic 
switch leads to increased secretion of vasopressin known to be elevated in depression and causing 
anxiety and stress hormone excess. 
 

- Antidepressants have to penetrate into the brain which requires passage of the blood brain 
barrier (BBB). Mutations of the ABCB1 gene results in changes of the efficiency of an important 
component of the custodian protein (P-glycoprotein) located in the cells that constitute the BBB. We 
discovered that ABCB1 mutations which facilitate antidepressants penetrance into the brain are 
associated with a better response. 
 

- Using sleep-EEG, neuroendocrine tests and imaging data as well as data from metabolomics 
we become well armed with a formula that allows for clinically valuable predictions which patient 
may respond to which medication. 
 
When maximising treatment outcome and minimising adverse effects we need to move toward 
personalised medicine, based upon genetic information and biomarkers. These biomarkers will not 
only be recruited from gene expression profiles and proteomics, but also from patterns of metabolic 
activity, hormone tests, electroencephalography and brain imaging. The antidepressant market will 
loose blockbusters and will become fragmented into a manifold of drugs targeting specific signalling 
pathways. From biomarker research companion tests will be derived helping us to identify the right 
drug for the right patient at the right time and right dosage. The ultimate goal will be to discover 
biosignatures that indicate advancing pathology long before first clinical symptoms emerge. In fact, 
multiplexing all genetic and biomarker information holds promise to extend the mental health span. 
 


