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Major scientific achievements 
 

Georg Holländer’s research focuses on the development and function of thymic epithelial cells (TE) and has 
contributed to a detailed immunological understanding of these cells in both health and disease. He demonstrated 
for the first time that the correct differentiation and growth of TE requires inductive signals from early maturing 
thymocytes and that these are necessary for the sustained ontogeny of self-tolerant T cells (Nature, 1995; 
Immunity, 1995; Nature Immunology 2014). This work together with organ developmental studies provided explicit 
cellular and functional evidence of the lympho-stromal crosstalk essential for establishing a regular composition 
and architecture of the thymic microenvironment (Development 2000).  
 
Follow-up studies identified Wnt glycoproteins secreted by thymic epithelial cells and thymocytes to regulate in an 
autocrine and paracrine fashion the expression of Foxn1, a master regulator of TE differentiation and function 
(Nature Immunology, 2002). Novel transgenic animal models, single cell sequencing and mapping of chromatin 
accessibility have now identified genome-wide the direct gene targets of Foxn1 and demonstrated that this 
transcription factor directly choreographs essential aspects of lymphocyte-stromal cross-talk during early and late 
stages of intra-thymic T lymphoid development, including lineage commitment and antigen-receptor selection 
(Nature Immunology, 2016). These findings complement earlier work by Holländer linking the Autoimmune 
Regulator (Aire) to thymocyte selection (JI, 2000) and demonstrating the signals that control the presence of Aire 
positivity in epithelia of the thymic medulla (Immunity, 2008). Pioneering work has now precisely quantified in Aire-
positive TE at population and single cell level the number of promiscuously expressed tissue-restricted antigens 
and relates this phenomenon to specific epigenetic mechanisms such as histone modifications and micro-RNA 
expression (Genome Research,2014). These studies have directed a new series of genomic, proteomic and 
epigenetic studies that interrogated the different influences controlling promiscuous gene expression. For this, 
several newly developed models with loss and gain of gene function have been created and analysed. One of 
these mice established the role of microRNA in the maintenance of TE and their capacity to effect promiscuous 
gene expression (Nature Immunology, 2011; JI, 2012).    
 
Work in parallel characterised the mouse TE progenitor that, upon transfer, fully reconstitutes the thymic epithelial 
microenvironment (Nature Immunology, 2002), established a novel lineage map (PNAS, 2014, European Journal 
of Immunology 2016), and identified tumor necrosis factor (TNF)-β to physiologically limit TE growth and function 
established that the physiological size of the medullary TE compartment is suboptimal to effect negative selection 
and thus depends on the production of regulatory T cells to reduce the autoreactive potential of regularly selected 
T cells in the periphery (Nature Immunology, 2014). 
 
Using experimental bone marrow transplantation models, the work of Hollander demonstrated that TE serve as 
principle targets of Graft-versus-host-disease (GVHD) and, consequently, diminish their Aire expression. This 
results in a restricted representation of tissue-specific antigens, a lack in appropriate T cell selection, and, 
ultimately, in rededuc survival and the persistence of self-reactive T cells responsible for the autoimmune 
manifestations of chronic GVHD (Blood, 2015).  
 
Work by Holländer identified interleukin-2 to be monoallecically expressed in a non-imprinted regulatory mode to 
achieve precise expression upon T cell activation, thus preventing anergy, aberrant T cell activation and 
autoimmunity (Science 1998). 
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