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Adding fuel helps fighting the fire 

Cortisone affects Acute Lung Injury (ALI) via pro-inflammatory signalling pathways  

 

There’s no time to lose when an emergency doctor diagnoses „Shock lung!” at the accident scene. What 

physicians know as “acute lung injury” (ALI) otherwise leads to death by suffocation without immediate 

treatment. This is due to water retentions in the lung tissues (oedemas) and to a massive inflammatory 

response that, at the end, destroys lung tissues and hinders gas exchange. This acute lung injury (ALI) is 

treated through artificial respiration and anti-inflammatory cortisone. 

 

Biologists of Ulm University now identified the molecular genetic mechanisms behind the anti-

inflammatory impact of cortisone. “During an ALI, leukocytes massively infiltrate the pulmonary alveoli. 

Cortisone helps to enhance the barrier function of the endothelium, preventing vascular leakage and 

further infiltration of the alveolar space by immune cells. Thus, the inflammatory response declines”, 

Professor Jan Tuckermann, Director of the Institute for Comparative Molecular Endocrinology at Ulm 

University, explains. Together with his colleague, Dr. Sabine Vettorazzi (née Hübner), he made two 

astonishing discoveries. “First, the effect of cortisone is mediated by macrophages which usually serve 

as scavenger cells in an immune response. Second – and totally unexpected – signalling pathways are 

activated for this which have always been described as pro-inflammatory”, Vettorazzi summarizes the 

research results which were recently published in Nature Communication. 

 

In collaboration with scientists from Jena, Gottingen, Hamburg, Lyon and Gent and using knock-out 

mouse models, the researchers from Ulm University investigated the cell type-specific mode of so-called 

glucocorticoid receptor (GR) binding to endogenous or artificial glucocorticoids (GCs) like the cortisone 

analogue dexamethasone. Depending on its molecular shape, the glucocorticoid receptor (GR) acts in a 

different way. As a monomer, GR represses the activities of pro-inflammatory transcription factors, such 

as activator protein 1 or nuclear factor kappa B (NF-kB) by a tethering mechanism called 

transrepression. On the other hand, as a dimer, it directly binds to response elements in the DNA (GC-

response elements), thus inducing gene transcription (transactivation). Vettorazzi & Co. now found that 

the receptor’s therapeutic impact is strictly dependent on the gene-activating function of the GR-dimer to 

suppress inflammatory processes. 

 

By means of their mouse model, the hormone researchers from Ulm could prove that dexamethasone – 

mediated through the dimer function of GR – leads to the release of sphingosine-1-phosphate in the 

macrophages, a tissue hormone that fosters growth, migration and division of cells and has a 

stabilization effect on inner vessel walls. In the case of ALI, dexamethasone leads to an increase of 

sphingosine-1-phosphate and, consequently, to a strengthening of the vessel walls’ barrier function. 

Thus, immune cells (leukocytes) are hindered from further infiltrating the pulmonary alveoli, and the 

inflammatory responses diminish.  
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Astonishingly, sphingosine-1-phosphate is only released in the macrophages if – alongside with the 

binding of dimer-GR to the DNA – a pro-inflammatory signalling pathway is stimulated involving protein 

kinases p38 and MSK1. “It sounds paradox that for inhibiting an inflammation, a signalling cascade is 

needed that usually has a pro-inflammatory effect. But these results may turn out to be essential for 

rational drug design and treatment regimens that lead to effective resolution of inflammation in ALI”, Jan 

Tuckermann resumes.  

 

Preliminary works for this study were done at the Leibniz Institute of Age Research – Fritz Lipmann 

Institute (FLI) in Jena, where Professor Jan Tuckermann held the position of a junior group leader before 

coming to Ulm. Further, Professor Markus Gräler and Dr. Anna Kleiman from the Center for Sepsis 

Control and Care (CSCC) at University Hospital Jena had significant participation in the study. The 

project was funded within the framework of the Ulm Collaborative Research Centre 1149 “Danger 

Response, Disturbance Factors and Regenerative Potential after Acute Trauma”, the DFG-Priority 

Programme “Osteoimmunology (IMMUNOBONE)“ and the BrainAge Programme of the European 

Community. 

 

 

Further information:  

Prof. Dr. Jan Tuckermann; E-Mail: jan.tuckermann@uni-ulm.de; Tel.: +49 731 / 50 32 600 

 

 

Picture titles:  

 

Tuckermann_Jan (Picture: Elvira Eberhardt/Uni Ulm): Prof. Jan Tuckermann 

 

Vettorazzi_Sabine (Picture: Andrea Weber-Tuckermann/Uni Ulm): Dr. Sabine Vettorazzi (geb. Hübner) 

 

Histology_Lung Tissue [Source: Vettorazzi et al., Nature Communication 2015]: Histology from the lung 

of wildtype (wt) and mutant (GR
dim

) mice showed no infiltrations of inflammatory cells in control mice 

(Co). After ALI induction, inflammatory cells in the lung accumulate in wt and GR dimerization deficient 

mice. Dexamethasone therapy during ALI results in reduction of infiltrating inflammatory cells in wt mice, 

whereas GR dimerization deficient mice are resistant to dexamethasone therapy. 

 

Graph Effect mechanisms_Glucocorticoide [Source: Vettorazzi et al., Nature Communication 2015]: 

Schematic representation of molecular effect mechanisms of glucocorticoids during ALI;  

 

Graph Sphingosine_Kinase [Source: Vettorazzi et al., Nature Communication 2015]: Schematic 

representation of interaction between cortisone and release of sphingosine kinases.  
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