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Live or let die 
 critical decision-making in cells 

 
In healthy cells, small amounts of reactive oxygen radicals called ROS are produced in many 
processes, such as cell respiration or fat burning. While the cell can handle low concentrations, 
the excessive increase of ROS, for example caused by viral infection, leads to cell death. 
Researchers from the Max Planck Institute of Biochemistry now report in Nature Immunology 
about a newly discovered "oxeiptosis" signaling pathway. This pathway measures intracellular 
ROS concentrations and can thereby control cell death or survival of the cell. Since ROS are 
produced in a variety of diseases, the researchers believe that this pathway plays an important 
role in the control of a wide range of pathological processes. 
 
Living and dying is one of the most existential questions of a society. How to regulate life and death 
in cells, the smallest unit of life, is investigated by many scientists. A number of well-studied 
signaling pathways are known that lead to so-called “programmed cell death” that can be triggered 
through integration of stimuli from outside or inside the cell. The so-called “programmed cell death” 
can be triggered by a number of well-studied signalling pathways, which integrate intracellular and 
external stimuli. Depending on the exact way a cell dies, an immune reaction may also be triggered. 
 
Reactive oxygen species (ROS) are known activators of cell death. ROS are formed in healthy and 
abnormally altered cells and function in a dose-dependent manner according to the quote from 
Paracelsus: "The dose makes the poison". Oxygen radicals can have destructive effects on cells when 
accumulating at high doses. Researchers from the research group of Andreas Pichlmair "Innate 
Immunity" at the Max Planck Institute of Biochemistry now show that the protein molecule KEAP1 
can sense an increased amount of ROS and initiate a novel form of controlled cell death. 
 
Oxeiptosis - oxygen radicals lead to controlled cell death 
"In general, it was known that KEAP1 functions as a ROS sensor," explains Pichlmair. "At low levels 
of ROS, KEAP1 changes its structure to activate the production of cell-derived antioxidants." This 
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mechanism regulates the amount of intracellular ROS. "We found that KEAP1 can change its 
function at high amounts of ROS and turns into a cell death mediator", continues Pichlmair. "We 
were able to identify molecules that are important for this signaling pathway." When components 
of this signaling pathway were removed experimentally, cells survived high levels of ROS. Since this 
is a new, previously unknown signaling pathway, the scientists call it "oxeiptosis" – death caused by 
oxygen radicals. 
 
Oxeiptosis in viral infections 
Pichlmair and colleagues were able to show that oxeiptosis is also activated during viral infections. 
When components of the oxeiptosis signaling pathway were removed, cells survived better after 
virus challenge. "Programmed cell death in complex organisms has evolved to protect the organism 
as a whole at the expense of individual cells," says Pichlmair. The importance of this cell death 
mechanism is emphasized by the ability of many evolutionarily distant viruses that can actively 
modulate this signaling pathway. 
 
Infection of mice with the flu virus ‘influenza’ leads to inflammation in the lungs. If an essential part 
of the oxeiptosis pathway was absent in these animals, inflammatory processes were much more 
aggressive. Oxeiptosis therefore leads to an anti-inflammatory type of cell death. If cells are unable 
to activate this type of cell death due to pathological changes in critical components, an 
inflammatory cell death program will take over and cause serious tissue damage. 
 
Oxeiptosis probably plays a role in many pathological situations. For example, it has already been 
described that essential components of the oxeiptosis pathway are mutated in certain cancers. By 
identifying this signaling pathway, the scientists hope to find new treatments against infectious 
diseases and cancer.  
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Caption: 
Virus-infected cells produce high concentrations of free oxygen radicals. The Oxeiptosis pathway is 
activated in these cells and leads to controlled cell death. 
Monika Krause © Max Planck Institute of Biochemistry 
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--- 
About Andreas Pichlmair 
From 1996 to 2001 Andreas Pichlmair studied veterinary medicine in Vienna, Austria. During his 
veterinary doctorate he worked at the Institute of Virology at the Universitätsklinikum in Freiburg, 
Germany, in 2003, and thereafter performed a PhD at Cancer Research UK - London Research 
Institute until 2008. Pichlmair collected further research experience during four years at CeMM - 
Center for Molecular Medicine of the Austrian Academy of Sciences, in Vienna. In 2011, he became 
head of his Research Group “Innate Immunity” at the Max Planck Institute of Biochemistry in 
Martinsried near Munich, Germany. 2017 he was appointed professor for immunopathology of virus 
infections at the Technical University of Munich.  
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About the Max Planck Institute of Biochemistry 
The Max Planck Institute of Biochemistry (MPIB) belongs to the Max Planck Society, an independent, 
non-profit research organization dedicated to top level basic research. As one of the largest 
Institutes of the Max Planck Society, 850 employees from 45 nations work here in the field of life 
sciences. In currently eight departments and about 25 research groups, the scientists contribute to 
the newest findings in the areas of biochemistry, cell biology, structural biology, biophysics and 
molecular science. The MPIB in Munich-Martinsried is part of the local life-science-campus where 
two Max Planck Institutes, a Helmholtz Center, the Gene-Center, several bio-medical faculties of 
two Munich universities and several biotech-companies are located in close proximity. 
http://biochem.mpg.de 
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