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Press Release 

 

Cholesterol Boosts the Memory of the Immune System  

Freiburg Research Team Demonstrates Why Cells React with 

Increased Sensitivity to Recurring Pathogens 

The memory of the human immune system is critical for the development of 

vaccines. Only if the body recognizes a pathogen with which it has already 

come into contact in the case of a second infection, the immune system can 

combat it more effectively than it did the first time. The Freiburg 

immunobiologist Prof. Dr. Wolfgang Schamel from the Institute of Biology III 

of the University of Freiburg and his colleagues have succeeded in 

demonstrating how the memory of the immune system functions. Their 

findings have now been published in the journals Immunity and Journal of 

Biological Chemistry (JBC).  

 

The immune system becomes acquainted with a pathogen during an initial 

infection and understands that it must be combated. When the T cell 

receptors of the immune system come across the same pathogen a second 

time, they are much more sensitive toward them than during the first 

encounter, and it thus takes less pathogens to activate the immune system. 

It was previously unclear why the receptors become more sensitive. 

 

In 2011, Schamel’s research group and a team led by Prof. Dr. Balbino 

Alarcon from the Autonomous University of Madrid, Spain, found the 

answer to this fundamental question. In a publication in the journal Immunity, 

they showed that the increased sensitivity is caused by a clustering of the T 

cell receptors: In a naive cell that has not yet met the pathogen, the 

receptors are arranged individually on the cell membrane, each fending for 



 

The University of Freiburg achieves top positions in all university rankings. Its research, teaching, and 

continuing education have received prestigious awards in nationwide competitions. Over 22,000 

students from 100 nations are enrolled in 186 degree programs. Around 5,000 teachers and 

administrative employees put in their effort every day – and experience that family friendliness, equal 

opportunity, and environmental protection are more than just empty phrases here. 

2 itself. A large number of receptors thus needs to be confronted by a large 

number of pathogens in order for the immune system to react. In a so-called 

memory cell, which remembers the pathogen, the receptors are arranged in 

groups on the membrane. When a pathogen binds to a receptor from a 

cluster, all of the receptors within the cluster are activated at once. This 

makes the immune system more sensitive.  

 

Now, as reported in the journal JBC, a team of researchers in Freiburg under 

Schamel and Prof. Dr. Rolf Schubert, professor for pharmaceutical 

technology and biopharmaceutics at the Institute of Pharmaceutical 

Sciences of the University of Freiburg, have succeeded in demonstrating 

how a cell forms these receptor clusters. The critical factors for the success 

of this endeavor were Schamel’s expertise in biochemical research on T cell 

receptors and Schubert’s expertise in the production of liposomes. The 

collaboration between the two teams was made possible by a project funded 

by BIOSS Centre for Biological Signalling Studies, a Cluster of Excellence at 

the University of Freiburg.  

 

Dr. Eszter Molnár, a postdoctoral researcher in Schamel’s team, and Dr. 

Martin Holzer from Schubert’s research group isolated the receptors and 

reconstructed them in a synthetic membrane. After one and a half years of 

work, the scientists achieved a breakthrough: They discovered that the 

composition of the lipids of a membrane is responsible for the clustering of 

the receptors. The lipid composition of a naive cell differs from that of a 

memory cell. Cholesterol is the key factor in this process, as it is present in 

higher concentrations in a memory cell. This higher concentration of 

cholesterol leads to the aggregation of receptors, because the cholesterol 

joins them together like glue.  

 

Schamel and Schubert are members of the Freiburg Cluster of Excellence 

BIOSS Centre for Biological Signalling Studies. Schamel is also a member 

of the Spemann Graduate School of Biology and Medicine and the Center 

for Chronic Immunodeficieny of the Freiburg University Medical Center and 

director of the EU network SYBILLA, which also supported this project. 
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3 Original Publications: 

http://www.cell.com/immunity/retrieve/pii/S1074761311003566 

http://www.jbc.org/cgi/doi/10.1074/jbc.M112.386045  

 

Caption: 

In a naive cell (left), the receptors (blue) on the membrane are arranged 

individually. Pathogens (yellow) must bind to many receptors in order to 

activate the immune defense. In a memory cell (right), the receptors are 

joined together by cholesterol (red). When a pathogen binds one receptor of 

a cluster, all of the receptors within the cluster are activated. © Schamel 
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