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Inflammatory processes impair nerve regeneration in old age 

The regenerative capacity of the nervous system declines during aging; the risk to develop 
nerve pathologies increases. Researchers of the Leibniz Institute on Aging (FLI) in Jena 
investigated the regeneration of aging nerves in collaboration with colleagues from the 
university hospital Jena and the University of Bonn. They found that a disturbed immune 
response leading to chronic inflammation is significantly involved in this. Moreover, the 
researchers demonstrated the efficacy of an anti-inflammatory therapy to improve nerve 
regeneration and identified promising aging markers that are currently being tested as 
therapeutic targets.  

Jena. The human body is spanned head to toe by numerous nerves. Together they form the 
peripheral nervous system, which connects the brain and spinal cord (central nervous system) with 
the rest of the body, to transmit pain and sensory perceptions and movement signals. Impairments 
of the peripheral nervous system have a great impact on the quality of life and lead to organ 
dysfunctions, reduced sensory function and unspecific pain sensation. Therefore, a good 
regenerative ability is crucial for maintaining nerve functions throughout life and restoring them 
after injury. This regenerative ability, however, declines during aging and with it the functionality of 
the peripheral nervous system. 

Although the aging-associated decrease of regenerative ability has been known for a long time, its 
causes are still largely unexplored and therapies have been ineffective or impossible so far. 
Researchers of the Leibniz Institute on Aging – Fritz Lipmann Institute (FLI) in collaboration with 
colleagues of the University Hospital Jena and the University Bonn were able to gain important 
insights into the underling molecular and cellular processes of nerve aging and identified possible 
therapeutic targets. The results of the study were published in the journal Aging Cell recently. 

Chronical inflammation processes impair regeneration in old age 

The researchers investigated the regenerative capacity of the peripheral nervous system in the 
model organism mouse. Young mice were able to regenerate much faster after an injury than older 
mice and also showed a faster complete recovery. In contrast, old mice did not achieve a complete 
recovery of nerve functions even after longer times of regeneration. 

“The peripheral nervous system is a complex system of different cell types, which have to 
communicate and collaborate closely,” Dr. Helen Morrison, Group Leader at FLI explains. “This is 
even more important during the regeneration process of nerves, which has to be highly coordinated 
in time and space to be successful.” Main actors in the regeneration process are neurons, Schwann 
cells, and immune cells – especially macrophages – that help to remove the injured nerve and debris 
to provide space for regenerating nerves. 

Prior studies have shown that particularly the functions of Schwann- and immune cells are impaired 
in the aging process. Researchers previously assumed that the aged immune system was not 
sufficiently activated in response to injury or that its cellular function was reduced. Thus, an 



 
 
impaired immune response – unable to clear the area for the regenerating nerves after an injury – 
was suspected to be the cause of the reduced regeneration capacity. 

“However, this appears to be only one part of the story”, tells Robert Büttner, who was working on 
this project for his doctoral thesis at FLI and is first author of the study. “We do see that the immune 
response after nerve injury is initially reduced, but upon closer observation it merely is delayed”, 
explains Büttner. “In fact, old injured nerves show an overshooting immune response leading to a 
persistent inflammatory state impairing regeneration.” Consequently, the researchers found that 
an anti-inflammatory treatment with acetylsalicylic acid (ASA, known as Aspirin®) effectively 
prevented this development and significantly increased nerve regeneration in old mice.  

Identification of aging-associated inflammatory markers as new therapeutic targets 

The team then investigated how the overshooting immune response influences regeneration. They 
analyzed signal molecules that transmit information between the involved cells. “Cytokine CCL-11 
was the most interesting one”, Dr. Michael Reuter, Postdoc in the Morrison Research Group, sums 
up. This cytokine is mainly known from allergies and parasite defense; additionally a role in 
declining cognitive function during aging has been described. “However, its function in nerve 
regeneration was completely new”, Dr. Reuter emphasizes the results. 

The researchers were able to show that CCL-11 interfered with Schwann cell differentiation, 
preventing them to optimally support regeneration. This altered Schwann cell behavior likely 
evokes an increased infiltration of immune cells, leading to a persistent hyper-inflammatory state, 
accompanied by a diminished regenerative capacity; a vicious circle. “The identification of 
individual signaling molecules involved in the nerve aging process opens up completely new targets 
for promising therapies”, says Dr. Morrison. “In contrast to the non-specific inflammation inhibitor 
ASA with its known side effects, this opens up the possibility to very precisely intervene in the 
regeneration process.” In this context, it is particularly interesting that both mice and humans show 
chronically elevated CCL-11 levels in their blood during aging. Thus, CCL-11 could be a specific aging 
marker. Currently, the team around Dr. Morrison is investigating, whether the cytokine CCL-11 
indeed is suitable as a therapeutic target aiming to improve nerve regeneration in old age. 
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Picture 1:  
The immune system plays an important role in the regeneration of peripheral nerves. In old age, the 
immune response is disturbed, leading to a persistent inflammation that impairs regeneration. 
(Graphic: Lars Björn Riecken / FLI, Source: http://de.freepik.com and others) 

 

Background information 

The Leibniz Institute on Aging – Fritz Lipmann Institute (FLI) – upon its inauguration in 2004 – was the first German 
research organization dedicated to research on the process of aging. More than 330 employees from over 30 nations 
explore the molecular mechanisms underlying aging processes and age-associated diseases. For more information, please 
visit www.leibniz-fli.de. 

The Leibniz Association connects 93 independent research institutions that range in focus from the natural, engineering 
and environmental sciences via economics, spatial and social sciences to the humanities. Leibniz Institutes address issues 
of social, economic and ecological relevance. They conduct knowledge-driven and applied basic research, maintain 
scientific infrastructure and provide research-based services. The Leibniz Association identifies focus areas for knowledge 
transfer to policy-makers, academia, business and the public. Leibniz Institutes collaborate intensively with universities – 
in the form of “WissenschaftsCampi” (thematic partnerships between university and non-university research institutes), 
for example – as well as with industry and other partners at home and abroad. They are subject to an independent 
evaluation procedure that is unparalleled in its transparency. Due to the institutes’ importance for the country as a whole, 
they are funded jointly by the Federation and the Länder, employing some 19,100 individuals, including 9,900 researchers. 
The entire budget of all the institutes is approximately 1.9 billion EUR. See www.leibniz-association.eu for more 
information. 


