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CONCEPT OF PRIVILEGED IMMUNE SYSTEM
Activated immune cells initiate a number of previously silenced processes that are associated with 
significantly altered metabolism, in particular increased glycolysis and the pentose phosphate pathway 
and re-wired TCA cycle. This intracellular metabolic switch makes the immune cells dependent on an 
increased supply of nutrients (as glucose and glutamine) and therefore the immune system becomes 
privileged within organism - the immune cells produce signals that suppress the metabolism of other non-
immune tissues, ensuring that the immune system receives sufficient energy/nutrients upon activation.
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Unusual reaction:
triphosphate is displaced from ATP!

Many new molecules are synthetized upon 
immune cell activation and they often 
require methylation.
Thus, the extent of methylation 
approximates the extent of cellular activity.
Since each methylation event (using S-
Adenosyl methionine) is associated with 
the production of a single adenosine 
molecule, adenosine can serve as a very 
sensitive reporter for cell activity. 

1 x METHYLATION = 1 x ADENOSINE

HYPOTHESIS that we are testing:
To prevent ATP (consumed by the methylation cycle) 
from decreasing, adenosine must be recycled via action of 
adenosine kinase (->AMP), adenylate kinase (->ADP) and 
glycolysis (->ATP). If energy supply and glycolysis do not 
match the activity of the cell (reflected by methylation), 
AMP begins to accumulate and adenosine is rather 
released from the cell to indicate lack of supply. 

ACTIVITY = SUPPLY … adenosine -> ATP
ACTIVITY >>  SUPPLY -> adenosine release
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We use fly Drosophila melanogaster as a model   …    trying to compare results to mammals
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There is often much more trehalose (non-
reducing sugar) than glucose in the insect 
hemolymph – it is a rich source for rapid 
production of glucose 

fatigue
?

adenosine is known to be released 
from various immune cells in mammals

The most fundamental role of adenosine, from primitive 
organisms to humans, is to suppress systemic metabolism 
– it participates in hibernation, sleep, fatigue, etc. 

Fatigue is a common response during sickness. Is adenosine-
induced fatigue a way to conserve energy for immune cells 
during an immune response?   (Dolezal 2015)
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The most often studied effects of 
extracellular adenosine on 
mammalian immunity:

The high increase in ecto-ATP 
associated with excessive 
inflammation leads to highly 
elevated levels of adenosine locally 
at an inflamed site that suppresses 
further activation of  immune cells.

THEORETICAL CONCEPT OF SELFISH IMMUNE SYSTEM  by Rainer Straub (2014)
According to this concept, insulin resistance, caused by pro-inflammatory cytokines, is a 
physiological way for the immune system to usurp energy during acute stress from the 
rest of the organism, since the immune cells themselves do not become insulin resistant.
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EXPERIMENTAL EVIDENCE FOR PRIVILEGE OF THE IMMUNE SYSTEM
Adenosine is released from activated immune cells and suppresses systemic 
metabolism (such as growth of developing tissues and accumulation of stores); 
energy is thus left for privileged immunity during the immune response
(Bajgar 2015)
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IMMUNE CELLS REGULATE THEIR OWN PRIVILEGE 
by expressing secreted adenosine deaminase, which 
decreases extracellular adenosine (Bajgar 2018)

Lowering ADGF-A enhances the effects of adenosine
- this may boost the acute immune response 
- during prolonged response (as in chronic 

infection), this leads to excessive loss of energy 
reserves and can even feed the pathogen

METABOLIC SWITCH 
in immune cells is regulated by 
HIF-1α both in flies and mammals;
it is an evolutionary conserved 
mechanism (Krejčová 2019)

expression of the specific transcript for 
cytoplasmic trehalase is strongly induced 
in activated immune cells

Increasing glycolysis and PPP in 
activated immune cells is essential 
for an effective immune response 
but requires a lot of glucose 
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