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Streptococcus pneumoniae induces 
programmed cell death in brain-
derived endothelial cells through two 
functionally and morphologically 
distinct pathways that occur over 
different time frames, according to a 
recent report published in the Journal 
of Clinical Investigation.

Although generally a commensal 
microorganism of the upper respira-
tory tract, S. pneumoniae can cause 
acute meningitis when it finds its 
way across the blood–brain barrier. 
Despite the availibility of antibiot-
ics, pneumococcal meningitis has 
high mortality and morbidity. Using 
brain microvascular endothelial cells 
(BMECs) isolated from rats and 
mice as an in vitro model, a group 
led by Joerg R. Weber at The Charité 

Medical School in Berlin, Germany, 
investigated the mechanisms through 
which pneumococci damage and kill 
endothelial cells of the blood–brain 
barrier. 

Living S. pneumoniae were found 
to rapidly induce apoptosis-like 
programmed cell death (PCD), 
leading to total destruction of  the 
BMEC monolayer within 12 hours. 
This process was dependent on 
neurotoxins secreted by the pneu-
mococci, H2O2 and pneumolysin, 
as their absence decreased PCD. 
Mitochondrial damage led to the 
subsequent release of the mitochon-
drial apoptosis-inducing factor (AIF) 
into the cytoplasm, which has been 
suggested as a potential executor of 
pneumococcal-induced cell death 
in other cells. Living pneumococci 
failed to activate caspases, and this 
PCD mechanism did not depend on 
the presence of Toll-like receptors 
(TLRs). 

In addition, pneumococcal cell 
wall (PCW) was found to induce 
classical apoptosis in BMECs, 
causing complete condensation 
and fragmentation of the nucleus. 
Apoptosis was induced through 
TLR-2, a crucial receptor in the 
innate immune response, and 
through the activation of caspases (in 
particular caspase-3 and caspase-8). 
This process occurred over a longer 
time frame than PCD induced by 
living pneumococci, which could 
cause disruption of endothelial and 
neuronal repair during resolution of 
meningitis. 

Taken together, these two path-
ways contribute to both acute and 
prolonged damage during meningi-
tis. The PCW-induced mechanism 
has implications for therapeutic 
treatment — antibiotics that target 
the cell wall might well kill S. pneu-
moniae, but in doing so they also 
cause further inflammation and tis-
sue destruction through the release 
of cell-wall debris. 

Annie Tremp
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