Astrocytes fuel the fire of lymphocyte toxicity
after stroke
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Astrocytes weave their processes throughout the
central nervous system (CNS), supporting and protecting delicate neurons via the regulation of cerebral
blood flow, cerebral metabolism, and neurotransmission (1, 2). Astrocytes also form the backbone of the
glial limitans, the unique blood–brain barrier (BBB)
that sequesters the CNS away from the rest of the
body (3). The role of astrocytes after a brain injury like
ischemic stroke is complex, with evidence demonstrating both beneficial and deleterious roles of astrocytes in stroke pathology (4–8). Following CNS insults,
astrocytes react robustly, releasing proinflammatory
mediators that recruit immune cells and initiate the
formation of a glial scar to contain the area of injury
and restore the integrity of the BBB (3). However, little
is currently known about interactions between astrocytes and the peripheral immune system following
brain injury. In PNAS, Li et al. (9) report that astrocyte-derived IL-15 is a major driver of tissue damage
and poor outcome after cerebral ischemia, an effect
that is dependent upon the ability of IL-15 to specifically enhance the activation and cytotoxic effector
functions of natural killer (NK) cells and CD8+ T lymphocytes (Fig. 1).
Using proteomic profiler array analysis, Li et al. (9)
identified IL-15 as one of the factors produced in large
amounts by astrocytes isolated from the brains of mice
24 hours after stroke. The Li et al. (9) study is the first
to demonstrate that astrocytes are a major source of
IL-15 in the CNS after ischemic stroke. To determine
the role of IL-15 in stroke pathology, Li et al. transgenically modified mice to specifically overexpress
IL-15 in astrocytes. Although these mice showed no
enhanced neuroinflammation under normal conditions, overexpression of astrocytic IL-15 in transgenic
animals exacerbated tissue damage and neurological
dysfunction after experimental ischemic stroke. A
complementary study using in vivo lentiviral knockdown of IL-15 in the astrocytes of wild-type mice
resulted in reduced tissue damage and better neurological outcomes, providing further evidence that
astrocyte-derived IL-15 aggravates ischemic stroke
pathology.

Until publication of this study, the mechanistic role
of IL-15 in brain inflammation was not well understood
(10). Peripherally, IL-15 is known to play a critical role
in the maintenance and function of immune cells, including NK lymphocytes and T lymphocytes (11, 12). Li
et al. (9) demonstrate that overexpression of IL-15 in
astrocytes resulted in increased infiltration of NK and
CD8+ T lymphocytes into the brain after stroke. Importantly, no changes in other infiltrating peripheral immune
cells or altered microglial polarization were observed.
In vivo depletion of CD8+ T cells, NK cells, or both ameliorated the deleterious consequences of astrocyte IL-15
overexpression in transgenic animals.
Subsequent experiments showed that astrocytederived IL-15 enhances the expression of molecules
in NK and CD8+ T cells necessary for their activation
and cytotoxcicity, including CD69 and IFN-γ. Together
with previous work demonstrating that NK and CD8+ T
lymphocytes exacerbate tissue damage after ischemic
stroke, these data suggest that astrocytic IL-15 is a
driver of lymphocyte activation and cytotoxicity in the
CNS following injury (9).
IL-15 is a unique cytokine that forms a complex
with IL-15 receptor-α (IL-15Rα) before presentation on
the cell surface (13). Peripherally, this membranebound form of IL-15 is responsible for the major effects of this cytokine on target NK and CD8+ T cells
(14). Li et al. (9) determined that the expression of
IL-15α, the membrane presentation of IL-15 on astrocytes, and direct cell-to-cell contact are necessary to
augment the activity of NK and CD8+ T cells both
in vivo and in vitro. These results suggest that targeted
interruption of IL-15Rα, IL-15, or the complementary
receptor on target cells may all represent viable therapeutic strategies for the suppression of lymphocytemediated cytotoxicity in the CNS and other tissues.
It is important to note that the use of mouse
models for the identification of therapeutic targets to
treat human inflammatory diseases has recently been
called into question (15). This problem is particularly
critical in the field of ischemic stroke research, where
hundreds of successful rodent studies have failed to
translate into effective clinical trials and little overlap
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Fig. 1. In response to inflammatory signals released by dying cells after ischemia, astrocytes up-regulate IL-15. IL-15 complexes with IL-15Rα
before being transported to the membrane surface, where it is recognized by infiltrating NK cells and CD8+ T lymphocytes, resulting in their
activation (CD69 expression) and up-regulation of their cytotoxic effector functions (including IFN-γ production), contributing to cell-mediated
immunity and further exacerbating brain inflammation.
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has been found between the peripheral inflammatory transcriptome of mice and humans (16). However, recent work suggests
that identifying and focusing on inflammatory mechanisms shared
between mice and humans provides the greatest chances of identifying viable therapeutic targets (17). The study by Li et al. (9)
elegantly demonstrated that astrocytes are a major source of
IL-15 in the poststroke brains of both mice and human patients.
Further supporting the translational relevance of their findings,
the authors went on to show that NK and CD8+ T cells were found
in close proximity to reactive astrocytes poststroke in both mice
and humans.
The patient brain samples used in this study were all obtained
from elderly patients, underscoring the fact that ischemic stroke is
primarily an age-related disease (9). Elderly patients suffer higher
mortality and morbidity after stroke, findings that have been replicated in aged mouse models of ischemic stroke, which better
mimic the physiologic age of the average human stroke patient
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(18). Because there is evidence that the inflammatory response to
stroke changes with advanced age (19, 20), Li et al. strengthened
the argument for the clinical utility of their findings by performing
additional experiments to demonstrate that astrocytic IL-15 also
plays a deleterious role in ischemic stroke in aged animals (9).
This new evidence that astrocyte-derived IL-15 augments cellmediated immunity after ischemic stroke has wide-reaching implications regarding our understanding of astrocytes and brain-immune
cross-talk in CNS injury. As the inflammatory response has been
shown to have both beneficial and deleterious functions after stroke,
future studies should be expanded to examine the function of IL-15
in long-term functional outcomes and neurological repair after
stroke. These results have significantly expanded our knowledge of
the role of astrocyte/lymphocyte interactions following cerebral
ischemia, and will likely have important implications in other neuropathologies, particularly for other traumatic brain injuries and
neurodegenerative diseases.
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