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Newly discovered subset of brain cells fight
inflammation with instructions from the gut

January 25 2021
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Astrocytes are the most abundant type of cells within the central nervous
system (CNS), but they remain poorly characterized. Researchers have
long assumed that astrocytes' primary function is to provide nutrients
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and support for the brain's more closely scrutinized nerve cells; over the
years, however, increasing evidence has shown that astrocytes can also
actively promote neurodegeneration, inflammation, and neurological
diseases. Now, a team led by researchers from Brigham and Women's
Hospital, has shown that a specific astrocyte sub-population can do the
opposite, instead serving a protective, anti-inflammatory function within
the brain based on signals regulated by the bacteria that reside in the gut.
Findings on the new anti-inflammation pathway are published in Nature.

"Over the years, many labs, including mine, have identified important
roles for astrocytes in promoting neurological diseases," said
corresponding author Francisco Quintana, Ph.D., of the Ann Romney
Center for Neurologic Diseases at the Brigham. "This is the first case in
which we're showing that at least a subset of these cells (astrocytes) can
prevent inflammation. The reason we haven't seen this before was
because we were studying these cells as if they were uniform, or one
single cell type. But now we have the resolution to see the differences
between these cells."

The researchers used refined gene- and protein-analysis tools to identify
the novel astrocyte subset. The astrocyte population resides close to the
meninges (the membrane enclosing the brain) and expresses a protein
called LAMPI1, along with a protein called TRAIL, which can induce the
death of other cells. These features help the LAMPI1+TRAIL+
astrocytes limit CNS inflammation by inducing cell death in T-cells that
promote inflammation.

To determine what mechanism controls LAMPI1+TRAIL+ astrocytes in
the brain, the researchers performed a series of tests using the gene-
editing tool CRISPR-Cas9. They found that a particular signaling
molecule, called interferon-gamma, regulates TRAIL expression.
Moreover, they found that the gut microbiome induces the expression of
interferon-gamma in cells that circulate through the body and ultimately
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reach the meninges, where they can promote astrocyte anti-inflammatory
activities.

Understanding the mechanisms driving the anti-inflammatory functions
of LAMPI1+TRAIL+ astrocytes could enable researchers to develop
therapeutic approaches to combat neurological diseases, like multiple
sclerosis. For example, they are exploring probiotic candidates that can
be used to regulate the astrocytes' anti-inflammatory activity.
Additionally, the research team's more recent data indicates that certain
brain tumors exploit this pathway to evade the body's immune response.
The investigators are therefore developing cancer immunotherapies to
retaliate against the tumors' attacks.

"Finding microbiome-controlled anti-inflammatory subsets of astrocytes
is an important advance in our understanding of CNS inflammation and
its regulation,”" Quintana said. "This is a very novel mechanism by which
the gut controls inflammation in the brain. It guides new therapies for
neurological diseases, and we believe that this mechanism could
contribute to the pathogenesis of brain tumors."

Quintana's lab identified the only other subset of astrocyte known to be
regulated by the gut microbiome in 2016, but the investigators believe
that there are likely others. "It's becoming clear that the gut flora are
important in many diseases," he said. "We're lucky that we've been
leading the charge to identify different subsets of astrocytes and the
mechanisms that control them. We have a list of other populations of
astrocytes, and we're working to see how the gut flora may control
them."

More information: Liliana M. Sanmarco et al, Gut-licensed IFNvy+
NK cells drive LAMP1+TRAIL+ anti-inflammatory astrocytes, Nature
(2021). DOI: 10.1038/s41586-020-03116-4
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