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Traumatic brain injury (TBI) is associ-
ated with prolonged neuroinflammation
lasting months or years after injury
(Simon et al., 2017), which may explain
why TBI patients have increased risk for
other latent neurodegenerative diseases
(Guo et al., 2000; Plassman et al., 2000;
Fleminger et al., 2003). The neuroin-
flammatory response after TBI is par-
tially driven by microglia, the resident
immune cells of the brain. Microglia
normally have a ramified morphology
and interact with neuronal circuits to
phagocytose dead and stressed cells and to
modulate synaptic connectivity (for review,
see Kaminska et al., 2016). When faced
with a threat, however, microglia undergo
changes in morphology, transcription, and
signaling that can promote tissue repair.
Microglia can also increase damage, how-
ever (Kumar et al., 2016; Loane and
Kumar, 2016; Simon et al., 2017). Notably,
depletion of microglia after a general hip-
pocampal lesion improved behavioral out-
comes and attenuated tissue damage (Rice

et al., 2017), suggesting that microglia may
be an ideal therapeutic target after injury.
While most preclinical TBI studies have
targeted treatments to the first few hours
after injury, the persistent changes in
microglial state indicate potential for more
delayed therapeutic intervention.

To explore the role of microglia in the
prolonged neuroinflammatory period af-
ter a TBI and test the hypothesis that
delayed short-term elimination of micro-
glia can diminish neurodegeneration in
the long term, Henry et al. (2020) transi-
ently depleted and repopulated microglia
starting 28 d after TBI in mice. Microglia
were depleted using PLX5622, a small
molecule that inhibits colony-stimulating
factor 1 receptor (CSF1-R; Elmore et al.,
2014), a trophic factor for microglia and
macrophages. Similar to a previous report
of depletion and repopulation dynamics
(Elmore et al., 2014), PLX5622 depleted
95% of microglia within 7 d of treatment,
but microglial density returned to control
levels by 7 d after PLX5622 treatment
ceased (Henry et al., 2020, their Fig. 1C).

Henry et al. (2020) first assessed mem-
ory, cognition, and motor impairments
between 8 and 12weeks after TBI. TBI
caused long-term impairments in motor
function (beam walk and rotarod), object
memory (novel object recognition), and
spatial memory (Y-maze and Morris water
maze). Treating mice with PLX5622 for 7
d starting 4 weeks after TBI attenuated be-
havioral deficits, measured 1–2months af-
ter microglia repopulated the brain (Henry

et al., 2020, their Figs. 2, 3). Microglial
depletion in animals that had not been
subjected to TBI (sham treated) had no
effect on performance in these tests (Henry
et al., 2020, their Table 1).

Improved behavioral outcomes after
transient microglial depletion might have
resulted from altered neural circuit func-
tion, glial effects on neuronal survival, or
both. To test the possible impact of micro-
glial depletion on neuron survival, Henry
et al. (2020) assessed lesion volume and
cell densities. Cortical lesion volumes were
smaller and cell densities were higher in
both perilesional cortex and hippocampal
tissue of mice in which microglia were
transiently depleted after TBI than in mice
that underwent TBI without microglial
depletion (Henry et al., 2020, their Fig. 4).
Staining for Iba1, a microglial marker,
showed that microglia in the perilesional
cortex after TBI typically had a bushy or
hypertrophic morphology consistent with
the microglial response to injury (Henry
et al., 2020, their Fig. 4E). In contrast,
microglia in mice treated with PLX5622
after TBI had a more ramified morphol-
ogy (Henry et al., 2020, their Fig. 4E), and
also had reduced staining for the immune
proteins CD68 and Nox2 (Henry et al.,
2020, their Fig. 6C), suggesting lower
microglial reactivity. Side scatter analysis
demonstrated reduced size and granularity
of microglia that repopulated the brain af-
ter transient depletion. Together, these
data suggest that delayed manipulation of
chronic neuroinflammation is sufficient to
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improve tissue and behavioral outcomes
after injury. After repopulation, the abso-
lute numbers of microglia and infiltrating
macrophages were not altered by PLX5622
treatment (Henry et al., 2020, their Fig. 7),
and the astrocyte population also appeared
unaffected (Henry et al., 2020, their Fig. 8).
These results highlight the importance of
microglia, in contrast with other glial sub-
populations, in long-term outcomes after
injury.

Consistent with altered microglial mor-
phology and inflammatory marker (CD68
and Nox2) expression, gene expression in
perilesional tissue was altered by PLX5622.
Transcriptome analysis of perilesional tis-
sue 8weeks after TBI identified a cluster of
microglia-related genes (MgC1), including
inflammatory receptors and microglia-spe-
cific cytokines, that were upregulated after
TBI but downregulated after PLX5622
treatment (Henry et al., 2020, their Fig. 5).
Analysis of oxidative stress genes revealed
a group of genes (OxC1) in which the TBI-
induced increase in transcription was also
attenuated by PLX5622, although similar
genes (e.g., OxC2) were inversely affected
(Henry et al., 2020, their Fig. 5C).
Elevated circulating levels of caspase-1
and IL-1b in cortex after TBI were also
reduced after PLX5622 treatment, con-
sistent with attenuation of the chronic
inflammatory state (Henry et al., 2020,
their Fig. 7). Together, these findings
suggest that repopulating microglia did
not resume the inflamed state of post-
TBI microglia, and, consequently, over-
all inflammation was reduced by tran-
sient depletion of microglia.

The findings by Henry et al. (2020)
leave room for further exploration of
microglial proliferation and behavior in
the mature brain. Repopulating micro-
glia did not have the same signaling pro-
file as postinjury microglia. Taken in the
context of the longevity and low base-
line turnover of microglia, this builds on
evidence that microglia repopulate from
a progenitor cell population in the brain
rather than by the proliferation of mature
microglia (Elmore et al., 2014; Rice et al.,
2017). Notably, repopulating microglia are
exposed to cytokine signaling from astro-
cytes, surviving microglia that were not
depleted, and distressed neurons near
the injury site. Furthermore, because the
severe brain injury model used in this
study likely results in sustained break-
down of the blood–brain barrier, micro-
glia may also be exposed to infiltrating
cells and molecules generally foreign
to the brain. However, microglia that
repopulated the brain after PLX5622

treatment did not recapitulate the mor-
phologic or gene expression profiles seen
in nontreated TBI controls. This result
suggests that microglial phenotypes are
driven differentially in the acute and
chronic responses to injury, and inspires
further investigation into the balance
among cytokine, epigenetic, and autocrine
signaling (for review, see Kaminska et al.,
2016).

The depletion method used by Henry
et al. (2020) also provides the opportunity
to characterize the infiltration of periph-
eral macrophages into the brain after TBI.
PLX5622 depletes both microglia and circu-
lating macrophages because both depend
on the expression of CSF1-R to survive.
However, macrophage populations were
not different between PLX5622-treated and
nontreated TBI mice (Henry et al., 2020,
their Fig. 7). The presence of macrophages,
which are produced postnatally only in
bone marrow and liver (Hashimoto et al.,
2013), after PLX5622 treatment implies
that repopulating macrophages are re-
entering the brain, raising questions about
the signaling driving macrophage infiltra-
tion. Combined with the evidence of con-
tinued astrogliosis, these results add
support to a hypothesis that peripheral
macrophage recruitment is mediated by
astrocytic signaling (Glabinski et al.,
1996). Furthermore, the attenuated tissue
damage in mice with reinfiltrated periph-
eral immune cells and altered microglia
suggests that infiltrating macrophages are
unlikely to drive later-term tissue damage,
at least in this model. The differences in
microglial, astrocytic, and macrophage
phenotypes after PLX5622 withdrawal
suggest that these cell types likely rely on
different inflammatory signaling mecha-
nisms that have yet to be fully character-
ized, and that the microglial state is not
only influenced by surrounding glial cells
and tissue, but may be affected by prior
activation states. Thus, further inquiry into
potential epigenetic changes and autocrine
signaling within microglial populations
will likely further our understanding of
microglial activity and may provide future
therapeutic targets for microglia.

The PLX5622-induced improvement
in behavioral outcomes was associated
with reduced cell loss in cortical and hip-
pocampal regions; however, the robust
behavioral rescue could result from a
number of factors, including rewiring of
surviving neuronal circuits. Neurologic
impairments after injury, including after
TBI, epileptogenesis, and stroke models
(Xerri et al., 1998; Hunt et al., 2009), are
often associated with synaptic and circuit

reorganization. Although microglia are
involved in synaptic pruning (Parkhurst et
al., 2013), and elevated inflammatory sig-
naling within the microglia population has
been associated with cognitive decline in
mouse models of dementia (Shi et al.,
2019), it is currently unclear whether altered
microglial phenotype underlies neuronal
circuit modifications after injury. Targeted
manipulation of microglial function could
clarify the mechanisms of microglial main-
tenance of neuronal circuits and modula-
tion of behavior, building on the results in
this study. A deeper understanding of how
microglial states alter neuronal circuits will
be critical for the development of microglia-
centric treatment strategies for injuries and
neurodegenerative diseases.

In conclusion, this work by Henry et
al. (2020) raises intriguing questions about
the mechanisms altering microglial state
and the role of microglia in shaping neural
circuitry. Their findings not only pave
the way for expanded investigation into
microglial roles in health and disease, but
might also lead to reevaluation of treat-
ment targeting and therapeutic windows
for other neurologic disorders including
stroke, epilepsy, and dementias.
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