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Ischemic stroke has pervasive effects out-
side the CNS, leading to a cascade of
inflammatory events that drives multior-
gan dysfunction and hampers long-term
stroke recovery. Peripheral organs, such as
the lung (Mai et al., 2017, 2019), heart
(Bieber et al., 2017), and intestine (Singh
et al., 2016; Stanley et al., 2016), are partic-
ularly susceptible to stroke-induced injury
and inflammation. For example, stroke
increases the permeability of intestinal
barriers (Singh et al., 2016; Stanley et al.,
2016), alters bacterial composition of the
gut, causing gut dysbiosis (Houlden et al.,
2016; Singh et al., 2016), and promotes
seeding of gut bacteria within the lung,
spleen, and liver (Stanley et al., 2016).
Such peripheral effects might exert addi-
tional effects on the damaged brain, thus
hindering recovery. Indeed, the gut micro-
biome has been shown to impact stroke
recovery (Xia et al., 2019). It is unclear
how the gut microbiota influences the
brain following stroke, but one possibility
is through the production of short chain
fatty acids (SCFAs). Indeed, SCFAs are im-
portant immunomodulatory factors (Vinolo
et al., 2011) that help maintain brain homeo-
stasis and promote recovery in certain

neurologic conditions (e.g., Parkinson’s
disease) (Dalile et al., 2019). In a recent
publication in The Journal of Neuroscience,
Sadler et al. (2020) examined the role of
SCFAs in stroke recovery and found that
SCFAs improve recovery, in part, through
effects on T cells.

To investigate the relationship between
SCFAs and stroke, Sadler et al. (2020)
modeled stroke in mice using the middle
cerebral artery occlusion method. Stroke
led to a reduction in circulating SCFAs.
To determine whether this reduction in
SCFAs affected stroke recovery, the authors
turned to a photothrombotic stroke model,
which produces small, cortical infarcts in a
predefined area (in this study, the motor
cortex), allowing detailed mechanistic
analyses. Previous fMRI studies in human
stroke patients have shown changes in
transhemispheric connectivity between the
lesioned (ipsilesional) and uninjured (con-
tralesional) hemisphere. Disruptions in
connectivity can impair long-term stroke
recovery in humans (Rehme and Grefkes,
2013). With this in mind, Sadler et al.
(2020) examined the effects of SCFAs on
motor cortical plasticity after stroke using
wide-field calcium imaging in mice express-
ing the calcium indicator GCaMP6S in neu-
rons. Like fMRI, this system indirectly
measures neuronal activity and provides
insight into connectivity among brain
regions (Sadler et al., 2020). The authors
imaged the resting-state fluorescent calcium
signal, then measured correlations between
the signal in the lesioned motor cortex and
the contralateral motor cortex as a readout

for cortical connectivity. Consistent with
previous work, the area of the contralesional
hemisphere with significant connectivity
was increased at 3 and 6 weeks after stroke.
Importantly, these effects were abrogated by
SCFA supplementation (initiated 4 weeks
before stroke induction and continued until
endpoint analysis). SCFA supplementation
also increased dendritic spine density within
the contralesional hemisphere but simulta-
neously reduced the number of presynaptic
synapses in the perilesional cortex. The
changes in cortical connectivity and synap-
ses might reflect an increase in inhibitory
connections from the ipsilesional hemi-
sphere to the contralateral hemisphere or
increased expression of inhibitory GABA
receptors (Huang et al., 2018). Importantly,
SCFAs improved motor function 8 weeks
after stroke.

To determine whether SCFAs act
directly on neurons or affect neuronal ac-
tivity and morphology indirectly through
non-neuronal cells, Sadler et al. (2020)
performed unbiased RNA sequencing on
total RNA isolated from the perilesional
cortex 2 weeks after stroke. A comparison
between their data and existing RNA-seq
data indicated that the genes differentially
regulated between mice receiving SCFA
supplementation and those receiving no
supplementation were largely associated
with microglia. Subsequent assessment of
microglial morphology and density at the
same time point revealed that SCFA sup-
plementation resulted in more ramified
(less activated) microglia and reduced
microglia numbers in the ispilesional
hemisphere.
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Based on the lack of SCFA receptor
expression in microglia (Erny et al., 2015),
existing evidence of T-cell infiltration in
photothrombotic infarcts at this time
point (Feng et al., 2017), as well as the fact
that T cells tune the inflammatory status
of microglia by secreting proinflammatory
and anti-inflammatory cytokines (Wang
et al., 2016), Sadler et al. (2020) asked
whether altered T-cell infiltration might
explain the effects of SCFAs on microglia.
In support of this possibility, they ob-
served a reduction in peripheral T-cell
pools and a corresponding reduction of T-
cell infiltration into the brain 2 weeks after
stroke with SCFA supplementation. To
test whether T cells are required for the
effects of SCFAs on microglial activation
following stroke, Sadler et al. (2020) eval-
uated microglial activation in mice depleted
of T cells (i.e., Rag1�/� mice). As hypothe-
sized, SCFAs did not inhibit microglial acti-
vation after stroke in Rag1�/� mice as they
did in immunocompetent mice. However,
the authors did not evaluate functional
recovery in Rag1�/� mice to determine
whether the microglial effects are directly
related to recovery (Sadler et al., 2020).

Overall, these findings demonstrate
that T cells are required for the effects of
SCFA on microglia during stroke recov-
ery. Yet questions remain about how
stroke alters the generation of SCFAs,
whether SCFAs alter T-cell polarization,
and whether the T-cell-dependent effects
they observed on microglia are important
for stroke recovery. Possible answers to
these questions are discussed below.

What is the initial signal that reduces
levels of circulating SCFAs after ischemic
insult? Increases in intracranial pressure
following stroke lead to hyperactivation of
the sympathetic nervous system (Schmidt
et al., 2018). Numerous studies have sug-
gested that sympathetic nervous system
activity drives intestinal gut leak and dys-
biosis (Houlden et al., 2016; Singh et al.,
2016; Liu et al., 2019). Gut leak occurs as
early as 3 h after stroke (Stanley et al.,
2016; Liu et al., 2019) with signs of dysbio-
sis by 24 h (Singh et al., 2016). These
changes are a result of increased intestinal
adrenergic signaling and elevated gut cate-
cholamine levels (Houlden et al., 2016;
Singh et al., 2016; Stanley et al., 2016). For
example, studies that deplete peripheral
adrenergic nerve endings demonstrate
that a robust release of norepinephrine
shifts microbial composition. When the
nerve terminals regenerate, the gut bacte-
rial composition returns to control levels
(Lyte and Bailey, 1997). Because different
microbial populations generate varying

amounts of SCFAs (Ratajczak et al., 2019),
changes in the gut microbiome might
explain the reduction in SCFAs seen by
Sadler et al. (2020).

SCFAs could improve functional re-
covery by influencing T-cell polarization.
There are numerous types of T cells, but
they can be broken down into two general
groups: proinflammatory and anti-inflam-
matory. The balance of proinflammatory
and anti-inflammatory T-cell subsets often
dictates the functional outcome of an
immune response, although this depends
on the context (i.e., anti-inflammatory
responses are beneficial in some contexts
but can be detrimental in others). While
Sadler et al. (2020) did not evaluate dis-
tinct T-cell populations, a few studies
show that SCFAs can influence T-cell
polarization. For example, under physio-
logical conditions, SCFAs facilitate differ-
entiation of naive T cells into “helper” T
cells (Park et al., 2015), which are impor-
tant in modulating immune responses.
Notably, dietary SCFAs increase the num-
ber and anti-inflammatory functions of
regulatory helper T cells (Tregs) (Smith et
al., 2013). In a recent publication, Lee et al.
(2020) provided the first evidence demon-
strating that SCFAs reduce proinflamma-
tory, IL-171 T-cell infiltration into the
brain. Other studies looking at gut dysbio-
sis have also shown changes in T-cell
polarization. For example, recolonizing
the gut microbiome of germ-free mice
increases the polarization of T cells into
the Treg subset, resulting in reduced infarct
volumes after stroke (Singh et al., 2016). In
addition to influencing T-cell polarization,
SCFAs may affect T-cell migration to the
brain, as they alter T-cell migration from
the gut to the eye during experimental auto-
immune uveitis (Nakamura et al., 2017).
While there is currently no evidence that
SCFAs affect T-cell migration to the
brain, previous studies have shown that
intestinal T cells migrate to the brain
after stroke (Benakis et al., 2016; Singh
et al., 2016).

Although Sadler et al. (2020) show that
the beneficial effects of SCFA on microglia
are T cell-dependent, it is unclear whether
these effects are important for stroke re-
covery. Indeed, their transcriptomic data
showing differential expression of many
microglial genes in the perilesional cortex
suggest, but do not prove, the importance
of microglia in the SCFA-mediated en-
hancement of recovery from stroke in
mice. In fact the authors also identified
transcriptional changes in neurons follow-
ing SCFA supplementation, including in-
creases in both the presynaptic vesicle

molecule synaptophysin and the BDNF
receptor TrkB in the perilesional cortex.
Thus, despite their conclusion that micro-
glia are the main cellular target of SCFAs,
neurons might be a more relevant target.
This hypothesis is supported by the fact
that neurons express the SCFA receptor
(Dalile et al., 2019) unlike microglia (Erny
et al., 2015) and T cells (Park et al., 2015).
Overall, because the effects of SCFAs on
stroke recovery could be mediated through
direct effects on neurons, it remains possible
that the microglial effects they observed are
epiphenomenal and not important for func-
tional recovery following SCFA supplemen-
tation, a point the authors allude to in their
discussion. That said, SCFAs could exert
effects on any of these cell types through
mechanisms not involving the SCFA recep-
tor. Indeed, SCFAs have been shown to al-
ter T-cell polarization by inhibiting histone
deacetylases independent of SCFA receptor
(Park et al., 2015).

In conclusion, Sadler et al. (2020) iden-
tified a novel immunologic connection
between microbial SCFAs and stroke re-
covery. Information about the specific T-
cell subsets that mediate the effects of
SCFA on stroke recovery can inform the
development of immunomodulatory ther-
apeutics that could be used to hasten or
improve stroke recovery. In the meantime,
dietary SCFA supplementation and/or
fecal matter transplants (to restore the gut
microbiome) could be explored in human
stroke patients to determine whether the
gut microbiome represents a viable thera-
peutic path for stroke recovery.
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