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A gut feeling about stroke reveals
gut-brain axis’ active role in
homeostasis and dysbiosis
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Abstract

Peripheral inflammatory responses accompany many neurological disorders, including stroke. The gut-brain axis opens
new avenues in our understanding of stroke progression and abrogation of secondary cell death. Certain microbiomes,
especially those related to inflammation, appear to closely reflect the homeostasis and dysbiosis of both the brain and
the gut, suggesting their potential application as biomarkers and therapeutic targets. A paradigm shift from purely central
towards incorporating peripheral sequestration of cell death pathways may improve stroke therapeutic outcomes.
Recognizing this gut-brain axis as key to disease pathology and treatment is likely to usher innovative approaches in

cell-based regenerative medicine for stroke.
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Stroke is a primary cause of death and disability in the
United States and worldwide but has limited effective
treatment; thus, it remains a significant unmet clinical
need that warrants novel therapy. Whereas the primary
insult may not be rescued, the secondary cell death
presents as a viable stroke therapeutic target.
Understanding the cell death mechanisms accompany-
ing stroke progression will not only provide insights
into finding sensitive biomarkers of disecase pathology
but also guide the development of novel strategies
designed to retard this stroke-induced secondary cell
death. Because many stroke survivors are left with dis-
abling motor and cognitive impairments which are
exacerbated by secondary cell death, abrogation of
this progressive cell death will likely improve the qual-
ity of life of stroke patients.

Because of the well-established brain pathology of
stroke, research efforts to reveal the underlying mech-
anisms of stroke progression have largely probed the
central nervous system (CNS). Accumulating evidence
now implicates the critical participation of the periph-
eral nervous system in the secondary cell death of

stroke, in particular, the gut-brain axis closely approx-
imates stroke progression.'? Key to this pathological
link is the aberrant elevated inflammation in both the
gut and brain after stroke. A healthy gut manifests a
highly diverse microbiome, which in humans may con-
sist of 10-100 trillions of microorganisms and
bacteria, whereas a pathologic gut displays a limited
and distinct set of inflammation-relevant microbiomes.
Mechanisms linked to gut dysbiosis, such as skewed
metabolic profiles, dysregulated immune systems, and
direct translocation of gut microbiomes to pathologic
organs, provide a putative biological mechanism by
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which the brain may communicate with the gut and
vice versa during stroke progression.

The enteric nervous system functions autonomously,
but the process of digestion requires a coordinated reg-
ulatory control involving parasympathetic and sympa-
thetic fibers that link the CNS with either the enteric
nervous system or the digestive tract. These fiber for-
mations connecting the gut and the brain allow the gut
to communicate sensory information to the CNS; sim-
ilarly, these connections aid in CNS regulation of gas-
trointestinal (GI) function. This gut-brain axis
represents the physiological framework for the mainte-
nance of homeostasis with the CNS and GI tract work-
ing together towards this important cell, tissue, organ,
and organism survival function. Following a CNS
insult, including stroke, the same gut-brain axis nor-
mally employed for homeostatic regulation is also
mobilized to control dysbiosis.* That a signature
inflammation profile of the gut microbiome may be
mirrored in the brain microbiome, specifically in the
ischemic penumbra, represents an innovative research
endeavor towards our understanding of stroke pathol-
ogy and its treatment. Unique microbiomes exist
beyond the gut and brain, and have been well charac-
terized in the vagina, oral cavity, and skin, which may
influence stroke outcomes.

This paradigm shift of thinking outside the brain
and pursuing a holistic approach in treating stroke
and other neurological disorders has recently been
embraced by the stem cell-based regenerative medicine
field. Cell transplantation, along with the delivery of
cell-derived exosomes, microvesicles, microRNAs,
and trophic factors, among others, has expanded the
stroke therapeutic targets from central to peripheral
organs.® Profiling of unique microbiomes in the
brain and gut (as well as other peripheral organs) via
single-cell omics and transcriptomics’® will be instru-
mental in understanding the pathology and developing
treatment strategies such as cell-based regenerative
medicine for stroke and other neurological disorders.’

Our recent studies in experimental Parkinson’s dis-
ease (PD) reveal the critical role of the microbiome as a
biomarker and therapeutic target.”'” The prevailing
dogma in PD is its overarching classification as a
brain disorder with the depletion of nigrostriatal dopa-
mine as its key pathology; thus, its diagnosis and treat-
ment have mainly focused on addressing this brain
manifestation. A paradigm shift implicates the periph-
ery as PD’s origin. Indeed, gut dysbiosis precedes brain
pathology, with abnormal GI functions predating the
hallmark motor symptoms of PD.%'° Cognizant of this
gut-to-brain disease propagation, probing the gut
microbiome should reveal innovative insights into PD
pathology and its treatment. Targeting PD at its
peripheral origin may allow a disease-modifying

outcome instead of the current palliative relief. Our
two recent studies identified three key gut microbiota
(LAB158, BAC303, and EREC482), which are upregu-
lated after neurotoxin lesions, tightly associated spa-
tially and temporally supporting the gut-to-brain
evolution of pro-inflammation and neurotoxicity, and
abrogated by stem cell treatment.”'® That gut inflam-
matory microbiomes may induce neurodegeneration in
PD suggests that similar dysbiotic gut-brain axis can
influence the inflammation-plagued secondary cell
death in stroke. In-depth identification of specific
microbiomes in both gut and brain may reveal the
homeostatic microenvironment that harbors a healthy
and neuroplastic brain, and the dysbiotic microenvi-
ronment that drives neuroregeneration. To this end,
single-cell omics and intragut stem cell therapy repre-
sent as innovative tools in probing the gut-brain axis in
stroke, PD, and other neurological disorders.

These pioneering reports directly implicate the key
role of the gut microbiome in CNS disease pathology,
and also provide evidence that targeting the gut and its
inflammatory microbiome stands as a novel stroke
therapy. Recognizing that the gut is a major source
of inflammation and a key pathological contributor
to stroke, it is appealing to pursue the logical transition
of interrogating the gut, in addition to the brain, to
fully understand stroke pathology and its treatment.
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