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Under normal conditions, the immune system protects the
brain from outside invaders, including viruses, bacteria,
toxins, and fungi. However, an abnormal immune response
within the brain affects its function and contributes to the
progression of neurological diseases. For example, the
immune system attacks the myelin sheath surrounding the
nerve fibers in multiple sclerosis, causing nerve signal trans-
mission problems [1], and excessive glial activation exac-
erbates Alzheimer’s disease and contributes to its progres-
sion [2]. The discovery of the gut-brain axis indicates that
the immune system in the central nervous system is also
regulated by peripheral organ systems [3]. Numerous stud-
ies have demonstrated that the microbiome in the gastroin-
testinal tract is one of the critical regulators of the brain’s
immune response [4]. However, the roles of the microbiomes
in other peripheral organs in regulating the brain’s immune
systems remain unclear.

In a recent study, Hosang et al. elucidated the role of the
lung microbiome in regulating the brain’s immune reactivity
[5]. Hosang et al. first analyzed whether the lung micro-
biota affects the lung autoimmune process in a rat model

Luoman Yang and Shu Feng contributed equally to this work.

P< Chongyun Wu
2017010064 @m.scnu.edu.cn

< Luodan Yang
luodan.yang @lIsuhs.edu

Laboratory of Regenerative Medicine in Sports Science,
School of Physical Education and Sports Science, South
China Normal University, Guangzhou 510006, China

Department of Anesthesiology, Peking University Third
Hospital, Beijing 100083, China

Department of Neurology, Louisiana State University Health
Sciences Center, Shreveport, LA 71103, USA

of experimental autoimmune encephalomyelitis (EAE). The
EAE model is a well-established animal model of T-cell-
mediated autoimmune disease of the central nervous system
(CNS) [6]. This animal model has been established in vari-
ous animals and is induced by administering CNS-derived
antigens. Myelin basic protein (MBP) peptide fragment-
induced EAE is a widely used model of multiple sclerosis.
In the study by Hosang ef al., lung EAE was established by
intravenous administration of MBP-specific T cells (Tyzp
cells) followed by intratracheal administration of MBP. They
found that daily application of intratracheal neomycin com-
pletely blocks the lung EAE and regulates the diversity and
abundance of the lung microbiome. To exclude the possibil-
ity that the improvement of lung EAE was due to the changes
in gut microbiota, Hosang et al. analyzed the gut microbiota
after intratracheal neomycin treatment. They did not detect
any significant changes in abundance or diversity of the gut
bacterial strains. Moreover, direct neomycin application in
the gastrointestinal tract at the dose used in the intratracheal
treatment or 10-fold-higher doses does not ameliorate clini-
cal EAE, suggesting the improvement of lung EAE has no
relationship with the microbiome diversity of the gut. Fur-
thermore, they found that subcutaneous neomycin injection
that lacks a microbial environment did not affect the lung
EAE, indicating that the lung microbiota is necessary for the
effect of neomycin in lung EAE. Interestingly, the number of
T cells within the CNS was significantly reduced following
local neomycin treatment. However, no significant changes
were detected in the proliferation and migration of T cells
into the blood following intratracheal neomycin treatment.
This finding suggests the disease-suppressing effects of the
intratracheal neomycin treatment is not due to the changes in
T-cell activation within the lung tissue and further confirms
that local microbiota dysregulation plays a vital role in the
disease-suppressing effects of intratracheal neomycin.
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Hosang et al. next asked whether peripheral EAE induced
by subcutaneous immunization or transfer EAE by the trans-
fer of effector T cells could also be affected by changes in the
lung microbiome [5]. Interestingly, the authors found that the
peripheral EAE and transfer EAE induced outside the lung
were significantly impaired after treatment with intratracheal
neomycin. Next, lung microbiota transfer experiments were
conducted to further confirm the role of the lung micro-
biota in the peripheral EAE model. Intriguingly, animals
that received lung microbiota from the neomycin-treated rats
showed significant improvement in the clinical symptoms of
transfer EAE but not in the animals that received microbiota
isolated from control animals without neomycin treatment.
Similarly, in both peripheral and transfer EAE, neomycin
treatment did not influence T cell numbers and migration
in the periphery but rather it reduced T cell numbers within
the CNS.

The authors also analyzed changes in the autoimmune
process within the CNS following neomycin treatment
[5]. They found that CNS inflammation was significantly
decreased following the neomycin treatment. However, the
reduced CNS inflammation could not be explained by the
changes in Tygp cells. Therefore, the authors speculated that
the changes in CNS inflammation might be due to changes
in the microglia, the brain’s primary resident immune cells.
To confirm the role of microglia in EAE pathogenesis fol-
lowing neomycin treatment, the authors treated transfer EAE
animals with minocycline, a microglial activation inhibitor.
Interestingly, the transfer EAE was significantly inhibited,
and pretreatment with neomycin did not show any additional
disease-dampening effect. Similar results were found when
the microglial depletion strategy was applied, suggesting
that microglia mediate the altered autoimmune response
after neomycin-induced lung microbiome changes. However,
morphological changes of microglia were seen after intratra-
cheal neomycin treatment. In addition, global transcriptome
analyses of total tissue and microglia found that the gene
changes in microglia and whole tissue had considerable
overlap, suggesting that microglial changes play a crucial
role in the lung-microbiota-induced changes in CNS tissue.

The authors next investigated the lung microbiome
changes after intratracheal neomycin treatment to deter-
mine the relationship between microglial reactivity and
lung microbiome changes. First, they found that Bacteroi-
detes were the most affected species of bacteria. Next, they
transferred Prevotella melaninogenica, an inactivated strain
of the Bacteroidetes phylum, to examine whether Bacteroi-
detes contributes to the clinical effects following neomy-
cin treatment. Intriguingly, the intratracheal transfer of P.
melaninogenica significantly improved clinical EAE rather
than transfer by gastrointestinal gavage. This finding further
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supports the hypothesis that the lung microbiome regulates
the immune reactivity of the CNS. Because lipopolysac-
charide (LPS) is the main component of the bacterial cell
wall and 80% of the LPS production in the gut is attrib-
uted to Bacteroidetes, the authors then measured its levels
in bronchoalveolar lavage fluid. Interestingly, they found a
significant increase of LPS in neomycin-treated rats, and
antibiotic treatment that did not affect LPS did not affect
microglial and had no effect in regulating EAE. In contrast,
an antibiotic peptide that neutralizes LPS in the bronchoal-
veolar lavage fluid significantly exacerbates the severity of
EAE. These results confirmed that LPS is a regulator of
CNS immune functions and plays a vital role in regulation
of brain autoimmunity by the lung microbiome

In summary, Hosang et al. confirmed that the lung micro-
biome regulates the autoimmune responses in the CNS.
Moreover, they found that LPS-producing bacterial taxa play
a central role in this process (Fig. 1). Although they could
not rule out the effects of microbial metabolites and the
changes of peripheral or recruited immune cells on the CNS
autoimmunity, their study provides a new concept for the
peripheral organ system controlling the CNS. It offers novel
mechanisms underlying lung and CNS connections. Several
intriguing questions arise based on these critical findings and
are worth further investigation. First, although the astrocyte
may not be involved in the lung-microbiota-induced CNS
tissue changes [5], astrocyte changes may also be detected
at a later stage or other brain disease models because of the
crosstalk between astrocytes and microglia. Therefore, the
role of astrocytes in the lung microbiome-regulated auto-
immune inflammation of the brain deserves further investi-
gation. Second, because microglia play an essential role in
many processes in the brain, including microglia-mediated
synaptic pruning, microglial phagocytosis, and neuroinflam-
mation [7, 8], treatments influencing the lung microbiome
may be able to regulate these processes. Further studies may
examine the effect of the lung microbiome on microglia-
mediated synaptic pruning during early brain development
and microglial phagocytosis in neurological disorders. Third,
more studies are needed to explore new avenues and possi-
ble therapeutic approaches targeting the lung microbiome.
For example, is it possible to use inhaled probiotics to treat
brain disorders? Finally, it would be interesting to explore
whether other lung microbe-derived products influence CNS
autoimmunity and whether chronic lung diseases are risk
factors for neurodegenerative diseases. Looking deeper into
the effects and the underlying mechanisms of the regulation
of the lung microbiome in regulating brain autoimmunity in
various brain diseases may provide a possible way to prevent
or slow the progression of these brain disorders.
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Fig. 1 The lung microbiome . .
regulates brain microglia. Blood-brain barrier Hosang ez al.

Intratracheal neomycin adminis-
tration shifts the lung microbi-
ota towards LPS-enriched types.
The released LPS can cross the
blood-brain barrier and target
the brain, where the increased
LPS in neomycin-treated rats
induces a microglial type I
interferon response within the
CNS, resulting in the allevia-
tion of EAE. Several intriguing
questions arise and are worth
further investigation, including
the role of the lung microbiome
in regulating the microglial
response, the long-term astro-
cyte response, microglial prun-
ing, and microglial phagocyto-
sis in other brain disorders.
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How about these changes in other brain disorder?
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