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Microbes helping Microbes

Evidence for gut microbiota establishing conditions
permissive to pulmonary infection with M. Tuberculosis

by Olive Njoroge

MicroRNAs, small non-coding RNAs that regulate gene ex-
pression post-transcriptionally, have emerged as key play-
ers in immune regulation and disease pathogenesis.1 Among
these, miR-21 is one of the most highly expressed miRNAs
in various tissues and has been implicated in modulating
numerous inflammatory responses and immune functions.
While the impact of miRNAs on bacterial pathogen-host in-
teractions has been extensively studied, our understand-
ing of their role in gastrointestinal (Gl) tract immunity, par-
ticularly in the context of Tuberculosis (TB), remains limited.

In the article "MiR-21 is Remotely Gov-
erned by the Commensal Bacteria and
Impairs Anti-TB Immunity by Down-Reg-
ulating IFN-y," Yang et al. examine the in-
teraction between gut microbiota, miR-21,
and immunity in TB pathogenesis. MicroR-
NAs are known to regulate gene expres-
sion, and previous work specifically indi-
cates roles in regulating immune function.!
A growing body of research has explored
the connection between the gut microbiome
and lung diseases, a concept termed the
“gut-lung axis.””? This area of study suggests
that gut-derived factors, including surviving
bacteria, metabolites produced by gut bac-
teria, or other molecules, may travel into the
circulatory system by way of the lymphat-
ic system, potentially triggering immune
responses in the lungs.’> Through a "loss
of function" model involving antibiotic-in-
duced dysbiosis of the gut microbiota, the
authors investigate the impact of this dysbi-
osis on immune responses to pulmonary M.
tuberculosis infection, identifying miR-21
as a potential mediator of host-microbiota
interactions in TB*

Understanding the mechanisms by which
commensal bacteria regulate interferon
gamma (IFN-y) production via miR-21 of-
fers valuable insight into TB pathogenesis
and potential treatment targets and vac-
cines.>¢ Traditionally, TB infection occurs
through aerosol absorption of M. tubercu-
losis by lung tissues. However, intraperi-
toneal (i.p.) infection in mouse models has
been shown to mimic the chronic TB in-
fection seen in low-dose aerosol exposure,
providing several advantages for research.

The model used in this study established
a steady state level of bacterial burden in
organs, resembling clinical latency charac-
terized by low bacillary loads in humans.
Furthermore, i.p. infections enable reliable,
dose-dependent challenges, with higher
doses triggering systemic immune respons-
es relevant to TB pathogenesis.*

A key finding of this research is the modula-
tion of miR-21-3p expression by gut dysbi-
osis induced by antibiotics. MiRNAs, which
play critical roles in both innate and adaptive
immunity, have been linked to commensal
bacteria and disease development. Specif-
ically, upregulated miR-21 expression has
been associated with immune evasion by
Mycobacterium leprae. In the context of
TB, dysbiosis-driven changes in miR-21-3p
expression affect immune responses, nota-
bly by inhibiting IFN-y production, which
is crucial for anti-TB immunity. Mecha-
nistically, the presence of gut microbiota is
required for miR-21-3p expression, which
directly targets IFN-y expression by T Cells
resident in the lungs, highlighting its role in
modulating immune protection against TB
(See Figure 1). Additionally, fecal micro-
biota transplantation (FMT) from healthy
mice restored gut microbiota and increased
miR-21-3p expression in the lungs, provid-
ing further evidence linking gut microbio-
ta, miRNAs, and immune responses in TB
pathogenesis.

This research underscores the importance of
understanding host-microbiota interactions
in TB pathogenesis. By elucidating the reg-
ulatory pathways involving gut dysbiosis,
miR-21-3p, and IFN-y, the study provides
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a foundation for developing targeted thera-
pies to enhance immune protection against
TB. Given the global prevalence of TB, Tu-
berculosis, a disease claiming nearly 2 mil-
lion lives each year, further investigations
into the gut-lung axis and miRNA-mediated
immune regulation hold promise for ad-
vancing TB control strategies and improv-
ing global health outcomes.¢
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Figure 1: MiR-21 produced in the gut in response to micro-
biota modulates the expression of IFN-y by lung-resident T
Cells, resulting in an inability to clear pulmonary M. tubercu-
losis infection.
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