The microbiota: an underestimated
actor in radiation-induced lesions?
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The co-evolution of humans and microbes
that colonise the GI tract is shaped by
environmental factors and evolved to
promote health.! Microbial derange-
ments (termed dysbiosis) have been
observed for a variety of intestinal and
extraintestinal diseases.! Metabolic, auto-
immune, liver and intestinal disorders
have been linked to microbial dysbiosis
which promotes susceptibility to inflam-
matory disease in some cases as largely
assessed in animal models.” Intestinal
dysbiosis has also been implicated in
colorectal cancer’ and microbes may
determine treatment response for non-in-
testinal malignancies.*

For more than 10years, intestinal
microbial alterations have been associ-
ated with localised radiation in humans
and mouse models.”® Importantly, mice
that lack colonisation of microbes (ie,
raised germ free) were resistant to lethal
radiation enteritis, indicating that the
microbiota controls intestinal disease
processes consequent to radiation-in-
duced damage.” In this context, however,
the functional role of radiation-induced
microbial alterations remained yet to be
determined.

In this issue, Gerassy-Vainberg et a
demonstrated that radiation-induced
dysbiosis promoted susceptibility to
radiation-induced injury and intestinal
inflammation. In this study, the authors
took advantage of a mouse model of
radiation that allowed localised injury
to the rectum which mimics human
radiation proctitis. The most signifi-
cant shift in microbial composition was
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specifically noted in the inflamed colon
6weeks after irradiation, with reduced
Firmicutes
abundance of Proteobacteria and of six
genera including Akkermansia spp and
Bacteroides. Transmission of the radia-
tion-altered microbiota into germ-free
wild-type mice rendered them susceptible
to dextran sodium sulfate-induced colitis
and radiation injury. Incubating colonic
epithelial cells with faecal suspensions
from irradiated mice increased tumour
necrosis factor-o and interleukin (IL)-183
secretion when compared with suspen-
sions derived from non-irradiated mice.
Anakinra, an IL-1 receptor antagonist
in clinical use, ameliorated radiation-in-
duced injury and inflammation.

The data presented by Gerassy-Vainberg
et al'’ are reminiscent of what is observed
in IBD in which the dysbiotic microbiota
is a strongly suspected actor in disease
evolution. Indeed, the radiation-induced
dysbiosis described is reminiscent to IBD
and to colitis models in mice with notably
a decreased abundance in Firmicutes and

abundance and increased

an increased abundance in Proteobacteria.
Moreover, the driving forces leading to
this specific dysbiosis might be, at least
partially, common to these two conditions.
We suggest that specific cell types with
antimicrobial capacity (eg, neutrophils or
intestinal epithelial cells) alter microbial
composition in the injured intestine. For
example, massive production of reactive
oxygen species (ROS) is a shared feature
of intestinal inflammation in IBD and
radiation-induced injury. ROS are mainly
produced by neutrophils and intestinal
epithelial cells in IBD, whereas they are
the direct product of water radiolysis
following ionising radiation. Oxidative
stress is actively inducing the expansion
of Proteobacteria'' '* and possibly being
detrimental to the numerous oxygen-
sensitive Firmicutes members in the intes-
tinal microbiota. Consequent to dysbiosis,
intestinal inflammation in both disease
entities (ie, radiation-induced enteritis
and IBD) may be partly driven by IL-1
receptor signalling.'’ '* Thus, the results
presented by Gerassy-Vainberg et al'’
suggest that common mechanism(s) are

engaged in intestinal inflammation of
different origin which culminate in dysbi-
osis and consecutive derangements in the
host—microbiota crosstalk.

These findings indicate that the micro-
biota emerges as a critical driver of radi-
ation-induced intestinal disease processes
in part by modulation of IL-1B signal-
ling.” ' The results by Gerassy-Vain-
berg et al'’ pose several questions. (1) Is
microbial composition or diversity a reli-
able predictive marker of radiation-in-
duced lesions? (2) What is the impact of
radiation-induced injury on viruses and
fungi and what is their role for intestinal
disease processes? (3) Do specific bacte-
rial species determine the inflammatory
tone and how do they modulate inflam-
matory responses? (4) Is it possible to
prevent or treat radiation-induced lesions
by targeting the gut microbiota? In this
regard, a recent study in mice demon-
strated that microbiota composition is
associated with susceptibility to radiosen-
sitivity and that faecal microbiota trans-
plantation alleviated consequences of
irradiation.'* Whether these findings may
be translated into a therapeutic approach
for human radiation-induced disease
deserves further attention.
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