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The oral mucosa is a site of first encounters for the immune
system.! Here commensal microbiota, airborne particles, food, and
innocuous antigens are encountered prior to entry to the
gastrointestinal tract. How these first encounters control the
development and education of the immune system locally is not
well understood. Importantly, whether immune responses gener-
ated in the oral mucosal environment will affect systemic or distal
immunity in health and disease is not detailed to date.

Immune responses within the oral mucosa are strictly con-
trolled, with dysregulated immunity frequently resulting in the
development of the oral mucosal disease Periodontitis. This is a
prevalent disease in which a dysbiotic microbiome colonizing the
tooth triggers an exaggerated inflammatory response and
consequent destruction of tooth supporting structures. For
decades this disease has been associated clinically with various
extraoral inflammatory diseases, including (but not limited to)
cardiovascular disease, diabetes, Alzheimer’s disease, rheumatoid
arthritis and colitis.>* Although inflammatory mediators, as well as
the dysbiotic oral microbiome associated with periodontitis, have
been linked with the triggering and/or exacerbation of these distal
pathologies, the exact mechanisms by which periodontitis
contributes to the severity of these extraoral disease is unclear.

Recently, an elegant study by Kamada and colleagues provides
detailed insight into the mechanisms by which Periodontitis
enhances gut immunopathology during colitis (Fig. 1).* The
authors demonstrate that induction of experimental periodontitis
in mice led to increased severity of DSS-induced colitis. Kitamoto
et al. show that the oral pathobionts that outgrow in biomass and
relative abundance during periodontitis aggravate gastrointestinal
pathology via two distinct, but potentially interlinked, mechan-
isms. Firstly, specific oral pathobionts are able to colonize the
colitic gut and enhance IL-1B production. Alongside this, the
authors demonstrate that oral pathobiont reactive Th17 cells,
primed in oral mucosa-draining lymph nodes, trafficked to the gut
and became reactivated by periodontal microbiota traveling to
the gastrointestinal tract through ingestion. This paper provides
the first evidence that T cells primed at the oral mucosal barrier
traffic to distal sites, become reactivated and contribute to extra-
oral inflammatory pathology. These findings are significant from a
translational standpoint, outlining immunological and microbio-
logical links between the oral and gastrointestinal mucosa and
mechanistically delineating how periodontitis promotes colitic
inflammation. Importantly, this work also establishes the concept
that immune cells educated at the oral mucosa, in this case T cells

specific for oral pathobionts, can become re-activated systemically
and affect distal immunity.

This work stimulates a plethora of further questions. From a
basic science standpoint it would be important to establish
whether T cell responses to oral commensals are induced at the
oral barrier during health, or whether these are only induced in
periodontitis when breach of the barrier allows for the local
immune system to come into close contact with a greater burden
of microbiota. Interestingly, while Th17 responses in the gingival
oral mucosa are triggered in response to periodontal pathobionts
in disease, in the setting of health Th17 cells have been shown to
expand at the gingiva independent of live microbiota and in
response to mechanical damage from mastication.”” Along the
same lines, whether oral commensal microbiota in health promote
largely tolerogenic responses but periodontal pathobionts are
uniquely equipped to trigger pathogenic responses, is also not
well appreciated. Specifically, the microbial elements that favor
Th17 induction by periodontal pathogens are not well under-
stood. One, non-bacterial, oral commensal well-appreciated for its
ability to drive IL-17-mediated immunity is the fungal oral
commensal Candida albicans® Whether oral-induced Candida-
specific Th17 cells become re-activated at distal sites and
participate in systemic immunity to Candida is not yet recognized.

In addition to induction of oral-pathobiont-specific Th17 cells,
how else might periodontitis impact gastrointestinal immune
homeostasis? Interestingly, this paper also briefly highlights other
possible immunological mediators of an oral-gastrointestinal
cross-talk. Specifically, alterations in TCRyS T cells and B cells are
also seen in the gut of animals with periodontitis. Do these key
mediators of the host-microbial dialog also contribute to
periodontitis-induced exacerbation of colititc pathology or are
they altered as a result of changes to the gastrointestinal
commensal community in mice with oral inflammation?

Previous work has indicated that oral commensal bacteria can
translocate and colonize the gut, where they can contribute to the
development of both inflammatory colitis and cancerous pathol-
ogy, specifically Klebsiella spp.” and Fusobacterium.'® However,
constituents of the oral microbiota are not routinely found in the
gut, so how are these, and other, oral commensals able to
colonize, bloom and persist within the gastrointestinal environ-
ment? Oral pathobionts will bypass the colonization resistance
that they typically have in the gastrointestinal tract when they find
a favorable ecological niche; such a niche could exist in the setting
of already established gut inflammation. In fact, gut inflammation
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Fig. 1 Immune and microbial cross-talk between the oral and gastrointestinal mucosa. Recent work form Kamada and colleague’s support
a link between the oral disease periodontitis with elevated immunopathology in colitis (hypothetic model shown in humans). The authors
demonstrate that periodontal pathobionts from the oral cavity, through ingestion, colonize the colitic gut and aggravate disease. Critical in
this process is also the induction of oral pathobiont-reactive Th17 cells which are educated in the oral mucosa and subsequently traffic to the
gut. These oral Th17 cells become reactivated in the gut by oral pathobionts and exacerbate colitic pathology.

favors colonization of oral pathobionts such as Enterobacteriaceae
(for example Klebsiella spp.), which are metabolically adapted to
thrive in settings of inflammation. While Enterobacteriaceae are
not abundant in human periodontitis, human periodontal patho-
gens also thrive in inflammatory conditions® and thus this concept
would translate to settings of human periodontitis. Additionally,
this, and previous studies,” would also suggest that gastrointest-
inal colonization by oral pathobionts is enabled by a genetic
susceptibility to colitis, which promotes dysbiosis in the intestinal
microbiome prior to pathology. Given the multi-factorial drivers of
colitis, it would be interesting to consider whether other colitic risk
factors, including diet and early-life use of antibiotics, would
promote the colonization of oral pathobionts in the gastrointest-
inal tract and whether the co-existence of periodontitis with such
risk factors may predispose to more severe and/or an earlier on-
set of disease. However, whether oral commensals initiate and/or
aggravate gastrointestinal inflammation in individuals already at
risk of developing colitic pathology will be difficult to decipher.
Whether periodontal-pathobionts are able to colonize other
sites and/or whether immune cells reactive to these bacteria
contribute to the pathology of other diseases eagerly awaits
investigation. Periodontal pathobionts are not only ingested into
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the gastrointestinal tract but also translocate into the systemic
circulation through the vasculature. Dissecting whether period-
ontal pathobiont-reactive immune cells traffic to and participate in
the lesions of other inflammatory diseases linked to periodontitis
should now be readily explored.

Finally, it is important to consider the potential translational
implications of this work. Understanding the genetic and
environmental determinants that allow gut colonization of oral
pathobionts might be key to stratifying patient groups in which
presence of periodontitis is a significant risk factor for the
development of gastrointestinal inflammatory disease. Beyond
risk assessment and personalized prevention, one can conceivably
speculate that this work opens up the possibility to investigate
novel biomarkers and therapeutic interventions in colitis. Whether
gut colonization with specific oral-pathobionts can serve as a
disease biomarker for colitis, remains to be explored. Similarly,
targeting oral pathobionts in the treatment and/or prevention of
colitic inflammation may also be an important therapeutic avenue
to consider.

While the clinical and therapeutic potential of this work can
only be speculative at this point, findings from this study clearly
demonstrate novel concepts and mechanisms by which oral
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inflammation and oral microbes are connected to gastrointestinal
disease. This work should stimulate and provide a platform for
future work investigating the immunological connections
between the oral and gastrointestinal mucosa in both health
and disease.
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