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SUMMARY

Mammalian barrier surfaces are constitutively colo-
nized by numerous microorganisms. We explored
how the microbiota was sensed by the immune sys-
tem and the defining properties of such responses.
Here, we show that a skin commensal can induce
T cell responses in a manner that is restricted to
non-classical MHC class I molecules. These re-
sponses are uncoupled from inflammation and highly
distinct from pathogen-induced cells. Commensal-
specific T cells express a defined gene signature
that is characterized by expression of effector
genes together with immunoregulatory and tissue-
repair signatures. As such, non-classical MHCI-
restricted commensal-specific immune responses
not only promoted protection to pathogens, but also
accelerated skinwoundclosure. Thus, themicrobiota
can induceahighlyphysiological andpleiotropic form
of adaptive immunity that couples antimicrobial func-
tionwith tissue repair. Ourwork also reveals that non-
classical MHC class I molecules, an evolutionarily
ancient arm of the immune system, can promote ho-
meostatic immunity to the microbiota.

INTRODUCTION

The immune system acts as a formidable regulator of host

homeostasis to sustain and restore tissue function in the con-

text of microbial encounters and environmental challenges.

The development of defined arms of the immune system

and, more particularly, those associated with adaptive immu-

nity has coincided with the acquisition of a complex micro-

biota, suggesting that a large fraction of this machinery

has evolved as a means to maintain symbiotic relationships

with these highly diverse microbial communities (Belkaid and

Hand, 2014).

Most of what we understand today about the function of the

immune system has come from the exploration of inflamma-

tory settings or responses to pathogenic microbes. However,

the vast majority of immune system-microbial encounters are

those resulting from the symbiotic relationship with the micro-

biota. The characteristics and properties of this class of immu-

nity remain largely unknown. Far from being ignored by the

immune system as originally perceived, microbes at all barrier

surfaces are tonically educating tissues for antimicrobial func-

tions and are actively recognized by both the innate and the

adaptive immune systems (Belkaid and Hand, 2014; Honda

and Littman, 2016; Pamer, 2016). In the gastrointestinal tract,

host-microbe communications are mediated by immunoglob-

ulin A (IgA), T helper 17 (Th17), and regulatory T (Treg) cell re-

sponses, a dialog that can be in part explained by the unique

requirement of the gastrointestinal (GI) tract for absorption

(Belkaid and Hand, 2014; Honda and Littman, 2016). However,

it is now becoming clear that even at more stringent barrier

sites, such as the skin, the immune system is poised to sense

and to respond to the microbiota (Naik et al., 2015; Scharsch-

midt et al., 2015). These commensal-specific responses not

only control microbiota containment but also promote antimi-

crobial defenses via their action on both innate and epithelial

cells (Ivanov et al., 2009; Naik et al., 2015; Yang et al.,

2014). However, despite the extraordinary number of potential
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