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The mammalian immune system communicates with skin-resident microbes, and some of these microbes
provide benefits to the host. In a recent paper in Nature, Naik et al. (2015) provide evidence that the murine
epidermis permits S. epidermidis, a skin-specific bacterium, to shape the immune response.

cathelicidin

Mammalian skin is a highly complex semi- aureus applied to the surface of mouse strategies by concentrating on a candipermeable filtration system that we now skin can initiate harmful events that exac- date organism to test the functions of resiknow to have many dynamic interactions erbate allergic responses (Nakamura dent human skin bacteria. They chose
with the microbes that reside on this sur- et al., 2013). Thus, the normal epidermis Staphylococcus epidermidis, one of the
face. Similar to the actions of the micro- is not an impermeable barrier to surface most common species of bacteria
flora within the gut, it was hypothesized microbes but a filter to control entry.
cultured from normal human skin but
that bacteria that reside on the surface
In a recent publication, Naik et al. add to also an important opportunistic pathogen
of mammalian skin have a mutually bene- the growing list of experimental evidence in humans. Surprisingly, although S. epificial relationship with the host (Cogen in mice that the specific type of bacteria dermidis is not commonly detected on
et al., 2008). Several studies have residing on the skin will influence the mouse skin, the investigators report that
emerged to support this hypothesis and mammalian immune response (Naik after application of a high concentration
have shown multiple ways that skin bac- et al., 2015). Their approach followed prior of live bacteria, they could culture
teria can benefit the host.
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The response to S. epiderSpecific strains of S. epidermidis directly produce antimicrobials including lanmidis
afforded the investigaof host innate antimicrobial
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how murine skin detects this
responses (Lai et al., 2010;
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Li et al., 2013; Naik et al.,
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They show that a subset of
2012; Wanke et al., 2011).
and adipocytes, produce antimicrobial peptides such as cathelicidin to kill
dermal dendritic cells, but
pathogens.
In contrast, Staphylococcus
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not epidermal Langerhans cells, is
responsible for initiating the unique T cell
response. To evaluate the functional
significance of these specific CD8 b+
T cells, the study evaluated the capacity
of mice to resist infection by Candida
albicans. Neutralization of IL-17A or
depletion of CD8+ T cells is shown to increase C. albicans abundance. Although
the mechanism of resistance to Candida
albicans is unclear, mouse skin associated with S. epidermidis was shown to
express more of the alarmins S100a8
and S100a9. These proteins have been
implicated in a variety of functions
including the capacity to induce neutrophil migration.
The authors speculate that many other
specific skin commensals may have individual roles in educating the host adaptive
immune response. Although by definition
this interaction is evidence of mutualism,
not commensalism, their finding is consistent with previous demonstrations of specific microbe interactions in the skin. For
example, S. epidermidis was uniquely
capable of inducing TRAF1 in keratinocytes (Lai et al., 2009) and S. aureus
uniquely activated mast cells to exacerbate allergic responses (Nakamura et al.,

2013). Furthermore, this study not only
demonstrates the potential importance
of specific bacteria on skin but also reinforces the idea that bacteria can act
across the epidermis and interact with
cells in the dermis.
Current knowledge of the mechanisms
by which the microbiome participates in
host defense is limited, but improving.
The Naik et al. study shows that
S. epidermidis participates in several
different ways to directly and indirectly
add to the innate and adaptive immune
barrier to pathogens (Figure 1). Functional
specificity seems to exist at both the species and strain level. It remains to be
determined how these functions can be
reconciled with the great diversity of
organisms detected between individuals
or how this knowledge can be translated
into therapy. Regardless, these studies
show again how bacteria participate in
control of immunity and can exist in a
mutually beneficial relationship with cells
of the mammalian immune system.
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In this issue of Cell Host & Microbe, Kubinak et al. (2015) demonstrate that gut microbiota-mediated signaling
through MyD88 in CD4+ T cells induces their differentiation into T follicular helper (TFH) cells that promote
affinity-matured microbiota antigen-specific immunoglobulin A (IgA) responses. These TFH-driven IgA responses are essential for maintaining gut bacterial diversity and a healthy microbiota.
The healthy gut microbiota consists of
functionally diverse species of bacteria
and other microorganisms. Loss of this
tremendous diversity, a condition termed
dysbiosis, has been documented in patients with a host of diseases such as inflammatory bowel disease, autoimmune

disease, asthma, food allergy, diabetes,
obesity, liver cirrhosis, and autism.
Several factors, including host genetics,
use of antibiotics, diet, and inflammatory
conditions, have been shown to decrease
diversity of the microbiota and induce disease-related dysbiosis. In contrast to our
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understanding of these diversity-diminishing insults, the mechanisms responsible for the stable maintenance of diverse
species in the gut during the steady state
remain relatively unclear. Although the
composition of the microbiota between
individuals is highly variable at lower

