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Gut Microbiota and Skin Homeostasis

Ryoko Iizuka, PhD
Yakult Central Institute for Microbiological Research

Among Japanese women, it is commonly believed that persistent constipation leads to skin problems;
however, there is little empirical evidence linking the gut environment to skin condition. Our group is
actively investigating the relationship between gut microbiota and skin homeostasis using a number of
approaches. This presentation focuses on the impact of phenolic metabolites produced by gut bacteria
on the host skin condition.

In experiments using hairless mice (Hos:hr-1), a tyrosine-enriched diet caused increased phenol lev-
els (phenol and p-cresol) in caecal contents, serum, flank skin and livers. Interestingly, the levels of phe-
nols in skin were much higher than those in livers, indicating that lipid-soluble phenols may preferen-
tially accumulate in skin, which has relatively high lipid content. Gnotobiotic hairless mice challenged
with Morganella morganii (TD4), a phenol-producing gut bacterium, or Escherichia coli (D5a), a phe-
nol-non-producing gut bacterium, both were derived from feces of hairless mice, were also analyzed to
examine the effects of microbial phenolic metabolites on skin. Compared to Db5a-colonized gnotobiotic
mice, the skin of mice challenged with TD4 appeared vellowish dullness (confirmed by high color meter
b* values), and exhibited disturbed keratinocyte differentiation, as indicated by measurements of cor-
neocyte size. In in wvitro experiments using monolayer-cultured keratinocytes, we demonstrated that
phenols disrupted the early stage of keratinocyte differentiation at a concentration (20 nmol/ml) which
was not toxic to cells. To determine whether the identical phenomenon observed in mice and in vitro
experiments are also applicable to humans, as well as to evaluate the efficacy of pre- and probiotics, we
conducted two human trials. In a prebiotic-beverage administration trial, 19 healthy female volunteers
refrained from consuming pro- or prebiotics during an initial 3-week restriction period, and were then
administered a daily prebiotic beverage (containing 3.0 g galacto-oligosaccharides) for 3 weeks. Although
serum p-cresol levels significantly increased during the restriction period, the levels markedly decreased
following prebiotic administration. In addition, keratinocyte differentiation, which was evaluated by cor-
neocyte size and cathepsin L-like activity in stratum corneum, and skin conductance, an indicator of
skin moisture level, significantly declined during the restriction period, but recovered on prebiotic admin-
istration. Finally, in a double-blind, placebo-controlled trial involving 40 healthy women treated with a
synbiotic beverage, Bifidobacterium breve-fermented milk containing 1.0 g galacto-oligosaccharides, for
4 weeks, the serum p-cresol levels of the test group were significantly reduced compared to those of
the placebo group. Similar to the prebiotic trial, a tendency of higher cathepsin L-like activity and mois-
ture content of stratum corneum was also observed in the test group.

From the results of the in vitro and mice experiments, and our human trials, we conclude that phe-
nols produced by gut bacteria are absorbed in the colon, distributed by the circulation system, and accu-
mulate in skin, where they subsequently cause skin problems, particularly dullness and dryness, through
the disruption of normal keratinocyte differentiation. Furthermore, consumption of both probiotics and
prebiotics appears to be a promising treatment for maintaining healthy skin via decreasing serum p-cresol
levels.



