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The Human Microbiome

Many (if not most) bacteria that associate with
mammals do so as (mostly) sessile microbial
communities
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The microbiota- traditional view

Oral cavity
« very densely populated
« different regions (e.g., teeth, tongue)

are colonised by different types
of bacteria

Upper respiratory tract
« complex microbiota (anterior nares, nasopharynx,
« many species not yet identified o:uc%hr:g:xl()mlcmbl s
* composition depends on
Skin anatomical site
« sparsely populated, but
has a large surface area ng
. dominaled b){ Gram- « normally sterile
positive species

Internal tissues
« normally sterile
Urinary tract
« usually sterile except for Gastrointestinal tract
distal region of urethra (stomach, duodenum,
jejunum, ileum, colon)
« population density varies
with anatomical site —
Vagina — stomach is sparsel
+ densely populated

ly
populated while colon is
* microbiota dominated very densely populated
by lactobacilli « contains most of the
bacteria (10'%) inhabiting
humans
* very complex microbiota
+ many species have not been identified

The nature of the microbial communities found inhabiting various sites on the human body.
Reproduced with permission from Bacterial disease mechanisms; an introduction to cellular microbiology. Wilson,
lcNal

and Henderson, B. 2002. Cambridge: Cambridge University Press.

5
Microbial inhabitants of humans. Michael Wilson Cambridge University Press, 2005.

Next gener/atp/n/
sequencing
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The microbiome- current view
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High-throughput sequencing has revealed substantialintra- |r\d|v|dua| microbiome
n at different anatomical sites, and inter-individual variation at the same
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an:
indicates the relative proportion of sequences determined at the taxonomic phylum
level at eight anatomical sites. Certain features, such as the presence (+) or absence (-)
of Helicobacter pylori, can lead to permanent and marked perturbations in

community composition®.

The composition of the microbiome varies by anatomical
site

The primary determinant of community composition is
anatomical location:

Interpersonal variation is substantial and is higher than
the temporal variability seen at most sites in a single
individual.

Minor perturbations such as dietary changes can rapidly
cause substantial intestinal metagenomic changes

Nasopharyngeal microbiota in children varies
seasonally

- Vaginal microbiota varies with menses

Oral microbiota varies with hygiene/diet

Microbiota composition is extensively conserved at high
taxonomic levels

Variation increases at lower taxonomic levels

85% of the sequences obtained from the distal gut of the
mouse represent genera that are not detected in humans

Cho and Blaser (2012) The Human Microbiome: at
the interface of health and disease. Nat Rev Genet 7
13(4): 260-270

Microbiota
The microbial organisms that
constitute the microbiome, The
composition of the microbiota
ina community can vary
substantially between
environmental stes, among.
host niches and between
health and d

"Department of Medicine,
NYU Langone Medical Center,
New York, New York 10016,
usa.

“New York Harbor
Department of Veterans
Affairs Medical Center
(Manhattan), New York,

New York 10010, USA.
*Department of Micrabioloau.

@ APPLICATIONS OF NEXT-GENERATION SEQUENCING

The human microbiome: at the
interface of health and disease

liseung Cho'? and Martin J. Blaser'3%

Abstract | Interest in the role of the microbiome in human health has burgeoned over
the past decade with the advent of new technologies for interrogating complex
microbial communities. The large-scale dynamics of the microbiome can be described
by many of the tools and observations used in the study of population ecology.
Deciphering the metagenome and its aggregate genetic information can also be
used to understand the functional properties of the microbial community. Both the
microbiome and metagenome probably have important functions in health and disease;
their exploration is a frontier in human genetics.

Until recently, the properties of the microbiota of humans.
(formerly called ‘the normal flora’) were largely a black
box. Cultivation in vitro, which has been the cornerstone
of microbiology since the nineteenth century, cannot be
applied to many of the most densely populated micro-
bial communities'. However, DNA-based analyses hz\e

systems with strong phenotypes is essential for mak-
ing progress in this field of applied genetics. Although
a focus on bacteria is important, inquiries aimed at
archaea, viruses and retroviruses are also needed.

The purpose of this Review is to develop the theoreti-
cal basis for inv esugﬂllng how microbiome mmpasmon

expanded our horizon by
sets that can be mined for information on the composi-
tion and functional properties of vastly greater numbers
of microbial communities. For example, the Human
Microbiome Project (HMP: by the US National Institutes
of Health has produced a 2.3 terabyte 165 ribosomal
RNA metagenomic data set of over 35 billion reads taken
from 690 samples from 300 US subjects, across 15 body
sites. Large-scale endeavours (for example, the HMP
and also the European project, MetaHIT") are already

ct human health. V
of applying m.s Knowledge tobetter understand human
health, and we discuss how microbiome changes could
alter host-microbiome interactions to mitigate disease.
We also consider the next steps in the development of
this ield,particularly regarding the need to focus on the
onits in

modulating complex traits.

Characterizing the ml:robmm

providing a p

o
and its collective genes (the metagenome).

‘The aim of these projects, particularly the HMP, is
to characterize the compositional range of the ‘normal’
microbiome of healthy individuals. Important ques-
tions concerning the commonalities and differences

of the biol-  Animalsh: met-
y and medical significance of the human microbiome ~ abolic mm.nons for at least 500 nulhon \ears ata con-
ser Extensi of

animal hosts and their microbiota,involving both indi-
vidual organisms and whole microbial populations'**,
suggest the existence of specific selection based on co-
adaptation. Cooperative interactions between microbes
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31/10/19

The colonic microbiota- very heavily studied

What is known about gut microbiota?
Ancient origins of symbiosis

¢ 10 bacteria in the human gut
i.e. 100,000000,000000

Colonisation begins at birth

Stable dominant biota

Chemotherapeutic agents disrupt balance of
biota

Microbiota involved in drug metabolism

A metabolic organ Thanks to

Microbial gas metabolism in the colon

Carbohydrate
_. Excretion (breath)/flatus

S

ulphate reducing bacteria S
H,

Fermentation

VFA/SCFA

Methanogenic
bacteria




Metabolomics analysis reveals large effects of gut
microflora on mammalian blood metabolites

William R. Wikoff2, Andrew T. Anfora®, Jun Liu®, Peter G. Schultz®, Scott A. Lesley®, Eric C. Peters®, and Gary Siuzdak®'

2Department of Molecular Biology and Center for Mass Spectrometry, The Scripps Research Institute, 10550 North Torrey Pines Road, La Jolla, CA 92037;
and bGenomics Institute of the Novartis Research Foundation, San Diego, CA 92121

Communicated by Steve A. Kay, University of California at San Diego, La Jolla, CA, December 19, 2008 (received for review December 12, 2008)

Although it has long been recognized that the enteric community of
bacteria that inhabit the human distal intestinal track broadly impacts
human health, the biochemical details that underlie these effects
remain largely undefined. Here, we report a broad MS-based metabo-
lomics study that demonstrates a surprisingly large effect of the gut
“microbiome” on mammalian blood metabolites. Plasma extracts
from germ-free mice were compared with samples from conventional
(conv) animals by using various MS-based methods. Hundreds of
features were detected in only 1 sample set, with the majority of
these being unique to the conv animals, whereas ~10% of all features
observed in both sample sets showed significant changes in their
relative signal intensity. Amino acid metabolites were particularly
affected. For example, the bacterial-mediated production of bioactive
indole- ini ites derived from p such as in-
doxyl sulfate and the antioxidant indole-3-propionic acid (IPA) was
impacted. Production of IPA was shown to be completely dependent
on the presence of gut microflora and could be established by
colonization with the bacterium Clostridium sporogenes. Multiple
organic acids containing phenyl groups were also greatly increased in
the presence of gut microbes. A broad, drug-like phase Il metabolic
response of the host to metabolites generated by the microbiome
was observed, suggesting that the gut microflora has a direct impact
on the drug metabolism capacity of the host. Together, these results
suggest a significant interplay between bacterial and mammalian
metabolism.

he human body is colonized by hundreds of trillions of mi-
crobes, which collectively possess hundreds of times as many

found to extract energy from their food more efficiently compared
with lean counterparts due to alterations in the composition of their
gut microflora that resulted in an increased complement of genes
for polysaccharide metabolism (10). It has also been observed that
bile salt hydrolase encoding genes are enriched in the gut micro-
biome, and that enteric bacteria carry out a wide range of bile acid
modifications (6, 14). These metagenomic studies suggest that the
metabolites derived from this diverse microbial community can
have a direct role in human health and disease. To date, metabo-
lomics-based investigations of aspects of the impact of the micro-
biome on mammalian biochemistry have detailed changes in the
levels of well-documented metabolites based primarily on NMR-
nd subsequent multivariate statistics of unfraction-
s, such as urine, gut tissue, or cecum extracts (15-17).
ly me group reported the multicompartmental effects
of the microbiome on murine metabolism by using NMR-based
analysis of urine and tissue extracts from both conventional (conv)
and germ-free (GF) mice (18). Although extremely powerful, these
studies provide only limited opportunity for the discovery of
differences in unexpected or lower level metabolites.

Here, we demonstrate the large effect of the microbiome on
mammalian plasma biochemistry. Specifically, a broad, untargeted,
mass spectrometry-based profiling of serum from GF and conv
mice demonstrates that a significantly large number of chemical
species found in systemic circulation arise because of the presence
of the microbiome, whereas at least 10% of all detectable endog-
enous circulating serum metabolites vary in concentration by at
least 50% between the 2 mouse lines. Several microbiome-affected
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Bacteria living on the skin
The Skin Microbiome
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Revised Estimates for the Number of Human
and Bacteria Cells in the Body

Ron Sender’, Shai Fuchs®**, Ron Milo'*

1 Department of Plant and Environmental Sciences, Weizmann Institute of Science, Rehovot, Israel,
2 lar Genetics, Science, Rehovot, Israel

5 C Division of pi hildren and De Pediatrics,
‘The University of Toronto, Toronto, Canada
* shai fuchs @sickkids.ca (SF); ron.milo@weizmann.ac.il (RM)

Abstract

Reported values in the literature on the number of cells in the body differ by orders of magni-
tude and are very seldom supported by any measurements or calculations. Here, we inte-
grate the most up-to-date information on the number of human and bacterial cells in the
body. We estimate the total number of bacteria in the 70 kg “reference man* to be 3.8-10'%.
For human cells, we identify the dominant role of the hematopoietic lineage to the total
count (~90%) and revise past estimates to 3.0-10' human cells. Our analysis also updates
the widely-cited 10:1 ratio, showing that the number of bacteria in the body is actually of the
same order as the number of human cells, and their total mass is about 0.2 kg.

‘medium, provided the original author and source are
credited.

Funding: This work was funded by the European
Research Cx 64682

How many cells are there in the human body? Beyond order of magnitude statements that
give no primary reference or uncertainty estimates, very few detailed estimates have been
performed (th eption [1] is discussed below). Similarly, the ubiquitous statements

tpslerc.europaeufunding-and-grants); Dana and
Yossie Hollander Helmsley Chariable Foundation;
The Larson Charitable Foundaton; The Estate of
David Arthur Baron; The Anthony Stalbow Charitable
Trust, and Stell Geleman, Canada. RM is the

regarding 10'*~10'® bacteria residing in our body trace back to an old back-of-the-envelope
calculation [2-4].

‘The aim of this study is to critically revisit former estimates for the number of human and
bacterial cells in the human body. We give up-to-date detailed estimates where the calculation
logic and sources are fully documented and uncertainty ranges are derived. By updating the
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Factors contributing to variation in the
skin microbiome

Host physiology 2 e Host genotype

* Sex o 0% ! e Susceptibility genes
* Age K 5 O8C _ such as filaggrin

* Site S

Lifestyle
® Occupation
* Hygiene

Environment

¢ Climate

* Geographical
location

Pathobiology

¢ Underlying
Immurje system conditions such as
* Previous exposures w3 7 diabetes

¢ Inflammation [

Grice and Segre, 2011

Functions

Positive Negative

Colonisation resistance Infection

Immune modulation Implicated in a range of
skin diseases
Metabolism Metabolism

Protection

Barrier augmentation
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Mapping the skin

Data collection Maps generation | Interpretation

Sampling 3D modelling Data analysis
Female & male individuals Sampling 5 3D Overview
~400 spots on a half-body spots model

e

Microbe-molecule colocalization

Microbial & molecular diversity

\nalytics © YR e %]

Detection of metabolites, l ) 1 Molecular analysis

lipids, and peptides = Structural identification @i ||
Maps rendering -LL_AL

YT £ bact .’) For a taxon or
etection of bacteria a molecular feature

Abundances -> colors
W high abundance Establishing molecular origin

ilcw abundance

Bouslimani et al., 2014

Mapping the skin

Bouslimani et al., 2014




What about aging?

prepr 2, 11017507780, preprint
ich Was not peet reviewed)
0

Human microbiome aging clocks based on
deep learning and tandem of permutation
feature importance and accumulated local

effects

Fedor Galkin', Aleksandr Aliper', Evgeny Putin', Igor Kuznetsov', Vadim N. Gladyshev’, Alex
Zhavoronkov'

! Insilico Medicine, Rockville, Maryland 20850, USA

ision of Geneti
Medical School, Bost

Department of Medicine, Brigham and Women’s Hospital, Harvard
MA 02115, USA

* Buck Institute for Research on Aging, Novato, CA, USA

Here, we developed a method of predicting biological age of the host based on the
microbiological profiles of gut microbiota using a curated dataset of 1,165 healthy
individuals (3,663 microbiome samples). Our predictive model, a human
microbiome clock, has an architecture of a deep neural network and achieves the
accuracy of 3.94 years mean absolute error in cross-validation

) RESEARCH ARTICLE
e, | MBI Host-Microbe Biology
Mckomouoar )

Gheck for
s

New Insights into the Intrinsic and Extrinsic Factors That
Shape the Human Skin Microbiome

Pedro A. Dimitriu,*® Brandon Iker,c Kausar Malik, Hilary Leung,> W. W. Mohn,** Greg G. Hillebrand<

ciences Istitute, University of Bitsh Columbia, Vancouver, Bitish Columbi

ABSTRACT Despite recognition that biogeography and individuality shape the
function and composition of the human skin microbiome, we know little about how
extrinsic and intrinsic host factors influence its composition. To explore the contribu-
tions of these factors to skin microbiome variation, we profiled the bacterial micro-
biomes of 495 North American subjects (ages, 9 to 78 years) at four skin surfaces
plus the oral epithelium using 165 rRNA gene amplicon sequencing. We collected
subject metadata, including host physiological parameters, through standardized
questionnaires and noninvasive biophysical methods. Using a combination of statisti-
cal modeling tools, we found that demographic, lifestyle, and physiological factors
collectively explained 12 to 20% of the variability in microbiome composition. The
influence of health factors was strongest on the oral microbiome. Associations be-
tween host factors and the skin microbiome were generally dominated by opera-
tional taxonomic units (OTUs) affiliated with the Clostridiales and Prevotella. A subset
of the correlations between microbial features and host atributes were site specific
To further explore the relationship between age and the skin microbiome of the
forehead, we trained a Random Forest regression model to predict chronological
age from microbial features. Age was associated mostly with two mutually coexclud-
ing Corynebacterium OTUs. Furthermore, skin aging variables (wrinkles and hyperpig-
mented spots) were independently correlated to these taxa

IMPORTANCE Many studies have highlighted the importance of body site and indi-
viduality in shaping the composition of the human skin microbiome, but we still
have a poor understanding of how extrinsic (e, lifestyle) and intrinsic (e, age)
factors influence its We the bacteral of Citation Dimitriu PA, ke 8, Mal kK, Leung H,
North American volunteers at four skin sites and the mouth. We also collected ex- Mohn W, Hilebrand GG 2019, New nsighs
tensive subject metadata and measured several host physiological parameters. Inte- nto the intrnsic and extrinsic factors that
gration of host and microbial features showed that the skin microbiome was predomi- e
nantly associated with demographic, lfestyle, and physiological factors. Furthermore, we 00835-19,

uncovered reproducible associations between chronological age, skin aging, and mem- Editor David 5. Guttman, University of Toronto
bers of the genus Corynebacterium. Our work provides new understanding of the Copyright ©.2019 Dimiru et ol Ths s an
role of host selection and lifestyle in shaping skin microbiome composition. It also e
contributes to a more comprehensive appreciation of the factors that drive interindi- e

vidual skin microbiome variation.

wmohn@maliubc.ca
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Aging and the skin microbiome

Lifestyle

Journal of Applied Microbiology ISSN 1364-5072

ORIGINAL ARTICLE

Applied Microbiology -
Shift in skin microbiota of Western European women across

: SCIENTIFIC REPg}RTS

R. Jugé', P. Rouaud inguely’ (3, J. Breugnot' (3, K. Servaes', C. Grimaldi', M.-P. Roth?, H. Coppin® OPEN

e Aging-related changes in the
diversity of women's skin
microbiomes associated with oral
bacteria

Nakako Shibagaki', Wataru Suda’™, Cecile Clavaud', Phlippe Bastien', LenaTakayasu’, Erica
Yamashita?, Yasue HattorF, Chie Shindo?, Lionel Breton* &

1 R8D department, SILAB, Brive-ia-Galarde, France.
2 IRSD, Universié de Toulouse, INSERM, INRA, ENUT, Toulouse, France

Publishod ol 05 Sepember 2017
Keywords Abstract
165 1RNA gene sequencng, agereaed tioka?, Rina|
hanges, apha dversty, beta dver Aims: The objective of our study was to compare the microbiota diversity Masahira Hattor-*
oot sin e Etapeon v, bc!wcm two different age groups of Western European women.

ethods and Results: Skin-swab samples were collected directly on the
orbend of 4 healthy Western European women: 17 younger (21-31 years

orrespondence
Pauine RovaudTinguely, R&D department,

old) and 17 older individuals (54-69 years old). Bacterial communities were 2
e 213, 108 S CEORKFE exaluated wsing the 165 RNA gene sequencing, Data revealed a higher alpha
diversity on the skin of older individuals compared vith ounger oo Overall
2017/2509: receved 21 December 2017, microbiota structure was differentbetween the two oups, s . onomicpro o
v s 378 e oty demonsteted by beta dersity. analyss, which also. Nghighted 3. high
018 interpersonal variation within older individuals. Furthermore, taxonomic
position analysis showed both an increase in Protcobacteria and a decrease
doi10.11114am.13929 in Actinobacteria on the older skin. At the genus level, older skin exhibited a
significantincrease in C and a decrease in
relative abundance. " " Juding ung, b —_—
Conclusions: Our study revealed a shift in the distribution of skin microbiota vinwes 3 n
during chronological aging in Western European women.
Significance and Impact of Study: Altogether these results could become the o et

basis to develop new approaches aiming to-rebalance the skin microbiota, e o

which is modified during the aging process.

pollaants,othr oxias cbum and

e
complex but necessary for healthy skin with effcient bar- - i i
rier function (Dréno et al. 2016; Baldwin et al. 2017). e oo

The skin is the largest organ in the human body. It is  Indeed, several studics have demonstrated that an imbal-

Introduction
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Lactobacillus reuteri Protects Epidermal Keratinocytes from
Staphylococcus aureus-Induced Cell Death by Competitive Exclusion

Tessa Prince," Andrew J. McBain,” and Catherine A. O'Neill*
Schools of Medicine® and Pharmacy and Pharmaceutical Sciences,” The University of Manchester, Manchester Academic Health Sciences Centre, Manchester, United
Kingdom

Recent studics have suggested that the topical upp]lmlmn of probiotic bacteria can improve skin health or combat discase. We

have utilized a primary el to investigate can inhibit

aureus mfedlon. Evalllanon of the candidate pmhmllcs L i ATCC 55730, L illus rhamnosus AC413, and

bolh L reuren xnd L rhnmmuus. but not L salivarius, rtdnmd 5 aureus-
d

et et 1l death in both undi
higher if the probiotic was applied prior to (P < 0.01) or simultaneously with (P < 0.01) infection with S. aureus but not when
added after infection had (P> 0.05). The protecti of L reuteri was not dependent on the elboration of in-
hibitory substances such as lactic acid. L. reuteri inhibited adh 5. aureus to by ®
0.026). L. salivarius UCC118, however, did not inhibit S. aureus from adhering to keratinocytes (P > 0.05) and did not protect
keratinocyte viability. S. aureus utilizes the o531 integrin to adhere to keratinocytes, and blocking of this integrin resulted in a
protective cffect similar to that observed with probiotics (P = 0.03). This suggests that the protective mechanism for L. reuteri-
‘mediated protection of was by of fromits the cells. Our results
suggest that use of a topical probioti ically could inhibit the colonization of skin by S. aureus and thus aid in the pre-
vention of infection.

MY woly papeojumog

s live in constant contact with a multitude of microor-  under certain circumstances (14). By contrast, probiotics are gen-
ganisms. The gut is by far the most heavily colonized envi-  erally regarded as safe (GRAS) and therefore could potentially be
ronment of the human body, and the gut microbiota play multiple  used topically if they have therapeutic value (15). So far, the lim-
roles in normal physiology, including nutrient sequestration (2)  ited amount of research in u.., area suggests that conventional
and development of normal immune responses ( probiotic bacteria may be of nt value when used on the

Among the normal gut microbiota are the so-called probiotic  skin. For example, topical upphw\non ofa Bifidobacterium longum
bacteria. Ingestion of these has been claimed to prevent or treat  reuter lysate has been shown to induce clinical improvement of
gastrointestinal disorders such as antibiotic-associated diarrhea “reactive skin.” This is skin that s more sensitive to phy
(45) and inflammatory bowel disease (40). The mechanisms un-  changes such as atmospher
derlying these effects are largely unknown. However, studies have  changes such as seen with to

=

temperature and to chemical
pically applied products (18). Appli-

suggested that probiotics can inhibit colonization of the gut by
pathogens. In vitrowork has suggested that probiotics use various
mechanisms to inhibit pathogens, including direct competition

cation of the B. longum lysate to the skin of volunteers decreased
sensitivity and transepidermal water loss (TEWL) after tape strip-
ping Additionally, application of the lysate o skin ex vivo report-

for binding sites on epithelial cells (10) and ition with
pathogenic bacteria for nutrients. Probiotic organisms are also
able to produce inhibitory substances such as (1)

e gns of suc
And tumor necrosis factor alpha (TNF-a) rel
ication of L lsob.

and organic acids (23) that can kill or limit the growth of patho-
gens. Selected probiotics, such as Lactobacillus plantarum 299v,
have been shown to upregulate mucin production by epithelial
cells, thereby preventing pathogen attachment (31). Probiof

PP
to improve tissue repair in a burned mouse model and to prevent
infection in chronic leg ulcers and burns in humans (38, 39, 44).
However, in general, the mechanisms underlying these effects are
unknown.

may also produce bi that of the pro-
biotic while inhibiting attachment of pathogenic bacteria to cells
(@1,

aureus is a transient colonizer of skin predom-
inantly in the moist, warm regions of the body such as the groin,
axilla, and anterior nares (26). Up to 60% of people are intermit-

I J81SBYOUBY JO ANSIBAIUN 1B 6102 ‘0E 18G0I00 UO /10 WSe Wk,
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Strain-Dependent Augmentation of Tight-Junction Barrier Function in
Human Primary Epidermal Keratinocytes by Lactobacillus and

Bifidobacterium Lysates

Reshma Sultana,” Andrew J. McBain,” Catherine A. O'Neill*

Schools of Medicine* and Pharmacy and Pharmaceutical Sciences The University of Manchester, Manchester Academic Health Sciences Centre, Manchester, United

Kingdom

In this study, we investigated whether probioti ‘modify the tight-junction fun

n of human primary keratinocytes.

The keratinocytes were grown on cell cultureinserts and trated with lystes rom Bifdobacterium longum, Lactobacilus plan-

tarum, reuteri, L or

. With the exception of L. fermentum

(which decreased cell viability), all strains markedly enhanced tight-junction barrier function within 24 h, as assessed by mea-
surements of transepithelial electrical resistance (TEER). However, B. ongum and L. rhamnosus GG were the most efficacious,

dent increases in resis that

[or 4 days. These increases in TEER correlated with ele-

Vated expression of tight junction p

ization of Toll-l -ptor 2 abolished both the increase in

"TEER and expresion oftight encion peoteis nduce by . Longun,but ot L. s GG. Thesedat gttt e

bacterial strains is nction vi
may vary depending on the bacterial strain.

he concept of using “probiotic” bacteria to benefit human

health is well established. Ingestion of probiotic bacteria has
been claimed to prevent or treat a variety of disorders of the gut,
ranging from travelers’ diarthea to the chronic relapsing inflam-
matory condition Crohn’s disease (1, 2) through mechanisms that
are incompletely understood. However, evidence suggests that
one mechanism may be via protection or augmentation of gut
epithelial barrier function (3,4, 5). Thisis provided for in the most
part by tig] |Jun(t ns (T)s), which are multiprotein complexes
sealing the paracellular space b adjacent epithelial

‘protein i pathways involved

gut permeability in humans; a recent clinical study demonstrated
that a strain of L. plantarum affected relocation of ZO-1 and oc-
cludin in duodenal cells within 6 h of administration (12). Thus,
probiotics may have utility as therapeutic interventions by in-
creasing T function under conditions where gut barrier function
is aberrant.

Recently, investigations into the utility of probiotics to benefit
health have moved beyond the gut, and in particular, the use of
lactobacilli and bifidobacteria as topical therapies for skin has re-

i
limiting transport through this pathway to small, hydrophilic
molecules and ions (reviewed in reference 6). The importance of
the T seal is demonstrated under conditions where the gut barrier
is compromised. For example, elevated gut permeability has been
observed in inflammatory bowel disease, apparently due to aber-
rant expression of essential T proteins such as claudin isoform:
occludin, or ZO-1 (7, 8). Although direct evidence in humans is
still lacking, defects in TJs could allow greater ingress of antigens
leading to the inflammatory responses associated with this condi-
tion.

Probiotic bacteria, particularly members of the genus Lactoba-
cillus, enhance or protect epithelial barrier function in vitro and in
animal models, via modulation of TJs. In this respect, studics us-
ing th enterocyt cllne Caco-2 demonstated that cerain pro-

dattention (13-16). The skin and the gut have much in com-
mon; they both support taxonomically diverse microbiotas, act as
a barrier between internal and external environments, and are
subject to breaches in that barrier. Investigations have suggested
that probiotics may be of value as treatments for skin: L. planta-
rum improved tissue repair in a burned mouse model and pre-
vented infections in burns and chronic leg ulcers (13-15). App]
cation of B. longum to healthy human skin reduced water loss (16),
and we previously demonsirated that specific lactobacill can in-
hibit f the skin pathogen topri-
mary human keratinocytes (17). Thus, the limited amount of
work in this area suggests that probiotic bacteria may be of con-
siderable use as agents to protect/enhance the skin’s barrier func-
tion, but in general, the mechanisms underlying these effects are
unexplored.

P

bioticstrains inhibited hydrogen p
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 the skin barrier was thought to function entirely
through the tough, waterproof outer layer of the epidermis, the
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