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Connecting the Dots: From Skin Barrier Dysfunction
to Allergic Sensitization, and the Role of Moisturizers
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ABSTRACT

The skin is one of the largest immunologic organs in the body and a continuous target for allergic and immunologic responses. Impair-
ment of the skin barrier increases the likelihood of external antigens and pathogens entering and creating inflammation, which can po-
tentially lead to skin infections, allergies, and chronic inflammatory diseases such as atopic and contact dermatitis. Functionally, the skin
barrier can be divided into four different levels.-From outermest-to innermost; these-highly interdependent levels are the microbiome,
chemical, physical, and immune levels. The objective of this review is to provide an update on current knowledge about the relationship
between skin barrier function and how dysfunction at each level of the skin barrier can lead to allergic sensitization, contact dermatitis,

and the atopic march, and examine how to best repair and maintain this barrier through the use of moisturizers.

J Drugs Dermatol. 2019;18(6):581-586.

INTRODUCTIO!

The skin is one of the largest immunologic organs in
the body and a continuous target for allergic and im-
munologic responses. Rising incidences of allergies
have been reported worldwide. While the cause of this rise is
not totally clear, it has been attributed to factors such as poor
nutrition, stress, use of antibiotics, and growing up in clean
urban homes while exposed externally to high air pollution.™®
The skin barrier is the first interface between the environment
and our immune system.This interface is constantly exposed to
endogenous and exogenous factors including ultraviolet radia-
tion, pollution, and damaging skincare products. Impairment of
the skin barrier increases the likelihood of external antigens,
irritants, and pathogens passing into the skin and driving in-
flammation, potentially leading to skin infections, allergies, and
chronic inflammatory skin diseases such as atopic dermatitis
(AD) and contact dermatitis (CD).® This phenomenon has been
referred to as “transcutaneous sensitization’; and is highly de-
pendent on skin barrier dysfunction.”

Skin Barrier Anatomy

Anatomically, the skin barrier can be divided into the epidermis
and the dermis. The epidermis primarily consists of keratino-
cytes arranged in several layers, with the stratum corneum (SC)
at the top, a layer of cornified keratinocytes that physically pre-
vents invaders from entering.The dermis contains collagen and
elastin fibers, fibroblasts, proteoglycans, and nerve endings.

Functionally, the skin barrier can be divided into four strata: the
microbiome, chemical, physical, and immune layers (Figure 1).
The microbiome layer consists of living microbial communities.
The chemical layer includes natural moisturizing factors (NMF),
human p-defensins, and the acid mantle, which maintains an
acidic surface pH.2Tight junctions and the SC constitute impor-
tant parts of the physical layer, which also produces some of
the compounds of the chemical layer. Sensing danger signals
through pathogen- and damage-associated molecular patterns,
resident immune cells of the immune layer work to clear inva-
sions, repair the barrier, and maintain homeostasis. While each
layer has unique functions, it also works interdependently in
upholding overall integrity of the skin barrier.®

The Skin Microbiota and Dysbiosis

Like the gut microbiota, the healthy skin microbiota is fairly
stable.”®™ It is populated by commensal organisms including
bacteria, viruses, fungi, and mites, with the Staphylococcus,
Cutibacterium, and Corynebacterium genus dominating. It is
thought that commensal bacteria regulate potentially patho-
genic species. As the outermost layer, microbial communities
are first responders to changes in the environment and trans-
mit signals to the immune system.®"?

Dysbiosis, or disruption of balance in the microbiome layer,
has been extensively studied in the context of AD, the first
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DYSFUNCTION OF THE
MICROBIOME BARRIER CAN LEAD
TO ALLERGIC SENSITIZATION

As an interface between environment and our immune system, the
human skin can be divided into four functional barriers: microbial,
chemical, physical, and immune.

The healthy skin microbiota is fairly stable and populated by
commensal organisms (bacteria, viruses, fungi, and mites.
Commensal bacteria regulate potentially pathogenic species.

Dysbiosis, or disruption of balance in the microbiome layer can
contribute to barrier disruption, which can consequentially lead to
other allergic reactions such as to food.

Allergies can develop by sensitization through skin even in the
absence of the development of atopic dermatitis and the atopic
march.

Tamara Lazic Strugar.

Connecting the dots: from skin barrier dysfunction to allergic sensitization,
and the role of moisturizers in repairing the skin barrier.
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Prenatal exposure to a farm environment modifies atopic

sensitization at birth
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Background: Previous cross-sectional surveys have suggested
that maternal exposure to animal sheds during pregnancy
exerted a protective effect on atopic sensitization in children
lasting until school age.

Objective: We sought to evaluate the effects of maternal
exposure to animal sheds and other farm-related exposures
during pregnancy on cord blood IgE levels in a prospective
birth cohort.

Methods: Pregnant women living in rural areas in Austria,
Finland, France, Germany, and Switzerland were recruited in
the third trimester of pregnancy. Information on maternal
farm-related exposures, nutrition, and health during pregnancy
was obtained by means of interviews. Specific IgE levels for food
and common inhalant allergens were assessed in cord blood of
922 children and peripheral blood samples of their mothers.
Results: Different sensitization patterns in cord blood of farm
and nonfarm children were observed. In multivariable analysis
consumption of boiled, but not unboiled, farm milk during
pregnancy was positively associated with specific IgE to cow’s
milk independently from maternal IgE. In contrast, there was
an inverse relationship between maternal exposure to animal
sheds and cord blood IgE levels against seasonal allergens
(adjusted odds ratio, 0.38; 95% CI, 0.21-0.70). This association
was not confounded by maternal IgE levels. Maternal contact
with hay enhanced the protective effect of exposure to animal
sheds on IgE levels to grass pollen in cord blood.
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Conclusions: Maternal exposure during pregnancy influences
atopic sensitization patterns in cord blood. The (microbial)
context of allergen contact possibly modifies the risk of atopic
sensitization. (J Allergy Clin Immunol 2008;122:407-12.)

Key words: Prenatal exposure, atopic sensitization, cord blood,
farming, microbial components

The potential effects of antenatal origins of diseases manifesting
later in life have attracted much attention, and a vast potential for
disease prevention has been anticipated.'?> Also, a number of
mechanisms have been implicated for the prenatal development
of asthma and atopic diseases, and potential strategies to reverse
the process are discussed.> For atopic sensitization, a protective
effect by prenatal exposure to a farm environment has been sug-
gested: an inverse association of maternal exposure to animal sheds
during pregnancy with atopic sensitization in the offspring at
school age has been found in a survey.® The cross-sectional design
of that study, the retrospective assessment of the exposure, and the
time gap between exposure and outcome evaluation precluded the
establishment of a causal relation. Only collection of exposure data
before birth and detection of sensitization patterns at birth can with
any certainty eliminate recall bias and interfering effects of any
exposures between birth and school age. In the meantime, the birth
cohort Protection against Allergy Study in Rural Environments
(PASTURE) has been set up to assess the role of indoor and
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THE MICROBIAL CONTEXT

OF ALLERGEN CONTACT
POSSIBLY MODIFIES THE RISK
OF ATOPIC SENSITIZATION

Maternal exposure to animal sheds and other farm-related
exposures during pregnancy were assessed in pregnant women
(n =922) living in rural areas (farms and non-farms) in Austria,

Finland, France, Germany, and Switzerland.

Maternal contact with hay enhanced the protective effect
of exposure to animal sheds on IgE levels to grass pollen

in cord blood.

Dung hills allow exposure to microbial compounds. The presence
of an open dung hill (livestock excreta with or without litter) in the
surrounding area of the child’s home (which has been observed
even in some homes that were not farms and where there was

no animal shed exposure) was associated with IgE levels against
seasonal allergen. This observation suggests a proper effect

on sensitization attributable to the microbial environment.

Markus Johannes Ege.

Prenatal exposure to a farm environment modifies atopic sensitization at birth.
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Patterns in the skin microbiota
differ in children and teenagers
between rural and urban
environments

Jenni Lehtimiki', Antti Karkman?, Tiina Laatikainen?, Laura Paalanen?, Leena von Hertzen?,
Tari Haahtela?, llkka Hanski* & Lasse Ruokolainen?

The composition of human microbiota is affected by a multitude of factors. Understanding the
dynamics of our microbial communities is important for promoting human health because microbiota
has a crucial role in the development of inflammatory diseases, such as allergies. We have studied the
skin microbiota of both arms in 275 Finnish children of few months old to teenagers living in contrasting
environments. We show that while age is a major factor affecting skin microbial composition, the

living environment also discriminates the skin microbiota of rural and urban children. The effect of
environment is age-specific; it is most prominent in toddlers but weaker for newborns and non-existent
fort gers. Within-individual variation is also related to age and environment. Surprisingly, variation
between arms is smaller in rural subjects in all age groups, except in teenagers. We also collected serum
samples from children for characterization of allergic sensitization and found a weak, but significant
association between allergic sensitization and microbial composition. We suggest that physiological
and behavioral changes, related to age and the amount of contact with environmental microbiota,
jointly influence the dynamics of the skin microbiota, and explain why the association between the
living environment skin microbiota is lost in teenager.

Skin, the largest organ of the human body, mediates information from the outer world and provides the first line
of defense against pathogens, toxins and hostile environmental conditions. This barrier-function-role is both
physical and immunological and it is supported by microbial communities inhabiting the skin'. The skin micro-
biota contribute to the barrier function by competing with pathogens and, importantly, communicating with
immune cells in the skin? to modulate the local® and systemic* immune responses. The skin microbiota and
immune mediators, such as the complement system?®, have a two-way interaction, indicating that commensal
microbes should be considered as an essential part of healthy skin. Furthermore, accumulating evidence sug-
gests that the composition of microbiota, especially in the gut but also on the skin, can have major influence on
individual health®’. For example, the skin microbiota s altered in certain dermatological conditions, such as in
psoriasis® and in atopic dermatitis®, which further suggests the importance of skin microbial communities for
human health.

As the microbial communities in our bodies are constantly open for colonization from the environment, it is
important to understand how different features in human life contribute to the development and current state of
human microbiota. The facts that the skin microbial communities resemble those in soils'’, and that microbes
present in air differ between land-use types'!, suggest that the surrounding living environment could affect the
composition of skin microbiota'?. This is supported by observations that the local environment can shape gut
microbial communities in people sharing similar lifestyle and diet'®. The skin microbiota is likely to be more
affected by the surrounding environment than that in the gut, due to a more immediate contact with the envi-
ronment. While a recent study showed that the habitat has a strong influence on the skin microbiota in bats'%, the
relationship between the living environment and the composition of skin (and gut) microbiota is still not well

Department of Biosciences, University of Helsinki, FI-00014 Helsinki, Finland. 2National Institute for Health and
Welfare, FI-00271 Helsinki, Finland. *Skin and Allergy Hospital, Helsinki University Central Hospital, FI-00029
Helsinki, Finland. *Deceased. Correspondence and requests for materials should be addressed to J.L. (email:
jenni.lehtimaki@helsinki.fi)
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SKIN MICROBIOTA PATTERNS
DIFFER BETWEEN IN CHILDREN
AND TEENAGERS LIVING RURAL
OR URBAN ENVIRONMENTS

The skin microbiota of both arms in 275 Finnish children of few
months old to teenagers were compared to observe whether the
microbial composition is affected by the living environment, and
whether the development of microbiota is systematically different in
rural and urban environments

The composition of the living environment and age of children had
an influence the composition of skin microbiota. The age gradient
was most clearly associated with a reduction in the abundance of
Streptococcus genera, while the difference between rural and urban
environments comes from increasing abundance of Microlunatus,
Humibacillus, Nocardioides and Friedmaniella.

Allergic sensitization was defined by measuring the blood serum
immunoglobulin E level (too several environmental and food
antigens) and the incidence of allergic symptoms. There was a weak
but significant association between allergic sensitization and microbial
composition.

Jenni Lehtimaki.

Patterns in the skin microbiota differ in children and teenagers between rural and
urban environments.
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Significant disparities in allergy prevalence and microbiota between the
young people in Finnish and Russian Karelia
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Clinical Summary

Background Atopic allergy has been more common among schoolchildren in Finland, as
& compared to Russian Karelia. These adjacent regions show one of the most contrasting
- socio-economical differences in the world.
Experl mental Objective We explored changes in allergy from school age to young adulthood from 2003
AI Iergy to 2010/2012 in these two areas. The skin and nasal microbiota were also compared.
Methods Randomly selected children from Finnish (n = 98) and Russian Karelia (n = 82)
were examined in 2003, when the children were 7-11 years of age, and again in 2010
(Finnish Karelia) and 2012 (Russian Karelia). We analysed self-reported allergy symptoms
and sensitization to common allergens by serum sIgE values. The skin (volar forearm) and
nasal mucosa microbiota, collected in 2012 (aged 15-20 years), identified from DNA sam-
ples, were compared with multivariate methods.
Results Asthma, hay fever, atopic eczema, self-reported rhinitis, as well as atopic sensiti-
Correspondence: zation, were threefold to 10-fold more common in Finland, as compared to Russian Kare-
Lasse Ruokolainen, Helsingin yliopisto,  lia. Hay fever and peanut sensitization were almost non-existent in Russia. These patterns
Viikinkaari 1, P.0. Box 65, FIN-00014,  yemained throughout the 10-year follow-up. Skin microbiota, as well as bacterial and fun-
Helsinki, Finland gal communities in nasal mucosa, was contrastingly different between the populations,

E-mail: lasse.ruokolainen@helsinkifi X R .
o @ best characterized by the diversity and abundance of genus Acinetobacter; more abundant

Tari Haahtela, Meilahdentie 2, P.0. and diverse in Russia. Overall, diversity was significantly higher among Russian subjects
Box 160, FIN-00029 HUS, Helsinki, (Pgin < 0.0001, Pyaarbacteria < 0.0001 and Ppagal-fungi < 0.01). Allergic diseases were not
Finland associated with microbial diversity in Finnish subjects.

E-mail: tari.haahtela@hus.fi Conclusions and Clinical Relevance Differences in allergic phenotype, developed in early

Cite this os: L Ruokolainen, L Paalanen.  Jife, remain between populations. A parallel difference in the composition of skin and

A Karman, T Lastikainen, L. von nasal microbiota suggests a potential underlying mechanism. Our results also suggest that
Hertzen, T. Viasoff, 0. Markelova, ‘ S _ ! !

V. Masyuk, P. Auvinen, L. Paulin, high abundance and diversity of Acinetobacter might contribute to the low allergy preva-
H. Alenius, N. Fyhrquist, I. Hansk, lence in Russia. Implications of early-life exposure to Acinetobacter should be further
M. J. Mikel3, E. Zilber, P. Jousilahti, investigated.

E. Vartiainen, T. Haahtela. Clinical &
Experimental Allergy, 2017 (47) 665-
674.
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fifty years [1-4]. This megatrend has been related to
changes in lifestyle and environment [1, 2, 4, 5]. The bor-
Allergies and other chronic inflammatory disorders have der between Finland and Russia marks one of the shar-
steadily increased in the Western world during the past pest boundaries between modern and developing health

and living standards in the world. The Republic of Karelia
Deceased in May 2016 in north-western Russia (Russian Karelia) was almost

Introduction

LIFESTYLE AND LIVING
ENVIRONMENT AFFECT
MICROBIAL COLONIZATION

DIFFERENCES INS ASTHMA, HAY FEVER, ATOPIC
ECZEMA, SELF-REPORTED RHINITIS, ATOPIC
SENSITIZATION, SKIN MICROBIAL ARE OBSERVED
BETWEEN RUSSIAN KARELIA AND FINNISH KARELIA,
TWO ADJACENT REGIONS WITH CONTRASTING
SOCIO-ECONOMICAL DIFFERENCES

1 A study performed in children from Finnish (n = 98) and
Russian Karelia (n = 82) revealed that asthma, hay fever, atopic
eczema, self-reported rhinitis, as well as atopic sensitization,
were threefold to 10-fold more common in Finland,
as compared to Russian Karelia.

1 Skin and nasal microbiota were found to be more diverse
in Russian Karelia than in Finnish Karelia.

% High abundance and diversity of genus Acinetobacterin
Russian Karelia might contribute to the low allergy prevalence
in this region.

Ruokolainen.

Significant disparities in allergy prevalence and microbiota between the young
people in Finnish and Russian Karelia.

Clin Exp Allergy. 2017:47:665-674.
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Acinetobacter species in the skin microbiota protect
against allergic sensitization and inflammation
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Background: The human commensal microbiota interacts in a

Helsinki, Turku, and Kuopio, Finland

Results: In healthy subjects, but not in atopic ones, the relative

complex manner with the immune system, and the of bund: of Acil b species was iated with the
these interactions might depend on the immune status of the expression of anti-inflammatory molecules by PBMCs.
subject. Moreover, healthy subj hibited a robust bal between

Objective: Previous studies have suggested a strong
allergy-protective effect for Gammaproteobacteria. Here we
analyze the skin microbiota, allergic sensitization (atopy), and
immune function in a cohort of adolescents, as well as the

infl of Acil b species on i resp in vitro
and in vivo.

Methods: The skin microbiota of the study subjects was
identified by using 16S rRNA sequencing. PBMCs were
analyzed for baseline and allergen-stimulated mRNA
expression. In in vitro assays human monocyte-derived dendritic
cells and primary keratinocytes were incubated with
Acinetobacter Iwoffii. Finally, in in vivo experiments mice were
injected intradermally with A Iwoffii during the sensitization
phase of the asthma protocol, followed by readout of
inflammatory parameters.
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anti-inflammatory and Ty1/Ty2 gene expression, which was
related to the composition of the skin microbiota. In cell assays
and in a mouse model, Acil b species ind d strong Ty 1
and anti-infl 'y resp by i cells and skin cells
and protected against allergic sensitization and lung
inflammation through the skin.

Conclusion: These results support the hypothesis that skin
commensals play an important role in tuning the balance of
Tul, T2, and anti-i y resp to envir 1
allergens. (J Allergy Clin Immunol 2014;134:1301-9.)

Key words: Atopy, Gammaproteobacteria, Acinetobacter species,
PBMC, anti-inflammatory gene expression, dendritic cells, keratino-
cytes, mouse asthma model

The incidence of atopic disorders has increased steadily in
developed countries for several decades,' now affecting approxi-
mately 40% of children in the United Kingdom.” This epidemic
has been related to changes in lifestyle.” The “old driends™*® and
biodiversity” hypotheses postulate that the increase in chronic inflam-
matory disorders is caused by reduced exposure to environmental mi-
crobes, which in turn influences the composition of the human
commensal microbiota and its interactions with the immune system.
Microbes and vertebrates have coevolved over millennia,"‘/ and the
sudden altered microbial contact in urban societies in developed
countries® might lead to dysregulation of host immunity. Revealingly,
children growing up on traditional farms have an especially low risk
of allergic sensitization (atopy), with the protective phenotype sus-
tained into adult life’; a farm environment exposes children to micro-
bial pressure that has few equivalents in the developed world. In a
study in eastern Finland, land use in the surroundings of children’s
homes was significantly associated with the prevalence of atopy,
with children living in homes surrounded by much forest and agricul-
tural land showing less atopy. '’ The causal factor might be microbial
exposure because the generic diversity of Proteobacteria on the skin
was significantly associated with environmental land use.'”

Microorganisms inhabiting mammalian body surfaces have a
highly coevolved relationship with the host’s immune system.
Although the immune system is essential in maintaining homeo-
stasis with resident microbes, the latter shape immunity by inducing
protective and regulatory responses.'' The molecular and cellular
pathways that sense and transduce signals leading to protection
are still largely unknown, but they are likely to primarily target reg-
ulatory immune processes. Thus bacteria in the intestine can

1301

RESIDENT MICROBES SHAPE
IMMUNITY BY INDUCING
PROTECTIVE AND REGULATORY
RESPONSES

A study performed on a cohort of adolescents(n =118) has evidenced
a robust positive association between the genus Acinetobacter
(Gammaproteobacteria) and anti-inflammatory molecules in healthy
but not atopic subjects. The most significant direct links were
between Acinetobacter species and interleukin (IL-10) and between
Diaphorobacter species (Proteobacteria) and Toll-like receptor 2,
which is a strong inducer of IL-10

A strong gene induction of [L-10, Delta-like-4 and I[-27

(both IL-10-inducing proteins) was observed in vitro when human
keratinocytes and human monocyte-derived dendritic cells were
incubated with Acinetobacter (woffii.

Interactions between the immune system and the microbiota are
significantly altered by atopy (allergic sensitization). Interactions
with a biologically rich and diverse natural environment might
enrich the commensal microbiota.

Nanna Fyhrquist.

Acinetobacter species in the skin microbiota protect against allergic sensitization
and inflammation.

JAllergy Clin Immunol. 2014 Dec;134(6):1301-1309.eT1.
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microbiotas of sensitized (determined by specific IgE results at 18 months of age) and
unsensitized Estonian and Finnish children.

Results: Sensitization was differentially targeted between populations, as egg-spe-
cific and birch pollen-specific IgE was more common in Finland. Microbial diver-
sity and community composition also differed; the genus Acinetobacter was more
abundant in Estonian skin and nasal samples. Particularly, the strain-level profile of
Acinetobacter Iwoffii was more diverse in Estonian samples. Early microbiota was not
generally associated with later sensitization. Microbial composition tended to differ

© 2020 EAACI and John Wiley and Sons A/S. Published by John Wiley and Sons Ltd.

2342 wileyonlinelibrary.com/journal/all Allergy. 2020;75:2342-2351.

EARLY EXPOSURE TO
ACINETOBACTER MIGHT PREVENT
ALLERGY DEVELOPMENT

A study performed on Estonian children (n = 74) and Finnish peers (n = 140)
revealed that :

Egg-specific and birch-specific IgE were elevated in Finland, although
IgE values of individual allergens were generally very low in both groups.

Skin microbial community composition differed between populations
with genus Acinetobacter being more abundant in Estonian children as
compared to Finnish children (on average over 20 times more).

Land-use patterns (built area, agricultural land, forest, water bodies
and wetland) differed significantly between populations. Estonian
subjects lived in more rural surroundings than the Finnish subjects.
However, land use pattern was not associated with sensitization.

Animal contact was more intensive in Estonia as compared to Finland,
but it was not associated with allergic sensitization.

Surprisingly, Acinetobacter Iwoffiitended to be more abundant in
sensitized children (of both population) compared to healthy ones.
However, in this study, allergic sensitization was evaluated at the age
of 18 months and it did not detect true atopic development but rather
reflected exposure of these infants to different allergens.

Lasse Ruokolainen.

Contrasting microbiotas between Finnish and Estonian infants: Exposure to
Acinetobacter may contribute to the allergy gap.

Allergy. 2020 Sep;75(9):2342-2351.



LOW ENVIRONMENTAL BIODIVERSITY IN
THE SURROUNDINGS OF ADOLESCENTS'
HOMES LOWERS THE ABUNDANCE OF
ACINETOBACTER ON THEIR SKIN AND

Environmental biodiversity, human microbiota,
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Rapidly declining biodiversity may be a contributing factor to
another global megatrend—the rapidly increasing prevalence of
allergies and other chronic inflammatory diseases among urban
populations worldwide. According to the “biodiversity hypothesis,”
reduced contact of people with natural environmental features and
biodiversity may adversely affect the human commensal microbiota
anditsi y capacity. A ing atopic i
(i.e., allergic disposition) in a random sample of adolescents living in
a heterogeneous region of 100 x 150 km, we show that environ-
mental biodi ity in the sur i of the study subjects’
homes influenced the composition of the bacterial classes on their
skin. Compared with healthy individuals, atopic individuals had
lower i iodiversity in the sur i of their
homes and significantly lower generic diversity of gammaproteo-
bacteria on their skin. The functional role of the Gram-negative
gammaproteobacteria is supported by in vitro measurements of
expression of IL-10, a key anti-inflammatory cytokine in immuno-
logic tols in peripheral blood lear cells. In healthy,
but not in atopic, individuals, IL-10 expression was positively corre-
lated with the e of the terial genus Aci-
netobacter on the skin. These results raise fundamental questions
about the consequences of biodiversity loss for both allergic con-
ditions and public health in general.

biodiversity benefits | hygiene hypothesis | microbial deprivation |
civilization diseases

y 2050, some predict that two-thirds of the global human
population will live in urban areas with little green space and
limited contact with nature and biodiversity (1). At the same time,
an increasing fraction of the urban population will suffer from
chronic inflammatory disorders (2, 3), of which allergic (4) and
autoimmune diseases are prime examples. Building on the hygiene
hypothesis (5, 6), the notion that growing up in a farming envi-
ronment protects children from allergic sensitization (7, 8), and
the emerging understanding of the role of microbes in the de-
velopment and maintenance of epithelial cell integrity and toler-
ance (3, 9), the “biodiversity hypothesis” (10) proposes that
reduced contact of people with natural environmental features and
biodiversity, including environmental microbiota, leads to in-
adequate stimulation of immunoregulatory circuits. Importantly,
interactions with the natural environment may influence the
composition of the human commensal microbiota, the members of
which are not equal in their ability to stimulate the regulatory
circuits via Toll-like and other antigen-recognizing receptors to
prevent or terminate inappropriate inflammatory responses (3).
To test the biodiversity hypothesis of inflammatory disorders, we
studied a random sample of 118 adolescents inhabiting a small
town, villages of different sizes, and isolated houses within a 100 x
150 km region in eastern Finland. The inflammatory disorder that
we examined is atopic sensitization, which involves the propensity
to develop IgE antibodies in response to allergen exposure (11).
Here we address four questions. First, we examine whether the

8334-8339 | PNAS | May 22,2012 | vol. 109 | no.21

environmental biodiversity influences the composition of the
commensal microbiota of the study subjects. Environmental bio-
diversity was characterized at two spatial scales, the vegetation
cover of the yards and the major land use types within 3 km of the
homes of the study subjects. Commensal microbiota sampling
evaluated the skin bacterial flora, identified to the genus level from
DNA samples obtained from the volar surface of the forearm.
Second, we investigate whether atopy is related to environmental
biodiversity in the surroundings of the study subjects’ homes.
Third, we examine whether atopy is related to the composition of
the skin microbial community. Finally, we characterize the im-
mune function of the study subjects by in vitro measurement of IL-
10 expression in peripheral blood mononuclear cells (PBMCs) and
relate it to the composition of the skin microbiota. IL-10 is one of
the key anti-inflammatory cytokines in immunologic tolerance.

Results

Environmental Biodiversity and Skin Microbiota. We estimated the
areas of the following land use types within 3 km of the home of
each study subject: forest, covering on average 49% of the total
area around the homes; agricultural land, 12%; built areas, 16%;
lakes and other water bodies, 20%; and wetlands, 3%. The first
principal component (PCl,,) of the land use data was positively
correlated with forest and agricultural land and negatively corre-
lated with built areas and water bodies, thus correlating with ter-
restrial vegetated habitats (SI Appendix, Table S1). The pooled
microbiota for the 118 study subjects included 572 bacterial genera
in 43 classes. Consistent with previous studies of the skin micro-
biota (12, 13), the dominant classes were Actinobacteria, Bacilli,
Clostridia, Betaproteobacteria, Alphaproteobacteria, and Gam-
maproteobacteria (Table 1). We characterized the composition of
the skin microbiota with a principal components analysis (PCA) of
the numbers of genera in these six bacterial classes. The second
principal component (PC2y,.) correlated positively with the ge-
neric diversity of proteobacteria and negatively with the generic
diversity of all other bacterial classes (S Appendix, Table S2). The
PCleyy of the land use types was significantly (P = 0.0033) related
to PC2y,. (Fig. 1), indicating that the generic diversity of proteo-
bacteria was higher on the skin of individuals living in an envi-
ronment with more forest and agricultural land compared with
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IN ASSOCIATED WITH ATOPY.

A study performed on 118 adolescents inhabiting a small town, villages of
different sizes, and isolated houses within a 100 x 150 km region in eastern
Finland revealed that:
The generic diversity of proteobacteria was higher on the skin of
individuals living in an environment with more forest and agricultural land
compared with those living in built areas and near water bodies.
Atopy, based on IgE antibody levels, was significantly explained by
environmental biodiversity around the homes of the study subjects.
Atopy decreased with the amount of forested and agricultural land
within 3 km of the home.
Compared with healthy individuals, atopic individuals had a lower generic
diversity of gammaproteobacteria on the skin, which was not solely due to
any particular allergen.
There was a significant correlation between the relative abundance
of gammaproteobacterial genus Acinetobacter and IL-10 expression,
which has central role in maintaining immunologic tolerance to harmless
substances. This correlation, which was reversed in atopic individuals,
implies a strong allergy-protective effect of these gammaproteobacteria.

Itkka Hanski.
Environmental biodiversity, human microbiota, and allergy are interrelated.
Proc Natl Acad Sci U S A. 2012 May 22;109(21):8334-9.
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Tolerance defines the induction and maintenance of the long-term
unresponsiveness to allergens, which can be induced either
by natural allergen exposure or by in vivo challenges.
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Allergen-specific immunotherapy (AIT) is the mainstay treatment for the cure of allergic disorders, with
depicted efficacy and safety by several trials and meta-analysis. AIT impressively contributes to the
management of allergic rhinitis, asthma and venom allergies. Food allergy is a new arena for AIT with
promising results, especially via novel administration routes. Cell subsets with regulatory capacities are

Allergic inflammation is an IgE-dependent hypersensitivity
to allergens in atopic individuals.

ﬁ’]ywnr{is: induced during AIT. IL-10 and transforming growth factor (TGF)-p are the main suppressor cytokines, in . . - . . .
ergy - o g - P B N
Alloraan-specific immunotherapy addition to surface molecules such as cytotoxic T-lymphocyte-associated antigen-4 (CTLA-4) and pro In ato picin dividu alSY when an alle rgen peptlde IS recogn ized

grammed cell death protein-1 (PD-1) within the micro milieu. dified T- and B-cell re and
antibody isotypes, increased activity thresholds for eosinophils, basophils and mast cells and consequent
limitation of inflammatory cascades altogether induce and maintain a state of sustained allergen-specific
unresponsiveness. Established tolerance is reflected into the clinical perspectives as improvement of
allergy symptoms together with reduced medication requirements and evolved disease severity. Long
treatment durations, costs, reduced patient compliance and risk of severe, even life-threatening adverse
reactions during treatment stand as major limiting factors for AIT. By development of purified non-
allergenic, highly-immunogenic modified allergen extracts, and combinational usage of them with
novel adjuvant molecules via new routes may shorten treatment durations and possibly reduce these
drawbacks. AIT is the best model for custom-tailored therapy of allergic disorders. Better characterization

Immune regulation
Immune tolerance
Innate lymphoid cells

by CD4+ T cells, with the dominance of IL-4 in the micro milieu,
T helper (Th)-2 cells produce IL-4, IL-5, IL.-9 and IL-13.

T regulatory cells (Treg) play the maestro function in conservation
of the delicate balance between the state of tolerance and

of disease endotypes, definition of specific biomarkers for diagnosis and therapy follow-up, as well as intO l.e ra I’]t reaCtiOﬂS. Treg are beSt knOWﬂ W|th their | I_‘_I O, I I_‘35 and

precision medicine approaches may further contribute to success of AIT in management of allergic .

disorders. TGF-b productions.

Copyright © 2020, Japanese Society of Allergology. Production and hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

IL-10, the major cytokine, suppresses IgE production through
Treg cell-B cell interaction. IL-10 induces production of allergen-
specific I9G,.

Introduction mechanisms of allergic immune responses and to establish new

therapeutic strategies to cope with this allergy epidemics.' ®

The rapid rise in the frequency of allergic diseases during the
last decades has triggered extensive research by the scientific
community, which has mainly focused to understand the

* Corresponding author. Swiss Institute of Allergy and Asthma Research (SIAF),
University of Zirich, Herman-Burchard Strasse 9, CH-7265, Davos Wolfgang,
Switzerland.

E-mail address: akdisac@siaf.uzh.ch (CA. Akdis).
Peer review under responsibility of Japanese Society of Allergology.

https://doi.org/10.1016/j.alit.2020.08.002

Superior to allergen avoidance measures, two well-accepted
approaches for management of allergic diseases are conventional
pharmacotherapy and allergen-specific immunotherapy (AIT). In
pharmacotherapy, several anti-mediators and anti-inflammatory
agents such as anti-histamines, anti-leukotrienes, inhaled, topical
and systemic corticosteroids, and recently approved novel bi-
ologicals as monoclonal antibodies can favorably control allergic
manifestations.” !> However, upon cessation of medications,
symptoms could generally relapse. To overcome this vicious cycle,
AIT stands as the sole disease modifying therapeutic approach that
promises tolerance induction and provides a long-term

1323-8930/Copyright © 2020, Japanese Society of Allergology. Production and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

IL-10 is also the key cytokine of regulatory B cells, which harbor
immunosuppressive properties.

C.Kucuksezer.
Mechanisms of allergen-specific immunotherapy and allergen tolerance.
Allergology International. Volume 69, Issue 4, October 2020, Pages 549- 560.
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Abstract The interleukin-10 (IL-10) is generally considered
as the most important cytokine with anti-inflammatory prop-
erties and one of the key cytokines preventing inflammation-
mediated tissue damage. In this respect, IL-10 producing cells
play a crucial role in the outcome of infections, allergy, auto-
immune reactions, tumor development, and transplant toler-
ance. Based on recent findings with regard to the mentioned
clinical conditions, this review attempts to shed some light on
the IL-10 functions, considering this cytokine as inherent in-
ducer of the switching immunity. While acute infections and
vaccinations are associated by IL-10 enhanced during few
weeks, chronic parasitoses, tumor diseases, allergen-specific
immunotherapy, transplants, and use of immune-suppressor
drugs show an increased IL-10 level along months or years.
With regard to autoimmune pathologies, the IL-10 increase is
prevalently observed during early stages, whereas the succes-
sive stages are characterized by reaching of immune equilib-
rium independently to disease’s activity. Together, these find-
ings indicate that IL-10 is mainly produced during transient
immune conditions and the persistent IL-10-related effect is
the indication/prediction (and maybe effectuation) of the
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switching immunity. Actual knowledge emphasizes that any
manipulation of the IL-10 response for treatment purposes
should be considered very cautiously due to its potential haz-
ards to the immune system. Probably, the IL-10 as potential
switcher of immunity response should be used in association
with co-stimulatory immune effectors that are necessary to
determine the appropriate deviation during treatment of re-
spective pathologies. Hopefully, further findings would open
new avenues to study the biology of this “master switch”
cytokine and its therapeutic potential.

Keywords Interleukin-10 - The switching immunity

Introduction

The principal function of immune system is to protect us from
invading pathogens and microorganisms by destroying infect-
ed cells while minimizing collateral damage to tissues [1].
Cytokine secretion is one of the most important languages of
communication that determine the type, quality, amplitude,
duration, and outcome of the immune response, and the dif-
ferent cytokines represent the words of this language that ar-
ticulate the orders and functions to be executed by immune
cells [2]. To maintain the balance between immunity and tol-
erance, current knowledge attributes an important role to T
regulatory cells (Tregs) [1, 3]. Based on their expressed sur-
face markers, production of cytokines, and mechanisms of
action, these cells can be divided into two types: naturally
occurring and inducible or adaptive regulatory cells. In brief,
naturally occurring thymic-derived CD4CD25 Tregs are char-
acterized by constitutive expression of the transcription factor
FoxP3, while antigen-induced or adaptive Tregs are mainly
identified by expression of immunosuppressive cytokines like

£\ Springer

INTERLEUKIN 10 CYTOKINE
IS POTENTIAL SWITCHER OF
IMMUNITY RESPONSE

ANTIGEN-INDUCED OR ADAPTIVE T-REGULATORY CELLS

ARE MAINLY CHARACTERIZED BY EXPRESSION OF
IMMUNOSUPPRESSIVE CYTOKINES SUCH AS IL-10,
WHICH IS CONSIDERED AS THE MOST IMPORTANT
CYTOKINE WITH ANTI-INFLAMMATORY PROPERTIES
AND ONE OF THE KEY CYTOKINES PREVENTING
INFLAMMATION-MEDIATED TISSUE DAMAGE

I |L-10 is produced by several activated immune cells, such as
monocytes, macrophages, different effector T cell subsets,
B cells, and dendritic cells.

I Alterations of IL-10 expression are reported during a wide variety
of physiological and nonimmune situations as well as in immune
conditions such as infections, allergies and autoimmunity.

I IL-10 plays also an important role in modulating acute inflammatory
pathogenesis and infection clearance.

1 IL-10 mediated immunosuppression may occur under
“external manipulation” i.e. the use of foreign infective agents
(bacteria, virus, fungi) to switch the immunity response.

I The therapeutic use of the IL-10 as potential switcher of immune
response needs the use of co-stimulatory immune effectors
to determine appropriately the direction of immune deviation
in treating infective, allergic or autoimmune diseases.

Ervin ¢ Mingomataj.

Regulator Versus Effector Paradigm: Interleukin-10 as Indicator of the
Switching Response.

Clin Rev Allergy Immunol. 2016 Feb;50(1):97-113.
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Regulatory T cells and IL-10 in allergic

Catherine M. Hawrylowicz

Recent studies suggest that human regulatory T (T reg) cells protect against
the development of allergic and asthmatic disease and that their function is
impaired during active disease. Two new studies contribute to our
understanding of the role that T reg cells play in the control of allergic airway
disease in mice. However, these studies also highlight several outstanding

questions in the field.

Human disease versus animal models
Human allergic airway disease is a
complex condition characterized by in-
creased amounts of systemic IgE, ele-
vated allergen-specific T helper (Th)2
cells and their products, airway hyperre-
activity (AHR), and structural changes
in the lung. Animal models of both
acute and chronic allergic airway re-
sponses have been described, although
none of these models captures all aspects
of human disease (1). Nonetheless, ani-
mal models have provided invaluable
insights into the molecular mechanisms
of allergic airway disease, including the
role of Th2 cytokines in disease pathol-
ogy and, more recently, the role of regu-
latory pathways in the control of disease.
These models thus provide an important
preclinical tool for dissecting the bio-
logical mechanisms involved in the sen-
sitization to allergens and the effector
mechanisms associated with disease, as
well as for the investigation of novel
therapies for human disease.

Regulatory T cells

T reg cells control peripheral immune
responses and are likely to play a cen-
tral role in determining the incidence
and severity of several immune patholo-
gies, including autoimmune, infectious,
allergic, and asthmatic diseases (2).
One eventual hope for the treatment
of allergic airway disease, as for other
immune-mediated pathologies, is to
design therapies that boost endogenous
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Asthma, King's College London, London SE1 9RT, UK.
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allergen-specific T reg cell function or
that induce de novo T reg cell activity.
Long-term, allergen-specific relief from
disease symptoms provided by T reg
cells would likely be preferable to the
nonspecific, noncurative regimens that
are currently prescribed.

There are two major categories of T
reg cells described to date. The first is
the naturally occurring, thymically de-
rived CD4"CD25% T reg cells that
express high levels of the transcription
factor Foxp3, which is essential for their
development and function (3—6). The
other category is the antigen-specific T
reg cells, which can be induced in vitro
and in vivo under particular conditions
of antigenic stimulation. These antigen-
specific T reg cells secrete antiinflamma-
tory cytokines such as interleukin (IL)-10
and/or TGFP, and regulate immune
responses and inflammatory pathologies
(2, 7). Induced T reg cells that secrete
IL-10 are often referred to as IL-10-T
reg cells, or Trl cells; those that secrete
TGFR have been referred to as Th3 cells.
However, it is likely that both categories
of T reg cells require one or both of
these cytokines to evoke their suppressive
functions during different stages or types
of inflammatory responses. Many ques-
tions remain to be answered regarding
the distinct roles of these T reg cell
subsets during immune responses. Still
unknown, for example, is whether these
cells exhibit complementary functions,
regulate each other’s activity, or use
common inhibitory mechanisms.

T reg cells in health and disease

Recent studies have suggested that natu-
rally occurring T reg cells and antigen-
induced IL-10-producing T reg cells

Vol. 202, No. 11, December 5, 2005 1459-1463  www jem.org/cgi/doi/10.1084/jem.20052211

inflammation

have a physiological role in protecting
against human allergic disease. A rare
mutation in the gene encoding FOXP3
results in a disease called IPEX (im-
munedysregulation, polyendocrinopathy
and enteropathy, X-linked) syndrome.
Individuals with IPEX syndrome suffer
from a range of autoimmune endocrine
pathologies as well as allergic symptoms
including severe eczema, increased serum
IgE levels, eosinophilia, and food allergies
(6, 8). Peripheral blood mononuclear
cells (PBMCs) from atopic or allergic
patients generally proliferate more exten-
sively and produce more Th2 cytokines
in response to allergen stimulation than
PBMC:s from nonatopic control subjects.
When CD25% T cells were depleted
from PBMC cultures derived from the
control subjects in these studies, these
responses were significantly enhanced
(9, 10). Collectively, these studies sug-
gest that active T reg cell-mediated
suppression of allergen-specific immune
responses occurs in healthy individuals.
Additional evidence for a physio-
logical role for IL-10-producing T reg
cells in suppressing allergic inflammation
comes from several recent studies. The
suppressive cytokine IL-10 inhibits the
activation of many cell types and effector
functions that are associated with allergic
disease (for review see reference 2). A
recent study by Akdis et al. showed that
the frequency of allergen-specific, IL-10—
secreting T cells was significantly in-
creased in nonatopic individuals com-
pared with allergic patients, whereas the
reverse was true for T cells producing the
Th2 cytokine IL-4 (11). Several other
studies similarly suggested that IL-10
levels were inversely correlated with the
severity of human disease (12-14). Fi-
nally, therapies shown to be beneficial
for the treatment of allergy and asthma,
such as allergen immunotherapy or glu-
cocorticoid therapy, have been shown
to increase IL-10 synthesis by T cells
(15-17). Whether the IL-10 is pro-
duced by T reg cells, activated effector
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IL-10 PRODUCING T REGULATORY
CELLS HELP PROTECTS ACAINST
HUMAN ALLERGIC DISEASE

IL-10 INHIBITS THE ACTIVATION OF MANY CELL TYPES
AND EFFECTOR FUNCTIONS THAT ARE ASSOCIATED
WITH ALLERGIC DISEASE

I Peripheral blood mononuclear cells (PBMCs) from atopic or allergic
patients generally proliferate more extensively and produce more
Th2 cytokines in response to allergen stimulation than PBMCs from
nonatopic control subjects.

0 [L-10-secreting T cells is significantly increased in nonatopic
individuals compared with allergic patients, whereas the reverse
is true for T cells producing the Th2 cytokine IL-4 (which is increased
in atopic individuals).

I Allergen immunotherapies have been shown to increase IL-10
synthesis by T cells.

I |L-6 may also play a role in controlling regulatory functions
in allergic disease. Indeed, IL-6 is increased in patients with
allergic asthma. IL-6 produced by activated dendritic cells,
impair the regulatory activity of CD4+CD25+ T reg cells.

Catherine M Hawrylowicz.
Regulatory T cells and IL-10 in allergic inflammation.
J Exp Med. 2005 Dec 5,202(11):1459-63.
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