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ABSTRACT

During the last decade, the advent of modern
sequencing methods (next generation tech-
niques, NGS) has helped describe the composi-
tion of the human gut microbiome, enabling us
to understand the main characteristics of a
healthy gut microbiome and, conversely, the
magnitude of its disease-related changes. This
new knowledge has revealed that healthy gut
microbiota allow the maintenance of several
crucial physiological functions, such as the
ability to regulate the innate and adaptive
immune systems. Increasing evidence has
pointed out a condition of dysbiosis in several
autoimmune/immune mediated dermatological
conditions and specific gut microbial signatures
have also been reported to correlate with clini-
cal and prognostic parameters of such diseases.
Based on a literature search of relevant pub-
lished articles, this review debates the current
knowledge and the possible pathogenic impli-
cations of bacterial gut microbiota composition
assessed through NGS techniques in systemic
lupus erythematosus, atopic dermatitis, psoria-
sis, and alopecia areata. Evidence of a potential
role of specific gut microbiota signatures in
modulating the clinical course of such diseases

and their main comorbidities has been also
reviewed.

PLAIN LANGUAGE SUMMARY

The gut microbiota is defined as the collection
of microbes (bacteria, fungi, archaea, and viru-
ses) inhabiting the human gut. If healthy, it
allows the maintenance of several crucial
physiological functions, such as the ability to
regulate the immune system. Accordingly,
increasing evidence has pointed out a condition
of imbalance in the gut microbial community
(dysbiosis) in several autoimmune/immune
mediated dermatological conditions. Specific
gut dysbioses have also been reported to corre-
late with clinical and prognostic parameters of
such diseases.

In this review, the current knowledge and the
possible pathogenic implications of bacterial
gut microbiota composition assessed through
advanced techniques in systemic lupus erythe-
matosus, atopic dermatitis, psoriasis, and
alopecia areata are discussed. Furthermore, evi-
dence of a potential role of specific gut micro-
biota signatures affecting the clinical course and
main associated diseases is also reviewed. In this
scenario, an increased knowledge of gut micro-
biota composition and functions in autoim-
mune/immune mediated dermatological
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diseases might suggest additional treatments
besides conventional therapies, and predict
clinical evolution and comorbidities
association.

Keywords: Alopecia areata; Atopic dermatitis;
Gut microbiota; Psoriasis; Systemic lupus
erythematosus

Key Summary Points

Gut microbiota have been reported to be
capable of regulating the innate and
adaptive immune systems both locally
and systemically.

Increasing evidence has pointed out a
condition of imbalance in the gut
microbial community (dysbiosis) in
several autoimmune/immune mediated
dermatological conditions.

Specific gut dysbioses have also been
reported to correlate with clinical and
prognostic parameters of such diseases.

An improved understanding of gut
microbiota in autoimmune/immune
mediated dermatoses might suggest
additional treatments besides
conventional therapies, and predict
clinical evolution and comorbidities
association.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide and plain language
summary, to facilitate understanding of the
article. To view digital features for this article go
to https://doi.org/10.6084/m9.figshare.
13547432.

INTRODUCTION

The human microbiome is composed of bacte-
ria, eukaryotes, archaea, and viruses inhabiting
the human body [1].

The advent of culture-independent approa-
ches such as high-throughput and low-cost
sequencing methods (next generation tech-
niques, NGS) has enabled the elucidation of
microbial composition in several body areas [1].

In humans, most of the identified microbes
can be found in the gastrointestinal tract [2, 3],
which contains approximately 1014 microbes,
collectively defined as the human gut micro-
biota [1, 2, 4]. Overall, a healthy gut microbiota
is mainly dominated by bacteria belonging to
two main phyla — Bacteroidetes and Firmicutes
[1, 5, 6] — and additionally contains eukaryotes
(such as Candida, Malassezia, and Saccharomyces)
[1, 7], Archaea (mostly belonging to the
Methanobrevibacter genus) [1, 8] and viruses
(consisting primarily of bacteriophages)
[1, 9, 10].

In recent years, increased knowledge of gut
microbiota composition and functions has
suggested that the well-being of the gut micro-
biota is crucial in achieving several physiologi-
cal functions [5, 6]. Among them, food
metabolism, nutrient synthesis, protection
against pathogens, and maintenance of the
integrity of the mucosal barrier are the most
important [5, 6]

Another property of the gut microbiota is its
capacity to regulate the innate and adaptive
immune systems both locally and systemically
[2, 6, 11, 12]. Recent findings suggest that such
regulation seems to also be exerted epigeneti-
cally, directly by gut microbes and their related
metabolites, or by nutrients included in plant/
animal derived foods, capable of regulating the
expression of specific immune-modulating
miRNAs. [13]. Accordingly, increasing evidence
has pointed out a condition of dysbiosis in
several diseases, such as metabolic disorders
[14], cancer [15], and autoimmunity [16].

In this scenario, a growing body of investi-
gations performed on both mice and humans
has assessed a possible role of gut microbiota in
triggering dermatological diseases [17, 18].
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Table 1 Summary of the investigations assessing human gut microbiota composition through NGS methods in SLE, AD,
Ps and AA

Authors Year Number of patients Country Main results

Systemic Lupus Erythematosus (SLE)

Hevia et al.
[21]

2014 20 SLE; 20 controls Spain SLE:

Diversity of species comparable to controls
(Shannon index)

; Firmicutes/ Bacteroidetes ratio vs controls

Lopez et al.
[31]

2016 37 SLE patients, (20 underwent fecal microbiota
sequencing); 36 controls

Spain Fecal samples of SLE ? naı̈ve CD4 ? cells ?
Activation and polarization toward a Th17
phenotype

Fecal samples of SLE ? naı̈ve
CD4 ? cells ? Bifidobacterium bifidum? T
cells activation prevented

Controls: : fecal Firmicutes ?; IL17

SLE: : fecal Firmicutes ?: TH1 cells and IFN-c

He et al. [23] 2016 45 female SLE; 48 female controls China SLE:

; Firmicutes/ Bacteroidetes ratio

: Rhodococcus, Eggerthella, Klebsiella, Prevotella,
Eubacterium, Flavonifractor and incertae sedis

; Dialister and Pseudobutyrivibrio

Rodriguez-
Carrio et al.
[29]

2017 21 SLE; 25 controls Spain Controls: Firmicutes/ Bacteroidetes ratio correlates
with serum free fatty acids (not observed in SLE)

SLE: Altered production of serum short chain fatty
acids

Greiling et al.
[35]

2018 16 SLE and 2 SCLE; 11 controls USA SLE: ; Firmicutes/ Bacteroidetes ratio vs controls

Sera from human anti-Ro60–positive lupus patients
immunoprecipitate commensal Ro60
ribonucleoproteins

SLE skin and mucosal Ro60-containing bacteria ?
activation of Human Ro60 autoantigen–specific
CD4 memory T cell clones SLE

Germ-free mice monocolonization with a SLE
Ro60 ortholog–containing gut commensal ?
Anti-human Ro60 T and B cell
responses ? development of glomerular immune
complex deposits

Luo et al. [25] 2018 14 active SLE; 17 controls USA SLE:

Firmicutes/ Bacteroidetes ratio comparable to
controls

: Abundance of fecal Gram-negative bacteria
(Proteobacteria)

Van der
Meulen et al.
[22]

2019 30 SLE; 39 primary Sjogren syndrome (pSS); 965
controls

the Netherlands SLE and pSS: ; bacterial richness, ; Firmicutes/
Bacteroidetes ratio and : Bacteroidetes
abundance vs controls

SLE: different oral microbiome composition vs pSS

Azzouz et al.
[27]

2019 61 female SLE USA ; Bacterial richness, mostly in patients with high
SLE disease activity index (SLEDAI)

SLE:

Fivefold : abundance of Ruminococcus gnavus and
Lachnospiraceae family

: Fecal calprotectin levels

- Serum anti-R. gnavus antibodies ? correlation
with SLEDAI score, antinative DNA levels and
active nephritis
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Table 1 continued

Authors Year Number of patients Country Main results

Wei et al. [24] 2019 16 SLE; 14 controls China SLE: : Proteobacteria and ; Ruminococcaceae

Li et al. [26] 2019 40 SLE (19 active and 21 remissive); 20 rheumatoid
arthritis; 20 controls

China SLE: Streptococcus, Campylobacter, Veillonella
?positive association with lupus activity

SLE: Bifidobacterium ?negative association with
disease activity

Atopic dermatitis (AD)

Hong et al.
[57]

2010 27 vaginal-delivered infants; 14 caesarean-delivered
infants

Singapore Differences in the relative abundances of
Bifidobacterium and Enterobacteriaceae among
caesarean-delivered infants with and without
eczema

Abrahamsson
et al. [54]

2012 20 infants with IgE-associated eczema at
12 months; 20 infants without any allergic
manifestation until 24 months of age

Sweden ; Intestinal microbial diversity during the first
month of life ?subsequent atopic eczema

West et al.
[53]

2015 10 infants developing IgE associated eczema; 10
infants remaining free of allergic symptoms
(controls); 231 atopic pregnant women (whose
178 infants completed the study)

Sweden Infants developing IgE-associated eczema:

; Ruminococcaceae (at 1 week of age) vs controls

Inverse correlation between Ruminococcus and
TLR2 ligands-induced IL-6 and TNF-a vs
controls

Inverse association between Proteobacteria and
TLR4-induced TNF-a (at 1 week and 1 month
of age) vs controls

Inverse association between Enterobacteriaceae and
TLR4-induced TNF-a and IL-6 (at 1 month of
age) vs controls

; a-diversity of Actinobacteria (at 1 year) vs
controls

Mothers whose infants developed IgE-associated
eczema:

; a-diversity of Bacteroidetes during pregnancy

Orivuori et al.
[72]

2015 120 AD infants Austria, Finland,
France,
Germany and
Switzerland

-: Fecal calprotectinat 2 months of age:

Predicted asthma and AD by the age of 6 years

Correlated with ; fecal E. coli

Laursen et al.
[58]

2015 114 children of the SKOT1 cohort Denmark Furry pets or early life infections do not influence
gut microbiota composition

Older siblings:

:Gut bacterial richness and diversity

No association with subsequent atopic skin
disorders

Lee et al. [70] 2016 12 AD infants; 12 healthy infants Korea AD:

: Richness and relative abundance of Bacilli vs
controls

: Relative abundance of Clostridia:

Correlation with AD age of onset (positive) and
with blood eosinophils (negative)

No association with SCORAD index or total serum
IgE

Song et al.
[68]

2016 90 AD adults Korea AD:

: Fecal Faecalibacterium prausnizii

; Serum SCFAs butyrate and propionate
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Table 1 continued

Authors Year Number of patients Country Main results

Zheng et al.
[61]

2016 50 infants with eczema; 51 healthy infants China Controls: : Bifidobacterium, Megasphaera,
Haemophilus and Streptococcus

AD:

: Escherichia/Shigella, Veillonella, Faecalibacterium,
Lachnospiraceae, incertae sedis and Clostridium
XlVa (among them Faecalibacterium prausnitzii,
Ruminococcus gnavus and Akkermansia
muciniphila)

; Bacteroides fragilis and Streptococcus salivarius

Mahdavinia
et al. [64]

2017 29 children with AD; 9 control children Africa AD ?No significant differences of a-
diversity ? relative abundance for any taxa vs
controls

Chua
et al.[60]

2018 14 pairs

of dizygotic twins, 1 pair of monozygotic twins and
14 unrelated singletons

Taiwan AD: : Of fecal Lachnospiraceae in (overgrowth of
Ruminococcus gnavus)

Not AD: ; abundance of Ruminococcus gnavus

Lee et al. [63] 2018 63 infants with AD; 66 healthy controls Korea Comparable OTUs numbers, clusters in PCoA
plot, and Shannon diversity between controls
and AD samples

Controls: : numbers of fecal bacterial cells

AD: ; expression of genes involved in immune
development (PI3K-Akt;NOD-like receptors)
associated with ; abundance of A. muciniphila, R.
gnavus, and Lachnospiraceae

Reddel et al.
[62]

2019 19 AD children; 18 healthy controls Italy AD: : Faecalibacterium, Oscillospora, Bacteroides,
Parabacteroides and Sutterella and ; abundance
of Bifidobacterium, Blautia, Coprococcus,
Eubacterium and Propionibacterium (SCFAs
producing bacteria)

Ability of a probiotic mixture (B. breve plus L.
salivarius) to pass through the gastrointestinal
tract and to persist in the gut microbiota (only B.
breve)

Park et al.
[69]

2020 22 transient and 26 persistent AD children; 84
healthy controls

Korea Transient AD:

; Abundance of Streptococcus

: Of Akkermansia

; SCFAs butyrate and valerate levels vs healthy and
persistent AD

Persistent AD:

; Abundance of Clostridium and Akkermansia

: Streptococcus

; Gut microbial functional genes related to
oxidative phosphorylation

SCORAD index:

Positive correlation with :abundance of
Streptococcus

Negative correlation with :abundance of
Clostridium

Psoriasis (Ps)
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Table 1 continued

Authors Year Number of patients Country Main results

Scher et al.
[83]

2015 15 skin Ps; 16 psoriatic arthritis; 17 controls USA Ps patients (skin and arthritis)

; Diversity of species

; Fecal Coprococcus

: Fecal protein RANKL and secretory IgA

; Fecal heptanoate and hexanoate

Psoriatic arthritis patients:

; Akkermansia, Ruminococcus, and
Pseudobutyrivibrio

Tan et al. [90] 2018 14 Ps vulgaris;14 controls China Ps: ; fecal Akkermansia muciniphila and :
Clostridium citroniae

Huang et al.
[86]

2018 35 Ps patients: 16 vulgaris, 8 pustular, 7 psoriatic
arthritis, 4 erithroderma); 27 controls

China Ps vs controls: altered Firmicutes/ Bacteroidetes
ratio

Ps patients: association between fecal Veilonella
with C reactive protein

Ps vs psoriatic arthritis: no gut microbiota
differences

different fecal microbial profiles according to the
severity of Ps

Codoñer et al.
[87]

2018 35 Ps; 300 healthy individuals extracted from the
human microbiome project

Spain Ps:

Specific enterotype characterized by : Prevotella,
Faecalibacterium, Akkermansia and Ruminococcus
genera, and by ; Bacteroides genus

Chen Y-J
et al. [88]

2018 32 Ps patients (4 with psoriatic arthritis); 64
controls

Taiwan : Ruminococcus and : Megasphaera as main
discriminants of Ps gut microbiota

Over-representation of functional genes and
metabolic pathways involving bacterial
chemotaxis and carbohydrate transport

Under-representation of genes related to cobalamin
and iron transport

Articular involvement ?no influence on the
abundance and shaping of gut microbial profile

Shapiro et al.
[84]

2019 24 Ps; 22 controls Israel Ps:

Significant differences in beta diversity

:Firmicutes and Actinobacteria phyla; :
Ruminoccocus gnavus, Dorea formicigenerans and
Collinsella aerofaciens

; Prevotella copri and Parabacteroides distasonis

: Metabolic pathways of lipopolysaccharide
function

Hidalgo-
Cantabrana
et al. [85]

2019 19 Ps; 20 controls Spain Ps:

; Diversity of species

: Bifidobacteriaceae, Coriobacteriaceae,
Lachnospiraceae, Clostridiales family XIII,
Eggerthellaceae, Peptostreptococcaceae,
Ruminococcaceae, Erysipelotrichaceae

; Bacteroidaceae, Barnesiellaceae, Prevotellaceae,
Tannerellaceae, Burkholderiaceae, Rikenellaceae,
Lactobacillaceae, Streptococcaceae,
Desulfovibrionaceae, Veillonellaceae,
Marinifilaceae, Victivallaceae and Pasteurellaceae
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Unfortunately, although a plethora of inter-
esting observational evidence regarding such
issues exists, a clear causal role of gut microbes
in these diseases has not yet been found.

This review aims to discuss the current
knowledge regarding gut microbiota composi-
tion in systemic lupus erythematosus (SLE),
atopic dermatitis (AD), psoriasis (Ps), and
alopecia areata (AA), and analysis of the main
gut microbial signatures potentially involved in
immune dysregulation, inflammation, or
autoimmunity. Possible implications of selected
bacteria in affecting the severity, prognosis, and
comorbidity risks of the abovementioned dis-
eases are also reviewed.

Different methods including culture, PCR, or
EDDGE have been used so far to assess gut
microbiota features in such diseases, with
inexhaustive or not comparable results. Hence,
to achieve a more focused point of view and to
properly confront the evidence, we only con-
sidered gut microbiome evaluations through
next generation sequencing (NGS) which, so
far, have been performed with comparable
methods (Table 1). A literature search of

PubMed limited to English language articles was
performed, and the articles we considered to be
relevant were selected and discussed. We lim-
ited our review to SLE, AD, Ps, and AA, since
these disorders have been evaluated more
extensively and in greater depth compared with
other dermatological diseases. We excluded
dermatoses with a clear microbial pathogenic
background. This review is based on previously
conducted studies and does not contain any
studies with human participants or animals
performed by any of the authors.

SYSTEMIC LUPUS ERYTHEMATOSUS
(SLE)

General Features of Gut Microbiota

SLE is a heterogeneous autoimmune disease
involving several organs and displaying a vari-
able clinical course [19], which can be diag-
nosed according to both clinical and serological
criteria established by the 2019 European

Table 1 continued

Authors Year Number of patients Country Main results

Yeh et al. [99] 2019 34 Ps (24 under secukinumab and 10 under
ustekinumab theraies); 12 controls

Taiwan Secukinumab treatment:

: Proteobacteria, Pseudomonadaceae,
Enterobacteriaceae, Pseudomonadales

; Bacteroidetes

Significant differences in baseline gut microbiome
between responders and non-responders

Ustekinumab therapy: ?: Coprococcus

Alopecia Areata (AA)

Moreno-
Arrones et al.
[104]

2019 15 AA universalis; 15 controls Spain AA:

No difference in diversity or richness

: Holdemania filiformis, Erysipelotrichaceae,
Lachnospiraceae, Parabacteroides johnsonii,
Clostridiales vadin BB60 group, Bacteroides
eggerthii, Eggerthellaceae and Parabacteroides
distasonis

Controls: : Phascolarctobacterium succinatutens,
Dorea longicatena, Clostridiales family XIII,
Phocea massiliensis, Streptococcus thermophilus,
Turicibacter sanguinis and Flavonifractor plautii

SLE systemic lupus erythematosus, SLEDAI systemic lupus erythematosus disease activity index, AD atopic dermatitis, SCORAD SCORing atopic
dermatitis, SCFAs short chain fatty acids, OTU operational taxonomic units, Ps psoriasis, AA alopecia areata
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League Against Rheumatism/American College
of Rheumatology classification [20].

Skin involvement has been identified as a
major clinical criterion of this disorder [20] and
might present as a malar or generalized macu-
lopapular rash (acute LE), an annular or papu-
losquamous (psoriasiform) cutaneous eruption
(subacute LE), an erythematous-violaceous
cutaneous lesion with secondary changes of
atrophic scarring, depigmentation and follicular
hyperkeratosis/plugging (discoid LE, possibly
leading to a scarring alopecia of the scalp), or a
non-scarring alopecia. Available investigations
on gut microbiota composition in SLE patients
do not specify what kind of diagnostic criteria
are met in each enrolled subject. Hence, current
data on gut microbiota in SLE belong to patients
with unspecified and potentially very different
types and severities of autoimmune organ
involvement.

The most striking evidence of a gut dysbiosis
in SLE is provided by several independent
studies and consists of a reduced Firmicutes to
Bacteroidetes ratio. Such data were first identi-
fied by an investigation conducted on a popu-
lation of Spanish SLE adults [21] and
subsequently confirmed by other studies con-
ducted on Dutch [22] and Chinese patients
[23, 24].

In addition, specific gut microbiota signa-
tures have been identified in SLE patients at
lower taxonomic level. In this context an over-
all increase of gut Gram-negative bacteria in SLE
has been found by some authors [25], while
other researchers identified an enrichment of
genera Rhodococcus, Eggerthella, Klebsiella, Pre-
votella, Eubacterium, Flavonifractor and incertae
sedis and a depletion of genera Dialister and
Pseudobutyrivibrio [23]. Interestingly, such a sig-
nature was outstanding enough to distinguish
SLE subjects from controls. It is worth noting
that despite the geographical dissimilarity of
enrolled patients, almost all studies on gut
microbiota in SLE convey specific alterations in
the Firmicutes to Bacteroidetes ratio. Such evi-
dence might suggest a potential independence
of SLE gut microbiota from diet or habits.

Specific bacterial enrichments have been also
recognized as biomarkers of activity in SLE.
Accordingly, an enrichment of Streptococcus,

Campylobacter, and Veillonella has been corre-
lated with disease activity, while Bifidobacterium
was associated with a remission phase [26].
Furthermore, an overall decreased gut bacterial
richness has been reported to directly correlate
with the SLE disease activity index (SLEDAI)
[27], which is a validated measure of SLE activ-
ity [28].

The abovementioned dysbiosis and micro-
bial enrichment/depletion might be responsible
for the impaired production of short chain fatty
acids (SCFAs), mostly acetate and propionate,
which has been observed in SLE patients [29].
SCFAs are usually produced under physiological
conditions by bacteria as the result of their
metabolic and fermentative processes and are
involved in gut barrier modulation [30] and
inflammatory/immune response regulation.
The altered release of SCFAs observed in SLE
patients thus suggests possible impairments in
the immune system regulation exerted by gut
bacteria, likely contributing to the aberrant
autoimmune stimulation involved in SLE
pathogenesis.

Besides such indirect activation of key
immune-pathogenic pathways in SLE, selected
gut bacteria also seem to have a direct activating
role. An investigation found that naı̈ve
CD4? cells with fecal samples of SLE patients
added to them could promote lymphocyte
activation and their polarization toward a Th17
phenotype [31], which is a recognised T-cell
subset strongly involved in SLE pathogenesis. In
addition, a direct correlation was found
between fecal Firmicutes abundance and serum
Th1 cells and IFN-c in SLE patients, which was
not observed in controls [31].

Possible evidence of a direct bacterial
pathogenic role comes from a study on gut Ru-
minococcus gnavus, which showed a fivefold
increase in gut bacteria in SLE patients com-
pared with controls [27]. Besides such a gut
enrichment, SLE patients also have circulating
antibodies directed toward B-cell superantigens
of the cell wall lipoglycans of a selected strain of
this bacterium. Interestingly, such antibodies
directly correlated with disease activity, active
lupus nephritis and anti-native DNA titers [27].
Such evidence suggests that the gut enrichment
by R. gnavus in SLE might elicit B-cell activation
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and the consequent triggering of pro-inflam-
matory effects [32, 33].

It is possible that an impaired gut barrier
function (leaky gut syndrome) might poten-
tially promote the translocation beyond the
gastrointestinal barrier of such selected
immunogenic bacteria strains owning epitopes
able to cross-react, through molecular mimicry
processes, with specific self-antigens, thus elic-
iting systemic autoimmune pathways [32–34].
Interestingly, high levels of fecal calprotectin
[27], which is a marker of intestinal inflamma-
tion and mucosal damage, have been recently
identified in SLE patients.

In addition, confirmatory evidence of a pos-
sible molecular mimicry process derives from an
in vitro investigation by Greiling et al. [35]
showing that sera from SLE patients positive for
autoantibodies directed toward the RNA bind-
ing protein Ro60 (anti-nuclear antibodies anti-
Ro60) also undergo T- and B-cell activation and
a pro-inflammatory cytokine release after
in vitro stimulation by selected commensal
bacteria [34]. Among such reactive microbes,
the authors identified intestinal Bacteroides
thetaiotaomicron, a bacterium with high
sequence similarity to human Ro60 protein
(Ro60 ortholog) [35]. This research provides
evidence of a cross-reactivity phenomenon
between bacterial and human epitopes.

The dysbiosis and specific gut microbiota
signatures identified so far might also con-
tribute to understanding the recognized female
predominance of SLE [36, 37]. It has been
demonstrated in mice that gender strongly
affects specific gut microbial genetic and meta-
bolic pathways involved in immune regulation,
with an immune-stimulating role exerted by
estrogens and an opposite action carried out by
androgens in the mice model [38, 39]. In this
scenario, specific gut microbiota signatures
might correlate with the strongest hyper-reac-
tive immune responses, and consequently result
in the strongest susceptibility toward autoim-
munity in females versus males [38, 40]. As to
the differences in gut microbiota composition
in SLE in females vs males, this has been
addressed so far only in mice. As expected, dif-
ferences in gut microbiota composition of
female rodents compared with males were

associated with an increased progression of the
disease in females [40].

Future Directions

The lack of investigations aiming to evaluate
gut microbiota features in SLE patients with
different kinds and severities of organ involve-
ment might raise some concerns, since different
organ damage might lead to different autoan-
tibody patterns. Only one study selectively
assessed SLE patients with major renal involve-
ment, and identified that the presence of a
specific gut microbiota signature and the
occurrence of specific antibodies directed
toward selected pathobionts (i.e., R. gnavus)
were strong predictors of nephritis development
[27]. Investigation of a selection of different SLE
patients is required in order to explain the dif-
ferent degree and variability of organ involve-
ment in SLE [27]. The identification of selected
causal bacteria able to drive a specific organ
involvement might have a possible predictive
role, hence changing the current screening
protocols in SLE. Further, besides the gut
microbiota analysis, increased attention should
be given to the microbiota of other body sites
[41, 42]. For example, acute flares (malar rash)
in SLE patients have been reported to predict an
early subclinical respiratory tract inflammation,
hence allowing the early detection of unfavor-
able lung involvement in SLE [42]. It is unclear
how a specific gut or lung microbiota compo-
sition might contribute to such auto-inflam-
matory skin and lung conditions. Nonetheless,
an increased knowledge of the interplay
between gut microbiota, other organ micro-
biota, and the skin might help identify specific
microbial signatures of different body sites,
potentially predicting early multi-organ
involvement.

In the light of all the abovementioned issues,
studies independently addressing gut micro-
biota composition in females or males, or in SLE
patients with different organ involvement, are
needed.
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ATOPIC DERMATITIS (AD)

General Features of Gut Microbiota

AD is a chronic inflammatory skin disorder
usually affecting children, characterized by
persistent itching and skin manifestations
specific for each age [43]. Less frequently, AD
can even last to, or begin in, adulthood [44]. AD
may be associated with an increased level of IgE
[45]. This parameter allows the classification of
AD into intrinsic (normal IgE, non-allergic) and
extrinsic (high IgE level, allergic and more sev-
ere) [45]. Patients with extrinsic AD seem to
have an increased risk of developing the so-
called atopic march, a well-defined succession
of diseases starting from atopic dermatitis and
food allergy (infancy) and later developing into
allergic asthma and allergic rhinitis (childhood)
[45]. AD derives from an intricate interaction
between genes and environment. Pathogeneti-
cally, abnormalities of intercellular lipids,
filaggrin, and tight junctions cause a breaking of
the skin barrier, ultimately developing into skin
inflammation [46]. Even if it is widely recog-
nized that Th2 cells and their related cytokines
play a major role in AD inflammation, mostly in
the acute phase, recent findings suggest an
adjunctive switch of the T response toward a
type 1/Th17 phenotype, especially in the
chronic phase of AD [47, 48]. The earliest sug-
gestions of a potential interaction between
microbes and AD came from the hygiene
hypothesis [49, 50]. Given the increased preva-
lence of allergic disorders in modern Western-
ized populations, this theory postulates that
poor microbial exposure early in life could
result in impaired immune priming, and sub-
sequently an increased risk of developing aller-
gic or autoimmune disorders later in life. In this
scenario, due to the known ability of gut
microbes to modulate immune responses
toward pathogens and tolerance, a eubiotic gut
microbiota during early childhood might pro-
mote adequate immune tolerance and prevent
allergic over-sensitizations [51].

Subsequent investigations using quantitative
real-time PCR and/or denaturing gradient gel
electrophoresis (DGGE) pointed out differences

regarding the kind and the abundance of bac-
teria inhabiting the gut of AD subjects, com-
pared with healthy controls, hence suggesting a
potential role for gut microbiota composition in
AD development [51, 52].

The advent of metagenomics undeniably
provided clear and exhaustive evidence of an
altered gut microbiota composition in AD
patients.

A condition of gut dysbiosis seems to be an
early and long-lasting event in AD-prone chil-
dren, capable of triggering the immune activa-
tion and cytokine release involved in the
subsequent development of AD clinical signs.

Such an event has been demonstrated by an
NGS study by West et al. [53] on pregnant ato-
pic women and their offspring. The authors
analyzed and correlated baseline gut microbiota
(at 1 week, 1 month, and 1 year) of such infants
with specific markers of innate immune
responses at 6 months of age (assessed as cyto-
kine production from peripheral blood
mononuclear cells after activation with specific
microbial ligands for TLR2 (Pansorbin) and
TLR4 (lipopolysaccaride) and with the devel-
opment of IgE-associated eczema at 2.5 years of
age [53]. A dysbiosis and an immune activation
were found in atopic patients, sustained by a
reduced relative abundance of Ruminococ-
caceae at 1 week in infants developing a future
IgE-associated eczema, and an increased IL-6
and TNF-a release after TLR2-ligands stimula-
tion, [53]. Additionally, an inverse association
between a Proteobacteria abundance (at 1 week
and at 1 month) and an Enterobacteriaceae
enrichment (at 1 year) with TLR4-induced TNF-
a secretion was also found [53]. A further
investigation confirmed a long-lasting gut bac-
terial impairment consisting of a reduced
microbial diversity in AD children [54].

Some factors are capable of shaping gut
microbiota composition early in life. Among
them, the delivery mode (cesarean versus vagi-
nal) [55], the kind of feeding [56], the maternal
gut microbiota composition during pregnancy
[53, 55, 57] and the presence of an older sibling
[58, 59] are worth mentioning. Interestingly, a
protective role of vaginal delivery and breast-
feeding toward AD development has been dis-
covered in children, while a reduced diversity
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and abundance of gut bacteria in pregnant
mothers whose infants subsequently developed
atopy has been identified [53, 55, 57]. The
presence of an older sibling seems to not affect
AD risk in children [58, 59]. The studies assess-
ing gut microbiota in AD should consider all the
above reported potential confounding factors in
the enrollment process.

Specific bacteria have also been identified as
potential sustainers of a gut dysbiosis in AD.
The most frequently identified bacteria by sev-
eral independent studies as enriched in AD
children are Faecalibacterium and Ruminococcus
gnavus [60–62], whose ability to elicit pro-in-
flammatory and immuno-sensitizing responses,
as shown in mice [60], suggests a potential
pathogenic role. A depletion of Bifidobacterium,
a bacterium capable of releasing SCFAs with
anti-inflammatory properties, has also often
been identified in AD children [61, 62].

Supplementary bacteria have been less fre-
quently identified as increased in pediatric AD
[61, 62] (Table 1), while others have been found
to be decreased [61, 63] (Table 1).

Among them, Akkermansia muciniphila
depletion in AD children has been reported to
directly correlate with a modified expression of
functional genes involved in immune system
regulation [63]. Such genes belong to the
phosphoinositide 3-kinase-protein kinase B
(PI3K-Akt) signaling pathway, implicated in
epithelial cell and dendritic cell survival, and to
the nucleotide-binding oligomerization domain
(NOD)-like receptors signaling, involved in gut
microbiota homeostasis. Such gene regulation
might result in aberrant antigen processing and
presentation, hence potentially favoring
immune sensitization. In addition, since Akker-
mansia muciniphila is involved in mucus degra-
dation, its depletion in AD might promote an
increased mucus layer thickness, which makes
nutrients (such as glycans) less available for
other potentially beneficial microbes, hence
encouraging a bacterial dysbiosis [63].

Perturbations in gut microbiota composition
have not been found so far in AD children
coming from rural Africa [64]. Indeed, the
unique study performed on such atopic infants
showed no differences in bacterial richness and
abundance of species, as compared to non-

atopic African children. The authors suggest
that AD in African children might be more
likely due to genetically predisposing back-
grounds or to skin barrier impairments, than to
a gut dysbiosis. More in-depth evaluations are
needed to clarify such an association.

Overall, except for the above reported
investigation, studies performed so far in AD
agree with the findings of early alterations in
gut microbiota composition or enrichment/de-
pletion of bacteria involved in mucus layer
homeostasis. Such alterations might lead to
dysbiosis, gut inflammation, and increased
permeability, potentially enabling the transit to
blood circulation of pro-sensitizing toxins,
bacteria, or antigens which could reach the skin
and trigger sensitization processes by the
immune system, hence contributing to a sub-
sequent development of AD [50, 65, 66].

In addition, specific microbes might release
circulating neurotransmitters capable of modu-
lating local skin processes involved in itch and
inflammation [65].

So far, most investigations have focused on
gut microbiota composition in AD children,
since this disorder mostly affects prepuberal
ages and usually disappears in adults [43].
However, recently an increased incidence of
adult AD has been reported [67]. AD adults
exhibited a gut dysbiosis with increased Faecal-
ibacterium prausnitzii [68] and reduced SCFAs, as
previously reported in infants [61, 62].

Such evidence suggests a potential shared
pathogenic gut microbial signature, which
seems to be independent of age.

Correlations with Clinical Parameters
and Comorbidities

Selected enrichment or depletion of specific
bacteria in AD has been reported to correlate
with the clinical course, the severity of the dis-
ease, and serological or fecal markers of hyper-
sensitization/inflammation.

An enrichment of Akkermansia (genus) and a
depletion of Streptococcus have been associated
with a transient clinical course in AD children
while, conversely, an Akkermansia and Clostrid-
ium depletion, and a Streptococcus enrichment,
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have been linked to a persistent AD [69]. In
addition, the SCORAD index, which is the main
clinical score assessing AD severity [69], has
been found to correlate with an increased
abundance of Streptococcus and a decreased
abundance of Clostridium. Also, bacterial
metabolites might play a role in affecting the
clinical course of AD, since low anti-inflamma-
tory SCFAs levels (butyrate and valerate) have
been reported to correlate with a persistent AD
[69].

As for serological or fecal markers in pediatric
AD, a correlation between a depletion of gut
Clostridia and blood eosinophils [70] has been
identified, while increased levels of fecal cal-
protectin, marker of increased intestinal
inflammation [71], have been detected in AD
children [72]. Such a fecal biomarker was also
associated with a reduced abundance of gut
Escherichia coli at the age of 2 months in those
infants subsequently developing AD at the age
of 6 years [72], and directly correlated with the
severity of pediatric AD [73].

Although inconclusive, these findings sug-
gest the need for further studies aiming to assess
a potential role of specific microbial signatures
or metabolic products as biomarkers for severity
and prognosis.

As previously mentioned, AD might be
associated with respiratory or gastrointestinal
disorders characterized by selective hypersensi-
tizations to common antigens. [45, 74]. Whe-
ther the altered skin barrier in AD allows an
increased penetration of allergens resulting in
gastrointestinal or respiratory allergy, or whe-
ther an altered gut or airway barrier facilitates
an increased spectrum of hypersensitizing dis-
orders, including AD, is still under debate [75].
It is possible that in AD patients an altered gut
epithelial barrier and a dysbiosis might con-
temporarily predispose to the onset of gas-
trointestinal sensitization. Indeed, a leaky gut
condition, which implies an increased penetra-
tion by food antigens, might result in phago-
cytosis of the food antigens by macrophages
and their consequent exposure to T cells in
draining lymph nodes, thus leading to a Th2
activation, as suggested by some authors [75].
Moreover, a condition of gut dysbiosis could
contribute to a direct immune system

dysregulation, facilitating the immune path-
ways at the basis of gut and lung immune sys-
tem sensitization. Such allergic processes might
be sustained by an impaired activation of
microbial functional genes involved in immune
regulation, by the loss of possible tolerogenic
bacteria, or by an altered balance of microbial
derived SCFA levels with a consequent reduc-
tion of Tregs activity and immunosuppressive
cytokines. [50, 65, 66].

Celiac disease has also been recognized as a
frequent comorbidity of AD [76].

A leaky gut syndrome and a gut microbiota
dysbiosis sustained by an increase of Bac-
teroidetes (among them Escherichia coli and Sta-
phylococcus genus) and a depletion of
Bifidobacterium genus, have been widely recog-
nized in such disease [77, 78], similarly to what
has been described in AD by NGS and some
quantitative real-time PCR studies [51, 52].

In this scenario, a shared increased gut per-
meability and a potential common underlying
gut microbiota signature might be responsible
of the co-occurrence of AD and celiac disease. In
addition, both AD skin and celiac intestinal
mucosa show an increased expression of the
long isoform thymic stromal lymphopoietin
(TSLP), an immune mediator strongly impli-
cated in immune sensitization and capable of
driving the development of Th2 cells, CD4 ? T
cells, B cells, and Tregs [79]. Interestingly, some
bacteria such as E. coli (increased in both AD
and celiac disease) and Salmonella have been
found to be able to directly activate the
expression of TSLP in intestinal epithelial cell
lines [80]. It is unknown whether patients who
show AD and celiac disease have a distinctive
gut microbial signature, different from subjects
having only one. However, it might be possible
that the enrichment of a specific bacterium able
to activate TSLP or other still unknown patho-
genic immune pathways might predispose
patients to the concomitant development of
both AD and celiac disease.

Future Directions

Future research into AD should investigate
whether specific gut microbiota signatures can
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differentiate AD patients having an atopic
march, or celiac diseases, from patients without
such clinical evolution. An increased knowledge
of such issues could potentially have a predic-
tive role and might suggest potential measures
capable of preventing hypersensitization in
patients identified as at risk of developing
allergic comorbidities.

PSORIASIS (PS)

General Features of Gut Microbiota

Ps is a chronic systemic and inflammatory skin
disorder characterized by erythematous plaques
sheltered by silvery scales appearing in specific
pathognomonic body sites. Its pathogenesis
depends on a close interaction between the
immune system, environmental factors, and
genetic background. From a molecular point of
view, the identifying feature of Ps is the infil-
tration of the skin by activated T cells capable of
stimulating the proliferation of keratinocytes
[81]. Such an event is the consequence of a
complex, and in part yet unknown, synergism
of pathways involving inflammation, cell sig-
naling, antigen presentation, and transcrip-
tional regulation [82].

A close scrutiny of the gut microbiota com-
position in Ps has begun only in recent times
and most of the studies concern the most
common type of Ps, which is Ps vulgaris. Gut
microbiota in Ps seems to be actually dysbiotic,
since it has been reported to be characterized by
a reduced microbial diversity [83–85] and a
reduced Bacteroidetes to Firmicutes ratio [86].
In addition, specific gut microbiota signatures
characterized by a depletion of Coprococcus [83]
and Akkermansia muciniphila [83], and an
enrichment of Faecalibacterium [87], Ruminococ-
cus [84, 87, 88], Megasphaera [88] Actinobacteria
[84], Dorea formicigenerans [84], and Colinsella
aerofaciens [84], have been collectively identi-
fied by different independent studies performed
with comparable methods.

From a functional point of view, specific
metabolic pathways with pro-inflammatory
effects are elicited by some of the above repor-
ted gut microbiota in Ps. The reduction of

Coprococcus indeed correlates both with a fecal
reduction of heptanoate and hexanoate, which
are beneficial SCFAs, and an increase of the pro-
inflammatory protein RANKL and the secretory
IgA, which are markers of intestinal and sys-
temic inflammation [83].

In the same study, such alterations have also
been identified in a subgroup of psoriatic
patients developing arthritis [83], a rheumato-
logical condition affecting 30% of patients with
Ps [89]. Psoriatic arthritis additionally shows a
depletion of beneficial Pseudobutyrivibrio, Ru-
minococcus and Akkermansia muciniphila [83].
The latter has also been identified by another
study on Ps patients without articular involve-
ment, even if with a lower abundance [90].
Other studies, in contrast, did not observed any
significant difference in gut microbiota com-
position in psoriatic arthritis, compared with Ps
vulgaris [86, 88].

The enrichment by Firmicutes and Acti-
nobacteria (phyla), and Dorea formicigenerans
and Colinsella aerofaciens (species) [84] correlates
with a noticeable increase in metabolic path-
ways involved in lipopolysaccharide (LPS)
function. Interestingly, LPS has been reported
to be involved in gut inflammation, and its
increase correlates with insulin resistance and
diabetes mellitus, which are frequently
encountered Ps comorbidities [84].

Gut microbiota studies also identified mark-
ers of mucus layer and intestinal barrier
impairment in psoriatic patients. Among them,
the reduced abundance of intestinal Akkerman-
sia muciniphila [83, 90] is noteworthy. As previ-
ously reported, this bacterium is crucial for gut
intestinal barrier homeostasis and eubiosis,
since it contributes to the mucus layer thickness
and glycosylation pattern, which in turn
strongly affect the abundance and kinds of res-
ident microbes [91].

In addition, a significant serological increase
in claudin-3, a protein released after intestinal
epithelial barrier damage which is involved in
tight junction function and assembly [92, 93],
and an increase in serological intestinal fatty
acid binding protein (I-FABP), which is a marker
of enterocyte damage [93], have both been
reported in Ps [94, 95].
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Both markers of intestinal barrier impair-
ment and specific microbial enrichment/deple-
tion have been reported to directly correlate
with clinical parameters of Ps. Namely, the
increase of plasma I-FABP correlates with the
well-known index of Ps severity, PASI [95],
while an increase in Veillonella correlates with
an increase in blood C-reactive protein [86],
which is a marker of systemic inflammation
usually increased in Ps [96].

A leaky gut syndrome resulting from
increased gut permeability might also be
responsible for a potential bacterial transloca-
tion from gut to bloodstream [97, 98]. Indeed,
bacterial DNA fragments, mostly belonging to
E. coli, have been identified in psoriatic patients.
Interestingly, they have been found to correlate
with a systemic inflammation, characterized by
increased circulating levels of IL-1b, IL-6, IL-12,
tumor necrosis factor, and interferon c, and a
more severe course of psoriasis [97]. Such
research provides proof of a potential bacterial
trigger for a systemic inflammatory response
and a modulation of clinical course in Ps [97]. In
this scenario, increased permeability markers
and specific microbial signatures collectively
provide proofs of a general state of microbiota-
driven inflammation in Ps, suggesting a possible
pathogenic role for gut microbiota in Ps
pathogenesis.

Correlations with Clinical Parameters
and Comorbidities

The assessment of potential correlations
between specific microbial profiles and Ps clin-
ical course and severity is ongoing, but still
inconclusive.

At present, only an increased abundance of
Bacteroidetes and a depletion of Firmicutes
seem to directly correlate with PASI. Further, a
reduced abundance of the beneficial gut
microbe Bifidobacterium has also been identified
in patients with severe Ps [86].

However, there is no consensus at present on
a distinctive gut microbiota signature in Ps.
Dissimilar patient enrollment criteria might
explain the contrasting results which have been
reported so far. In addition, biologic treatment

for Ps might modify gut microbiota composi-
tion, as demonstrated by a recent study by Yeh
et al. [99] showing a persistent modification of
gut microbiota after secukinumab (anti-IL17)
and ustekinumab (anti-IL 12/23) therapy. Such
significant changes in gut microbiota composi-
tion nonetheless seem of great interest, since
they have been reported to predict the response
to treatment [99].

Given its strong association with Ps, obesity
might be a confounding factor in evaluating gut
microbiota in Ps, and studies should consider
this potential confounding factor in patient
enrollment processes.

Future Directions

At present, there is a lack of evaluations of Ps
patients with comorbidities, as compared to Ps
patients without comorbidities. Nonetheless, an
enrichment of selected bacteria is shared by
psoriasis and its main comorbidities. For
example, the reduced abundance of Akkerman-
sia muciniphila observed in psoriasis is a com-
mon finding in obesity too [100]. Also, features
of a leaky gut syndrome (i.e., altered intestinal
barrier and permeability) have been found in
psoriasis, and resemble those identified in
inflammatory bowel diseases, which interest-
ingly are other known comorbidities of Ps.

Hence, besides a common shared genetic
background, a similar gut microbiota signature
and an increased gut permeability might con-
tribute to the concomitance of Ps and its main
comorbidities. Further studies should also assess
the effects of conventional systemic therapeutic
options for Ps in shaping gut microbiota com-
position, because the consequent microbial
changes might affect the therapeutic outcome.

In this scenario, an increased knowledge of
gut microbiota composition in psoriatic
patients might guide the therapeutic choices for
this disease and hypothetically might help pre-
vent the onset of its associated comorbidities,
through interventions capable of modulating
gut microbiota.
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ALOPECIA AREATA (AA)

General Features of Gut Microbiota

AA is a common form of alopecia characterized
by non-cicatricial hair loss on the scalp, beard,
body, eyebrows, and eyelashes due to an
autoimmune attack directed toward hair folli-
cles. Its pathogenesis involves the local activa-
tion of Th1 and Th17 pathways leading to the
release of pro-inflammatory cytokines, with
consequent peribulbar inflammation resulting
in hair loss [101].

The first evidence of a potential role of gut
microbiota composition in modulating the
immunological pathways involved in AA
pathogenesis derived from the anecdotal
observations of Rebello et al. [102] on patients
under fecal transplantation for gastrointestinal
disease treatment. The authors reported two
cases of young adults affected by active AA
refractory to conventional treatments, who
underwent fecal transplantations for concomi-
tant Clostridium difficile colitis and Crohn dis-
ease, respectively [102]. Both patients, besides
an expected successful outcome of their gas-
trointestinal disorders, experienced a moderate
hair regrowth, which persisted after a long fol-
low-up.

Other authors recently reported a compara-
ble observation deriving from an elderly patient
who experienced a complete and persistent hair
regrowth following fecal transplantation for
noninfectious diarrhea [103].

At present only one investigation has asses-
sed gut microbiota composition in AA through
next generation sequencing methods [104]. The
authors performed a cross-sectional study
involving 15 patients with AA universalis,
which is the more severe form of AA charac-
terized by a complete hair loss on scalp and
body. The analysis of the relative abundance of
species in the examined groups pointed out
among other species an interesting enrichment
of Erysipelotrichaceae, capable of triggering a pro-
inflammatory cytokine release, and of Lach-
nospiracee, which have been already reported as
increased in some autoimmune comorbidities

of AA (AD, sclerosing cholangitis and anchy-
losing spondylitis) [60, 61, 104].

Furthermore, a depletion of bacteria in the
order Clostridiales that produce SFCAs was also
observed, suggesting a potential loss of the anti-
inflammatory abilities exerted by such bacteria
[104].

The choice of enrolling only AA universalis
patients is noteworthy, since the possible iden-
tification of the abovementioned gut bacterial
signature in other less severe kinds of AA might
be suggestive of an unfavorable development
toward a universalis form.

Future Directions

AA is frequently associated with autoimmune,
immune-mediated, nutritional, or psychiatric
disorders. The most frequently found comor-
bidities are AD, vitiligo, autoimmune thyroidi-
tis, vitamin D deficiency, celiac disease, anxiety,
and depression [105–108]. Even if gut micro-
biota features have been assessed so far in all the
above-reported comorbidities [66, 78, 109–111],
except vitiligo, there is a lack of research
assessing gut microbiota composition in AA
patients with associated disorders. Hence,
potentially causal microbial signatures shared
by AA and its main comorbidities are yet to be
elucidated.

Further in-depth evaluations on a larger
number of patients with AA are needed to
confirm the abovementioned results.

In addition, due to the frequent relapses in
AA and the difficulties of achieving and main-
taining satisfactory hair regrowth through con-
ventional treatments, investigations assessing
potential prognostic microbial biomarkers and
indicators of response to therapies would be
advisable as well. Finally, future investigations
should assess gut microbiota features in AA
patients with associated disorders, with the aim
of elucidating gut microbiota signatures poten-
tially predisposing to an increased risk in
developing comorbidities.
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CONCLUSIONS

Metagenomic evaluations of gut microbiota
rapidly raised the interest of dermatologists
because an increasing number of evaluations
pointed out alterations suggestive of an
impaired gut microbiota composition in com-
mon autoimmune and immune-mediated skin
diseases such as SLE, AD, Ps and AA (Table 1). A
growing body of evidence from studies on gut
microbiota composition in such diseases also
suggests that specific microbial signatures could
be sources of biomarkers and an alternative
strategy for clustering patients.

A major limitation of the reported metage-
nomic evaluations is the limited size of evalu-
ated patient populations and possible
influences of diet, gender, age, environment,
and ethnicity in shaping gut microbiota. Such
conditions, coupled with the fact that available
results have been reported at different taxo-
nomic levels, make several studies not compa-
rable and could provide uncertain findings.

In addition, due to their observational
design, most of the reported studies lack an
in vitro or ex vivo confirmatory model, which
could contribute to providing a possible causal
role of selected bacteria.

A further limitation is the methodological
choice of assessing fecal samples, which can
only supply evidence for the superficial gut
microbiota of the lumen, and not for the
mucosal gut microbiota, which could be inter-
esting and relevant in terms of immune modu-
lation as well.

Nevertheless, apart from several limitations,
the reported impairment of gut microbiota
composition in immune-mediated and
autoimmune dermatological diseases is
noteworthy.

The identified depletion of beneficial bacte-
ria with recognized immunomodulatory and
inflammatory properties and the reduction of
intestinal anti-inflammatory microbial
metabolites, such as SCFAs, suggest a possible
causal role of gut microbiota in promoting the
onset and maintenance of the abovementioned
dermatological diseases.

Moreover, the presence of markers of altered
intestinal permeability suggests a potential
ability of selected bacteria to translocate and
trigger specific responses involved in autoim-
munity and allergic sensitization
[50, 65, 66, 98]. Interestingly, distinctive gut
microbiota signatures and dysbiosis are shared
between AD, Pso, SLE, and common gastroin-
testinal associated diseases, such as coeliac dis-
eases, inflammatory bowel diseases, or leaky gut
syndrome.

Altogether, the reported findings strengthen
the previously hypothesized existence of a gut-
skin-axis [112], in which intestinal bacteria and
their metabolites can modulate skin function,
immune system, and endocrine and nervous
apparatus through a strict and intricate bi-di-
rectional interplay.

Future studies on this issue should assess an
increased number of patients, focus on different
ethnicities, and might investigate males and
females independently. Gut microbiota com-
position, given the ability of some bacteria to
produce and metabolize hormones, and of some
hormones in turn able to modulate microbiota
composition, could contribute to an explana-
tion of the gender bias in the incidence of some
autoimmune dermatological diseases, such as
SLE [37, 38, 107–116].

In addition, the assessment of circulating
bacterial fragments in autoimmune and
immune-mediated skin disorders should be
improved, because further investigation might
explain how a specific gut microbiota compo-
sition might have a role in determining distant
pathogenic effects on the skin.

Furthermore, a deeper evaluation of the
effects of selected diet in patients affected by
autoimmune and immune-mediated skin dis-
orders should be performed, due to the known
ability of specific gut microbes to allow the
metabolism and absorption of dietary nutrients.
In this context, since animal or plant derived
nutrients (i.e., resveratrol, quercetin, vitamin D)
have been reported to modulate the immune
system, inflammation, cell proliferation and
differentiation epigenetically [13, 117, 118],
possible differences in the inter/intra-individual
composition of gut microbiota might lead in
turn to variations in nutrient absorption or
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metabolism. Such conditions could explain the
different outcomes of selected diets or supple-
mentations in SLE and Ps [119–123]. The pres-
ence of a specific gut microbiota composition
might also help identify those patients that
would benefit from a selected diet or nutrient
supplementation [119, 123].

Finally, a more comprehensive evaluation of
gut microbiota that also assesses the fungal gut
microbiota should be performed, given the
intestinal abundance of these eukaryotes and
their ability to affect bacterial gut microbiota
composition and to modulate immune respon-
ses, both locally and systemically.
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Requena-López S, Queiro-Silva R, Margolles A, et al.
Gut microbiota dysbiosis in a cohort of patients
with psoriasis. Br J Dermatol. 2019;181:1287–95.

86. Huang L, Gao R, Yu N, Zhu Y, Ding Y, Qin H.
Dysbiosis of gut microbiota was closely associated
with psoriasis. Sci China Life Sci. 2019;62:807–15.

87. Chen YJ, Ho HJ, Tseng CH, Lai ZL, Shieh JJ, Wu CY.
Intestinal microbiota profiling and predicted meta-
bolic dysregulation in psoriasis patients. Exp Der-
matol. 2018;27:1336–43.
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