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Abstract

The close relationship between the
intestine and the skin has been widely stat-
ed, seen from gastrointestinal (GI) disorders
often accompanied by skin manifestations.
Exactly how the gut microbiome is related
to skin inflammation and influences the
pathophysiology mechanism of skin disor-
ders are still unclear. Many studies have
shown a two-way relationship between gut
and skin associated with GI health and skin
homeostasis and allostasis. This systematic
review aimed to explore the associations
between the gut microbiome with inflam-
matory skin disorders, such as acne, psoria-
sis, atopic dermatitis, and urticaria, and to
discover the advanced concept of this rela-
tionship. The literature search was limited
to any articles published up to December
2020 using PubMed and EBSCOHost. The
review followed the PRISMA guidelines for
conducting a systematic review. Of the 319
articles screened based on title and abstract,
111 articles underwent full-text screening.
Of these, 23 articles met our inclusion crite-
ria, comprising 13 atopic dermatitis (AD),
three psoriasis, four acne vulgaris, and four
chronic urticaria articles. Acne vulgaris,
atopic dermatitis, psoriasis, and chronic
urticaria are inflammation skin disorders
that were studied recently to ascertain the
relationship of these disorders with dysbio-
sis of the GI microbiome. All acne vulgaris,
psoriasis, and chronic urticaria studies stat-
ed the association of gut microbiome with
skin manifestations. However, the results in
atopic dermatitis are still conflicting. Most
of the articles agree that Bifidobacterium
plays an essential role as anti-inflammation
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bacteria, and  Proteobacteria  and
Enterobacteria impact inflammation in
inflammatory skin disorders.

Introduction

The human microbiota is a group of
symbiotic, commensal, and pathogenic
microorganisms that naturally share the
human body’s space. They share beneficial
interactions essential to human health and
ecological or genetic changes that con-
tribute to the outcome of diseases.! Initially,
the term, microbiome, describes the
genome within a community of microbes
that plays a role in human health by con-
tributing to changes in specific organ func-
tions. It differs from microbiota, which
defines a total number of microbes living in
a certain environment, denoting taxonomy
and abundance of community members.
Nowadays, the term microbiome has
become interchangeable with microbiota to
refer to the organisms themselves.>*

Microbiomes act as an organ, which
plays an integral part in regulating the sys-
tem with other organs through microbiome-
host interactions.> Microbiomes induce
local effects in an organ and change the
functions in distant organs such as the liver,
heart, and central nervous system. The
microbiome also interacts with other micro-
biota between and within body sites. The
critical messenger in the crosstalk between
microbiota and host cells is the microbial
metabolites. The communication is done
through the collective set of all genomes of

a microbial community called
metagenomes.®” The microbiota can
respond to environmental stimulation

through an alternation of DNA methylation
and histone modifications, which can have
long-term effects on the host’s physiology.?

Grice and Segre® are the first scientists
who introduced the microbiome as our sec-
ond genome. They reported that the human
microbiome had less significant intraper-
sonal variation despite the broad diversity
between each organ site. Thus, each body
site has a highly specialized niche charac-
terized by its microbial consortia, commu-
nity dynamics, and host tissue interac-
tions.'” The five major areas of the healthy
human microbiome (airways, skin, oral cav-
ity, gastrointestinal (GI) tract, and vagina)
have been launched by Human Microbiome
Projects (HMP) to create the baseline view
and make a resource to the broad scientific
community. This project makes a tremen-
dous breakthrough to determine the gene
from whole communities rather than indi-
vidual genomes, which is essential as the
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foundational role of microbial communities
in both environmental and human health.!"
The HMP data reported that the community
microbiome’s stability is least stable in the
oral cavity and most durable in the vagina
and gut communities. !

The GI tract contains a vast majority of
the microbes residing in the human body
and harbors probably the most abundant
compartment of the immune cells present in
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the body."* Lumen epithelial cells play an
essential role as the gatekeepers, which
translate critical information to the immune
cells located in the lamina propria.'
Conversely, there is evidence that many dif-
ferent microbial metabolites such as folate,
indoles, secondary bile acids, trimethy-
lamine-N-oxide, and short-chain fatty acid
(SDFAs) also influence host metabolism
primarily by binding to specific host mem-
branes or nuclear receptors.'> Within this
close relationship, we live in perfect harmo-
ny with microorganisms. A balanced micro-
bial community in the gut is of tremendous
importance in maintaining health and
immune functions.!®

The recent finding indicates crosstalk
between the gut microbiome and the skin,
known as the gut-skin axis.!” The concept of
gut-brain-skin axis introduced by Arck et al.
in 2016 hypothesized that excessive shared
signals and cellular protagonists, the com-
plex innervation of both skin and gut, and
the prominence of neurogenic inflammation
contribute to several gastrointestinal and
skin diseases.!” There is a limited number of
studies on the relationship of the gut micro-
biome to skin health. Therefore, we con-
ducted a literature review to describe the
gut bacteria communication with the host,
the mechanism, and the outcome of gut
microbiota imbalance on skin health, which
may manifest in atopic dermatitis, acne vul-
garis, psoriasis, and urticaria.

Materials and methods

This literature review used the Preferred
Reporting Items for Systematic Reviews
and Meta-Analyses guidelines.'® The litera-
ture search was limited to any articles pub-
lished up to December 2020 by using
PubMed and EBSCOHost. The search key-
words were “gut” “gastrointestinal” “gas-
trointestinal microbiome” “microbiome”
“microbiota” “gut microbiota” “intestinal
microbiota” and “acne” “atopic dermatitis”
“atopic eczema”

l” 113

urticaria” “hives” and
“psoriasis”. We assessed identified articles
to determine whether there was a subject
regarding the relationship between the gut
microbiome and skin diseases. Inclusion
criteria included the relationship between
the gut microbiome and skin diseases, the
mechanisms, and the comparison of gut
microbiota between the subjects with cer-
tain skin diseases and healthy controls.
Review articles, non-English language, and
protocol studies were excluded in the first
screening of records. After assessing full-
text articles, the articles that involved ani-
mals or in vitro studies and pregnant women
as subjects were also excluded.

Results

Of the 319 articles on PubMed and
EBSCOHOST databases screened based on
title and abstract, 111 articles underwent
full-text screening. Of these, 23 articles met

Table 1. Gut microbiome involvement in acne.
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our inclusion criteria, with 13 AD articles,
three psoriasis, four acne vulgaris, and four
urticaria. We excluded 25 articles because
they only observed skin microbiome and
did not describe the gut microbiota variants.
Included articles consisted of cohort, cross-
sectional, case-control, and meta-analysis
studies (Figure 1).

We obtained four articles revealing the
relationship between gut microbiome and
acne. All of these studies supported the
alteration of the gut microbiome contribut-
ing to acne. Meanwhile, two studies using
high-throughput sequencing demonstrated
the decrease of Actinobacteria, an increase
of  Proteobacteria, and  decreased
Firmicutes/ Bacteroidetes (F/B) ratio in
patients with acne.'*?* In contrast to these
findings, Thompson et al. in 2019 reported
that the highest proportion of F/B in the gut
microbiota was showing in pre-antibiotic
acne cases.?! We also included a “letter to
the editor” by Reiner et al., which discussed
the variable abundance at the phylum level
in the F/B ratio in acne patients (Table 1).22

We found sixteen articles that correlated
atopic dermatitis (AD) and the gut micro-
biome. Even though ten reports stated there
were non-significant differences in the bac-
terial families between healthy and AD,?-32
four articles support significant low abun-
dance diversity in AD gut microbiome
(Table 2).3*3% The subjects of the all the
papers ranged from infants, toddlers, and
children. Pregnant women as subjects were
excluded from this review.

Nine articles investigated the relation-
ship between gut microbiome and psoriasis.

There are significant differences in gut microbial composition and function Bacteroidetes Firmicutes Denget al.,
between patients with acne and health controls. F/B ratio 2018"
Acne patients have decreased gut microbiota diversity and a decreased Clostridia
ratio in Firmicutes to Bacteroidetes (F/B). Clostridiales
Lachnospraceae
Ruminococcaceae

Actinobacteria in acne patients were decreased significantly, while Proteobacteria Actinobacteria Yanetal.,
Proteobacteria were increased. At the genus level, there were decrease Bifidobacterium 2018Y
levels of Bifidobacterium, Butyrocicocus, Coprobacillus, Lactobacillus, Butyrocicocus
and Allobaculum. Coprobacillus

Lactobacillus

Allobaculum
There were changes of relative abundance variations of phylum level F/B ratio in baseline acne patient - Rainer et al,
in the Firmicutes to Bacteroidetes (F/B) ratio found in acne patients 2020»
with moderate to severe acne, which reduced after antibiotics were used.
Race and diet show a significant impact on the F/B ratio in acne patients
receiving antibiotic therapy.
After antibiotic acne treatment, there was a reduction of the mean ratio of F/B ratio in baseline acne patient  Lactobacillus inners Thompson ® -
F/B in the gut microbiota compared to pre-antibiotic acne cases. Ruminococccus gnavus Lactobacillus zeae 2019%
The Bacteroidetes enriched in the gut microbiota after four weeks of Bacteroides acidifaciens Bifidobacterium animalis
antibiotics treatment compared to baseline acne patients Firmicutes Rothia mucilaginosa
and acne-free controls. Bacteroidetes
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All articles have high agreement on the role
of dysbiosis microbiota with psoriasis.
Seven articles came up with a relatively
large gut microbiome quantity between pso-
riasis and healthy controls (Table 3). They
found a significant difference in psoriatic
and healthy controls.’** One article com-
pared the abundance of F. prausnitzii and
E.coli in psoriatic patients, with inflamma-
tory bowel disease and healthy controls.*

Four original articles reported the rela-
tionship between chronic urticaria and gut
microbiota. The decrease of A. muciniphila,
Cl. leptum, F. prausnitzii, and lower genera
Enterobacteriaceae, Lactobacillus, and
Bifidobacterium have been shown in chron-
ic urticaria (CU) and reported in all articles
(Table 4).4-5! Other findings by Lu et al. in
2019 demonstrated Bacteroidetes are
reduced in CU patients, in contrast to
Actinobacteria and  Proteobacteria.*
However, other studies from Rezazadeh et
al. and Wang et al. in 2020 reported relative
increases in Bacteroidetes compared to con-
trols.>*! All studies revealed the same find-
ing that Enterobacteriaceae was increased
in CU).*5! Wang et al. in 2020 also found
significant ~ changes in  butanoate
metabolism from spontaneous urticaria
patients.>!

Discussion

The four dominant phyla that reside in
gut microbiota are Firmicutes,
Bacteroidetes, Proteobacteria and
Actinobacteria.”> These phyla make up
93.5% of isolated human fecal material, and
the composition reflects their physiological
properties in a specific region. Thus, they
have unique characteristics in the skin
inflammatory disorder, as discussed below.

Acne vulgaris

Acne vulgaris is a common sebaceous
gland disease that mostly occurs on the
face. It has a significant impact on the
patient’s appearance, self-confidence, and
quality of life.’> Acne vulgaris manifests
clinically as non-inflammatory comedones,
inflammatory papules, pustules, and nod-
ules.** The pathogenesis of acne involves
hyperseborhea, triggered by internal and
external factors; dysbiosis of cutaneous
microbiome leading to the disturbed skin
barrier and inflammation; as well as activa-
tion of innate immune by P. acnes, which
induces the expression of protease-activated
receptors (PARs), tumor necrosis factor-a
(TNF-a), and toll-like receptors (TLRs),
and the production of interferon (INF-g),
interleukin (IL)-8, IL-12, IL-1 and matrix
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metalloproteinases (MMPs) by ker-
atinocytes resulting in the follicular hyperk-
eratinization.> Gastrointestinal dysfunction
and emotional stress also contribute to acne
lesions.>35657

Even though the cutaneous micro-
biome’s role in acne has been elucidated,
the gut microbiome’s role in this inflamma-
tory sebaceous unit disease’s pathophysiol-
ogy has not been primarily studied. Four
articles investigated the relationship
between gut and acne and found significant
differences between healthy controls and
acne patients’ microbiota. !>

Deng in 2018 found patients with acne
have a low abundance of Firmicutes and
increased Bacteroidetes. Even though the
article stated that this is consistent with the
Western diet’s enterotype,' another study
opposes that finding. Gupta et al. in 2017
stated that there are low microbial diversi-
ties in the Western urban industrialized pop-
ulation, with enriched taxa of Bacteroides,

Review

Bifidobacterium, Ruminococcus Blautia,
and Dorea (Actinobacteria, Firmicutes,
Rickenellaceae).®® These findings demon-
strated the complexity of the gut micro-
biome mechanism in modulating acne. A
Western diet includes increased food con-
sumption with a high glycemic index, red
meat, dairy, and egg protein. This diet
increases sebogenesis, providing an optimal
environment for P. acnes and other microor-
ganisms to thrive, resulting in acne forma-
tion.>

Firmicutes are involved in fat produc-
tion. The increased phylum Firmicutes in
obese patients also revealed the evidence
that they have a low incidence of acne. This
finding is in accordance with Deng ef al. in
2018, which reported that Firmicutes were
lower in patients with acne than the control
group. However, this outcome contrasts
with Thompson e al.’s in 2020 findings.
They demonstrated that the high Firmicutes
were obtained in acne patients before

Records identified through
database searching [PubMed)
(n=278 )

=
=
8
=
€
-

Additional records identified
through other sources
(EBSCOHOST)

(n=84 )

!

Records after duplicates removed
(n=319)

Records screened
(n= 313)

Acne vulgaris: 29
Atopic dermatitis : 193
Psoriasis : 81
Urticaria : 11

Records excluded
Review articles, not
English language, protocol
study, animal study
(n=208 )

¥

Full-text articles assessed Full-text articles excluded,
= for eligibility »  withr (example
= (n=111) only observed skin
% Acne vulgaris: 9 microbiome, no control,
@ Atopic dermatitis: 72 no baseline data, no skin

Psoriasis : 23 manifestation)
Urticaria: 7 n= 76)
Studies included in
qualitative synthesis
E (n=33)
2 Acne vulgaris: 4
£ Atopic dermatitis: 16
Psariasis: 9
Urticaria: 4

Figure 1. Flow diagram of review using Preferred Reporting Items for Systematic Reviews

and Meta-Analyses.'®
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Table 2. Diversity of gut microbiota in atopic dermatitis compared to controls.
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Culture and identification of bacteria in intestinal microbiota from fecal Escherichia Coli; Klebsiella; Adlerberth, 2017
samples of 116 infants. Bacteria were identified through gram staining Staphylococcus aureus; Coagulase-negative staphylococci;

and biochemical/genetic tests. The authors found a gradual increase in Bacteroides species; Enterococcus species;

the proportion of gram-negative relative to gram-positive bacteria with Clostridium species Bifidobacterium;

age because of the early gram-positive anaerobic colonizers. Lactobacillus

They did not show the detail of diversity abundance.

DNA was extracted from stool samples, and 165 rRNA sequencing Bifidobacterium Chan, 2020%
was performed to analyze the subjects’ gut microbiome profiles.

24 infants with eczema detected have less-abundant genera than

24 healthy controls

These subject at the ages of 9-12 months included Bifidobacteriaceae; Lactobacillaceae; Kingkaw, 202%
11 healthy controls and seven patients with atopic dermatitis. Erysipelotrichaceae; Streptococcaceae;

Fecal samples were analyzed by liquid chromatography-tandem mass Prevotellaceae Bacteroidaceae

spectrometry to conduct taxonomic, functional, and pathway-based
protein annotation. The authors found non-significant differences
in the bacterial families.

Analysis of bacteriology of fecal samples from 21 infants using
genetic probes. Among the high numbers of Bacteroides

and E. coli were associated with the extent of atopic
sensitization, they did not show the detail of diversity abundance.

Lactobacilli/Enterococci;

Bifidobacterial; Bacteroides

Clostridium histolyticum

Kirjavainen, 2002%

The diversity of gut microbiota was increased in 12 infants with Clostridia; Escherichia coli; Lee, 2016*
AD than 12 healthy infants at six months of age without statistical Bacilli
significance. The 165 ribosomal RNA gene sequencing approach
was used to amplify for the V1 to V3 regions.
Extracted DNA from 129 six-month-old infants
(66 healthy control subjects and 63 infants with AD) was amplified Clostridium Bifidobacterium; Lee,
using barcoded primers targeting the V1-V3 region of the 165 rRNA gene. Akkermansia; 20185
A simple comparison between control and AD samples revealed no Faecalibacterium
differences in members of the gut microbiota.
The study groups comprised 21 toddlers with eczema and 28 age-matched Lactic-acid-producing Bifidobacterium; Mah, 2006*
healthy controls. The bacterial counts and identification of the various bacteria; Enterococci Clostridium
species were based on growth, color, and the number of colonies on
selective media, Gram staining, and cell morphology.
Anparticular count was done using 165rRNA-specific probes and FISH.
This study observed reduced and different patterns of interbacterial
relationships in children with eczema compared to healthy controls.
The authors analyzed the fecal microbiota composition of a group of Actinobacteria; Bacteroidetes Mahdavinia, 2017
young black African children aged 12 to 36 months old with and without Firmicutes;
AD (29 with AD and nine with control). Early morning feces from Proteobacteria
the children's diaper were collected and used for microbiome composition
assessments using bacterial 165 ribosomal RNA. No significant
differences were observed in diversity abundance.
Eighty-three children were recruited: 36 with AD and 47 controls Faecalibacterium, Prevotella; Mahdavinia, 20186
without AD. The diversity indices were not different between cases ClostridiumAX], Xylanibacter;
with and without AD. Ruminococcus, Collinsella, ~ Streptococcus
Blautia, unclassified;
Lachnospiraceae,
Bacteroides
Stools were collected at the age of one-month-old from twelve infants Escherichia Bifidobacterium; Oh, 2017%
from an at-risk birth cohort in a case-control manner. Clinical follow-up Enterobacter;
for atopic outcomes was carried out at the ages of 12 and 24 months. Bacteroidetes;
Microbial genomic DNA was extracted from stool samples and used for Firmicutes;
shotgun sequencing. The results revealed no significant difference in Lactobacillus;
diversity and richness between control and eczema. Veillonela
Fecal samples from 132 infants were analyzed using pyrosequencing, Actinobacteria; Clostridium Park, 2020%
including 84 healthy controls, 22 transient AD, and 26 persistent Streptococcus;
AD subjects. alpha and beta diversity results did not differ among Bifidobacterium;
the three groups Akkermansia
The authors conducted a nested case—control study comparing B. Breve (0.15) B bifidum; B. infantis/ Penders, 2006*

fecal samples of 26 infants who became sensitized and
developed eczema within the first year of life with 52
non-sensitized non-eczematous infants.

The composition of the fecal samples was examined using

PCR combined with denaturing gradient gel electrophoresis.
The diversity of the microbiota was similar in cases and controls.

B. longum; B. adolescentis

[Dermatology Reports 2022; 14:9188]
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Table 2. Diversity of gut microbiota in atopic dermatitis compared to controls.

The authors performed a comparative study of the gut microbiota
profile of 19 AD children and 18 healthy individuals.

Fecal samples were analyzed by real-time PCR and 165 rRNA

targeted metagenomics. AD patients showed a significantly lower level
of alpha biodiversity, according to the observed.

The gut microbiome from 132 subjects, including 90 patients with AD,
was analyzed using 165 rRNA gene and metagenome sequence analyses.
No significant difference was observed in all AD microbiota's microbial
diversity than that of all non-AD microbiota.

Sutterella (Alcaligenaceae);
Bacteroides (Bacteroidaceae);
Parabacteroides
(Porphyromonadace);

Oscillospira and Faecalibacterium
(Ruminococcaceae, Clostridia Class)

F Prausnitzii

Actinobacteria;

Eggerthella (Coriobacteriaceae);
Propionibacterium;
(Propionibacteriaceae),
Enterococcus
(Enterococcaceae),
Eubacterium
(Erysipelotrichaceae),
Actinomyces (Actinomycetaceae),
Blautia, and Coprococcus
(Lachnospiraceae)

Lactobacillus; Bifidobacterium

Review

Reddel, 2019

Song, 2015

Fecal samples from 93 volunteers were analyzed using 165 rRNA
sequencing, including 44 patients with AD and 49 healthy control
subjects aged 6-22. These results suggest that patients with

AD had lower diversity than healthy control subjects significantly.

The authors conducted a case-control study of 50 infants with
eczema (cases) and 51 healthy infants (controls). We performed
high-throughput sequencing for V3£V4 hypervariable regions of

the 165 rRNA genes from the fecal gut material. Neither the bacterial
richness nor diversity were significantly different between the two
groups.

Porphyromonealaceae; Blautia;
Parabacteroides; Bacteroides ovatus;
Bacteroides uniformis;

Prevotella stercorea

Enterobacteriaceae;
Eschericia Shigella;
Faecalibacterium prautzinii

Clostridium

Bifidobacterium bifidum;
Bifidobacterium longum;
Bifidobacterium fragilis

Ye et al, 2020%

Zheng et al., 2015%

Table 3. Articles discussing relationship between gut and skin microbiome in psoriasis.

The characterization of gut microbial in active psoriasis was compared Firmicutes; Actinobacteria; Bacteroides; Shapiro et dl,
with non-psoriatic control and found a significant difference in Blautia; Faecalibacterium Proteobacteria; 20198
beta-diversity between two groups Prevotella
Fecal samples were taken from 35 psoriasis patients and 27 Bacteroidetes; Actinobacteria Firmicutes; Huang, et al, 201"
healthy controls and sequenced with 16SrRNA. Proteobacteria;
The authors found significant differences between the two groups Bifidobacterium
DNA extraction of the fecal sample was taken from 19 psoriasis Actinobacteria; Firmicutes Bacteroidetes; Hidalgo-Cantabrana
patients and twenty healthy individuals. Psoriasis patients have Proteobacteria; etal, 2019
low diversity and different relative abundance of bacterial taxa. Faecalibacterium
Fecal DNA bacteria from 52 plaque psoriasis patients were analyzed Akkermansia; Faecalibacterium; Bacteroides Codoner et al.
by 165 rRNA and 300 healthy individuals from the human microbiome Ruminococcus 2018°
project. The study found the psoriasis microbiome differs from the
healthy population.
Twventy-nine Psoriasis patient's fecal samples were compared with 33 healthy Ecoli F prausnitzii Eppinga et dl,
controls by quantitative PCR, and this study reports the lower abundance 20164
of bacteria from healthy controls.
The 55 psoriasis patients and 27 healthy controls underwent testing with quantitative  Faecalibacterium; Bacteroides; Dei-Cas, 20205
measures of their DNA fecal by 16s rRNA gene. They demonstrate Blautia; Firmicutes; Paraprevotella
changes in gut microbiome composition according to their Proteobacteria
psoriasis status.
Fifteen psoriasis patients and 17 healthy control subjects Coprococcus; Scher, 2014*
collected their fecal samples of bacterial DNA sequenced Akkermansia;
using 165rRNA pyrosequencing. The study found lower diversity Ruminococcus;
in psoriasis patients compared to healthy controls. Pseudobutyrivibrio;

Bacteroidetes
Fourteen psoriasis vulgaris patients and 14 health controls Bacteroides; Tenericutes; Tan, 20174
underwent testing of their fecal samples and sequenced by 16StRNA. Enterococcus Vermuromicobia;
They report the slightly decreased diversity on psoriasis patients, Tenericutes;
though not significantly different. Mollicutes; Akkermansia

muciniphila
Fecal samples of 20 psoriasis patients and 20 healthy control were sequenced Faecalibacterium Oscilibacter; Roseburia Yegorov, 202"

with 163 rRNA and multiplex ELISA cytokine assessment.
They reported an alteration in gut Firmicutes, but there is relative
diversity in the F/B ratio.

OPEN aACCESS
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antibiotic treatments.!%?!

Yan et al. in 2017 reported a decrease in
Actinobacteria and increased Proteobacteria
in patients with moderate and severe acne.
They also reported that Bifidobacterium,
Butyrocicoocus, Coprobacillus,
Lactobacillus, and Allobaculum were
decreased at the genus level.?* The
Proteobacteria  phylum has  many
pathogenic bacteria such as £E. coli,
Salmonella, and  Vibrio  cholerae.
Overgrowth of Proteobacteria resulting
from the host’s inability to keep commensal
Proteobacteria in a minor fraction and
reduced resistance to colonization by the
microbial community can further facilitate
inflammation or invasion by exogenous
pathogens.®® They contribute to the over-
growth of pathogen bacteria in the gastroin-
testinal, which results in proinflammatory
cytokine stimulation and gastrointestinal

dysfunction.  Decreased levels of
Actinobacteria and its genera turn into dys-
biosis and induce proinflammatory

cytokines leading to leaky gut.
Lactobacillus and Bifidobacterium are
the most studied species of probiotics.
Bifidobacterium and Lactobacillus induce
regulatory dendritic cells and
CD4+Foxp3+T cells (regulatory T cells),
resulting in hyporesponsive B cells and T
helper cells without apoptosis along with
suppression of cytokines production. Thus,
the less abundance of Bifidobacterium and
Lactobacillus will result in cytokine pro-
duction, including tumor necrosis factor- a
and interferon-g. The reduction of these

bacteria directly affects intestinal epithelial
barrier function by decreasing intestinal
permeability and enhancing abdominal
epithelial resistance.®!-%3

Atopic dermatitis

Atopic dermatitis is a chronic relapsing
eczematous rash, and it is often the first
manifestation of the atopic march.** As a
chronic relapsing disorder, current treat-
ment strategies must focus on controlling
the symptoms rather than curing them. The
clinical appearance of atopic dermatitis may
vary depending on several factors, such as
the dermatitis stage, the age of patients, skin
color, and infection. Atopic dermatitis
plaques may appear as blisters (acute),
thickened skin with increased skin mark-
ings (chronic), or a mixture of both (suba-
cute). The preference for clinical manifesta-
tion is varied in every span of age. At infan-
cy, the lesions appear mainly on the face,
neck, and extremities’ extensor surface.
Contrarily, the flexor surface of the extrem-
ity is a common clinical finding in child-
hood and adulthood. However, the clinical
features of AD can be deconstructed into
seven general categories, which are inflam-
mation, infection, irritation, itch, ichthyosis
(dry skin), immunological influences, and
impeding comorbid conditions.**

Even though it is intriguing to focus on
the skin when studying AD as the main
pathology site, the complexity of immuno-
logical changes occurs. It connects with
other organs like the gut and lungs.

Table 4. Articles discussing relationship between gut and skin microbiome in urticaria.

Ten chronic urticaria (CU) patients compared with healthy
controls of their fecal microbiota with 16SrRNA sequences.
They found a highly different microbial composition between

those two.

Proteobacteria
Actinobacteria
Enterobacteriales,
Lactobacilales,
Pseudomonadales
Veillonella,

Stterella, Streptococcus,
Clostridium, and Escherichia
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Stimulatory antigens crossing these barriers
can give rise to inappropriate immune stim-
ulation.®> Recent evidence has revealed that
dysbiosis microbiota in the human body is
associated with AD.®® It has become
increasingly evident that gut microbiota
play a vital role in regulating innate and
adaptive immunity and developing allergic
diseases.®’

The reduced intensity and diversity of
microbes lead to abnormal immune matura-
tion in early childhood. The lower diversity
of microbiota could be related to a limited
bacterial turnover, resulting in insufficient T
helper (Th)1 cell induction and the failure
to suppress Th2 responses. The switching of
the immune stimulation towards a pro-
nounced Th2-phenotype is a major mecha-
nism to maintain allergy development.3%33
However, there were discrepancies with the
findings of our review articles. The dis-
agreement was probably due to inter-ethnic
variations, age, and first feeding time.

Five articles reported the increased
abundance of Bacteroides spp., which are
common inhabitants of the human gut.
However, their increased presence has been
associated with food allergies and other
atopic manifestations.?’35-3% Indeed, higher
levels of Bacteroides in atopy could lead to
the continuous production of lipopolysac-
charides (LPS), the major component of the
gram-negative cell wall, in the gut, which
could trigger an inflammatory response.
Moreover, Bacteroides species were report-
ed to alter gut permeability.>* Zeng ef al. in
2016 reported a decrease of Bacteroides

Bacteroidetes
Faecalibacterium,

Prevotella, Lachnobacterium;
Faecalibacterium prausnitzii,
Prevotella copri,

Bacteroides fragilis,
Bacteroides plebeius

Luetal, 2019%

Twenty CU patients and 20 healthy individuals collected their Enterobacteriaceae Akkermansia muciniphilia, Nabizadel et al,
fecal samples and samples are sequenced using bacterial PCR. Clostridium leptum, 2017%

The relative amounts of bacteria were different significantly. Faecalibacterium prausnitzii

The fecal sample of twenty CU patients and 20 match individuals Bacteroidetes (p>0.05) Lactobacillus; Rezazadeh et al
were collected and analyzed their bacterial with PCR. Bifidobacterium 2018%

They demonstrated the relative amount of Lactobacillus and

Bifidobacterium were significantly higher in fecal samples

from controls to CU.

Ahundred chronic spontaneous urticaria and 100 healthy Enterobacteriaceae Firmicutes; Bifidobacteriales Wang et al,
individuals were analyzed their fecal samples and sequence Bacteroidetes (relative increase) Faecalibacterium; 2020

by 165 rRNA. The result shows alterations in gut microbes
and metabolites.

Bacteroides

Bifidobacterium; Ruminococcaceae
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fragilis in AD infants.3?

Bifidobacterium spp. are assumed to be
beneficial for human health due to their
effects on vitamin production, immune sys-
tem stimulation, inhibition of potentially
pathogen bacteria, and improvement of
food ingredients digestion. Eight articles
reported the reduction of Bifidobacterium in
AD patients compared to control. This
absence of Bifidobacterium in AD children
could lead to a lack of anti-inflammatory
effect.

An increased abundance of E. coli was
reported in two articles. However, studies
on the role of E. coli in the intestine are
lacking. One of the plausible hypotheses is
that LPS originating from E. coli might play
a role in regulating the immune system
through the intestinal epithelial cells. Lee et
al. in 2018 found a positive association
between the relative abundance of E. coli
and the percentage of blood eosinophils that
play a critical role in developing AD and
regulating immune homeostasis microbiota
profiles in the intestine.?

Psoriasis

Psoriasis is a chronic inflammatory dis-
ease characterized by thickening of the skin,
especially in the pressure site.®® Psoriasis is
also considered a systemic disease, where
the cardiovascular system, insulin home-
ostasis, psychomotor systems, and lipid
metabolism are convoluted.® This disease
affects approximately 2-4% of the world’s
population and is influenced by genetics,
disorder of the immune system, epigenetic,
and environmental factors.*7

The pathogenesis of psoriasis involves
sustained inflammation that leads to uncon-
trolled keratinocyte proliferation and dys-
functional differentiation.”’ T cells are cru-
cial in the pathogenesis of psoriasis, espe-
cially the critical role of Th17 cells and,
recently, the role of gut and skin micro-
biome mediator in psoriasis. Naive T cells
are activated by antigen-presenting cells
(APC) in the epidermis, which promotes
naive T cells to differentiate into T-helper
(Th)1 and Th17, then Thl and Thl7 cell
increase while Th2 and regulatory T cells
(Treg) decrease. The activated T cells
migrate from lymph nodes to the skin,
where they are stimulated to produce
numerous cytokines. These cytokines inter-
act with the resident epidermal and dermal
cells and cause changes, including ker-
atinocyte proliferation and epidermal thick-
ness. Environmental factors appear to
induce inflammatory diseases in individuals
with latent genetic susceptibility. Diet,
microbial infections (virus, bacteria, fungi),
chemical irritants or ultraviolet (UV) radia-
tion exposure, and bad habits (drinking and

OPEN aHCCESS

smoking) are environmental factors that
could induce inflammation. The interplay
between genetic and ecological factors con-
tributes to the onset, development, and pre-
sent clinical symptoms of psoriasis.”

The gut-skin axis microbiome has been
postulated to be involved in the altered
immune response in psoriasis.®>”>77 Even
though the finding of microbiota associated
with psoriasis is conflicting, the studies
revealed interesting and important changes
in the gut microbiome led to the pathogene-
sis in psoriasis.

Firmicutes were observed as the most
abundant microbiota in psoriasis and psori-
asis arthritis and increased as seen in four
studies.*41:4378 The result of a high level of
Firmicutes is the disturbance the ratio of
Firmicutes and Bacteroidetes. This imbal-
ance then influences carbohydrate
metabolism and alters the production of
medium- and short-chain fatty acids
(SCFA), resulting in increased acetate and
reduced butyrate production, and finally
leads to chronic inflammation and compro-
mises the gut epithelial barrier. The lack of
any gut epithelial barrier alters immune
responses, both locally and systemically.*

Bacteroides produce SCFA such as pro-
pionates and butyrates, which are important
in regulating colonic T cell regulators
(Tregs) directly. Thus, the SCFA regulate
intestinal homeostasis and control inflam-
mation by limiting the proliferation of
effector CD4+ T cells (Teff).” There were
conflicting data about the role of
Bacteroides in psoriasis. Reduction of
Bacteroidetes in psoriasis reported in other
studies suggest lowering the
SCFA 3940424345 SCFA are the major
metabolic products of anaerobic fermenta-
tion of glycans, where Bacteroides bind to
complex recalcitrant glycan and stimulate
the production of SCFA.* The articles that
demonstrated the high abundance of
Bacteroides assumed the role of
Bacteroides as a potential pathogen that
promotes the pathogenesis of psoriasis.

Faecalibacterium prausnitzii is sug-
gested to be causally related to the induc-
tion of psoriasis. Studies showed a reduc-
tion of F. prausnitzii linked to systemic
inflammation in both skin and intestines
due to the ability of . prausnitzii on secret-
ing anti-inflammatory molecules that mod-
ulate the host immune system.** F. praus-
nitzii can regulate Th17/ regulatory T cell
differentiation and reported consistently as
butyrate producers in the intestine.®
However, other studies reported a high
abundance of Faecalibacterium in psoria-
sis. 3434347 This  dynamic role of
Faecalibacterium spp. supported the evi-
dence of these bacteria’s pathogenesis in
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psoriasis. The conflicting data are possibly
because of different inclusion and exclusion
criteria on recruiting psoriasis patients.
Akkermansia was identified as a
mucolytic mucosa-associated bacterium in
healthy subjects.*? The abundance of A.
muciniphila was significantly reduced in
patients with chronic inflammatory dis-
eases, including obesity and Crohn’s dis-
case. The bacterium converts mucin to
SCFA acetate and propionate, thus activat-
ing host epithelial cells to produce antimi-
crobial peptides such as defensins and C-

type lectin that play key roles in homeosta-
sis.42:46

Chronic urticaria

Urticaria is commonly seen in dermato-
logic practice, clinically characterized by
wheals, angioedema, or both. Of the 20% of
individuals who experience acute urticaria,
0.1% will develop chronic symptoms, and
most of them turn into chronic spontaneous
urticaria (CSU).% Chronic urticaria (CU)
occurs when there are recurrent wheals that
persist at a loss for six weeks. It divides into
chronic spontaneous urticaria and chronic
inducible urticaria (chronic physical
urticaria).®#> The pathogenesis of CU
includes imbalances in immunity, inflam-
mation, and coagulation. In CU, when the
antigen is entering the body its binds to the
IgE high affinity (FceRIa) Fc receptor locat-
ed on the mast cells and stimulates circulat-
ing basophils in the skin, which induce
degranulation of mast cells. When the same
antigen is encountered for the second time,
these IgE antibodies that were already pre-
sented on the mast cells and basophils
immediately bind to the antigen and devel-
op an allergic reaction more quickly.®!

CU is also triggered by autoimmunity.
The relationship of gut microbiota affects
CU’s immune system has been studied in
these past years. Some authors hypothe-
sized that these immune changes in CU are
also involved in gut microbiome dysbiosis.
There was a significant difference in micro-
bial composition in CU or CSU patients
compared to healthy controls in all arti-
cles.®8-51  Enterobacteria, Bacteroidetes,
Firmicutes, and Bifidobacteriales, could be
markers for inflammatory diseases. All arti-
cles found a higher abundance of
Enterobacteria in CU. Studies from Lu ez al.
in 2019 demonstrated a reduced number of
Bacteroidetes and an increase in
Proteobacteria. This result was following
the research conducted by Polkowska-
Pruszynska in 2020 in other inflammatory
diseases such as asthma and dermatitis
atopic.®® The anti-inflammatory bacteria
such as  Akkermansia  muciniphila,
Faecalibacterium prausnitzii, Clostridium
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leptum,  genus  Lactobacillus, and
Bifidobacterium have shown significant
prevention of other allergic and inflamma-
tory diseases.®’

The mechanisms of protective effects of
those anti-inflammatory bacteria against
CU can be due to the induction of regulato-
ry T (Treg) cells by these bacteria. The
intestinal microbiota composition could
lower the pH level, modulate the integrity
of the epithelial cell barrier, and regulate
mucus secretion, which altered the function
and expression of tight junction protein.*>
The further studies are needed to reveal the
pathway of this observation.

Conclusions

The gut microbiome in inflammatory
skin disorders such as atopic dermatitis,
acne vulgaris, urticaria, and psoriasis tend
to be altered and imbalanced. However, the
role of specific microbiota as the marker of
skin inflammation still needs further study.
The Bifidobacterium tends to decrease in all
skin disorder reviewed in these articles and
increases in E. coli and Proteobacteria are
shown in inflammatory skin disorders. The
role of Bacteroidetes and Firmicutes is still
conflicting and inconsistent in many arti-
cles.
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