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Background: Increasing evidence has shown that alterations in the intestinal microbiota
play an important role in the pathogenesis of psoriasis. The existing relevant studies focus
on 16S rRNA gene sequencing, but in-depth research on gene functions and
comprehensive identification of microbiota is lacking.

Objectives: To comprehensively identify characteristic gut microbial compositions,
genetic functions and relative metabolites of patients with psoriasis and to reveal the
potential pathogenesis of psoriasis.

Methods: DNA was extracted from the faecal microbiota of 30 psoriatic patients and 15
healthy subjects, and metagenomics sequencing and bioinformatic analyses were
performed. The Kyoto Encyclopedia of Genes and Genomes (KEGG) database, cluster
of orthologous groups (COG) annotations, and metabolic analyses were used to indicate
relative target genes and pathways to reveal the pathogenesis of psoriasis.

Results: Compared with healthy individuals, the gut microbiota of psoriasis patients
displayed an alteration in microbial taxa distribution, but no significant difference in
microbial diversity. A distinct gut microbial composition in patients with psoriasis was
observed, with an increased abundance of the phyla Firmicutes, Actinobacteria and
Verrucomicrobia and genera Faecalibacterium, Bacteroides, Bifidobacterium,
Megamonas and Roseburia and a decreased abundance of the phyla Bacteroidetes,
Euryarchaeota and Proteobacteria and genera Prevotella, Alistipes, and Eubacterium. A
total of 134 COGs were predicted with functional analysis, and 15 KEGG pathways,
including lipopolysaccharide (LPS) biosynthesis, WNT signaling, apoptosis, bacterial
secretion system, and phosphotransferase system, were significantly enriched in
psoriasis patients. Five metabolites, hydrogen sulfide (H2S), isovalerate, isobutyrate,
hyaluronan and hemicellulose, were significantly dysregulated in the psoriatic cohort.
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The dysbiosis of gut microbiota, enriched pathways and dysregulated metabolites are
relevant to immune and inflammatory response, apoptosis, the vascular endothelial
growth factor (VEGF) signaling pathway, gut-brain axis and brain-skin axis that play
important roles in the pathogenesis of psoriasis.

Conclusions: A clear dysbiosis was displayed in the gut microbiota profile, genetic
functions and relative metabolites of psoriasis patients. This study is beneficial for further
understanding the inflammatory pathogenesis of psoriasis and could be used to develop
microbiome-based predictions and therapeutic approaches.
Keywords: gut microbiota, genetic functions, metabolites, psoriasis, metagenomics sequencing
INTRODUCTION

Psoriasis is an immune-mediated inflammatory chronic skin
disease characterized by chronic inflammation in the dermis,
parakeratosis and excessive epidermal growth, and 2-3% of the
population are affected by psoriasis (Parisi et al., 2013; Hidalgo-
Cantabrana et al., 2019). Less attention has been focused on the
relationship between intestinal microbiota dysbiosis and the
pathogenesis of psoriasis (Yan et al., 2017). However, recent
studies have reported an alteration in the gut microbiota in
patients with psoriasis (Scher et al., 2015; Chen et al., 2018;
Hidalgo-Cantabrana et al., 2019; Shapiro et al., 2019) that is
related to an aberrant inflammatory response (Salem et al., 2018).
The intestinal microbiota plays an important role in the
maintenance of immune homeostasis, regulating both acquired
and innate immune responses (Sommer and Backhed, 2013;
Palm et al., 2015; Planer et al., 2016). Gut microbiota alterations
may activate T cells, trigger an inflammatory process and induce
immune disorders (Littman and Pamer, 2011; Collins et al., 2012;
Honda and Littman, 2016). Gut microbiota dysbiosis is related to
immune and autoimmune disorders such as rheumatoid arthritis
(RA) (Yeoh et al., 2013), allergies (Chen et al., 2016), type 1
diabetes (de Groot et al., 2017), autism (Mangiola et al., 2016;
Zhang et al., 2018), inflammatory bowel disease (IBD)
(Huttenhower et al., 2014), systemic lupus erythematosus
(SLE) (Edwards and Costenbader, 2014), and multiple sclerosis
(Rosser and Mauri, 2016). Moreover, intestinal microbiota
alteration plays a key role in psoriasis (Shamriz et al., 2016;
Luo et al., 2017; Stockinger and Omenetti, 2017), as well as other
skin alterations, such as atopic dermatitis and vitiligo (Penders
et al., 2013). In addition, the effects of current treatments for
psoriasis are limited (Torres and Puig, 2018). Thus, further
research on the pathophysiology caused by gut microbiota
dysbiosis in psoriasis patients, which may be a breakthrough
for pathological mechanism research, is urgently required.

Gut microbiota alterations have been observed in psoriatic
patients and psoriatic arthritis patients (Fry and Baker, 2007;
Scher et al., 2015; Chen et al., 2018; Hidalgo-Cantabrana et al.,
2019; Shapiro et al., 2019). It was also found that gut microbiota
dysregulation induced by vancomycin and polymyxin
exacerbated psoriasis in an imiquimod (IMQ)-induced mouse
model (Zanvit et al., 2015). It has been reported that antibiotic
therapy can alleviate the thickness of lesions and reduce the
gy | www.frontiersin.org 2
proportion of Th17 cells, gdT cells and IL-17 in an imiquimod-
induced psoriasis mouse model (Zákostelská et al., 2016). A
predisposition for intestinal bowel diseases among psoriasis
patients supports the gut-skin axis theory (Kimball et al.,
2014). All of these studies identified the microbiota
composition using 16S rRNA sequencing. This method has
limitations such as failure to determine most microbes at the
strain and species level and the potential for amplification bias
(Konstantinidis and Tiedje, 2007; Pinto and Raskin, 2012). In
contrast, compared with 16S rRNA sequencing, metagenome
sequencing can provide a higher resolution of taxonomic profiles
with functional classification of the microbiome (Lee et al., 2018).
Nonetheless, few studies on the relationship of the gut
microbiome and psoriasis using metagenome sequencing
analysis have been conducted.

In this study, to further investigate the intestinal microbiota
composition, gene functions and relative metabolites predicted
from the microbial composition of psoriasis patients, the profile
and composition of the intestinal microbiomes from stool samples
of psoriasis patients and healthy controls were compared using
metagenomics sequencing analysis. Investigation of the definite
role of intestinal microbiome dysbiosis in the immunopathogenesis
of inflammatory diseases may boost our realization of psoriasis
aetiology and pathological mechanisms and promote targeted and
novel predictions and treatments.
MATERIALS AND METHODS

Participants
Patients with psoriasis (n=30) were identified and collected from
the Beijing Hospital of Traditional Chinese Medicine (Table 1).
The control group (n=15) comprised age-, sex- and body mass
index (BMI)-matched healthy donors. Patients and healthy
donors who received antibiotics, probiotics, glucocorticoids, or
immunosuppression during the 6 previous months were not
included. People with BMI ≥ 35 or ≤ 18, and those who have
been suffering from diseases of the digestive system, immune
system and other severe illnesses, were excluded. They have no
especially dietary habit and belong to the same ethnic’s
population (Chinese). According to principle of statistics, the
different sample sizes of two groups will not affect the correctness
of statistical inference (Pearce, 2016). The study was approved by
April 2021 | Volume 11 | Article 605825
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the Ethical Committee of the Beijing Hospital of Traditional
Chinese Medicine and conformed with the Declaration of
Helsinki. All study subjects signed informed consent forms.
The questionnaires containing personal and clinical information
were completed by the patients.

Sample Collection
Stool samples were collected in a specimen collection kit and
stored at -20°C immediately after defecation and then at -80°C
before further manipulation in the laboratory.

DNA Extraction and Metagenomic
Analysis
DNA from stool samples was extracted using the QIAamp
PowerFecal Pro DNA Kit according to the manufacturers’
instructions. DNA was resolved in 10mM Tris-cl buffer and
stored at -20°C and at -80°C for short-term and long-term use,
respectively. Total DNA quality was measured by using a
spectrophotometer with 1% agarose gel electrophoresis. DNA
was fragmented to an average size of approximately 350 bp using
KAPAHyperPlus PCR-free for library construction. Subsequently,
we performed metagenomic sequencing on the Illumina HiSeq
platform following the manufacturer’s instructions. The quality
control of all raw metagenomic sequencing data was performed
using MOCAT2 software. The raw sequence reads were trimmed
by SolexaQA package with a length shorter than 30 bp and a
quality score lower than 20. The quality control standards are:
A260/280 between 1.8-2.0, A260/280>1.5. To remove
contaminated reads, the filtered reads were compared to human
genome using SOAPaligner, and clean raw reads were obtained.
To obtain contigs for the following annotation and prediction, we
used SOAPdenovo software to assemble the clean raw reads.
Afterwards, the scaftigs from each sample were predicted
using MetaGeneMark.

Bioinformatics and Statistical Analysis
The relative abundances of different level of taxonomic assignment
were predicted using MetaPhlAn (metagenomic phylogenetic
analysis) 2.0, which includes an expanded set of ~1 million
markers from >7,500 species (Truong et al., 2015). We performed
all statistical analyses using R software unless otherwise specified.
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 3
The Shannon indices were used to calculate the a-diversity of the
samples. The b-diversity was estimated by taxon-based Bray-Curtis
distance via the R package vegan, and compositional differences
between psoriasis and non-psoriasis samples (b-diversity) were
represented in principal coordinates analysis (PCoA) plots using
the R package (Bray and Curtis, 1957; . VEGAN, 2003; Dray and
Dufour, 2007). The nonparametric Kruskal-Wallis test was used
because some of the variables analysed lacked homogeneous
variances or were not normally distributed. ANCOM analyses
and permutational analysis of variance (PERMANOVA) were
also performed (Mandal et al., 2015).

Linear discriminant analysis (LDA) effect size (LEfSe) was
applied to identify differences in the relative abundances of
genera of gut microbiota between psoriasis and healthy
volunteers (Segata et al., 2011). LDA values > 2.0 with a P
value < 0.05 were considered significantly enriched.
Microbial Gene Function Prediction and
Metabolite Analysis
COG and KEGG pathway annotations were obtained using the
DIAMOND database (Version 0.7.9.58) via BLASTP. To determine
gene functions that discriminate bacterial compositions between
psoriatic patients and healthy donors, the KEGG enrichment
pathways were analysed with Generally Applicable Gene-set
Enrichment for Pathway Analysis (GAGE) (Luo et al., 2009). The
differential expressed bacteria genes were identified by comparing
relative abundances between two groups using Wilcoxon test, and
P values were adjusted for multiple testing with a Benjamini-
Hochberg false discovery rate correction. Adjusted P value < 0.05
were considered significantly differential on gene expression.

The metabolite potential was estimated by the relative
abundance of the corresponding species; values were simply
added or subtracted if the species produced or consumed,
respectively. The production or consumption relationships
between metabolites and species were curated from the
literature of Sung J et al. and Cecilia Noecker et al. (Noecker
et al., 2016; Sung et al., 2017). Heatmaps were generated to
represent potential metabolic differences in the gut microbiome
between the 2 groups.
RESULTS

Microbial Diversity
The species accumulation curve of each group tended to plateau,
indicating that sample biodiversity was adequately covered with
the applied sequencing depth (Figure 1). The a-diversity of the
gut microbiota (Shannon index) in the healthy group was higher
than that in the psoriasis group, but there were no significant
differences between the two groups (Figure 2). Moreover, the b-
diversity analyses showed through PCoA demonstrated a separate
tendency, but no significant clustering of non-psoriasis controls
and patients was observed based on Bray-Curtis dissimilarity,
indicating that the structural diversity of the intestinal microbiota
did not differ between the two groups (Figure 3).
TABLE 1 | Characteristics of the psoriasis patients and healthy individuals.

Psoriasis Healthy

Male/female 22/8 11/4
Age (years)* 34 (14) 32 (12)
BMI 24.84 ± 3.73 24.15 ± 2.98
Psoriasis Area Severity Index (PASI) 10.98 ± 3.86
Types of patients
Psoriasis vulgaris 30

Plaque 15
Guttate 15

Psoriatic arthritis 0
Pustulosis of the palms and soles 0
Erythrodermic psoriasis 0
*median (mid-quartile range).
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Demographics of the Study Population
Forty-five faecal samples were collected: 30 (60%) samples were
collected from patients suffering from psoriasis, and 15 samples
were collected from healthy age-, sex-, BMI-matched individuals.
The demographic characteristics details of the two groups are
presented in Table 1.
Altered Gut Microbiota Composition in
Psoriasis Patients
Five dominant phyla based on different relative abundances
between psoriasis patients and controls were identified. The
phyla Actinobacteria, Firmicutes, and Verrucomicrobia were
increased, while Bacteroidetes and Proteobacteria were reduced
in the psoriatic patients compared with the controls (Figure 4A,
B). Moreover, at the genus level, higher proportions of
Faecalibacterium, Bacteroides, Bifidobacterium, Megamonas
and Roseburia and lower proportions of Prevotella, Alistipes
and Eubacterium were identified in psoriatic patients (Figures
4C, D). The abundance of Faecalibacterium prausnitzii was
higher in psoriasis patients than in controls (Figure 4E). It has
been reported that Faecalibacterium and Prevotella are associated
with anti-inflammatory properties (Shapiro et al., 2019).

Wilcoxon rank-sum permutation tests were performed to
further compare the significant differences in the gut microbiota
compositions between the 2 groups. There was a significant
decrease in the phylum Euryarchaeota in the psoriasis group
(0.031 vs 0.003, P < 0.05). Decreases in the families
Oxalobacteraceae, Porphyromonadaceae, Pasteurellaceae,
Rikenellaceae, Sphingobacteriaceae and Comamonadaceae were
observed in the psoriasis patients (Table 2A). Nine genera,
Butyricimonas, Oxalobacter, Actinobacillus, Odoribacter,
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 4
Anaerotruncus, Alistipes, Pseudoflavonifractor, Pedobacter, and
Comamonas, were significantly more abundant in the healthy
control individuals than in the psoriasis patients (Table 2B).

LEfSe was used to further determine the specific significantly
different bacterial taxa between the two cohorts (Figure 5A).
Several genera, including Oscillospiraceae, Oxalobacter,
Haemophilus, Odoribacter, Alistipes, and Pedobacter, were
significantly enriched in the faeces of controls. The identified
taxa were highlighted on the cladogram to indicate significant
differences in phylogenetic distributions along with their LDA
scores (Figure 5B). These results represented a notable gut
microbiota alteration between the 2 groups.
Gene Functions and Metabolic Variation
Analysis in Psoriasis Patients
A total of 134 significantly different functional COGs between
patients and controls were predicted (Table S1). Fifteen KEGG
pathways (including LPS biosynthesis, WNT signaling pathway,
apoptosis, bacterial secretion system, phosphotransferase system,
and others) were significantly enriched in the psoriasis patient
group (Table 3). Heatmaps were generated to represent the
potential metabolic differences in the gut microbiome between
the psoriasis and control groups. We found that 5 metabolites,
H2S, isovalerate, isobutyrate, hyaluronan and hemicellulose,
were significantly differentially abundant between the two
cohorts (Table 4, Figure 6). Figure 6 shows that the colour of
the patient individuals was different from that of the control
subjects, which indicated the metabolic differences between the
two groups.
FIGURE 2 | a-Diversity based on Shannon indices displayed no significant
differences in the intestinal microbiota between the two groups.
FIGURE 1 | Species accumulation curves. The species accumulation curve
of each group tended to plateau, indicating that sample biodiversity was
adequately covered with the applied sequencing depth.
April 2021 | Volume 11 | Article 605825
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DISCUSSION

Evidence linking intestinal microbiota dysbiosis to chronic
inflammation and immune system-mediated diseases has been
expanding. This study is the first to elucidate gut bacterial
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 5
changes in patients with psoriasis by metagenomic gene
profiling analysis, not 16S rRNA sequencing analysis which
has limitations but has been used in most studies. For
example, contributions to the metagenome by organisms
such as bacteria cannot be predicted by using 16S rRNA
FIGURE 3 | b-Diversity represented as a two-dimensional PCoA showed no differential clustering between the two groups. (The red dots showed the samples from
psoriasis patients, whereas the green dots showed the samples from healthy individuals. The closer the dots in one group, the more similar in gut microbiota. The
gut microbiota compositions are indicated with red and green circles, respectively. The smaller the overlap of two circles, the more different in the gut microbiota
compositions of two groups).
TABLE 2 | Taxonomic differences between the psoriasis patients and controls at the family (A) and genus (B) levels.

Control Psoriasis W P value P.adj

(A)

f:Oxalobacteraceae 0.04218 0.00441 307 0.00701 0.50608
f:Porphyromonadaceae 2.99224 2.31140 327 0.01332 0.50608
f:Pasteurellaceae 0.23932 0.06072 311 0.03518 0.54833
f:Rikenellaceae 4.49669 2.81931 309 0.04431 0.54833
f:Sphingobacteriaceae 0.00253 0 255 0.04671 0.54833
f:Comamonadaceae 0.00060 0 255 0.04671 0.54833
(B)

g:Butyricimonas 0.01147 0 285 0.00371 0.46273
g:Oxalobacter 0.04218 0.00442 307 0.00701 0.46273
g:Actinobacillus 0.00279 0 270 0.01323 0.58210
g:Odoribacter 0.57391 0.17524 317.5 0.02040 0.59475
g:Anaerotruncus 0.01934 0.00789 306.5 0.02997 0.59475
g:Alistipes 4.49669 2.81931 309 0.04431 0.59475
g:Pseudoflavonifractor 0.00011 0 255 0.04671 0.59475
g:Pedobacter 0.00253 0 255 0.04671 0.59475
g:Comamonas 0.00060 0 255 0.04671 0.59475
April 2021 | Volume 11 | Article
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primers (Shapiro et al., 2019). Furthermore, in this study, the
target gene pathways (KEGG and COG) and metabolic
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 6
function of the microbiome in patients with psoriasis
compared with control subjects were also detected, which
are beneficial for in depth explanation of the pathogenesis
of psoriasis.

Our results indicated the gut microbiota of psoriasis
patients displayed an alteration in microbial taxa distribution,
but no significant difference in microbial diversity. The
psoriatic patients recruited showed a microbiota profile
characterized by increased proportions of the phyla
Actinobacteria and Firmicutes and genera Faecalibacterium,
Bacteroides, Bifidobacterium and Megamonas and a reduction
in the phyla Bacteroidetes, Euryarchaeota and Proteobacteria
and genera Prevotella, Alistipes and Eubacterium, which seems
to be in accordance with results reported in other studies (Scher
et al., 2015; Codoñer et al., 2018; Hidalgo-Cantabrana et al.,
2019; Shapiro et al., 2019). Functional analysis suggested that
134 COGs were predicted, and 15 KEGG pathways, including
LPS biosynthesis, WNT signaling pathway, apoptosis, bacterial
secretion system, and phosphotransferase system, were
 

A

B

D E

C

FIGURE 4 | Relative abundance (%) of the intestinal microbiota determined at the phylum (A, B) genus (C, D) and species (E) levels. The columns represent
individuals in the psoriasis or control group (A, C, E).
TABLE 3A | Upregulated KEGG pathways in psoriasis patients versus healthy subjects.

stat.mean P value q value

ko03010 Ribosome 3.03693 0.00166 0.35816
ko03070 Bacterial secretion system 2.62966 0.00475 0.51317
ko02060 Phosphotransferase system (PTS) 2.55145 0.00601 0.64931
ko00051 Fructose and mannose metabolism 2.37617 0.00934 0.67238
ko00052 Galactose metabolism 2.30564 0.01156 0.79040
ko00540 Lipopolysaccharide biosynthesis 2.17960 0.01653 0.79040
ko00290 Valine, leucine and isoleucine
biosynthesis

2.10341 0.02329 0.79040

ko00260 Glycine, serine and threonine
metabolism

1.67555 0.04828 0.79040
q values indicate the P values corrected with Benjamini and Hochberg false discovery
rates.
TABLE 3B | Downregulated KEGG pathways in psoriasis patients versus healthy
subjects.

stat.mean P value q value

ko02020 Two-component system -2.57178 0.00516 0.858141
ko04113 Meiosis – yeast -2.14496 0.02293 0.85814
ko00920 Sulfur metabolism -1.77403 0.03937 0.85814
ko04114 Oocyte meiosis -1.84977 0.04057 0.85814
ko04310 WNT signaling pathway -1.78589 0.04374 0.85814
ko04210 Apoptosis -1.75035 0.04629 0.85814
ko02010 ABC transporters -1.68208 0.04651 0.85814
TABLE 4 | Dysregulated metabolites in psoriasis patients.

Control Psoriasis W P value P.adj

H2S 0.72766 0.22757 346.5 0.00327 0.22888
Hyaluronan 0.83800 0.35367 323 0.01886 0.42476
Hemicellulose 10.65156 7.37906 308 0.04613 0.42476
Isobutyrate 3.57356 0.83686 307 0.04893 0.42476
Isovalerate 3.57504 0.85941 307 0.04893 0.42476
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A

B

FIGURE 5 | Intestinal microbiota profiles in psoriasis patients. (A) Cladogram generated from the LEfSe analysis indicating the phylogenetic distribution of the
microbiota of psoriasis and control groups from phylum to genus. (B) Histogram of LDA scores to identify differentially abundant bacteria between patients and
controls (LDA score > 2.0).
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significantly enriched in psoriasis patients. Five metabolites
(H2S, isovalerate, isobutyrate, hyaluronan, and hemicellulose)
were significantly downregulated in the psoriatic cohort.

The pathogenesis of psoriasis could be related to immune and
inflammatory response due to the dysfunction of medium- and
short-chain fatty acids and the compromised colonic mucosal
integrity and gut inflammation (Yegorov et al., 2020). Based on
these results, the Firmicutes/Bacteroidetes (F/B) ratio increased,
and the abundance of Bacteroides and Prevotella was deregulated
in the psoriasis group, which seems to be in accordance with
results reported in other studies (Visser et al., 2019; Dei-Cas,
et al., 2020; Sikora et al., 2020). It has been reported that a high F/
B ratio and a deregulated abundance of Bacteroides and
Prevotella alter the production of medium- and short-chain
fatty acids, such as acetate and butyrate, which are essential in
maintaining colonic mucosal integrity (Corrêa-Oliveira et al.,
2016; Perry et al., 2016; Komaroff, 2017; Christensen et al., 2018).
The compromised integrity of the mucus barrier affects gut
immune homeostasis and antigen presentation, resulting in
immune responses and chronic inflammation (Bischoff et al.,
2014; Christensen et al. , 2018). Bacteroides produce
polysaccharide A, which activates regulatory T cells and plays
an immunomodulatory role in the gut (Mosca et al., 2016). After
the addition of arabinoxylans, an elevation in caecal Prevotella
was detected; Prevotella can enhance intestinal barrier function
and decrease caecal inflammatory markers (Neyrinck et al., 2011;
Neyrinck et al., 2012; Hong et al., 2016). Thus, novel therapeutic
approaches that lower the F/B ratio and the abundance of
Bacteroides, as well higher the abundance of Prevotella may be
beneficial for psoriasis.
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 8
Except for immune and inflammatory response, psoriasis
aetiology and pathological mechanisms may be also related to
dysfunction of gut-brain axis and brain-skin axis. The abundance
of Faecalibacterium prausnitziiwas higher in psoriasis patients than
in controls. F. prausnitzii has been observed to be decreased in
patients with major depressive diseases, RA, metabolic syndrome,
Crohn’s disease and obesity (Sokol et al., 2008; Stoll et al., 2014; Jiang
et al., 2015; Remely et al., 2016) and increased in childrenwith atopic
dermatitis (Song et al., 2016). It has been reported that psoriasis,
associatedwith both a physical and a psychological burden, is closely
related to chronic stress (i.e., depression and anxiety) via the
hypothalamic-pituitary-adrenal (HPA) axis which secretes
neuroendocrine mediators and triggers skin inflammation in
psoriasis (Chen and Lyga, 2014; Alexopoulos and Chrousos, 2016;
Mueller et al., 2017; Visser et al., 2019). In addition, gut-brain axis
dysfunction may be associated with psoriasis and psoriatic arthritis
(Lu andHe, 2015; Sikora et al., 2020), and the altered gutmicrobiota
in patients with psoriatic arthritis resembles dysbiosis in
inflammatory bowel disease (Scher et al., 2015). Furthermore, F.
prausnitzii has effects on cytokine production and can produce
butyrate, which inhibits the NF-kB pathway, inhibiting the
inflammatory response (Sokol et al., 2008; Jiang et al., 2015;
Hiippala et al., 2018). The relative abundances of Alistipes and
Parabacteroides were reduced in the psoriasis group. This result is
consistent with studies of psoriasis (Scher et al., 2015; Hidalgo-
Cantabrana et al., 2019) and Crohn’s disease (Willing et al., 2010).
The abundance of members of the genus Sutterella were also found
to increase. Sutterella has a potential role in immune regulation and
pro-inflammatory properties (Hiippala et al., 2016). Therefore,
therapies that can lower the abundance of F. prausnitzii and
FIGURE 6 | Faecal metabolic heatmap of samples from psoriasis patients. Hierarchical clustering showing the 5 significantly differentially abundant metabolites
between the 2 groups (increased and decreased levels of metabolites are indicated by red and blue, respectively). The lines indicate specific metabolites, and the
columns represent the individuals.
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Sutterella, andhigher the abundanceofAlistipes andParabacteroides
may be effective for treating psoriasis. Further research of the role of
other identified genera in psoriasis is needed in the future.

A total of 15 KEGG pathways were significantly enriched in
the patients with psoriasis, including LPS biosynthesis, WNT
signaling pathway, bacterial secretion system, phosphotransferase
system, and apoptosis, which are relevant to inflammatory response
and apoptosis. LPS has been epidemiologically relevant to psoriasis
andmaymaintain chronic inflammation (Shapiro et al., 2007). This
inflammagen will activate the production of inflammatory
chemokines and cytokines, stimulating the innate and adaptive
immune systems (Kell and Pretorius, 2015; Potgieter et al., 2015;
Kell and Pretorius, 2018). In addition, theWNT signaling pathway,
which is involved in skin inflammation in psoriasis pathogenesis,
was enriched in psoriatic patients and psoriatic arthritis patients
(Dolcino et al., 2015;Wang et al., 2017). It has been reported that IL-
36g promotes inflammation and suppresses the differentiation of
keratinocytes in psoriasis via the WNT signaling pathway (Wang
et al., 2017). Moreover, the WNT signaling pathway has been
involved in synovial inflammation (Miao et al., 2013). Apoptosis
plays akey role in thepathogenesis of psoriasis (Chimenti et al., 2018;
Hugh andWeinberg, 2018). T cells cause chronic inflammation and
apoptosis via cytokines in psoriasis (Hugh andWeinberg, 2018). It
has been reported that topical sunitinib ointment can suppress the
proliferation and apoptosis of keratinocytes and reduce psoriasis-
like inflammation (Kuang et al., 2018). The associations of other
enriched pathways and the pathogenesis of psoriasis may be the
direction of further research.

Heat map and hierarchical clustering showed the 5
metabolites (H2S, isovalerate, isobutyrate, hyaluronan, and
hemicellulose) that were significantly differentially abundant
between psoriasis patients and controls, which are related to
inflammation and the VEGF signaling pathway. Studies have
shown that H2S is a novel inflammatory mediator (Bhatia, 2015).
H2S has been involved in different clinical inflammatory
disorders, animal models, and in vitro systems (Bhatia, 2015;
Castelblanco et al., 2018). H2S can alleviate LPS-induced lung
inflammation in male rats (Zhang et al., 2016; Ali et al., 2018).
Remarkable elevation of 3-OH-isovalerate was confirmed in 6
patients with biotinidase deficiency, all of whom presented with
some extent of neurological abnormalities and dermatological
lesions, and one of them presented with generalized pustular
psoriasis (Yang et al., 2003). It has been suggested that butyrate is
an intermediate in the anaerobic degradation of isobutyrate
(Tholozan et al., 1988). The reduced generation of butyrate in
psoriasis patients may compromise the integrity of the intestinal
epithelial barrier, resulting in immune responses and chronic
inflammation (Bischoff et al., 2014; Christensen et al., 2018;
Shapiro et al., 2019). It has been reported that hyaluronan can act
as a pro-inflammatory cytokine and induce inflammatory processes
in psoriatic arthritis (Hellman et al., 2019). The VEGF signaling
pathway plays an important role in psoriasis, and modified
hemicellulose suppresses VEGF-induced angiogenesis (Malecic
and Young, 2016; Zhu et al., 2017). Chronic inflammation is
relevant to alterations of the intestinal microbiota that can be
modified with hemicellulose (Konkol et al., 2019).
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Lower microbial diversity was detected in some studies (Scher
et al., 2015; Hidalgo-Cantabrana et al., 2019), while our results
were on their opposite and were consistent with the research of
Codoner et al. and Tan et al. (Codoñer et al., 2018; Tan et al.,
2018). Difference of those results could be due to the different
algorithms used and indices used in the studies, since most
studies performed 16S rRNA sequencing and considered the
number of OTUs and their relative proportion.

The potential limitations of the study are as follows: (1) The
sample size was too small to identify the impact of the length,
severity, comorbidities and treatments of psoriasis on the
microbiome. (2) The absence of stool supernatant and gut
epithelium samples might be beneficial for further research. (3)
The microbial metabolite profiling was inferred base on the DNA
and the abundance of gut microbiota, not by metabonomics. The
actual microbial metabolite profiling may be different from it in
the processes of DNA transcription and translation. (4) The gut
microbiota profile, genetic functions and relative metabolites of
psoriasis patients were performed using metagenomics
sequencing. However, the sample marker gene database may
include most of the species-and strain-level information, not
100% of all existing species or organisms. (5) The dietary habits
have not been screened with specific questionnaire, which may
potentially influence the gut microbiota of subjects.
CONCLUSION

The demonstrated alterations in microbiome composition and
corresponding gene function and metabolic dysregulation likely
impact the regulation of inflammation and immune responses,
the VEGF signaling pathway, apoptosis, gut-brain axis and
brain-skin axis that lead to psoriasis. Understanding the
association between the intestinal microbiome and psoriasis
pathogenesis will be beneficial for the development of novel
predictions and therapeutic approaches for psoriasis, including
microbial administration via diet, eradication of antibiotics,
addition of probiotics or faecal microbial transplantation as a
substitute to shift the microbiome towards a healthy status, as
has been suggested for IBD (Quraishi et al., 2017).
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Codoñer, F. M., Ramıŕez-Bosca, A., Climent, E., Carrión-Gutierrez, M., Guerrero,
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