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Summary:

Introduction and purpose: Psoriasis is a skin disease that develops following chronic
inflammatory signaling and keratinocyte hyperproliferation. The pathogenesis of psoriasis is
compound and not yet fully understood. Several studies concerning the gut microbiota
composition and its role in disease pathogenesis recently demonstrated significant alterations
among psoriatic patients. This study aims to highlight the latest scientific evidence regarding
the gut microbiome alterations of psoriatic patients, as well as the state of knowledge in terms
of microbiome-targeted therapies as promising preventive and therapeutic tools for psoriasis.

Brief description of the state of knowledge: The current state of knowledge indicates that
the main causes of psoriasis may be genetic predisposition, as well as many immunological
and environmental factors, including dysbiosis of the intestinal microflora. The article covers
clinical and experimental studies which indicate that gut microbiota dysbiosis concerning
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diversity as well as composition of microbiome is the potential causal factor of psoriasis and
the gut microbiota may serve as promising prevention/therapy target for psoriasis patients.

Conclusions: This review highlighted a strong link between psoriasis and the gut microbiota,
with the purpose of adding new knowledge for discovering the relationship between the
altered intestinal microbiota in psoriasis patients. Despite all of these interesting findings,
there are a lot of limitations and challenges that future studies should face. More precise and
greater studies need to be done to fully understand the potential of microbiota-aimed therapies.
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1. Introduction

1.1 Psoriasis

Psoriasis is a skin disease that develops following chronic inflammatory signaling and
keratinocyte hyperproliferation [1,2]. It is associated with substantial physical and
psychological disability that stems from the pain of the skin lesions, poor body image, and
extensive comorbidities [3,4]. Psoriasis affects about 125 million people worldwide [5,6], but
the incidence rate varies by race and geographic region [7]. Psoriasis is commonly classified
by several factors, including severity, age of onset, and anatomical site (e.g., nail, scalp,
genital) [8]. The disease can also be categorized into several clinical variants, including
plaque, guttate, erythrodermic, and pustular psoriasis [2]. Plaque psoriasis is characterized by
erythematous plaques covered with silvery scales which concentrate mainly on the knees,
elbows, and scalp. Guttate type of psoriasis typically features smaller lesions on the trunk and
often follows streptococcal infections. Erythrodermic psoriasis is a variant that occurs when
psoriatic skin lesions cover the majority of the body, which can be life-threatening if untreated.
Finally, pustular psoriasis features painful and purulent skin lesions, which can be general or
localized [8]. Chronic plaque psoriasis is the most studied phenotype, as it accounts for 90%
of cases [8,9]. The pathogenesis of psoriasis is compound and not yet fully understood. The
current state of knowledge indicates that genetic predispositions, as well as many
immunological and environmental factors (e.g. drugs, infections, trauma, UV and X-rays,
chemical and thermal burns, smoking, drinking alcohol, stress), may be crucial elements,
stimulating the keratinocytes to start secreting pro-inflammatory cytokines. This process
causes the antigen-independent hyperactivation of T-lymphocytes, which produce TNFα, IL-1,
IL-2, IL-6, IL-8, IL-12, IL-17, IL-23 p19/p40, INF-γ, granulocyte-macrophage colony-
stimulating factor (GM-CSF) and vascular endothelial growth factor (VEGF), that affect the
keratinocytes and blood vessels, leading to abnormal hyperproliferation of keratinocytes, the
development of parakeratosis due to shortening the keratinocytes’ maturation process in the
epidermis, and abnormal angiogenesis with the formation of brittle, twisted vessels with
increased permeability in the regions of skin lesions [10].

1.2 Gut microbiome

The term microbiome comprises all of the genetic material within a microbiota (the entire
collection of microorganisms in a specific niche, such as the human gut). This can also be
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referred to as the metagenome of the microbiota. The gut microbiota is represented by trillions
of microorganisms that colonize the gastrointestinal tract and are involved in many systemic
and local processes [11,12]. These microorganisms such as bacteria, viruses, and eukaryotic
species, and 90% of them belong to Bacteroidetes and Firmicutes phyla, followed by
Fusobacteria, Proteobacteria, Tenericutes, Actinobacteria, and Verrucomicrobia [13]. Many
factors can influence intestinal microbiota composition and functions, including dietary
patterns, antibiotics, as well as the mode of delivery at birth having an essential role in
bacterial diversity [14–16]. Commensal bacteria, especially bacteria in the gut, contribute to
maintaining a healthy immune system [17]. The intestinal mucosa host’s key immune system
signaling molecules and cells, such as subpopulations of T cells, neutrophils, natural killer
lymphocytes, and macrophages, are sensitive to microbial composition. Dysbiosis, a condition
associated with the loss of beneficial microbial composition, as well as an overgrowth of
pathogenic microbes, can have a direct impact on gut immune cells [18]. Short-chain fatty
acids (SCFAs), such as propionate, acetate, and butyrate, are the end products of dietary fibers
digested by gut microbiome components. Many studies suggest that SCFAs have anti-
inflammatory properties, can induce regulatory T cells in the colon and maintain their
homeostasis, and can modulate the function of intestinal macrophages [19]. In contrast,
lipopolysaccharides (LPS), which represent an element of the outer membrane of Gram-
negative bacteria, could induce the over-expression of pro-inflammatory cytokines, such as
interleukin (IL)-6 and IL-8 tumor necrosis factor (TNF)-α, causing a moderate inflammation
status in the human body [20,21]. The link between the gut microbiota and immune system
regulation opened a novel angle to understand the pathogenesis of psoriasis and indicated new
possibilities for treatment/prevention such as modification of dietary habits, Probiotics,
Omega 3 Fatty Acids, Quercetin or even Curcumin supplementation, and fecal microbiota
transplant (FMT) [22]

This study aims to highlight the latest scientific evidence regarding the microbiome
alterations of psoriatic patients, as well as the state of knowledge in terms of microbiome-
targeted therapies as promising preventive and therapeutic tools for psoriasis.

2. State of Knowledge

2.1 Gut-Skin Axis in Psoriasis

Until July 2022, 14 studies concerning gut microbiome composition in psoriasis were
conducted in general including 443 psoriatic patients and 630 healthy controls. In 13 out of 14
studies the material was a stool sample, in one study the fecal specimen was collected by
inserting a sterile rectal swab 1–2 cm beyond the anus [23]; In one of the studies, blood
samples were additionally collected [24]. Bacterial composition was determined mostly using
the 16S rRNA sequencing technique (12 studies), fecal real-time polymerase chain reaction
(PCR) (1 study), and quantitative PCR (1 study). Blood samples were analyzed using broad-
range PCR and nucleotide sequencing analysis. All of these studies focused on the bacterial
composition of the gut microbiome.

Studies were based on Caucasian (8/14) and Asian (6/11) populations. All of the studies
included adult patients, however, the analyzed population showed heterogeneity concerning
other enrolment criteria: some of the authors analyzed not only the gut microbiota
composition in skin psoriasis patients but also in patients suffering from psoriatic arthritis
[25,26,23,27,29], and 1 study also included patients with inflammatory bowel disease and/or
hidradenitis suppurativa [28]. Additionally, methods of matching healthy controls differ
among the studies, ranging from household relatives with no history of autoimmune diseases
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[19], through gender, age, Body Mass Index (BMI) -compatible controls [26,31], to data of
healthy subjects collected from the HMP database [10].

The findings concerning gut microbiota in the analyzed patients were dubious. 13 out of 14
studies showed statistically significant differences between psoriatic patients and the healthy
control groups.

One of the studies did not report any difference at baseline and showed relative changes in the
abundance of bacterial phyla during treatment in patients receiving secukinumab (once a
week at weeks 0, 1, 2, 3, 4, and every 4 weeks thereafter–The study was conducted for 6
months) and no such phenomenon in the compared patients receiving ustekinumab (45 mg at
weeks 0 and 4 and thereafter every 3 months). Also, the baseline microbiota composition in
patients who responded well to secukinumab and non-responders varied significantly,
suggesting a role in the treatment response [23].

At the phylum level, 6/14 studies showed an increase [26,29,32,33,31,34], while 3/14 reported
a decrease [25,35,36] in Firmicutes phylum in psoriatic patients compared to the healthy
control group. The number of bacteria belonging to the Bacteroidetes phylum was increased
in psoriatic patients only in two studies, while 5/11 studies indicated a decrease
[37,26,32,33,31]. Five papers compared the relationship between the number of Firmicutes
and Bacteroidetes phyla, creating Firmicutes/Bacteroidetes ratio (F/B ratio) and comparing it
between psoriatic patients and the healthy control group. The F/B ratio was elevated in all
psoriatic cases in comparison to the control group [26,32,33,31,38]. Moreover, it showed a
positive correlation with PASI score [38].

Concerning other phyla, the number of Actinobacteria was increased [32,33] as well as
decreased [37,38] in 2/14 studies of psoriatic patients versus the control group. The reduction
of Actinobacteria showed a negative correlation with PASI in 1 study [38]. Two other studies
showed a deterioration in the number of Proteobacteria phylum [32,33] while two studies
showed a decrease in Tenericutes phylum and Verrucomicrobia phylum in psoriatic patients
[30,36].

Regarding the family, most data come from a study conducted by Hidalgo Cantabrana et al.
which showed an increase in the plethora of Ruminococcaceae, Lachnospiraceae,
Clostridiales, Peptostreptococcae, Erysipelotrichaceae, Bifidobacteriacae, Coriobacteriaceae,
Eggerthellaceae families and a decrease in Bacteroidaceae, Prevotellaceae, Barnesiellaceae,
Tannerellaceae, Rikenellaceae, Marinifilaceae, Lactobacillaceae, Streptococcaceae,
Veillonellaceae, Pasteurellaceae, Burkholderiaceae, Desulvibrionaceae and Victivallaceae
families [32]. Although other researchers from China confirmed the findings concerning
Bacteroidaceae, Prevotellaceae, Ruminococcaceae, and Lachnospiraceae [26], a study
conducted by Scher showed contrary results concerning Erysipelotrichaceae and
Bifidobacteriaceae. Scher et al. also reported a decrease in the abundance of the
Porphyromonadaceae family in psoriatic patients [27].

According to a study based on microbiota and inflammation-related variables, microbiota
dysbiosis may produce an abnormal immune response in psoriasis. The microbiome changes
were correlated with the degree of inflammation-related markers that were irregular in
psoriasis patients, specifically the IL-2 receptor, which exhibited a positive relationship with
Phascolarctobacterium and a negative relationship with Dialister. This finding indicates that
Phascolarctobacterium and Dialister relative abundances could be used as predictors of
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psoriasis activity [34]. Furthermore, complement 3 has a negative correlation with Escherichia
level [34], which tends to be higher in psoriasis patients [28].

According to a study conducted by Brazilian scientists who studied the composition and
diversity of the gut microbiota in 21 subjects with psoriasis, when compared to 24 subjects in
the control group, the psoriasis group showed a decrease in the Lachnospira and Akkermansia
muciniphila species [36]. This decrease in Akkermansia muciniphila was also highlighted by
another study of microbiota composition in 14 psoriasis patients [30]. Such changes were
linked to butanoate metabolism and butyrate production in the human colonic microbiota
[39,40]. Butyrate has been implicated in the regulation of various inflammatory factors,
including lipopolysaccharides, TNF-α, IL-10, and IL-1β [41]. Faecalibacterium spp. showed a
lower abundance in psoriasis patients with lower diversity and a difference in β diversity
community composition [28,42], while Ruminococcus torques and Ruminococcus gnavus
exhibited a greater abundance [42].

2.2 Gut Microbiome-Targeted Therapies for Psoriasis

Current findings suggest that modulation of the composition of gut microbiota, both through
dietary approaches, supplementation with probiotics, prebiotics, and other substances, and
fecal microbiota transplantation could represent a new therapeutic/prevention target in
psoriasis.

2.2.1 Mediterranean diet

Diet is a modifiable factor implicated in chronic systemic inflammation, and the
Mediterranean dietary pattern is considered to be a healthy model in terms of morbidity and
mortality. It encourages a high consumption of plant-based foods, such as fruits, vegetables,
nuts, legumes, grains, and olive oil, while reducing the intake of red meat, dairy products, and
processed products [43]. Recent evidence suggests that adherence to the Mediterranean diet
could also impact the inflammatory markers in autoimmune diseases [44] and may reduce the
severity status of certain dermatological pathologies [45,46]. The anti-inflammatory effects of
the Mediterranean diet in psoriasis patients were discussed in a study by Céline Phan et al.
[48]. The authors revealed that low adherence to the Mediterranean diet was correlated with a
more severe status in psoriasis patients; however, this study did not approach the gut
microbiota’s role in the anti-inflammatory effects observed in psoriasis patients but more on
the biologically active components present in the Mediterranean diet. The same perspective
with the same results were also supported by a cross-sectional study conducted in 2015, with
a smaller sample of mild-to-severe 62 psoriasis patients, which can represent a limitation of
the study [47]. The results showed that the PASI (Psoriasis Area and Severity Index) score,
measured for the severity status of psoriasis, presented a significant association with the
percentage of the C-reactive protein levels, which was negatively correlated with adherence to
the Mediterranean diet. The extra virgin olive oil and fish consumption were both independent
predictors of PASI score and C-reactive protein levels [47]. Similarly, an energy-restricted
diet intended to enhance the intake of omega-3 and decrease omega-6 PUFAs improved the
metabolic profile and increased the responsiveness to immunomodulating treatment in obese
psoriatic patients [49].
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2.2.2 Omega-3 Fatty Acids

There is a relationship between the influence of PUFAs on immunity via modulating the gut
microbiota proven. For example, one of the studies conducted in 2020 showed that the
administration of flaxseed oil in rats resulted in a higher level of SCFA production and a
better microbial diversity, with Lactobacillus, Firmicutes, Butyrovibrio, and Bifidobacterium
being negatively linked with pro-inflammatory markers (IL-1β, IL-6, IL-10, IL-17A, and
TNF-α) [50]. Kåre Steinar Tveit et al. highlighted that supplementation with herring roe oil
(containing 292 mg of polyunsaturated fatty acids omega-3) leads to a significant
improvement in the PASI score in psoriasis subjects. However, no significant changes were
observed at the levels of inflammatory markers [51]. Another randomized clinical trial, which
included healthy subjects, highlighted that a daily dose of 500 mg omega-3 increased the
Coprococcus spp. and Bacteroides spp. and significantly decreased Collinsella spp. At the
same time, serum levels of iso-butyrate and isovalerate seemed to increase by the end of the
study [52]. Interestingly, high levels of Collinsella spp. characterize the fecal microbiota of
psoriasis subjects [33], while SCFAs and branched SCFAs, such as iso-butyrate and
isovalerate, are known for their anti-inflammatory effects [53]. Furthermore, omega-3 PUFAs,
which interfere with the synthesis of pro-inflammatory eicosanoids [54], are proven to
suppress the transcription of inflammatory cytokines via inhibiting NF KB-mediated
inflammation [55].

2.2.3 Quercetin

Quercetin is a plant flavonol from the flavonoid group of polyphenols. It can be found in
many fruit, vegetables, leaves, seeds, and grains; capers, red onions, and kale are common
foods containing appreciable amounts of it. Many previous studies have shown the advantages
of quercetin, especially regarding its anti-inflammatory, cytoprotective and
immunosuppressive properties[56-58].

Due to an increased interest in this topic, recent studies have begun to describe the influence
of quercetin on the composition of gut microbiota [59,60,61]. For example, quercetin seems to
ameliorate gut microbiota dysbiosis that drives hypothalamic damage and hepatic lipogenesis
in monosodium glutamate-induced abdominal obesity mice. The quercetin therapy
specifically reversed Firmicutes spp. and the Firmicutes/Bacteroidetes ratio was found
reduced. Moreover, the scientists confirmed a higher level in the Lachnospiraceae and
Ruminococcaceae family, as well as an improvement in intestinal barrier function [62]. A
recent study addressed the effect of quercetin supplementation (30, 60, and 120 mg/kg) on
imiquimod-induced mice, showing drastically reduced PASI scores, lower temperature of
psoriasis-like lesions, and improved psoriatic plaques. Furthermore, quercetin successfully
reduced serum TNF-α, IL-6, and IL-17 levels strengthened the anti-inflammatory effect, and
reduced buildup in skin tissue produced by imiquimod in mice. The authors indicate that this
process might be linked to the regulation of the NFKB pathway [145]. Moreover, oral
supplementation with quercetin, a dietary flavonoid extracted from Fagopyrum tataricum,
reduced imiquimod-induced psoriasis-like dermatitis in mice, dramatically lowering
keratinocyte proliferation and aberrant differentiation, as well as inflammatory cell infiltrates.
A reduced expression of cytokines on the IL-23/Th17 axis and a reduced Th17 cell response
was noticed after the oral administration of quercetin [146]. Nonetheless, there is more
research needed to be done to determine the exact relationship of quercetin with the gut
microbiota and whether it may play a crucial role in modulating the gut microbiota among
psoriasis patients.
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2.2.4 Curcumin

Curcumin is a bright yellow chemical produced by plants of the Curcuma longa species,
known for its anti-inflammatory effects, accumulates in the gastrointestinal tract following
oral intake and may influence its regulatory effect by modulating the microbial diversity and
composition of the intestinal microflora [63]. Changes in gut microbiota after curcumin
supplementation were highlighted by a human randomized placebo-controlled trial that
studied the impact of turmeric and curcumin dietary supplementation in 30 healthy
participants. The supplementation group received 6000 mg of Curcuma longa extract daily
and the microbiota analyses were performed at the beginning of therapy and after 8 weeks.
All of the subjects had substantial changes in microbiota composition, as well as a
personalized response to therapy. Most Clostridium spp., Bacteroides spp., Citrobacter spp.,
Cronobacter spp., Enterobacter spp., Enterococcus spp., Klebsiella spp., Parabacteroides spp.,
and Pseudomonas spp. were increased evenly in the responsive participants. There was lower
relative affluence of many Blautia spp. and the majority of Ruminococcus spp. exhibited in
both groups [64]. Moreover, Ohno et al. proved curcumin to be efficient for inducing mucosal
immune cells with regulatory features in mice by significantly suppressing NFKB activation
in the colonic epithelium and controlling the production of inflammatory mediators [65] What
is more, the number of butyrate-producing bacteria and fecal butyrate levels increased, as did
the proliferation of CD4+ Foxp3+ regulatory T cells and CD103+ CD8- regulatory dendritic
cells [65]. The other scientific paper conducted by Italian scientists showed that oral
supplementation with curcumin in psoriasis patients for twelve weeks results in a significant
reduction in PASI score with a decrease in IL-22 serum levels [66]. All of those findings
support the fact that curcumin supplementation could represent a future perspective regarding
the treatment of psoriasis.

2.2.5 Probiotics/Prebiotics/Synbiotics

World Health Organization (WHO) defines probiotics as "live microorganisms which when
administered in adequate amounts confer a health benefit on the host."[67]. Probiotics enclose
a wide range of microorganisms. Bacteria from the Lactobacillaceae and Bifidobacteriaceae
families are the most frequent ones, but other bacteria, as well as yeasts, can be administered
as probiotics too [68]. Moreover, nondigestible dietary components, such as inulins,
fructooligosaccharides (FOS), or galactooligosaccharides, promote the growth of beneficial
bacteria in the intestinal microbiota, which is called prebiotics [69]. When consumed together
with the same blend of dietary supplements they are called synbiotics [70].

The effects of administering probiotics include the stabilization of the gut bacterial
community and the restoration of the “signature” of bacterial microbiota, which is a result of
lowering the pH, producing bacteriocins, altering microRNA (miRNAs), competing with
pathogens for certain nutrients and improving the gut barrier function [71] A therapeutic
approach of probiotic/prebiotic/synbiotic supplementation among psoriasis patients began to
attract the attention of many scientists; so right now several papers address this issue in both
experimental and clinical studies.

In one of the studies imiquimod-induced psoriasis-like mice were tested, and the
supplementation with probiotics for two weeks resulted in great relief from psoriasis-like
pathological characteristics [96]. More precisely, Bifidobacterium adolescentis CCFM667, B.
breve CCFM1078, Lactobacillus paracasei CCFM1074, and L. reuteri CCFM1132
successfully reduced erythema, scaling, and thickening, but B. animalis CCFM1148, L.
paracasei CCFM1147, and L. reuteri CCFM1040 showed modest effects. Moreover, the
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immune responses through the IL-23/Th17 axis, B. adolescentis CCFM667, B. breve
CCFM1078, L. paracasei CCFM1074, and L. reuteri CCFM1132 were beneficial in
alleviating psoriasis by suppressing the cytokine activity. The strains that effectively treated
psoriasis symptoms elevated acetate or propionate levels in the gut microbiota. The levels of
acetate were considerably conversely connected to IL-17 and IL-23, although the levels of
propionate were substantially conversely related to the levels of IL-23. This could prove the
practical usefulness of probiotic supplementation in regulating the level of inflammation in
patients with psoriasis [72].

Only two original studies concerning probiotics administration in psoriatic patients were
identified up until January 2021, both conducted on patients of Caucasian suffering from
plaque psoriasis. A randomized, double-blinded, placebo-control study including 22 patients
with ulcerative colitis, 48 patients with chronic fatigue syndrome, 22 patients with chronic
plaque psoriasis and a control group of 35 healthy people was conducted. Psoriatic patients
were identified as having higher levels of serum C-reactive protein (CRP), TNF-α and IL-6
than the control group. Research groups were administered with of one sachet containing 1 ×
1010 colony forming units (CFU) viable Bifidobacterium infantis 35,264 per day for 6–8
weeks (the duration depended on the type of disease). A significant decrease in plasma levels
of CRP, TNF-α but not IL-6 concentration was observed among psoriatic patients after 8
weeks of daily supplementation [73].

Navarro-Lopez et al. d 90 patients, who were administered with a mixture of three probiotic
strains in a 1:1:1 ratio—Bifidobacterium longum CECT 7347, B. lactis CECT 8145 and
Lactobacillus rhamnosus CECT 8361 with a total of 1 × 109 CFU per capsule once a day for
12 weeks. They received topical treatment with betamethasone and calcipotriol or
mometasone furoate 0.1% during the entire study regardless of the probiotic course [74].
Since adherence to topical treatment in psoriasis patients are usually surprisingly weak
(around 38% with once-a-day application) at treatment week 4 [75]), the inclusion of patients
in the clinical trial could have had: influence their attitude toward this method and increase
their adherence to them. This may be the reason why both 66.7% of the research group and
41.9% of the control group PASI-75 reduction was achieved within 12 weeks; also 48.9% in
the probiotic group and 30.2% placebo achieved a PGA score of 0-1 over the 3-month follow-
up period. It is hard to determine the exact effect of probiotic supplementation in addition to
topical treatment. Nonetheless, patients who received probiotics had a lower risk of relapse
over the 6-month follow-up period. That fact indicates that oral administration of probiotics
may have a lasting effect on the composition of the intestinal microflora composition and
what follows up the course of psoriasis. Furthermore, Chinese researchers investigated the
effect of Bacteroides fragilis BF839 in 26 psoriasis patients. They received the probiotic for
12 weeks while maintaining the antipsoriatic treatment. The results showed a statistically
significant difference (p < 0.01) in the reduction in PASI score, with only one case of
constipation as a side effect [76].

2.2.6 Fecal Microbiota Transplantation

Fecal microbiota transplant (FMT), also known as a stool transplant is the process of
transferring fecal bacteria and other microbes from a healthy individual into another
individual. FMT has proved to be effective in recurrent Clostridioides difficile infection [77].
Encouraging results were performed by Sudarshan Paramsothy et al. in an 8-week clinical
trial. FMT caused an increase in gut microbial diversity and altered microbial composition by
enhancing the Eubacterium hallii and Roseburia inulivorans species in active UC patients
along with the remission of the disease [78]. The effectiveness of FMT in patients with
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psoriasis is still a research topic, but the promising results of clinical trials have begun to
attract the attention of the medical world. In a five-week Chinese clinical trial, a patient with
plaque psoriasis and IBS( irritable bowel syndrome) was administrated FMT twice via
endoscopy and colonoscopy. The body surface area, PASI score, dermatology life quality
index, intestinal symptoms, and serum level of TNF-α were all enhanced after the treatment
and no negative reactions were observed [79]. In another Chinese study conducted on mice
using fecal microbial transplantation (FMT), 16S rRNA gene-based taxonomic profiling and
Lactobacillus supplement assessed the effect of FMT from healthy individuals on psoriasis-
like skin inflammation and associated immune disorders in imiquimod-induced psoriasis mice.
The results showed that using mice with psoriasis humanized stools from healthy donors and
psoriasis patients, it was found that imiquimod-induced psoriasis in mice with stool of
psoriasis patients was significantly worsened compared to mice with stools of healthy donors.
Further analyzes showed that the fecal microflora of healthy people is protected against Treg /
Th17 imbalances in psoriasis. Moreover, they found out that the gut and cutaneous
microbiome of mice receiving the gut microbiota of normal (HD) subjects differed from that
of mice receiving the gut microbiota of psoriasis patients (PSD). Lactobacillus reuteri was
significantly enriched in the stool and skin microbiome of HD mice compared to PSD mice.
Interestingly, supplementation with Lactobacillus reuteri was sufficient to increase the
expression of the anti-inflammatory gene IL-10, reduce the number of Th17 cells, and confer
immunity to imiquimod inflammation in mice with dysbiosis of the intestinal microflora [80].
However, all of these results suggest that gut microbiota dysbiosis is the potential causal
factor of psoriasis and the gut microbiota may serve as a promising therapeutic target for
psoriasis patients more clinical trials are needed to be done to investigate whether or not
modulation of the gut microbiota plays a substantial role in this process.

3. Conclusions and Further Perspectives
This review highlighted a strong link between psoriasis and the gut microbiota, with the
purpose of adding new knowledge for discovering the relationship between the altered
intestinal microbiota in psoriasis patients. Almost all studies concerning the intestinal
microflora showed compelling changes in patients with psoriasis. Certain parameters such as
the Firmicutes / Bacteroidetes ratio or Psoriasis Microbiome Index were developed to
distinguish healthy subjects from psoriasis patients. Despite all of these interesting findings,
there are a lot of limitations and challenges that future studies should face. Firstly, DNA
extraction in both animal and human studies has to be collected, transported, stored, and
tested in the same way to allow optimal comparisons between studies. Moreover, additional
studies on humans that include an accurate nutritional evaluation and therapeutic protocols are
required in order to better understand the relationship between diet and microbiota in patients
suffering from psoriasis. Furthermore, there is still too little data to confirm the potential
therapeutic approach to modulating the gut microbiota for better outcomes in psoriasis
patients. Fecal microbiota transplantation from healthy individuals to psoriatic patients seems
to be a promising therapeutic approach in microbiota composition restoration. More studies
need to be done to fully understand the potential of microbiota-aimed therapies.
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