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Abstract

Background/Objectives: Psoriatic disease (PsD) is a chronic, systemic inflammatory dis-
order characterized by a wide spectrum of clinical manifestations extending beyond skin
and joint involvement. Increasing evidence suggests a relevant role of the gut microbiota
in the pathogenesis of psoriatic arthritis (PsA), although a clear causal relationship re-
mains to be fully established. The aim of this review is to summarize current evidence
on the role of the gut microbiome in PsD, with a focus on immune modulation, disease
pathogenesis and potential therapeutic implications. Methods: A narrative review of
the literature was conducted, focusing on studies investigating gut microbiota composi-
tion, dysbiosis patterns, and microbiome-related mechanisms in PsD and PsA, as well as
emerging microbiota-targeted interventions. Results: Recent advances in high-throughput
sequencing technologies have identified distinct microbial signatures associated with
PsA onset and progression. Dysbiosis appears to influence immune system regulation,
contributing to systemic inflammation through mechanisms involving intestinal barrier
dysfunction and immune activation. Patients with PsA exhibit specific alterations in gut
microbial composition compared to healthy controls. Emerging therapeutic strategies
targeting the microbiota—including dietary interventions, probiotics, and fecal micro-
biota transplantation—show potential as adjunctive approaches in disease management,
although clinical evidence remains limited. Conclusions: The gut microbiome represents
a promising area of research in PsD, offering novel insights into disease mechanisms and
potential therapeutic targets. Further studies are needed to clarify causal relationships and
to define the clinical applicability of microbiota-based interventions.

Keywords: psoriatic arthritis; gut microbiota; gut—joint axis

1. Introduction

Psoriatic arthritis is a chronic and progressive inflammatory disease within the spondy-
loarthritis spectrum, which also includes ankylosing spondylitis, reactive arthritis, arthritis
associated with inflammatory bowel disease (IBD) and undifferentiated arthritis. It affects
skin, nails, peripheral and axial joints, as well as the enthesis, with a prevalence from 0.1%
to 1% in the general population [1].

The significant overlap between PsA and psoriasis, with estimates of PsA develop-
ment ranging from 9% to 41% of psoriasis patients, has led to the concept of “Psoriatic
Disease”. This term highlights a systemic condition that, beyond cutaneous and articular
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manifestations, encompasses a broad spectrum of shared clinical features and pathogenetic
mechanisms [2].

Both PsO and PsA are characterized by elevated levels of pro-inflammatory cytokines,
including tumor necrosis factor (TNF), interferon (IFN)-y, interleukin (IL)-17, IL-22 and
IL-23. Their pathogenesis, still not fully understood, reflects a complex interplay between
genetic predisposition, environmental factors and activation of innate and adaptive im-
mune responses [3]. Among these, gut microbiota has emerged as a potential mediator of
gene—environmental interaction in PsO and PsA, as well as in immune-mediated disease
generally, drawing growing attention in recent research.

The microbiota refers to the diversity of microorganisms - including bacteria, eukary-
otes, viruses - that persist at the mucosal surfaces of the human body. In particular, the
gut microbiota is influenced by a wide range of factors, including age, anatomical site,
genetics, diet, geographic environment, resulting in marked interindividual variability [4].
Host—microbiota interactions are critical for individual health. At mucosal sites, T and B
lymphocytes exhibit distinct phenotypes and functional properties that are modulated by
the microbiota. Disruption of microbial community homeostasis can lead to an aberrant
host-microbe relationship, potentially contributing to disease development [5]. Indeed,
growing evidence indicates that the gut microbiota plays a role in various autoimmune and
inflammatory diseases, including IBD [6], diabetes [7], cardiovascular disease [8], anxiety
and depression [9], many of which are commonly observed as comorbidities in patients
with PsA, and concomitant medications.

Emerging evidence suggests that alterations in gut microbiota composition may con-
tribute to the pathogenesis of PsA, although the underlying mechanisms remain only
partially understood. Microbial dysbiosis has been proposed to influence disease de-
velopment through several pathways, including changes in the production of microbial
metabolites and the modulation of host immune responses. This review aims to provide
an overview of the current literature addressing the relationship between gut microbiota
and PsA, focusing on the mechanisms through which intestinal microbial imbalance may
be involved in disease pathogenesis and on the available studies evaluating the potential
clinical impact of interventions targeting gut dysbiosis in patients with PsA. A better un-
derstanding of gut microbiome’s role in these diseases may provide novel perspectives for
the management of PsD.

2. Materials and Methods

A comprehensive database search was conducted in PubMed, Scopus and Google
Scholar covering the period from inception (January 1996, November 2004 and January
2004, respectively) to May 2026, particularly for the terms “psoriatic arthritis”, “gut micro-
biota”, “microbiome”, and “autoimmune diseases”. The inclusion criteria encompassed
English-language publications or publications with an English translation available, in-
cluding conference abstract, observational studies, randomized controlled trials (RCTs)
and meta-analyses.

The present review focused on three main topics: the pathogenic role of the gut
microbiota in the development of autoimmune diseases, with particular emphasis on PsA;
evaluation and characterization of gut microbiota composition in patients with PsA; and
the emerging therapeutic perspectives targeting the gut microbiota in the management of
psoriatic arthritis.

The study selection process was conducted in two stages: an initial evaluation of
title/abstract followed by full-text review. Some of the authors conducted the selection
process. Studies were subsequently selected based on their relevance to the three main
topics mentioned above. Studies were included if they investigated the composition,
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diversity, or functional role of the microbiota in patients with psoriatic arthritis, explored the
relationship between microbial dysbiosis and disease pathogenesis, immune mechanisms,
disease activity, biomarkers, or therapeutic interventions targeting the microbiome. Original
research articles, including observational studies, case-control studies, cohort studies,
and clinical trials, were considered eligible. The exclusion criteria comprised: (i) articles
unrelated to psoriatic arthritis or the microbiota; (ii) studies focusing exclusively on other
rheumatic or autoimmune diseases without separate data for PsA; (iii) animal or in vitro
studies (unless included to discuss relevant pathogenic mechanisms); (iv) conference
abstracts without full-text availability; (v) editorials, letters, commentaries, and expert
opinions lacking original data; (vi) duplicate publications; and (vii) articles published in
languages other than English. Narrative reviews, systematic reviews, and meta-analyses
were not included in the qualitative synthesis of original evidence but were screened to
identify additional relevant primary studies. Conference abstracts were included only
when they reported novel or emerging findings that were not yet available in full-text
peer-reviewed publications. Given their preliminary nature and limited methodological
detail, evidence from conference abstracts was interpreted with caution and assigned less
weight than that derived from peer-reviewed observational studies, randomized controlled
trials, and systematic reviews or meta-analyses. This review has some limitations that
should be considered when interpreting the findings. Although the literature search was
conducted across three major databases (PubMed, Scopus, and Google Scholar) to maximize
the identification of relevant studies, it is possible that some eligible publications were
not retrieved. In addition, given the narrative nature of this review, article selection was
based on relevance to the topic rather than on a predefined systematic review protocol.
The available evidence is also characterized by substantial heterogeneity in study design,
patient populations, microbiota profiling methodologies, and reported outcomes, which
may account for some of the inconsistencies observed across studies. Consequently, the
conclusions presented should be interpreted in the context of the current body of evidence,
which continues to evolve.

3. The Pathogenic Role of Gut Microbiota in the Development of
Autoimmune Diseases

The term microbiome refers to the collective genetic repertoire of a microbial commu-
nity in a reasonably well-defined habitat which has distinct physio-chemical properties [10];
whereas microbiota describes the community of living microorganisms inhabiting a given
environment [11]. The microbiota population colonize several body sites including gut,
skin, respiratory tract and reproductive system, influencing immune homeostasis. Its com-
position changes throughout life depending on various factor - diet, type of delivery, BMI,
exercise and use of drugs - and may vary even among genetically identical twins [12]. The
human gut microbiota is largely dominated by Bacteroidetes and Firmicutes (90%), with the
remaining phyla, including Actinobacteria, Proteobacteria, Fusobacteria and Verrucomicrobia,
representing a minor fraction [13].

3.1. Gut Microbiota and Innate Immunity

The gut microbiota plays a central role in shaping the innate immune system, primarily
through its interactions with gut-associated lymphoid tissue (GALT) and mucosa-associated
lymphoid tissue (MALT). As GALT and MALT represent the frontline of gut mucosal
defense, the principal functions of GALT include pathogen recognition, initiation of innate
immune responses, antigen presentation to activate adaptive immunity, and maintenance
of immune tolerance toward commensal microorganisms [14]. GALT cells form a critical
interface linking local immune responses to the gut microbiota with systemic immune
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regulation, yet their potential role in the development of autoimmune diseases remains
incompletely understood. Within this framework, pattern recognition receptor (PRR)-
pathogen-associated molecular pattern (PAMP) interactions drive the development and
organization of GALT structures; while microbial metabolites, particularly short-chain fatty
acids (SCFAs), emerge as key modulators of GALT immune responses through epigenetic
mechanisms [15]. Thus, SCFAs are associated with the regulation of innate lymphoid cells
(ILCs) by affecting G-protein-coupled receptor activity (GPCR) [16] and interleukin-22 (IL-
22) production of ILC, enhancing epithelial barrier integrity and antimicrobial defenses [17].

The development of innate lymphoid cells (ILCs), key components of GALT, occurs
independently of gut microbiota, whereas their specific functions are shaped by commensal
microbiota signals [18]. The microbiota not only modulates the cytotoxic function of natural
killer (NK) cells but also guides the development of myeloid-derived macrophages, which
are essential for preserving intestinal mucosal integrity, through the regulation of myeloid
cell hematopoiesis and migration [19]. Furthermore, disruption of microbial communities
can alter Toll-like receptor (TLR) signaling, inflammasome activation and ILC composition,
contributing to systemic inflammation and autoimmune susceptibility.

Gut microbiota is implicated in dendritic cells (DC) development and trafficking.
Gut microbiota regulate DC maturation through two principal mechanisms: microbial
pattern-recognition signals and microbiota-derived metabolites. Microbial ligands activate
TLRs and PRRs, promoting cytokine production and the expression of co-stimulatory
molecules that drive DC maturation. Under dysbiotic conditions, enhanced LPS-TLR4
signaling favors a pro-inflammatory DC phenotype. In parallel, microbial metabolites—
including SCFAs, bile acids, and tryptophan derivatives—modulate DC development and
function through metabolic and epigenetic mechanisms. Although the effects of SCFAs
are context-dependent, they generally contribute to the regulation of DC inflammatory
responses and the maintenance of immune homeostasis [20]. Germ-free and antibiotic-
treated mice exhibit reduced DC numbers, impaired migration, and defective T-cell priming,
whereas microbial colonization promotes DC recruitment to the intestinal mucosa. No-
tably, microbiota-derived signals also shape extraintestinal DC compartments, as early-life
colonization increases thymic DC numbers, while antibiotic treatment during weaning
reduces thymic DC populations. The effects of the microbiota are also subset-specific.
Microbiota-derived butyrate suppresses DC2 differentiation through HDACS3 inhibition,
reducing co-stimulatory molecule expression and limiting naive T-cell priming. In contrast,
specific gut bacterial strains have been shown to enhance the maturation and migration of
CD103*CD11b~ conventional DCs, thereby promoting CD8* T-cell activation, highlighting
the context-dependent effects of microbiota-derived signals on DC biology [21].

3.2. Gut Microbiota and Adaptive Immunity

The gut microbiota also plays also a central role in the development and maturation
of the host adaptive immune system, contributing to immune homeostasis through a long-
standing co-evolution with the host. Early-life microbial colonization represents a “window
of opportunity” for immune education, promoting lymphoid tissue development, T- and
B-cell maturation and the establishment of tolerance toward commensal microbes [22].

Key immune mediators involved in the bidirectional interaction between the gut
microbiota and the host immune system include immunoglobulin A (IgA), T helper 17
(Th17) cells and regulatory T (Treg) cells.

Mucosal IgA Secretory IgA (sIgA) is transported across the intestinal epithelium via
the polymeric immunoglobulin receptor (pIgR) and bind to microbes, dietary antigens,
and other luminal components. By coating and agglutinating microorganisms, IgA limits
their direct interaction with the epithelium and prevents excessive immune activation
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while contributing to the regulation of microbial composition and activity. Importantly,
IgA production is strongly influenced by the gut microbiota, as germ-free animals display
markedly reduced IgA™ cells in Peyer’s patches and in the lamina propria, whereas micro-
bial colonization rapidly induces their expansion and secretion [23]. The repertoire of IgA
in the gut is dynamically modulated in response to changes in microbial community com-
position. This process is primarily mediated by the re-entry of B-cell clones into germinal
centers, enabling further somatic hypermutation and diversification of plasma cell clones
established in the intestinal mucosa [24].

Th17 cells, characterized by the expression of transcription factor RAR-related orphan
receptor (RORyt), are highly abundant in the lamina propria and represent a major subset
of memory CD4 T-cells [25]. Th17 cells contribute to mucosal defense against extracellular
pathogens by promoting antimicrobial responses and strengthening epithelial barrier in-
tegrity through the production of interleukin (IL) 17A, IL-17F and IL-22. However, upon
stimulation by pro-inflammatory cytokines such as interleukin (IL)-23 and interleukin
(IL) 1B, they can acquire pathogenic properties and contribute to the development of
autoimmune diseases. The microbiota represents one of the main drivers of Th17 cell
differentiation, together with diet and lipid metabolism [26,27]. Thus, segmented filamen-
tous bacteria (SFB) are important inducers of Th17 responses and IgA stimulation through
their direct interaction with the intestinal epithelium and activation of immune signaling
pathways. Evidence from experimental mice models shows that epithelial adhesion by
bacteria such as Citrobacter rodentium and Escherichia coli O157:H7 promotes Th17 responses,
whereas adhesion-defective mutants fail to induce Th17 cell differentiation [28].

Regulatory T-cells (Ireg), particularly abundant in the colon, are essential in maintain-
ing immune tolerance to dietary antigens and gut microbiota [29]. The intestinal microbiota
plays a key role in Treg induction. While Clostridia species (clusters IV, XIVa and XVIII)
contribute to Treg function by promoting interleukin (IL) 10 and cytotoxic T-lymphocyte
antigen 4 (CTLA-4) expression and reinforcing epithelial barrier integrity, SCFAs derived
from the fermentation of dietary fibres by Clostridia species exert an even more significant
impact, strongly suppressing pro-inflammatory cytokine production in dendritic cells
and driving Treg differentiation and proliferation through epigenetic modifications and
activation of G-protein-coupled receptors (GPCRs) [30].

3.3. Microbiota and Autoimmune Disease - Leaky Gut Syndrome and Dysbiosis

Gut health critically depends on the integrity and proper functioning of the intestinal
barrier, a complex system that encompasses the gut microbiota, the mucosal layer, the
intestinal epithelium and immune components that can be classified into extracellular and
cellular elements.

The first line of defense is provided by extracellular components, including bile,
gastric and pancreatic secretions [31] as well as a mucosal layer composed of water, elec-
trolytes, proteins and bacteria with the function to trap pathogens whose function is to trap
pathogens, thereby preventing microbial colonization [32]. Regarding cellular components,
immune cells such as Paneth cells and mechanisms of mucosal immunity including IgA se-
cretion regulate microbial density and maintain barrier integrity. In intestinal epithelial cells,
intercellular junctions, particularly tight junctions composed of proteins such as claudins,
occludin, and junctional adhesion molecules, allow nutrient absorption while preventing
the passage of harmful microbes and antigens [33]. Under physiological conditions, tight
junction (T]) opening is transient and tightly regulated, allowing controlled paracellular
transport across intestinal epithelium. However, excessive zonulin release can disrupt TJ
integrity, increasing intestinal permeability, resulting in a condition commonly referred to
as “leaky gut syndrome” [34], characterized by the translocation of microorganisms, toxins
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and undigested food particles into the circulation, potentially leading to systemic effects.
Factors that can alter intestinal permeability include physical [35] and psychological [36]
stress, alcohol abuse [37], antibiotics [38], air pollution and food additives [39].

Gut microbiota may contribute to the onset and progression of autoimmune disease
(AID) through three principal mechanisms: translocation of gut bacteria, immune sys-
tem modulation by bacterial metabolites and molecular mimicry [40]. Gut bacteria can
modulate T] expression and intestinal barrier integrity, as dysbiosis may disrupt inter-
cellular junctions, facilitating the translocation of microbial products which can activate
MALT and trigger inflammatory response [32]. Gut microbiota products, including their
metabolites, can directly modulate the mucosal immune system eliciting either pro- or
anti-inflammatory effects. For instance, high dietary salt intake as in the Western diet has
been shown to promote Th17 expansion along with depletion of Lactobacillus species [41].
Furthermore, molecular mimicry represents a mechanism whereby the immune system fails
to discriminate between self-antigens and structurally similar microbial peptides, leading
to the activation of immune responses against host tissues. In this way, the gut microbiota
may drive the generation of cross-reactive lymphocytes, involving both the innate and
adaptive immune systems, thereby contributing to the onset of systemic autoimmune
responses [42].

Cross-sectional human studies, with additional support from approaches such as
Mendelian randomization, have identified disease-specific gut microbiota signatures in au-
toimmune diseases (AIDs), some of which demonstrate potential diagnostic value through
machine learning approaches. However, their clinical applicability is limited by inconsis-
tencies across studies, methodological heterogeneity, and the difficulty in distinguishing
causation from association, further compounded by confounding factors such as ongoing
therapies [43]. Stronger evidence supporting a causal relationship between gut microbiota
and aberrant immune system activation is primarily derived from experimental models,
whereas robust evidence in human studies remains limited.

4. The Role of Microbiota in the Development of PsO

Since approximately one-third of patients with PsO will develop PsA over the course of
their lifetime, a potential causal contribution of cutaneous microbiome alteration to PsD has
been proposed [44], although its influence appears to be less pronounced than that of the
gut microbiota [45]. Similarly to the gut, the skin hosts a distinct and complex microbiota
whose composition varies according to the anatomical site, with Propionibacterium species
predominating in sebaceous regions, whereas Staphylococcus and Corynebacterium more
common in elbows and feet [46]. The cutaneous microbiome can potentially play a role
in the onset and progression of psoriasis, as skin lesions resulting from intense itching
may facilitate the penetration of epidermal bacteria into deeper dermal layers [47]. 16s
rRNA sequencing has demonstrated that psoriatic lesions are characterized by a more
abundant and diverse microbial community compared with general population, with a
relative decrease in Actinobacteria, Proteobacteria and Propionibacterium and a concomitant
increase in Firmicutes [48].

A more prominent role in the development of PsD appears to be attributed to the
gut microbiota, although a clear causal relationship remains to be established. Emerging
evidence has proposed the concept of “gut—skin axis”, which consists of a bidirectional
communication and interdependence between the gastrointestinal tract and the skin, repre-
senting a fundamental mechanism linking the intestinal microbiota to the development
of systemic autoimmune disease, such as psoriasis. Supporting the role of the microbiota
in maintaining the balance between regulatory (Treg) and effector T-cells, reduced gut
beta-diversity has been observed in patients with psoriasis, characterized by a decrease
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in Treg cells and an overproduction of Th17 cells [49]. Moreover, the loss of intestinal bar-
rier integrity allows the translocation of lipopolysaccharides (LPSs) into the bloodstream,
leading to excessive keratinocyte proliferation through activation of Toll-like receptor 4
(TLR-4) and increased production of pro-inflammatory cytokines such as IL-6 and IL-
8 [50]. Recent studies employing Mendelian randomization (MR) analyses, leveraging
genome-wide association study (GWAS) data from large cohorts, have identified associa-
tions between specific gut bacterial taxa and psoriasis susceptibility. In particular, taxa such
as Mollicutes, Holdemania, and Tenericutes were positively correlated with increased psoriasis
risk, whereas Victivallacae, Lachnospiraceae, Lactococcus and Eubacterium exhibited potential
protective effects [51]. Emerging tissue-resolved technologies, particularly spatial tran-
scriptomics, are providing unprecedented opportunities to dissect the microbiota-immune
axis at cellular resolution [52]. By preserving the spatial organization of tissues, these
approaches enable the identification of discrete immune niches and cell—cell interactions
within inflamed skin and intestinal mucosa, allowing microbiota-responsive pathways
to be mapped to specific anatomical microenvironments rather than inferred from bulk
tissue analyses [53]. When integrated with complementary approaches such as single-cell
transcriptomics, microbial sequencing, and spatial proteomics, spatial transcriptomics may
reveal how microbial-derived signals shape local immune circuits involving keratinocytes,
dendritic cells, neutrophils, and T-cells, thereby offering new mechanistic insights into the
gut-skin axis in psoriatic disease. Such multimodal strategies are expected to facilitate the
identification of spatially restricted pathogenic pathways and may ultimately support the
development of more targeted therapeutic interventions.

5. The Role of Microbiota in PsA
5.1. The SpA Model of the “Gut—Joint Axis”

Concerning the skin, it seems to host an autonomous microbiome that primarily
modulates local inflammatory responses, with a less well-established influence on distant
anatomical sites [54]. In contrast, the gut microbiota has been shown to influence both
innate and adaptive immunity at a systemic level [55]. Although joints have long been
considered sterile environments, bacterial components have been identified in synovial
fluid of patients with rheumatoid arthritis (RA) [56], likely reaching the joint through
circulation. In this context, gut dysbiosis may contribute to joint involvement through the
hematogenous dissemination of microbial products [57].

The interaction between PsA and gut microbiota has been primarily investigated
within the spondyloarthritis (SpA) spectrum, to which PsA belongs. Concerning SpA,
the enthesis has been recognized as the key site of inflammation and the concept of the
gut—enthesis axis has been proposed, supporting a potential role of gut microbiota as a
“hidden engine” of the disease [58]. Notably, current evidence suggests that the overall
composition of the microbiota may be less relevant than the localization of bacteria and
their ability to translocate across the intestinal epithelial barrier, thereby establishing close
interactions with immune cells in the lamina propria [59]. In this context, dysbiosis has
been shown to promote IL-23 production by intestinal Paneth cells and to induce the
upregulation of zonulin, a modulator of tight junctions, leading to increased intestinal
permeability. IL-23 acts synergically with other innate cytokines (i.e., IL-17) to alter the
immune tolerance and to drive the expansion of type 3 innate lymphoid cells (ILC3s), which
are highly represented in the gut of patients affected by SpA [60]. Although demonstrating
a definitive intestinal origin and subsequent migration of immune cells from the gut to the
enthesis remains challenging, recent technologies using photoconvertible mice models have
enabled the tracking of immune cell trafficking from the gut to secondary lymphoid organs,
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providing the most compelling evidence to date supporting the existence of a gut-enthesis
axis [61,62].

A “gut-joint axis” has been proposed in SpA, including PsA, although the direc-
tionality of this relationship remains unclear: whether intestinal inflammation precedes
and drives joint inflammation (causal hypothesis) or whether the two processes co-exist
(correlative hypothesis), with a high microbial load potentially accelerating the onset of
joint symptoms [63]. In this context, IL-23 emerges as a key mediator of the “skin—gut—joint
axis”, as its increased production has been linked to impaired intestinal barrier integrity in
IBD [64], as well as to articular and entheseal inflammation in SpA, particularly PsA [65].
In IBD, neutrophils have been identified as a major cellular source of IL-23 within the
intestinal mucosa [66]. A similar pattern has been observed in murine models affected
by SpA and IBD, in which skeletal neutrophils represent an early source of entheseal
inflammation and IL-23 transcript expression at the enthesis [67], pointing to a shared
pathogenic pathway across tissues and highlighting the similarity in the inflammatory
profiles of the intestine and joints in SpA patients. In both settings, IL-23 promotes Th17
activation through the IL-23/IL-17 axis. On the one hand, dysbiosis promotes immune
activation by increasing intestinal permeability and allowing the translocation of microbial
products into the bloodstream [68]; on the other hand, short-chain fatty acids regulate
intestinal Th17 and Treg cell responses, thereby modulating the IL-23/IL-17 axis [69,70].

Gut-derived inflammation may represent an early event preceding or amplifying
joint inflammation, linking these two anatomical sites in the context of SpA. Supporting
this hypothesis, Ciccia et al. reported an increased frequency of intestinally derived IL-
17+ and IL-22+ ILC3 in the peripheral blood, synovial fluid and inflamed bone marrow
of patients with AS, suggesting an active homing pathway between gut and inflamed
sacroiliac joints [71]. However, although the SpA—gut axis has historically focused on the
relationship between the synovium and the gut, there is strong evidence that experimental
arthritis may concomitantly affect the gut and the enthesis in both TNF-transgenic and
SKG mouse models [72,73].

Furthermore, the inflammasome has been a topic of interest in efforts to elucidate
the gut—joint axis, with evidence indicating that its activation in both murine models and
patients with SpA is associated with dysbiosis and that it is involved in triggering ileitis in
SKG mice [74].

5.2. Studies About the Role of Gut Microbiota in PsA

Retrospective and cross-sectional microbiota studies in inflammatory diseases are
limited by reverse causality, confounding (including treatment, diet and antibiotics) and
early-life microbial influences, thereby constraining causal inference and obscuring the
directionality of observed associations. To overcome these limitations, Mendelian ran-
domization leverages host genetic variants associated with microbiome composition as
instrumental variables to strengthen causal inference, though its validity depends on strict
adherence to the assumptions of relevance, independence and exclusion restriction [75]. Re-
cent studies employing Mendelian randomization analysis have provided valuable insights
into the role of the gut microbiota in the development of PsA. A Mendelian randomization
study demonstrated a causal effect between inflammatory bowel disease and both psoriasis
and psoriatic arthritis, whereas no evidence of a reverse causal effect was observed [76].
It is well known that the gut microbiota significantly influences inflammatory arthritis,
including PsA, with evidence suggesting its contribution to psoriatic bone remodeling,
even without articular symptoms [77]. In addition, microscopic intestinal abnormalities
have been observed in PsA patients, even in the absence of overt gastrointestinal involve-
ment [78]. A two-sample Mendelian randomization study conducted analysis of 13,266 gut
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microbiota samples and 3186 patients with PsA and identified that bacteria such as Rikenel-
laceae and Ruminococcaceae UCGO11 were associated with PsA, while Methanobacteria and
Eubacterium fissicatena were found to be protective [79]. This result suggests that alterations
in gut microbiota may influence the severity of PsA.

Barrier dysregulation appears to be a key driver of pro-inflammatory cell recruitment
and translocation of metabolites and microorganisms due to increased intestinal permeabil-
ity, as already noticed in patients affected by SpA [80]. Thus, HLA-B27-positive patients
showed an upregulation of zonulin, an epithelial-derived regulator of tight junctions, and
consequently, of intestinal permeability [59].

Collectively, these findings support the existence of a mechanistic link between gut
dysbiosis, impaired barrier integrity, and systemic immune activation in PsA. However,
despite growing evidence from genetic and observational studies, the extent to which
microbiota alterations represent a primary pathogenic driver rather than a consequence of
chronic inflammation remains to be fully elucidated.

Neutrophil Extracellular Traps (NETs) are implicated in autoimmune diseases, includ-
ing psoriasis. NET-associated RNA complexed with LL37 triggers TLR8/TLR13-dependent
cytokine release and further NET formation, creating a self-amplifying inflammatory loop
in psoriatic skin [81]. In the gut, NETs contribute to host defense at mucosal surfaces by
trapping and eliminating invading microorganisms. However, excessive or persistent NET
formation can also amplify inflammation, promote tissue injury and compromise epithelial
barrier integrity. Consistent with this dual role, increased NET levels and abundant tissue-
associated NETs have been reported in inflammatory bowel disease, indicating that the
inflamed intestinal mucosa represents a NET-rich microenvironment [82,83]. Microbiota-
targeted interventions have been shown to suppress NET formation in experimental models
of intestinal inflammation and arthritis. For example, Lactobacillus rhamnosus GG inhibited
PMA- and Staphylococcus aureus-induced NET formation by attenuating protein kinase C
(PKC) signaling and reducing reactive oxygen species (ROS) production. These findings
suggest a potential mechanism through which the gut microbiota may modulate neutrophil
function [84]. The most compelling mechanistic evidence linking the gut microbiota, NET
formation, and arthritis derives from rheumatoid arthritis models rather than psoriatic
arthritis. For instance, Parabacteroides goldsteinii and its outer membrane vesicles were
shown to attenuate NET formation and alleviate arthritis severity [85]. Although these
studies provide compelling evidence supporting a functional link between the gut micro-
biota and NET formation in inflammatory arthritis, they do not demonstrate that the same
mechanism operates in psoriatic arthritis. Platelet-neutrophil niches are associated with the
development of PsA. A 2026 transcriptomic study demonstrated the selective expansion of
platelet-leukocyte niches within psoriatic skin lesions, with pronounced platelet-neutrophil
colocalization in inflammatory epidermal regions. These platelet-neutrophil niches were
spatially associated with enhanced dendritic cell and T-cell activation signatures, indi-
cating that they function as sites of local immune amplification rather than reflecting
simple cellular proximity [86]. Mechanistically, platelet-neutrophil interactions are well
positioned to promote NET-driven inflammation, as platelet-neutrophil aggregates are
increasingly recognized as key contributors to a wide range of inflammatory diseases.
Platelets enhance neutrophil activation through both direct cell—cell contact and the release
of soluble mediators, thereby promoting NETosis [87]. Once released, NETs further acti-
vate platelets through NET-associated damage-associated molecular patterns (DAMPs),
reinforcing platelet activation, coagulation, and additional NET formation. This reciprocal
crosstalk establishes a self-perpetuating thromboinflammatory circuit that sustains inflam-
mation, exacerbates vascular and tissue injury, and is increasingly recognized as a central
pathogenic mechanism in immune-mediated inflammatory diseases [88]. Peripheral multi-
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omics showed enhanced platelet-neutrophil coupling and increased neutrophil activation
in PsA, consistent with greater systemic inflammation than skin-limited Pso [86]. NET
dysregulation is established across inflammatory diseases, including psoriasis; the PsA
literature supports a gut metabolite role but not a PsA-specific NET mechanism [89].
Furthermore, it is challenging to discuss whether microbiota-conditioned DCs may
influence local immune response in PsD by migrating to skin or joints. Microbiota-derived
signals modulate DCs, which are intrinsically migratory, and both migrated and tissue-
resident DC subsets can amplify IL-23/IL-17 axis-driven inflammation in psoriatic disease.
However, evidence directly linking DC migration to inflamed joints in PSA remains largely
indirect. Microbiota-derived products regulate DC maturation and migratory competence,
including the upregulation of CCR7 and the production of T cell-polarizing cytokines,
thereby providing a biologically plausible basis for systemic immune effects [90]. In pso-
riasis, distinct DC subsets undergo dynamic redistribution within the skin, including
migration from the dermis to the epidermis and the accumulation of inflammatory DC
populations within psoriatic lesions, where they sustain local inflammatory responses.
Accordingly, microbiome dysbiosis is thought to promote both cutaneous and articular in-
flammation through DC-centered immune circuits, although direct evidence demonstrating
the migration of microbiota-conditioned DCs into PsA joints is still limited. DCs are inher-
ently equipped to traffic between different anatomical compartments. Pre-conventional
DCs (pre-cDCs) and monocytes seed non-lymphoid tissues, including the skin, whereas
tissue-resident DCs migrate to peripheral lymphoid organs [91]. Distinct DC subsets rely
on specific chemokine receptor programs, including CCR7, CCR6, and CCR10, which direct
their trafficking toward inflamed tissues, particularly the skin. Microbiota-derived signals
can further shape this migratory phenotype. Commensal microorganisms establish a basal
activation program in conventional DCs (cDCs) through tonic type I interferon (IFN-I)
signaling, while bacterial products modulate DC maturation and functional polarization.
For example, Staphylococcus aureus-derived peptidoglycan induces CCR7 expression to-
gether with the production of IL-13, IL-6, and IL-23, thereby promoting Th17-skewed
immune responses [92]. Evidence that microbiota-conditioned DCs can migrate to dis-
tant tissues is provided by studies showing that a defined intestinal bacterium enhances
CCR?7 expression in cDCs, promoting their migration from gut-associated sites to tumor
tissue, where they augment local T-cell activation. Although this observation derives
from a non-psoriatic setting, it supports the concept that microbiota-driven DC program-
ming can influence immune responses at distal anatomical sites. Psoriatic skin harbors
pathogenic DC subsets producing IL-23, TNF-«, IL-1$3, and IL-23A, thereby sustaining
Th17-mediated inflammation. Dynamic redistribution of DCs within the skin has also been
well documented, including the migration of cDC2 into the epidermis before overt lesion
development and the marked accumulation of epidermal DCs in established psoriasis.
Moreover, intestinal dysbiosis exacerbates psoriasis-like inflammation in experimental
models by increasing cutaneous infiltration of Th17 cells and monocyte-derived DCs and
by enhancing DC-derived IL-23 production through fatty acid-dependent mechanisms [93].
In a murine model of PsA, DC-specific deletion of TNFR2 attenuated both psoriatic skin
lesions and joint inflammation, indicating that DCs can coordinate inflammatory responses
across the skin—joint axis, although this study did not directly demonstrate the migration of
microbiota-conditioned DCs into joint tissues [94]. Collectively, these findings support the
hypothesis that microbiota-conditioned DCs may migrate to the joints and contribute to
the immunopathogenesis of PsA. Nevertheless, direct evidence demonstrating the homing
of these cells into synovial tissues and their capacity to initiate or sustain local immune
responses remains limited. Therefore, although biologically plausible, the contribution of
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microbiota-conditioned DC migration to joint inflammation in PsA has yet to be conclu-
sively established (Table Al).

5.3. The Role of Intestinal Metabolites in PsA

Encouraging findings on the role of the gut microbiota in the development of PsA

have emerged from studies investigating intestinal metabolites, focusing on SCFAs, bile
acids and bacterial-derived tryptophan metabolites (Figure 1) (Table 1).
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Figure 1. Gut dysbiosis and metabolite-mediated immune dysregulation in psoriatic arthritis. Altered
production of SCFAs, secondary bile acids, AhR ligands, and TMAO may contribute to intestinal
barrier dysfunction, activation of the IL-23/IL-17 pathway, and chronic inflammation in PsA.

Table 1. Proposed metabolite-mediated mechanisms linking gut dysbiosis and psoriatic arthritis.

Dysbiosis-Associated Metabolic . Potential Clinical .
. Immunological Effect Evidence Level
Alteration Consequence Consequence
Depletion of P .
SCFA-producing | Butyrate | Treg, T Th17 Synox./lt}s, enthesfas, Moderate
bacteria responses chronic inflammation
Altered bile 1 Secondary bile PIL23/IL17 axis  Disease progression
acid-metabolizing . o and persistent Moderate
. acids activity . .
bacteria inflammation
Reduced tryptophan- | ARR ligands J IL-22 production and  Increased intestinal Low
metabolizing bacteria & barrier protection permeability
. . . Increased
Incr§ased m1crol;>1al 1 TMAO Enhanced systemic cardiovascular Moderate
choline metabolism inflammatory tone 1
comorbidity burden
Gut dysbiosis and AlteFed mefcabol.lte Activation of '1nnate Gut-joint axis
. . profile + microbial and adaptive L Moderate
barrier dysfunction . . . activation
translocation immunity

l: decrease, 1: increase

https://doi.org/10.3390 /rtheumato6030018


https://doi.org/10.3390/rheumato6030018

Rheumato 2026, 6, 18

12 of 28

5.3.1. Short-Chain Fatty Acids (SCFAs)

SCFAs encompass a class of fatty acids containing fewer than six carbons atoms,
including acetate, propionate and butyrate, derived through microbial fermentation of
dietary fibers in the gut. Their production is shaped by gut predominant bacterial phyla:
bacteria of the Bacteroidetes phylum mainly produce acetate and propionate, while those of
the Firmicutes phylum generate butyrate [95]. SCFAs exert multiple functions: in addition to
serving as an energy source for colonocytes, they promote IgA response and the induction
of genes encoding mucins and tight junctions, essential for preserving intestinal barrier
integrity [96]. Depending on the predominant metabolite, their biological effects may
differ [97]; for instance, butyrate has been reported to suppress pro-inflammatory cytokines
and reactive oxygen species (ROS) [98], whereas acetate enhances their release, thereby
contributing to the elimination of harmful bacteria and to protection against infections [99].
In recent years, SCFAs have also emerged as immunomodulatory mediators. They promote
the differentiation of Treg through the induction of FoxP3 expression [100]. In particular,
butyrate stimulates intestinal epithelial cells to produce retinoic acid, which acts syner-
gistically to further enhance Treg differentiation [101]. Moreover, SCFAs increase IL-10
production in T helper 1 cells [102]. Conversely, distinct SCFAs exert differential effects on
Th17 cells: acetate and propionate enhance IL-17 production, whereas butyrate inhibits its
expression [103]. Evidence regarding alterations in SCFA production is increasing in psori-
asis, whereas studies in PsA are emerging but remain limited. Several SCFA-producing
bacterial species, including Eubacterium rectale, were consistently found to be depleted, with
even lower abundances observed in PsA compared with cutaneous psoriasis alone [104].
Overall, depletion of SCFA and SCFA-producing bacteria is well documented in psoriasis
and other inflammatory diseases, suggesting a broader pattern of reduced SCFA tone in
these patients [105].

5.3.2. Bile Acids (BAs)

Bile acids (BAs) are cholesterol-derived molecules produced in liver and secreted into
duodenum as primary bile acids [106]. The two main primary BAs, chenodeoxycholic acid
and cholic acid, are converted into secondary bile acids, lithocolic acid and deoxycholic acid,
respectively, through the metabolic activity of intestinal bacteria. However, the interaction
between gut microbiota and bile acids is bidirectional: BAs shape the intestinal micro-
bial community by promoting the growth of BA-metabolizing bacteria while inhibiting
BA-sensitive species [89]. Importantly, BAs exert their biological effects through receptors
including the farnesoid X receptor (FXR) and the membrane receptor TGR5, both of which
are also expressed on immune cells such as macrophages, dendritic cells and NK cells,
thereby suggesting an immunomodulatory and anti-inflammatory role [107]. BAs have
been shown to inhibit NF-kB activation, suppress the transcription of pro-inflammatory
genes and interfere with NLRP3 inflammasome and caspase-1 signaling pathways. More-
over, lithocholic acid appears to inhibit the transcription factor RORvt, a key regulator of
Th17 cells, that play a central role in the pathogenesis of Pso and PsA [108]. Consistently,
serum metabolomic analyses have demonstrated a dysregulated BA profile in patients
with Pso and PsA [109]. Furthermore, in a longitudinal psoriasis cohort, patients who
progressed to PsA had lower serum primary and secondary BA than non-progressors,
suggesting a potential predicting role for BA profiles in disease progression. The authors
proposed that these alterations in BA metabolism reflect gut dysbiosis and dysregulated
hepatic metabolism, contributing to a “metabolic-inflammatory axis” that may drive joint
inflammation [110].

Although current evidence supports a role for SCFAs and bile acids as important me-
diators of the gut—joint axis, most available data remain observational. Therefore, whether
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these metabolic alterations represent causal drivers of PsA development or secondary

consequences of chronic inflammation remains to be determined.

5.3.3. Bacterial-Derived Tryptophan Metabolites

Tryptophan, one of the nine essential amino acids, partially escapes absorption in

the small intestine and reaches the colon [111], where it can be catabolized by gut micro-

biota into indole-derived compounds. These molecules contribute to the maintenance of

intestinal barrier integrity by enhancing tight junction (T]) protein expression and, through

activation of the aryl hydrocarbon receptor (AhR), promote IL-22 production [112]. Al-

though evidence linking tryptophan catabolites to psoriasis remains limited, reduced levels

of indole derivatives have been observed in psoriatic skin lesions [113] and exacerbation of

psoriasis-like inflammation has been reported in AhR-deficient murine models [114].

5.3.4. Trimethylamin N-Oxide (TMAO)

Patients with psoriasis exhibited significantly higher plasma levels of trimethylamine

N-oxide (TMAO), a gut microbiota-derived metabolite generated from dietary phos-

phatidylcholine [115] and implicated in the pathogenesis of cardiovascular diseases, com-

pared with healthy controls. TMAO levels were significantly associated with disease

activity in both Pso and PsA [116], suggesting a potential link between gut microbial

metabolism, systemic inflammation, and the increased cardiovascular risk observed in

patients with psoriatic disease. These findings support the hypothesis that TMAO may rep-

resent both a biomarker of disease activity and a potential mediator of the cardiometabolic

comorbidities frequently associated with PsA. Nevertheless, whether elevated TMAO

levels directly contribute to disease pathogenesis or simply reflect underlying inflammatory

and metabolic disturbances remains uncertain (Tables 2 and 3).

Table 2. Microbiota-derived metabolites implicated in the pathogenesis of psoriatic arthritis.

. . . . . Alterations Proposed
Metabolite Maf,?olth&izgslal Ptll:}:ls;g:?ogr:;al Reported in Pathogenic S]tzrveirégetnhcgf
PsA/PsD Consequences
Promotes Treg .
differentiation, Reduced a})undance Los;s (l)f immune
Faecalibacterium enhances epithelial o . _tolerance,
agmb o , barrir 1 ) butyrate-producing impaired barrier
Butyrate ubactertum, arrier integrity, bacteria, including  function, enhanced Moderate
Roseburia, suppresses NF-«B b ; o5 Th17 polarizati
Coprococcus activation, reduces Eubacterium rectale, in polarization
nflammat Pso and particularly and chronic
pro-iiammatory in PsA [86,113] inflammation
cytokine production
Regulates Treg Indirect evidence of
expansion and reduced production Altiﬁﬁi&g%ﬁ £h17
Propionate Bacteroides, Prevotella immune homeostasis; in fiysbl.otlc increased Low
spp- modulates microbiota inflammator
inflammatory associated with reSPONSes y
responses PsA [77,82] p
. . No direct
Supports antimicrobial PsA-specific Potential
Mainlv Bacteroidet defense and id . alterati tribution t
Acetate ainly Bacteroidetes neutrophil activation ~ €vidence; alterations contribution to Very low
spp- th h GPR43 inferred from altered innate
rz?gi aling dysbiosis immune responses
studies [77,81]
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Table 2. Cont.
. . . . . Alterations Proposed
Metabolite Mall’n Microbial Physiological Reported in Pathogenic Strength of
roducers Functions PsA/PsD Consequences Evidence
Activation of FXR and
Secondary bile TGRS5 pathways; pécl)tfeilreesd rseegélrr’gg f;n Enhanced
. . inhibition of NF-«B . IL-23/IL-17
acids Clostridium, d NLRP3 Pso and PsA; lower sienaling, svstemic
(deoxycholic Eubacterium, . ?ln . BA levels observed .gﬂ & 5y d Moderate
acid, lithocholic Bacteroides spp. lsr; angic;rréef, in patients m arrcllmatlon an
acid) ppress progressing from 1sease
RORyt-mediated Th17 progression
differentiation Pso to PsA [92,93]
Reduced indole
Indole Lactobacillus Activation of AhR Il_letabpli(tieSA irﬁd Impaired mucosal
o s, signaling, induction of _ Impaire , defense, increased
dorvathes - Cleridin, " producton, | sgmling deseribed  permapittyond  Low
metabolites) s maintenance of mainly in Pso and dysregulated
PP epithelial integrity experimental immune responses
models [95-97]
Produced from No established II ncrle asebd plas?a . f? ystem;c
Trimethvlamine- microbial anti-inflammatory role; evff 50 ide?]eA m m ?im:ﬁal.loln'
N-oxid yTM AO metabolism of involved in . t.so la na rsf, ted d e? o i eua d Moderate
-oxide ( ) dietary choline and cardiometabolic positively associate ysfunction an
hos }};atid Icholine athways with disease increased
phosp y p y activity [98,99] cardiovascular risk

Table 3. Strength of evidence supporting microbiota-derived metabolites in PsA.

Metabolite Pathway Human PsA Studies  Longitudinal Data Mec.hamstlc Overall Evidence
Evidence
SCFAs Yes Limited Strong Moderate-High
Bile acids Yes Limited Moderate Moderate
TMAO Yes Limited Moderate Moderate
Tryptophar} /AhR qutly Pso and No Strong e.xperlmental Low-Moderate
metabolites animal models evidence
Other microbial Sparse No Preliminary Low

metabolites

6. Gut Microbiota Characterization in PsA

To better understand the features of gut microbiota, it is fundamental to introduce
two key concepts: alpha (x)- and beta ([3)-diversity. The former refers to the richness and
abundance of bacterial species within a single sample (i.e., an individual), whereas the latter
assesses the differences and dissimilarities in microbial composition between different sam-
ples. A systematic review including 92 observational studies demonstrated an association
between gut microbiota dysbiosis and several rheumatic diseases. Overall, these patients
showed reduced o-diversity, indicating decreased microbial heterogeneity compared with
healthy controls. Significant alterations in (3-diversity were also reported. Notably, no
disease-specific microbial signature emerged [117]. The Firmicutes/Bacteroidetes (F/B)
ratio is considered a key indicator of gut microbiota health [118]. Alterations in the F/B
ratio have been reported in both psoriasis and psoriatic arthritis. In particular, Pso patients
characterized by enterotype 2 (Prevotella-predominant) exhibited a significantly higher F/B
ratio compared with individuals with enterotype 1 (Bacteroides-predominant) or enterotype
3 (Ruminococcus-predominant) [119].
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A pioneering study investigating gut microbiota composition in psoriatic arthritis
(PsA), which still emerges as part of the limited evidence currently available in the literature,
was conducted by Scher et al. The authors aimed to characterize microbial diversity and
relative taxonomic abundance through high-throughput 165 ribosomal RNA pyrosequenc-
ing in treatment-naive patients with newly diagnosed PsA, compared with patients with
Pso and healthy controls. The study demonstrated a reduced «-diversity in PsA patients
compared with healthy subjects, together with a lower relative abundance of Akkermansia
and Ruminococcus, including in comparison with Pso patients. Conversely, the Bacteroidetes
phylum and the Coprobacillus genus were less abundant in Pso patients. More specifically,
PsA was characterized by reduced abundance of Coprococcus, Pseudobutyrivibrio, Alistipes,
Akkermansia, Parabacteroides, and Ruminococcaceae. Notably, the latter two taxa were also
depleted in Pso patients, suggesting the existence of a potential shared gut microbiota
signature, although unproven [120].

To further characterize this microbial profile, a Chinese research group subsequently
employed metagenome sequencing analysis. Their findings revealed an increased abun-
dance Bacteroidetes spp., particularly Bacteroidetes sp. 3_1_19, as well as Blautia AF14-40.
Moreover, a positive correlation was observed between K07114 (calcium-activated chlo-
ride channel homolog) and disease activity assessed by the Disease Activity in Psoriatic
Arthritis (DAPSA) score, whereas Tet32 (an antibiotic resistance gene) and carbohydrate-
binding module family 50 showed negative correlations with erythrocyte sedimentation
rate (ESR) [121].

A reduction in fecal IgA levels as well as in Receptor Activator of Nuclear factor Kappa-
B ligand (RANKL) and osteoprotegerin (OPG) concentration was observed, similarly to
what has been reported in psoriasis [120]. RANKL, which is overexpressed in the serum
and synovial tissue of patients with PsA, acts as an osteoclast-activating factor promoting
arthritis development, whereas at the intestinal level it contributes to the differentiation of
the lamina propria. Alterations in RANKL expression may be attributable to specific effects
of the microbial profile associated with PsO and PsA or may reflect a modulatory role of
these molecules in the development of systemic inflammation [122]. Scher et al. further
reported reduced levels of medium-chain fatty acids (MCFAs), particularly heptanoate and
hexanoate, whereas no significant differences in SCFAs were observed in fecal samples
from patients with PsA and psoriasis [120].

Furthermore, fecal calprotectin, a recognized marker of intestinal inflammation, was
assessed in patients with PsA, Pso and irritable bowel syndrome (IBS). Patients with PsA
exhibited a higher prevalence and greater concentrations of fecal calprotectin compared
with those with Pso. In addition, calprotectin levels showed a positive correlation with
body surface area (BSA) in PsA [123]. These findings support the idea that gastrointestinal
inflammation may contribute to PsA pathogenesis and to the progression from Pso to PsA,
potentially constituting a risk factor for PsA development in patients with psoriasis [122].
Significant differences in gut microbiota composition between patients with psoriatic
arthritis (PsA) and those with undifferentiated arthritis have also been reported. Notably,
Megasphaera elsdenii was found to be approximately 10,000-fold more abundant in patients
with PsA than in non-PsA subjects and demonstrated a clinical association with the presence
of enthesitis, thereby suggesting a potential contribution of gut microbial dysbiosis to the
pathogenesis of this musculoskeletal manifestation of PsA [124].

The findings discussed thus far reflect the characterization of gut microbiota in pso-
riatic arthritis independently of potential therapeutic influences. However, immunosup-
pressive agents, including cyclophosphamide and methotrexate, may significantly reduce
gut microbial diversity, promoting depletion of commensal anaerobes and expansion of
potential pathogens [125,126]. Evidence derived from studies in spondyloarthritis has
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suggested that anti-TNF therapy may contribute to a partial restoration of gut microbial
dysbiosis, with increased relative abundances of Lachnospiraceae family and the Coprococcus
genus reported after six months of treatment [127]. Nevertheless, no significant differences
in either alpha- or beta-diversity were identified between anti-TNF responders and non-
responders. In contrast, other investigations have described a substantially neutral effect
of anti-TNF therapy on gut microbiota composition [128]. Another study investigated the
evolution of gut microbiota taxonomy and functionality in patients with PsA undergoing
treatment with IL-17 inhibitors, comparing microbial profiles before treatment and after
one and three months of therapy. Following both one and three months of treatment, a
significant increase in microbial alpha-diversity was observed, whereas no substantial
changes in beta-diversity were detected [129]. In addition, treatment was associated with
an increased abundance of the Bacteroidota phylum, consistently with previous observa-
tions in psoriasis [130], as well as an increase in the Phocaeicola genus, which in turn
showed a positive correlation with an increase in alpha-diversity. One study evaluated
the correlation between gut microbial alterations and disease activity in patients with PsA
undergoing treatment with tofacitinib. At baseline, several bacterial families previously
associated with inflammatory conditions, including Selenomonadaceae, Prevotellaceae, and
Eggerthellaceae, showed a positive correlation with DAPSA scores. Following tofacitinib
treatment, a reduction in the Actinobacteria phylum, together with a decreased abundance
of the Megamonas genus and related species—microorganisms previously implicated in
autoimmune diseases—was observed. In addition, an enrichment of butyrate-producing
bacterial species, including Coprococcus comes, Ruminococcus bicirculans, and Butyricimonas
sp. AT11, was reported. Notably, butyrate has been described as reduced in patients with
psoriasis progressing to psoriatic arthritis [131].

Overall, current evidence supports an association between PsA and gut dysbiosis,
although no disease-specific microbial signature has been consistently identified. Whether
these alterations represent causal drivers or biomarkers of disease remains to be established.

7. Future Perspective: Microbiota as a Therapeutic Target

Given the impact of gut dysbiosis on PsA, several adjunctive therapeutic strategies
have been proposed for disease management, including probiotics, prebiotics, fecal mi-
crobiota transplantation and phage therapy. However, most available evidence remains
preliminary, and no microbiota-based intervention can currently be recommended as part
of routine PsA management.

7.1. Probiotics

Probiotics are live microorganisms generally regarded as safe, which remain metaboli-
cally active within the gastrointestinal tract. They exert multiple beneficial functions, in-
cluding the production of SCFAs, the synthesis of vitamins B and K, and the metabolism of
carcinogenic compounds. In addition, probiotics modulate the immune response through
the stimulation of immunoglobulin and cytokine production, as well as indirectly by
strengthening the intestinal epithelial barrier [122]. Probiotics may be employed both to
prevent and to restore intestinal homeostasis, as well as to maintain the integrity of the in-
testinal epithelial barrier [132]. The probiotic species most commonly used include bacteria
belonging to the genera Lactobacillus, Bifidobacterium and Saccharomyces boulardii [133].

An association between probiotic use and disease activity in patients with PsA was
investigated, including a comparison with patients affected by rheumatoid arthritis, a
condition in which the role of the gut microbiota is considered less clearly established
than in PsA. Probiotic use was found to be more prevalent among patients with a greater
symptomatic burden at baseline. However, no clinically significant improvements in patient
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outcomes were observed among PsA subjects receiving probiotics. The authors suggested
that these findings might reflect the worse baseline disease status of probiotic users rather
than a limited therapeutic effect of probiotics themselves, thereby highlighting the need for
prospective randomized studies to better define their efficacy [134]. In a pilot open-label
study involving patients with psoriatic arthritis, multi-strain probiotic supplementation
administered for 12 weeks was associated with a reduction in disease activity scores and
improvements in biomarkers of intestinal permeability and gut inflammation, including
zonulin and fecal calprotectin levels. The study also reported correlations between intestinal
permeability markers and Th17-related immune responses. Given the small sample size and
absence of a placebo-controlled design, the finding should be considered preliminary [135].
A pilot double-blind, randomized, placebo-controlled trial in 14 patients with mild-to-
moderate PsA showed that 12-week supplementation with a multi-strain probiotic (1 x 10°
CFU/day) significantly reduced pro-inflammatory markers (CD4+ IFN-y T-cells, B-cells,
and IFN-y) and increased regulatory cytokines (IL-10, TGF-3, and IL-4) compared with
placebo, suggesting potential immunomodulatory benefits of probiotics as an adjunctive
strategy in PsA management [136].

7.2. Prebiotics

Prebiotics, including inulin, fructooligosaccharides (FOSs) and galactooligosaccharides
(GOSs), are selectively indigestible fibers that modulate the composition and function
of gastrointestinal microbiota and are metabolized into SCFAs, thereby supporting gut
barrier integrity and exerting anti-inflammatory effects beneficial to host health [137].
Prebiotics could therefore be considered a subject of further research to explore their
potential application in adjunctive therapeutic strategies.

7.3. Diet

Owing to the recognized inflammatory and metabolic activity of adipose tissue, weight
reduction in obese individuals with PsA has been associated with significant improvements
in both clinical outcomes and systemic inflammatory parameters [138], as reflected by lower
66/68 swollen and tender joint counts, reduced LEI and CRP values and improved HAQ
scores [139]. Emerging evidence suggest that glucagon-like peptide 1 (GLP-1) receptor
agonists, through their effects on weight reduction, may have a potential role in the
management of patients with PsA [140]. Indeed, based on the available literature, vitamin
D supplementation and dietary weight reduction through a hypocaloric diet in overweight
and obese individuals are weakly recommended [141]. A gluten-free diet has shown
benefits only in patients with PsA who also present anti-gliadin antibodies [142]. Therefore,
nutritional intervention should be considered as a complementary approach, alongside
pharmacological therapy, with the potential to enhance symptom control and reduce disease
activity. The DIETA trial, a randomized, double-blind, placebo-controlled study, evaluated
the effect of a hypocaloric dietary regimen, including a subgroup receiving both diet and
omega-3 supplementation, on disease activity in patients with psoriatic arthritis. The
hypocaloric diet was associated with improvements in DAS28-CRP and BASDAI, whereas
omega-3 supplementation led to significant improvement in body composition, despite
the absence of a corresponding reduction in disease activity. Indeed, omega-3 fatty acids,
polyunsaturated fats associated with beneficial cardiovascular effects, have previously been
shown to be associated with clinical improvement in RA, including reductions in morning
stiffness and number of swollen joints [143]. In PsA, however, there is a lack of strong
evidence supporting a clear therapeutic role for omega-3 fatty acids. One study reported
improvement in psoriatic plaques and subjective improvement in joint pain in most patients
with PsA, suggesting that polyunsaturated fatty acids may be useful as potential adjunctive
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agents to standard therapy in Pso and PsA [144]. A 12-week hypocaloric diet improved
joint disease activity, even in the absence of a correlation between weight loss and clinical
response, suggesting that dietary quality—characterized by a lower Dietary Inflammatory
Index, higher intake of fibers, omega-3 fatty acids, and antioxidant vitamins—may be
relevant beyond caloric restriction alone [145]. Furthermore, studies suggested that the
Mediterranean diet may serve as an adjunctive therapy in patients with PsA. Caso et al.
assessed adherence to the Mediterranean diet in a cohort of patients with PsA and observed
that higher DAPSA scores were correlated with lower adherence to the above-mentioned
diet [146].

7.4. Fecal Microbiota Transplantation

Fecal microbiota transplantation (FMT) is a therapeutic intervention involving the
transfer of fecal microbial communities from a healthy, rigorously screened donor to a
recipient to restore the composition and functions of intestinal microbiota. Originally
developed for the treatment of Clostridioides difficile infection and typically performed
with colonoscopy, FMT has been subsequently been investigated in a broader range of
clinical contexts, including auto-inflammatory rheumatic disease [147]. Several studies
have evaluated the effects of probiotic supplementation delivered via fecal microbiota
transplantation; nevertheless, no differences were identified between treated and untreated
patients. An increase in microbiota beta-diversity was reported in only one study [148].
This observation may be explained by limitation of the studies, such as the heterogeneity of
bacterial strains belonging to different species used for probiotic supplementation and the
application of diverse microbiota assessment methodologies, although all studies employed
metabolomics-based approaches [133]. Indeed, a meta-analysis demonstrated that FMT can
significantly improve outcomes in ulcerative colitis (UC), in liver and metabolic diseases,
including obesity [149]. Encouraging evidence has been described in UC [150] and Crohn’s
disease (CD) [151], where FMT has been associated with improvements in both clinical
and endoscopic remission rates. Conversely, only limited benefits, mainly involving gas-
trointestinal symptom relief, have been observed in systemic sclerosis (SSc) [152]. No clear
therapeutic effects of FMT in type 1 diabetes mellitus have emerged, although additional
well-designed studies are needed to further explore its potential role [153].

Fecal microbiota has been explored as a method to modify the gut microbiome in
psoriatic arthritis, based on the link between gut dysbiosis and inflammation. The first inter-
ventional randomized controlled trial investigating the use of FMT in psoriatic arthritis was
the FLORA study, a double-blind, placebo-controlled trial involving patients with periph-
eral psoriatic arthritis inadequately controlled by methotrexate therapy. Participants were
randomly assigned to receive either FMT from a healthy donor or a sham transplantation
procedure to evaluate the safety and clinical effects of the intervention. Therapeutic failure
was found to be significantly more frequent in the FMT group, while greater improvements
in the Health Assessment Questionnaire Disability Index (HAQ-DI) were observed in the
placebo group. No significant differences were reported between groups regarding ACR20
response rates. Although no serious adverse events were reported, mild gastrointestinal
symptoms were more frequent following [154]. To account for the unfavorable results of the
trial, McGonagle et al. hypothesized that FMT may have paradoxically triggered a reactive
arthritis-like disease flare. Based on the observation of a greater improvement in SPARCC
scores observed in the sham group compared with the FMT group, the authors suggested
that FMT could transiently disrupt intestinal homeostasis, thereby promoting a temporary
exacerbation of disease activity before the re-establishment of immune homeostasis [155].
Despite the negative clinical results of the FLORA trial, several exploratory analyses have
provided important mechanistic insight. Proteomic analysis of the FLORA trial, patients
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with PsA exhibited higher baseline levels of IL-6, IL-2, IL-18R1 and IFN-y compared with
healthy controls. Following FMT, the most notable cytokine changes included a reduction in
IL-6 levels and a persistent increase in IFN-y, whereas no significant longitudinal changes
were observed for IL-2 or IL-18R1. Although these changes were not accompanied by
measurable clinical improvement: the reduction in IL-6 may suggest a potential attenuation
of inflammatory activity, no corresponding clinical benefit was observed and the biological
significance of the persistent elevation of IFN-y remains unclear [156].

Another exploratory metagenomic analysis of FLORA trial suggested that baseline gut
microbiota composition may influence long-term response to FMT in PsA. Patients with
a Bacteroides-dominated microbiota showed greater microbial diversity, more successful
donor-strain engraftment and improved clinical outcomes compared with patients har-
boring a Prevotella-dominated microbiota, suggesting the recipient microbial profiles may
affect treatment efficacy [157]. A further exploratory analysis of the FLORA trial investi-
gated whether small intestinal barrier permeability, assessed by the lactulose-to-mannitol
ratio (LMR), and fecal, plasma, and urinary metabolomic profiles were associated with
clinical response to FMT or sham transplantation in patients with PsA. Treatment failures
exhibited higher LMR values, suggesting impaired intestinal barrier integrity. Distinct
metabolomic signatures were also observed between healthy donors and patients with PsA,
with butyrate and valine predominating in donor samples, whereas glutamate, tyrosine,
alanine, and tryptophan were more abundant in patients. Moreover, treatment failure
was associated with increased fecal levels of tyrosine, leucine, and phenylalanine, as well
as elevated plasma glucose concentrations. FMT induced a significant increase in fecal
butyrate, a short-chain fatty acid known for its anti-inflammatory and immunomodulatory
properties. Specific metabolites, including propionate and GlycA, were associated with
favorable clinical outcomes and functional improvement, supporting a potential role of
microbiota-derived metabolites in modulating disease activity and treatment response in
PsA [158].

8. Conclusions

Accumulating evidence supports a relevant role of the gut microbiota in the pathophys-
iology of PsA, highlighting the potential existence of a gut—joint—skin axis, as previously
proposed in SpA, and in the modulation of both innate and adaptive immune responses,
although a clear cause—effect relationship remains to be fully understood. In this context,
intestinal alterations associated with dysbiosis and with the onset and progression of au-
toimmune diseases, including PsA, are characterized by impaired intestinal barrier integrity
(“leaky gut”) and dysregulated production of metabolites that are physiologically generated
by the gut microbiota, such as SCFAs. Existing evidence supporting the gut-enthesis axis
in spondyloarthritis has further strengthened the concept of shared immunopathogenic
mechanisms across intestinal and musculoskeletal inflammation. In this context, several
interleukins are being investigated as key mediators of convergent inflammatory pathways
affecting both systems, with particular focus on the IL-17/IL-23 axis.

Despite the increasing number of studies characterizing the gut microbiome in PsA, a
reproducible disease-specific microbial signature has not yet been identified. Differences
in study design, sequencing methodologies, geographic and dietary factors, disease stage,
and concomitant therapies likely account for much of the heterogeneity observed across
studies. Nevertheless, recurring findings, including depletion of SCFA-producing bacteria,
alterations in taxa such as Akkermansia, Ruminococcus, and Parabacteroides, and evidence
of subclinical intestinal inflammation, suggest that gut dysbiosis represents a relevant
component of disease pathobiology rather than a mere epiphenomenon. Recent advances
in metagenomics, multi-omics technologies, and Mendelian randomization analyses are
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providing increasingly robust tools to investigate causal relationships between the micro-
biome and PsA. These approaches may facilitate the identification of microbial biomarkers
associated with disease susceptibility, progression, and treatment response, while also
improving our understanding of the immunological mechanisms linking intestinal and
musculoskeletal inflammation.

From a therapeutic perspective, microbiota-targeted interventions, including probi-
otics, dietary strategies, and fecal microbiota transplantation, remain largely exploratory.
Although preliminary studies have demonstrated immunomodulatory effects and potential
improvements in biomarkers of gut inflammation and permeability, clinical benefits on
articular disease activity remain inconsistent and insufficient to support routine imple-
mentation in clinical practice. The growing interest and enthusiasm are reflected by the
increasing number of ongoing clinical trials currently recruiting patients. Future large-scale,
longitudinal, and methodologically standardized studies will be essential to define the
clinical relevance of microbiome alterations in PsA and to determine whether modulation
of the gut microbiota can evolve from an intriguing biological concept into an effective
adjunctive therapeutic strategy within precision medicine approaches.

The challenge ahead will be to translate the rapidly expanding knowledge of the PsA
microbiome into clinically meaningful biomarkers and targeted therapeutic strategies.
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Appendix A

In this section, the main studies investigating gut microbiota alterations in psoriatic
arthritis are reported in Table A1.
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Table A1l. Main studies investigating gut microbiota alterations in psoriatic arthritis.

Study Year Design Population Main Microbiota Findings  Clinical Relevance
Reduced a-diversity in PsA; First study
Cross-sectional, New-onset PsA, depleﬁzr;ionfoz:ffce;;nansm, dgrr;gil;:fiﬁl%sg: t
Scher et al. [120] 2015 treatment-naive Pso, healthy . g 4 . !
atients controls Parabacteroides, Coprococcus, resembling
P Pseudobutyrivibrio, and patterns observed
Ruminococcaceae in IBD
Incre‘ased abundance of ‘ Suggested links
Bacteroidetes spp. and Blautia between
Liu etal. [121] 2024 Metagenqmlc PsA patients vs. AF 14—4'0; fL:ll’lCthl’Ial microbiome
sequencing controls microbial signatures composition and
correlated with DAPSA and b .
disease activity
ESR
Rikenellaceae and . .
Ruminococcaceae UCGO11 Pros\:de(irixde;lce
Two-sample 13,266 microbiota associated with increased otefr)ﬁial caisal
Gan et al. [79] 2024 Mendelian samples; 3186 PsA PsA risk; Methanobacteria p role of gut
randomization patients and Eubacterium fissicatena . . g
. microbiota in PsA
showed protective -
. . susceptibility
associations
Associated with
Pilot comparative PsA vs. Marked enrichment of Sjnt}::ilrtlls'a
Lin et al. [124] 2022 stug undifferentiated Megasphaera elsdenii ote%l%ial roglge in
y arthritis (~10,000-fold higher in PsA) p
musculoskeletal
manifestations
Suggested partial
Longitudinal PsA patients Increased «-diversity after ~ restoration of gut
Liu et al. [129] 2025 metagenomic treated with IL-17 treatment; enrichment of dysbiosis
study inhibitors Bacteroidota and Phocaeicola following IL-17
blockade
Reduction in Actinobacteria, .
Megamonas; enrichment of Improvement in
Picchianti Prospective case PsA patients but grate- rc;ducin bacteria microbial profile
Diamanti 2024 pseries treated with 4 (Co fococcus cfmes associated with
etal. [131] tofacitinib P ! anti-inflammatory

Ruminococcus bicirculans,
Butyricimonas sp.)

bacterial species
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