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Abstract
Psoriatic arthritis (PsA) is a chronic inflammatory condition characterized by psoriasis, synovitis, enthesitis, spondylitis, and 
the possible association with other extra-articular manifestations and comorbidities. It is a multifaceted and systemic disorder 
sustained by complex pathogenesis, combining aspects of autoinflammation and autoimmunity. Features of PsA autoinflam-
mation include the role of biomechanical stress in the onset and/or exacerbation of the disease; the evidence of involvement 
of the innate immune response mediators in the skin, peripheral blood and synovial tissue; an equal gender distribution; 
the clinical course which may encounter periods of prolonged remission and overlapping features with autoinflammatory 
syndromes. Conversely, the role of autoimmunity is evoked by the association with class I major histocompatibility complex 
alleles, the polyarticular pattern of the disease which sometimes resembles rheumatoid arthritis and the presence of serum 
autoantibodies. Genetics also provide important insights into the pathogenesis of PsA, particularly related to class I HLA 
being associated with psoriasis and PsA. In this review, we provide a comprehensive review of the pathogenesis, genetics and 
clinical features of PsA that endorse the mixed nature of a disorder at the crossroads of autoinflammation and autoimmunity.
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Introduction

Psoriatic arthritis (PsA) is a chronic inflammatory condition 
sustained by genetic predisposition and environmental risk  
factors falling under the umbrella of spondyloarthropathies (SpA) 
[1]. It is characterized by psoriasis (PsO), synovitis, enthesitis, 
spondylitis, and the possible association with extra-articular 
manifestations and comorbidities. The chronic inflammation of 
the involved tissues can finally lead to structural damage and a 
reduction of function and quality of life [2]. It is such a complex 
and multifaceted condition that in 2006, Scarpa et al. proposed 
the concept of “psoriatic disease” to indicate a systemic disorder 
that begins in the skin, the bone marrow, or secondary lymph 
organs and then, in the same patient, can extend to several tissues 
and organ systems, such as the gut, eye, metabolic pathways, and  
cardiovascular system. The extraordinary effectiveness of tumor 
necrosis factor (TNF) inhibitors on the different clinical features  
of PsA provides indirect evidence of a shared pathogenetic 
mechanism, supporting the view of a unique condition, hence 
the term psoriatic disease [3]. Genetics investigations are  
challenging as PsA is a heterogenous disease: the identification  
of specific risk loci discriminating PsA from PsO is not trivial 
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[4]. Yet, the debate on the appropriate definition still ranges from 
PsA to psoriatic disease and even psoriatic syndrome [5, 6],  
mirroring the variegated pathogenesis of a disorder that combines 
aspects of two opposite mechanisms, i.e., autoinflammation and 
autoimmunity [7]. Autoinflammatory disorders are generally 
characterized by unexplained and recurrent flares of inflammation  
triggered by local tissue factors at disease-susceptible sites, 
including trauma, necrosis, mechanical overload, and microbial 
agents or derivatives thereof, capable of activating the innate 
immune system, mainly macrophages and neutrophils, with 
resultant target tissue damage [7]. This concept is expressed  
by the theory of “danger signal” proposed by Matzinger, based 
on the assumption that it is not crucial for the immune system  
to discriminate between self and non-self-antigens, being the 
priority to respond to exogenous and endogenous danger signals 
[8]. Conversely, autoimmune diseases are systemic or organ-
specific conditions determined by events occurring in primary  
and secondary lymphoid tissues, including bone marrow,  
thymus, lymph nodes, and spleen with consequent activation 
of the adaptive immune system due to aberrant self/non-self-
discrimination and breakdown of immunological tolerance [7].

A “continuum model” of immunology has been sug-
gested, with the two ends of autoinflammation and autoim-
munity separated by several disorders in which a differ-
ent relative contribution of both the innate and adaptive 
immune response could be recognized. In this model, PsA 
is located at the midpoint, joining autoinflammatory and 
autoimmune events that unravel the expression of a diver-
sified clinical phenotype [7] (Fig. 1).

In this manuscript, we will review the current under-
standing of the pathogenetic and clinical features of PsA, 
providing insights about the complex nature of a disorder 
sharing autoinflammation and autoimmunity features.

Pathogenesis of Psoriatic Arthritis

Evidence for the Role of Autoinflammation

Growing evidence supports the role of innate immunity, 
strictly intertwined with the activation of the adaptive 
immune system, in the pathogenesis of PsA.
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Fig. 1   Autoinflammatory and autoimmune continuum in psoriatic arthritis
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The Role of Trauma

A well-known risk factor for the onset of PsO and PsA 
is trauma, by means of skin breakdown, stress, medica-
tions, tattoos, wounds, and injuries. The onset of psoriatic 
lesions after a physical trauma is known as the Koebner 
phenomenon [9–11], while the term deep Koebner phe-
nomenon refers to traumatic events causing enthesitis 
and arthritis [12]. Koebner phenomenon is deemed to be 
sustained by microdamage and activation of keratinocytes 
(KCs), subsequently leading to the production of inflam-
matory mediators, among which type I interferon (IFN), 
TNF, interleukin 1 (IL-1), and IL-6 are primarily involved 
and promote the activation of the adaptive immune sys-
tem. Activated KCs further magnify the inflammatory 
response by releasing self-nucleic acids as well as anti-
microbial peptides, such as LL-37 (the C-terminal part 
of the only human cathelicidin identified to date called 
human cationic antimicrobial protein) [13] and activate the 
Toll-like receptor (TLR) 7/8 pathway in plasmacytoid DCs 
(pDCs), favoring IFN and cytokine production [14, 15]. 
pDCs also release type I IFN in pre-psoriatic skin, trig-
gering dermal DCs, also named Langerhans cells (LCs), 
to synthesize TNF and IL-23, which in turn activate the 
adaptive immune response [14]. The role of type I IFN in 
the pathogenesis of PsO is underlined by the evidence that 
up to 5% of patients treated with anti-TNF agents develop 
the so-called paradoxical psoriasis, which is explained as 
the consequence of an upregulation of type I IFN follow-
ing TNF neutralization [14]. Again, in the deep Koebner 
phenomenon, an initiating environmental event in geneti-
cally susceptible individuals triggers the innate immune 
response. Due to genetic susceptibility, the abnormal 
innate response, interacting with the adaptive immune 
system, creates a self-perpetuating inflammation with 
joint damage [16]. In this view, the concept of “synovio-
entheseal complex” (SEC) provides the anatomical basis 
for the role of trauma in PsA, because of the close contact 
between enthesis-associated fibrocartilage and other struc-
tures such as synovial membrane bursae, tendon sheaths, 
fat pads, and fasciae [17].

The Role of Enthesis

Enthesis microdamage with subsequent angiogenesis, 
inflammatory cell migration, and tissue repair may repre-
sent the trigger leading to the onset of PsA in genetically 
susceptible individuals [18, 19]. These events seem to be 
linked to an abnormal innate immune response rather than 
an adaptive immune pathway, at least in early PsA [20]. 
IL-23 is strictly related to enthesitis, which is observed in 
up to 50% of patients with PsA [21]. Also, several murine 

models of SpA have been studied, all of which show an 
enthesis-centered inflammatory disease linked to IL-23 
[22, 23]. This cytokine directly affects enthesis-resident 
IL-23R + CD3 + CD4-CD8- lymphocytes, whose main 
population is composed of the γ/δ T cells [24]. Of inter-
est, γ/δ T cells also accumulate at anatomic sites typically 
involved in SpA and subject to wear and tear, such as the 
aortic root and the ciliary body [24]. As with the Koebner 
phenomenon, microtrauma in all of these sites may trig-
ger inflammation [25]. Another setting where microda-
mage affects the clinical phenotype of PsA is the distal 
interphalangeal joints, typically involved in the disease 
as a consequence of enthesitis of the extensor digitorum 
tendon, which trespasses on the fingernail and the bone of 
the distal phalanx [26].

The Role of Molecular and Cellular Pathways

Normally, in patients with PsO, pDCs are inhibited in the 
recognition of self-nucleic acids to hinder the activation of 
the immune cascade. However, the prolonged expression of 
self-peptides (LL-37, human β-defensin-2 and 3, lysozyme) 
together with DNA or RNA released by damaged KCs after 
the action of a trigger factor, may activate TLRs and lead 
to IFN-α production. LL-37 can also stimulate conven-
tional DCs (cDCs), upregulating the release of IL-12 [27]. 
Finally, IL-12 synergizes with TNF and IL-23 to induce the 
maturation and differentiation of T helper 1 (Th1), Th22, 
Th17, and γ/δ T lymphocytes, with consequent production 
of IL-17, IL-22, IFN-γ, and more TNF, thus contributing to 
PsO appearance [27]. TNF is also responsible for a dramatic 
increase in the TNF-induced protein 3 (TNFAIP3 or A20) 
expression, which can inhibit the nuclear factor κB (NF-
κB) signaling [9, 28], acting as a negative immune regulator 
during inflammatory states [29]. Genome-wide association 
studies have identified PsA-specific genetic variants at the 
TNFAIP3 locus, which are independent of those previously 
identified in PsO [30]. The expression of TNFAIP3 mRNA 
negatively correlated with the psoriatic area and severity 
index (PASI) as well as with the percentage of body surface 
area affected by the disease [31]. Consistently, a non-coding 
variant of the TNFAIP3 interacting protein 1 was associ-
ated with PsO, probably due to a reduced ability to suppress 
NFκB signaling [9].

Polymorphonuclear cells (PMNs) contribute to this wide 
inflammatory response by releasing DNA and RNA through 
their neutrophil extracellular traps (NETs) and involving 
LL-37 [32], which is stored in the secondary granules. 
When NETosis (the unique form of cell death that leads 
to the release of chromatin NETs [33]) is started, LL-37 
can be extruded from the cells and, as above mentioned, 
initiates the inflammatory cascade by binding TLRs [32]. 
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It was also demonstrated that LL-37 RNA is increased in 
the skin of psoriatic patients, moving a self-propagating 
pro-inflammatory cascade [32]. Activated neutrophils 
that produce NETs were found in significant quantities in 
psoriatic skin plaques and sera of patients with plaque-type 
and pustular PsO [34]. PMNs, especially neutrophils, may 
be involved in the pathogenesis of PsO also concerning the 
respiratory burst with the generation of reactive oxygen 
species (ROS) [34]. Besides, ROS participate in the 
expansion of anti-inflammatory type 2 macrophages in 
experimental mice, an effect associated with the protective 
role of macrophage mannose receptor (MR) toward PsO 
and PsA, as deficient MR mice develop a very severe form 
of both diseases [35]. In specific, it has been demonstrated 
that in a mouse model of mannan-induced PsA and PsO, 
Nos2-derived nitric oxide (NO) is pathogenic. The release of 
Nos2-dependent IL-1α from skin macrophages was essential 
for arthritis development by promoting IL-17 production of 
innate lymphoid cells [36].

While it seems clear that an exaggerated activation of T 
cells caused by the dysregulation of DCs can be considered 
part of the etiology of PsO, still no definite role has been 
outlined for LCs, a type of antigen-presenting cells [27]. 
However, their contribution to the inflammatory response 
is indisputable. Indeed, after a trauma, LCs produce nitric 
oxide (NO), causing the typical histological findings in the 
psoriatic skin, characterized by vasodilation, inhibition of 
platelet aggregation, and recruitment of T lymphocytes. LCs 
also activate KCs by producing endothelial growth factor 
that binds its receptor on these cells, stimulating their divi-
sion [10]. Interestingly, an increased number of inducible 
nitric oxide synthase (iNOS) DCs were found in the skin of 
patients with PsO [37]. Genetic studies have identified an 
association for the inducible nitric oxide synthase (NOS2) 
gene to increase susceptibility for PsO and PsA, reported 
in 1352 PsA case and 2164 control DNA samples [38]. 
Furthermore, DCs express on their membrane the CD100 
protein, also known as semaphorin 4D, which is implicated 
in the activation of T cells by binding the CD72 surface 
receptor [15]. Another protein, called phospholipase A2 
lipid antigen, was found in psoriatic lesions. This enzyme is 
expressed by psoriatic KCs and mast cells, and its activation 
produces new lipid antigens that are afterward recognized by 
T cells, prompting the crosstalk between innate and adaptive 
immune systems [39].

TLRs, abundantly committed in the exacerbation of skin 
lesions, are also involved in the etiology of PsA, which 
develops in approximately 20–30% of PsO patients [40]. 
TLR2 and 4 expressions were increased on peripheral blood 
(PB) mononuclear cells and KCs from patients with PsA 
and PsO [41, 42], and a TLR2 polymorphism (rs5743708) 
is believed to produce a tenfold increased risk for the sus-
ceptibility to PsA [9, 43].

We previously investigated the biochemical characteris-
tics of synovial fluid (SF) from patients with PsA to better 
define the local inflammatory response. In a cohort of 29 
PsA patients, lower numbers (both in absolute numbers and 
in relative terms) of NK and NK-T cells were observed in 
the SF as compared to PB. In this study, the strong correla-
tion found in SF between the absolute number of cell types 
that share an NK-like cytotoxic activity (γ/δ T cells and NK 
cells, as well as NK and NK T cells) suggested a down-
regulation of non-major histocompatibility complex (MHC) 
restricted cytotoxicity in the disease [44]. Furthermore, we 
analyzed the levels of some members of the IL-10 family 
in serum and SF from another cohort of 40 PsA patients. 
While IL-20 and IL-24 levels were increased in serum when 
compared with matched SF levels, reflecting their role in 
the systemic inflammatory responses, the ratio between 
IL-19 serum and SF levels showed that this cytokine was 
located mainly in the SF, supporting an intriguing role of 
this cytokine in joint inflammation [45]. Recently, two other 
cytokines have emerged as important mediators in the patho-
genesis of PsO. Pustular PsO has been linked to mutations in 
the IL-36 receptor (IL-36R) gene. Because IL-36 enhances 
IL-1 production, not surprisingly, anakinra was recently 
reported to produce a good response in some clinical cases 
[14]. Another study focused on the possible role that IL-33 
could have in the innate-adaptive immune cross-talk. It was 
hypothesized that IL-33 could be released by KCs after dam-
age stimulating the production of other cytokines, via bind-
ing its ST2 receptor, expressed on DCs and Th2 cells [46]. 
Association studies have identified some risk alleles coding 
for cytokines or their receptors in patients with PsO and 
PsA, including IL-12A, IL-12B, and IL23R [30]. Conversely 
to what is typical for autoinflammatory diseases induced by 
inflammasomes, no IL-1 gene cluster mutations have been 
associated with PsA [47].

The Contribute of Genetics to Psoriatic Arthritis

It is well recognized that environmental and genetic factors 
contribute to PsA susceptibility. The concordance rate for 
psoriasis in MZ twins is between 20 and 64%, indicating that 
genetic factors account for roughly 70% of the population 
variance in the susceptibility to psoriasis [48].

Genome-wide association studies (GWAS) have been revo-
lutionary and very informative in the investigation of genetic 
association with psoriatic disease. Over the last decade, GWAS 
have helped the identification of novel loci outside MHC region, 
resulting in 86 susceptibility regions associated with PsO [49]. 
Of interest, only a part of the susceptibility loci linked to PsO is 
associated with increased risk for PsA. This low number could 
be due to the lower power of statistical analysis due to very few 
GWAS investigating psoriatic disease sub-types, but also con-
firms that identifying PsA-specific variants (vs PsO vulgaris and/
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or cutaneous) is challenging. PsA-specific genetic variants inde-
pendently associated from those found in PsO were found specifi-
cally near IL23R and TNFAIP3 (TNFα Induced Protein 3) [30].

In 2015, Barton’s group identified a specific PsA genetic 
variant at the IL23R locus, and a new PsA-specific associa-
tion at chromosome 5q31, using an ImmunoChip array to 
fine-map immune-related and inflammatory susceptibility 
loci [38].

PsA is a very heterogeneous disease with skin, axial, and 
peripheral involvement. Cohort studies with detailed phe-
notyping are needed to identify specific genetic associations 
linked with specific PsA manifestations [4].

Evidence for the Role of Autoimmunity

Genetic Background

PsA and PsO have a polygenic background, which heavily 
affects the onset of both diseases. The recurrence risk ratio 
(i.e., the risk of disease manifestation in siblings vs. the risk 
in the general population) of PsA is greater than 27, which is 
substantially higher than the recurrence risk ratio for PsO or 
rheumatoid arthritis (RA) [50]. PsO and PsA are differently 
associated with class I MHC alleles. While HLA-C*06 is a 
major risk factor for PsO, PsA is associated with human leu-
kocyte antigen (HLA)-B*08, B*27, B*38, and B*39, each 
supporting a different clinical subtype of the disease [51]. 
GWAS have identified HLA-C*0602 as the most probable 
PSORS1 (PsO susceptibility 1) gene. Nine regions of PsO 
susceptibility, called PSORS1-9, were identified of which 
only 3 were replicated (PSORS1, 2, and 4). PSORS 1 and 2 
have also been linked with PsA; within the PSORS1 locus, 
two genes seem to determine a gender-dependent different 
risk for PsO [52]. More than 60% of patients with PsO carry 
HLA-Cw6 (that corresponds to HLA-C*0602), which could 
lead to a 9- up to 23-fold increased risk of developing the 
disease [53]. Interestingly, HLA-C*0602-negative patients 
with PsO respond significantly better to the anti-TNF agent 
adalimumab (ADA) than ustekinumab (a monoclonal anti-
body binding the p40 protein subunit shared by IL-12 and 
IL-23), but no benefit to ADA over ustekinumab has been 
recorded in HLA-C*0602-positive patients [54]. GWAS in 
PsA have shown an association with some polymorphisms 
in the gene encoding IL-23R, along with variants in NF-κB 
gene expression (TNFAIP3 interacting protein 1: TNIP1) 
and signaling (TNFAIP3), and TNF expression [54].

The Role of T Cells

The association of PsO and PsA with HLA genes underlines 
the pathogenetic role of T cells, further confirmed by the 
observation that these patients show an increased risk of 

developing human immunodeficiency virus (HIV) disease 
[55]. The onset of PsO during HIV is considered paradoxi-
cal since PsO is largely mediated by T cells, while HIV is 
characterized by T cell depletion [56]. PsO may appear in 
every phase of HIV infection, as an initial presentation, or 
as a feature of acquired immunodeficiency syndrome and 
HIV-related immune reconstitution inflammatory syndrome 
(IRIS). HIV could directly stimulate a proinflammatory 
reaction as a source of superantigens, since the negative 
regulatory factor, an HIV protein, could act as an antigen 
itself [57]. Also, bacterial and fungal infections, which may 
occur during the later phases of HIV infection, could favor 
the epitope spreading and the production of other antigens 
[57]. PsO can also be a manifestation of HIV-related IRIS, 
which can shortly appear after the initiation of antiretroviral 
therapy and may be the consequence of the shifting from a 
Th2 response (which predominates in the late phases of the 
HIV infection) to a Th1 or Th17 one [57]. Moreover, during 
an HIV infection, a Th2 environment tends to predominate, 
while PsO is caused by cytokines produced by Th1 and Th17 
lymphocytes. It was hypothesized that CD8 + T cells play 
a pivotal role in the onset of HIV-associated PsO, with the 
enhanced production of IFN-γ [56]. It seems that the lesser 
the CD4 + T cell count, the more severe PsO. What is more 
startling is that therapies that decrease T-cell count seem to 
improve PsO [56]. Indeed, it was demonstrated that HIV-
associated PsO is mediated by CD45RO + memory CD8 + T 
cells, which are expanded in HIV infection and produce 
IFN-γ [56]. It may be possible that IFN-γ stimulates KCs 
to express HLA-DR, facilitating the polyclonal activation 
of KCs by antigens that, as previously stated, can be present 
during HIV itself or other bacterial or fungal infections in 
the context of HIV infection [56, 57]. Moreover, HIV has 
been found in the skin cells of infected patients, supporting 
the hypothesis that this virus may have a direct role in the 
onset of PsO. The activated KCs can, therefore, produce 
TNF and favor the immune response [56]. Intriguingly, a 
single-nucleotide polymorphism in the HLA-B*5701 allele 
(rs3021366), associated with an increased risk of PsO, is 
protective in HIV-1 disease and is present in HIV long-term 
non-progressors phenotype, a group of patients that have a 
stable amount of CD4 + T cells for approximately 7–10 years 
[58]. Overall, HIV-infected patients with PsO have more 
severe disease, with prevailing guttate, inverse, and erythro-
dermic subtypes [59]. Likewise, patients with PsA generally 
develop a rapidly erosive arthropathy resistant to conven-
tional treatment [60], and the number of their affected joints 
tends to increase over time [61].

The Role of Autoantigens

In addition to microbial antigens, LL-37 and the protein 
A disintegrin and metalloprotease domain-containing 
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thrombospondin type 1 motif-like 5 (ADAMTSL5) can act 
as self-stimuli for autoimmunity [14, 39]. ADAMTSL5, 
normally expressed on epithelial cells, KCs, and connective 
tissues, is presented by HLA-C*0602 and activates Th17 
cells [39]. IL-17 may, in turn, increase the expression of 
LL-37 and ADAMTSL5, perpetuating the autoimmune 
response [39, 62]. LL-37 promotes the production of C-X-C 
motif chemokine ligand 1 (CXCL1), which enhances the 
expansion of ADAMTSL5, causing additional expression 
of IL-17A and IFN-γ [62]. After the activation of DCs and 
KCs and the consequent production of cytokines, T cells 
migrate to the epidermis, where they recognize the above-
mentioned autoantigens and produce IL-17 and IL-22 [14]. 
At this point, activated T cells induce the proliferation of 
epidermal cells by triggering KCs, which continue to release 
chemokines, upholding the autoimmune response.

It has been hypothesized that each clinical type of PsO 
has a different pathogenetic pathway [14]. Recently, an 
antigen array harboring putative autoantigens, followed 
by validation using individual ELISAs, allowed to iden-
tify potentially pathogenetic IgG autoantibodies targeting 
LL-37 and ADAMTS-L5 in the serum of patients with PsA. 
Because the serum levels were significantly higher compared 
to those found in patients with PsO without PsA, these mol-
ecules were deemed to be involved in the pathogenesis of 
PsA [63]. This is consistent with previous findings showing 

that autoantibodies may be found in patients with PsA [64]. 
Finally, a peculiar population of T cells expressing IL-17 
and comprising mainly CD8 + T cells lacking traditional 
cytotoxic markers (IL-17 + CD4- T cells) was found at high 
levels in the SF from PsA patients, but not in RA SF. Inter-
estingly, these cells correlated with clinical and laboratory 
parameters of disease activity, and with the presence of ero-
sions in PsA patients, suggesting the participation in the 
pathogenesis of PsA and providing a prominent signal that 
PsA may be immunologically more similar to SpA than to 
RA [65].

Table 1 summarizes the pathogenetic features supporting 
a role for both autoinflammation and autoimmunity in PsA 
and PsO.

Clinical and Laboratory Features of Psoriatic 
Arthritis

Evidence for the Role of Autoinflammation

Several observations sustain the view of PsA as a predomi-
nantly autoinflammatory disease. These include gender 
distribution, the role of trauma in the onset or exacerba-
tion of the disease, the clinical course of PsA which may 
encounter periods of prolonged remission, the emergence 

Table 1   Pathogenetic features supporting a role for both autoinflammation and autoimmunity in psoriatic arthritis and psoriasis

Psoriatic disease as an autoinflammatory disease

Type I interferon (IFN), interleukin (IL)-1, IL-6, self-nucleic acids and antimicrobial peptides (LL-37) are released after 
microdamage of keratinocytes (KCs) and activate the Toll-like receptor (TLR) 7/8 pathway in plasmacytoid dendritic cells (pDCs)

[12–14]

LL-37 stimulates conventional dendritic cells (cDCs), upregulating the release of IL-12, that synergizes with tumor necrosis factor 
(TNF) and IL-23 to induce the maturation and differentiation of Th1, Th22, γδ T cells, and Th17 lymphocytes

[26]

TNF increases the expression of TNF-induced protein 3 (TNFAIP3), which can inhibit nuclear factor κB (NF-κB) signaling, acting 
as a negative immune regulator during inflammatory states

[8, 27, 28]

Polymorphonuclear cells (PMNs):
- release DNA and RNA through NETosis, when LL-37 can be extruded from the cells and initiate the inflammatory cascade by 

binding TLRs
- when activated can produce neutrophil extracellular traps (NETs), that were found in psoriatic skin and sera of patients with 

plaque-type and pustular psoriasis (PsO)
- produce reactive oxygen species (ROS), involved in the pathogenesis of PsO

[30–32]

Psoriatic disease as an autoimmune disease
Association with human leukocyte antigen (HLA)-B*08, B*27, B*38, B*39, and C*0602 [46, 47]
Polymorphisms in the gene encoding IL23R [49]
Association of PsO and psoriatic arthritis (PsA) with human immunodeficiency virus (HIV):
- role of T cells
- epitope spreading during bacterial and fungal infections
- HIV-associated PsO is mediated by CD45RO + memory CD8 + T cells, that are expanded in HIV infection and produce IFN-γ, that 

may stimulate KCs to express HLA-DR
- HIV has been found in the skin cells of infected patients
- HLA-B*5701 allele, associated to an increased risk of PsO, is protective in HIV-1 disease and is present in HIV long-term non-

progressors phenotype

[50–56]

Protein A disintegrin and metalloprotease domain-containing thrombospondin type 1 motif-like 5 (ADAMTSL5), normally 
expressed on epithelial cells, KCs, and connective tissues, is presented by HLA-C*0602 and activates Th17 cells

[13–35]
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of enthesitis, and extra-articular manifestations as a conse-
quence of inflammation in mechanically overloaded sites, 
the overlapping features with autoinflammatory conditions.

Gender Distribution

Differently from the classical autoimmune diseases which 
are more frequent in females, PsA occurs just as frequently 
in both sexes, and males are 2–3 times more susceptible 
to axial PsA [47]. In a recent systematic review and meta-
analysis, the prevalence and incidence rates according to sex 
were not different in 12 studies, confirming that PsA affects 
equally men and women [66].

The Role of Trauma

As above mentioned, environmental factors, including 
trauma and obesity, have been implicated in the onset of 
psoriatic disease. Physical trauma is a known risk factor in 
PsO lesions and is a trigger for PsA development as well 
[47, 67]. There are three hypotheses linking trauma to PsA 
onset. First, trauma may activate the innate immune system 
in the SEC context as part of the deep Koebner phenom-
enon, resulting in the release of pro-inflammatory cytokines 
accessing the synovium to cause synovitis [18]. This hypoth-
esis explains the relationship between psoriatic nail disease, 
the distal interphalangeal joints, and the entheses [12]. A 
second theory implies that trauma may cause the activation 
of nerve endings and the release of neuropeptides, such as 
substance P, with consequent activation of the inflammatory 
cascade and the development of PsA [12, 25, 68]. The third 
theory is based on the assumption that chronic injury and 
defective repair processes in psoriatic tissue may lead to 
prolonged Wnt signaling, innate immune activation, and the 
development of autoinflammatory lesions [69].

The first case of a patient with PsO who developed acro-
osteolysis after trauma was described in 1959 [70]. Since 
then, several cases of onset or exacerbation of PsA follow-
ing trauma were reported [12]. Among these, interesting 
reports are those of monozygotic twins developing PsA after 
trauma [71], the evidence of PsA following trauma in 24.6% 
of patients enrolled in a longitudinal study [72], and the 
observation that moving to a new house, injuries, and lifting 
heavy weights were associated with PsA [73, 74]. Besides, 
a high body mass index (BMI) in patients with PsO was 
associated with an increased risk of developing PsA, prob-
ably because obesity could trigger PsA as trauma does [75].

In a retrospective case series of patients with PsA, a 
higher prevalence of trauma was found before the onset of 
arthritis (8%) compared with patients with RA (1.7%) or 
ankylosing spondylitis (AS) (0.7%) [76]. In a similar study, a 

preceding acute event was documented in 9% of PsA patients 
compared with 1% of RA patients [77]. Furthermore, enthes-
ophytes in mechanically exposed joints have been described 
in PsO patients, but not in healthy volunteers [78]. These 
findings have been recently confirmed in a PsO cohort study, 
where a previous joint or bone trauma was associated with 
PsA with multivariate hazard ratios of 1.50 and 1.46, respec-
tively [25]. Interestingly, trauma may affect musculoskeletal 
sites other than joints, as an Achilles enthesitis was observed 
some weeks after an injury to calcaneus in a PsA patient 
[79], and a subject with PsO developing dactylitis 1 week 
after trauma was also described [80].

Clinical Presentation and Course

PsA is a chronic disease with variable periods of remission 
and flare. The clinical course of peripheral and axial PsA is 
usually less severe than RA and AS [81]. PsA has frequently 
a sudden onset, can be episodic, recurrent, or progressive 
and may show spontaneous remission. In a prospective, 
case–control study, the frequency of remission in periph-
eral PsA was higher compared with RA [82]. Besides, this 
study showed a persistent remission in PsA patients even 
after withdrawal of therapy.

Similar to joint involvement, evidence supports spontane-
ous or therapy-induced remission of enthesitis, even after a 
short course of treatment [83–85].

Enthesitis and Extra‑articular Manifestations

Enthesitis represents a shared feature of the SpA spectrum of 
diseases and is a common manifestation in PsA [47, 67, 86]. 
As above reported, it is an area subject to high mechanical 
stress and chronic microtrauma, resulting in the release of 
proinflammatory mediators leading to synovitis [7, 47, 87]. 
Hence, enthesitis is considered the initial site of pathologic 
alterations in PsA, as supported by observations demonstrat-
ing that mechanical stress applied to enthesis is sufficient to 
cause experimentally induced SpA [88]. Magnetic resonance 
imaging (MRI) studies have also shown a link between 
enthesitis and synovitis in swollen joints from PsA patients, 
demonstrating diffuse bone marrow edema at entheseal 
insertions and a diffuse inflammation involving surrounding 
soft tissue including the synovium, ligaments, tendons, and 
the nail root and matrix [19]. Enthesitis is linked to nail dis-
ease as well as dactylitis, where enthesitis was demonstrated 
in the flexor and dorsal tendon and collateral ligaments [89]. 
Enthesitis usually occurs with local pain, tenderness, and 
sometimes swelling; the most commonly involved sites are 
the Achilles and plantar fascia insertions, quadriceps and 
patellar tendons, iliac crest, rotator cuff, and the epicondyles 
[90]. Despite clinical enthesitis has been documented in only 
a third of a PsA population [91], there is evidence that it 
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is often asymptomatic [19, 86], as demonstrated by using 
ultrasound examination, which allowed to reveal at least one 
abnormal enthesis in 95.5% of early PsA patients [92].

Bowel Involvement

Subclinical bowel inflammation has been described in up 
to 60% of SpA patients, and Crohn’s disease (CD) seems to 
display the strongest association with PsA [93–95]. These 
data support the idea that bowel inflammation is likely to 
participate in the pathophysiology of PsA [47]. The dys-
regulation of the gut epithelial barrier could modulate local 
and systemic inflammation with the activation and expansion 
of innate immune cells populating the gut mucosa that can 
migrate toward extra-intestinal sites [93]. These findings are 
in line with the known role of microbes in the development 
of certain forms of SpA such as reactive arthritis [96]. Evi-
dence of the contribution of gut microbiota to the develop-
ment of joint and bowel disease came from animal models 
mimicking joint and gut involvement in human SpA [22, 97, 
98]. Gut dysbiosis may stimulate Th17 cells to release IL-23 
inducing the local activation of innate immune cells that 
may migrate to articular sites, including entheses, leading 
to inflammation [98].

Further evidence of the autoinflammatory origin of bowel 
inflammatory disease (IBD) in the course of PsA comes 
from GWAS in patients with both SpA and IBD that have 
revealed polymorphisms in signaling pathways implicated in 
disease development such as the IL-23 pathway. Moreover, 
NOD-2, the disease-associated mutation occurring in CD, 
is linked to aberrant intracellular innate immune responses 
to bacteria [7].

Uveitis

Patients with uveitis usually complain of pain, redness, pho-
tophobia, diminished vision, and sensation of dry eye. Uvei-
tis occurring in psoriatic disease patients is anterior, nonin-
fectious, and usually affects both eyes. It occurs in 7–20% 
of cases of PsO with a higher incidence in patients suffering 
from PsA and is associated with HLA-B27. In some cases, it 
may have a chronic and severe course [99–101], and patients 
with PsA tend to have more ocular complications than those 
with PsO [102].

Apart from anterior uveitis, inflammation of the pos-
terior segment of the eye and panuveitis is not uncom-
mon in psoriatic disease as they occur in 22–44% of cases 
[99–102]. In comparison with healthy subjects, patients with 
PsA and history of anterior uveitis produce higher levels 
of TNF by monocytes, suggesting a higher innate immune 
responsiveness [100]. Also, other innate immune responses 
driven by Th1/Th17 cells could play an important role in 

the development of ocular inflammation in PsA uveitis. The 
clinical course (sudden onset with recurrent course) and the 
above mentioned pathogenetic pathway support the role of 
autoinflammation in this manifestation [99–101].

Autoinflammatory Conditions Resembling Psoriatic 
Arthritis

Several autoinflammatory diseases characterized by an 
abnormal IL-1 signal leading to neutrophilic sterile inflam-
mation resemble psoriatic disease. Clinical features of these 
entities comprise arthritis, recurrent episodes of fever, acne, 
hidradenitis suppurativa (HS), pyoderma gangrenosum (PG), 
and high serum levels of inflammatory markers [103].

Several different syndromes have been described, includ-
ing SAPHO (synovitis, acne, pustulosis, hyperostosis, ostei-
tis), PsAPASH (PsA, PG, acne, and HS), PAPA (PG, acne, 
and pyogenic arthritis), PASS (PG, acne, and SpA), PASH 
(PG, acne, and HS), PAPASH (PG, acne, pyogenic arthritis, 
and HS), and PAC (PG, acne, and ulcerative colitis).

HS is a chronic inflammatory skin disease sharing with 
generalized pustular PsO high skin expression of IL-36, 
IL-17, and IL-1 [104]. HS is characterized by recurrent pain-
ful nodules, pustules, abscesses, scars, and fistulas occur-
ring in sites opposite to acne, i.e., in the axillary, anogenital, 
genitofemoral, inguinal, and inframammary areas. IL-1- and 
TNF-targeted therapies are treatment solutions supporting 
the role of the innate immunity in HS pathogenesis [103, 
105].

The acronym SAPHO was coined in 1987 to designate a 
syndrome combining musculoskeletal and skin disorders. 
The autoinflammatory origin of SAPHO is supported by 
the neutrophilic infiltration of the skin lesions and by the 
elevated levels of proinflammatory cytokines, such as TNF, 
IL-1, IL-8, IL-17, and IL-18. The IL-23–Th17 axis was also 
reported to be involved in SAPHO syndrome. Consistently, 
patients respond to biological agents targeting TNF, IL-1, 
and the IL-17–IL-23 axis [106]. SAPHO is strictly related 
to PsA, and many SAPHO cases meet the PsA classification 
criteria. The skin lesions observed in SAPHO include pal-
moplantar pustulosis (which is recognized as a special type 
of PsO), acne fulminans, acne conglobata, and HS [107]. 
Other SAPHO syndrome manifestations include hyperos-
tosis, osteitis, and synovitis with characteristic involvement 
of the anterior chest wall, followed by the axial skeleton, 
long bones, and peripheral joints. Extra-articular manifesta-
tions may be present, such as IBD, pulmonary involvement, 
venous thrombosis, dura mater hypertrophy, and uveitis 
[105–107].

The deficiency of IL-1R antagonist (DIRA) is an autoin-
flammatory skin and bone syndrome caused by the recessive 
mutations in IL-1 N, the gene encoding the IL-1R antago-
nist, plus five additional IL-1 family members. The result 
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is the lack of a functional protein or its complete absence 
with overproduction of proinflammatory cytokines and 
chemokines. The syndrome starts at birth with multifocal 
osteomyelitis, periostitis, and pustulosis. The rapid clinical 
response to IL-1R antagonist corroborates the molecular and 
clinical findings [108].

Evidence for the Role of Autoimmunity

Clinical Manifestations

Different clues suggest the role of autoimmune events in the 
pathogenesis of synovitis and enthesitis in PsA. First, PsA 
may be considered a syndrome, in which several clinical 
manifestations “run together” and, despite the absence of 
specific disease-related autoantibodies, it somehow resem-
bles classical autoimmune diseases, such as systemic lupus 
erythematosus (SLE) [5]. Second, the clinical manifesta-
tions of PsA could be indistinguishable from RA, mostly 
in patients with polyarticular involvement and lack of skin 
lesions, in which synovitis represents the hallmark of the dis-
ease. The polyarticular pattern of PsA is found in 30–50% of 
patients and share with RA some clinical, histological, and 
pathogenetic aspects, including the cytokine expression pat-
tern and similar response to biological drugs [109]. Moreo-
ver, animal models of collagen-induced arthritis, in which 
an autoimmune response is induced by the administration 
of collagen antigens, develop both synovitis and enthesitis, 
with some clinical manifestations typical of PsA in humans. 
Of note, the induction of inflammation is strictly linked to 
biomechanical factors at entheseal sites, and it could be 
speculated that microdamage with subsequent inflamma-
tion may trigger an autoimmune response [110]. However, 
the role of autoimmune events has still to be clarified in a 
peculiar clinical manifestation of PsA, the axial involvement, 
which can be sometimes identical to that of AS, even in the 
treatment response to biological agents [111].

Presence of Autoantibodies

Another challenging element in the pathogenesis of PsA is 
the presence of serum autoantibodies, especially because 
for a long time, SpA has been considered a seronegative 
disease, as opposed to RA [112]. Interestingly, peripheral 
B cells were found to be lower in PsA patients compared 
to healthy controls, suggesting their possible role in the 
complex immune events leading to the disease onset and 
progression [113]. Moreover, the detection of ectopic lym-
phoid structures and neogenesis in PsA synovial tissues sup-
ports the possibility that self-antigens may locally trigger 
the formation of autoantibodies [114]. Indeed, antibodies 
against common peptides expressed by synovium, skin, and 

entheses, including those directed toward fibrillin, desmo-
collin, keratin, and the nebulin-related anchoring protein, 
have been detected in 85% of PsA patients and a significantly 
lower number of patients with RA, but not in healthy donors 
[115]. Furthermore, as demonstrated in different types of 
autoimmune diseases, abnormalities in the physiological 
process of posttranslational modifications of the proteins, 
such as citrullination and carbamylation, may lead to the loss 
of immune tolerance in genetically susceptible individuals. 
Although rarely, protein citrullination and the positivity of 
anti-citrullinated protein antibodies (ACPAs) can be found 
in PsA patients. The presence of ACPAs, also found in SF as 
above mentioned [64], correlates with a polyarticular subset, 
female sex, more aggressive and erosive joint involvement, 
and higher use of systemic therapies [116–118]. ACPAs 
were found in about 5% of cases in a large cohort of PsA 
patients, especially those with higher swollen joint count 
and significantly higher rates of erosive changes and dacty-
litis compared to ACPA-negative patients [119]. In another 
study, about 12% of PsA patients were positive for ACPAs. 
Compared to seronegative PsA patients, ACPA-positive 
patients were more likely affected by a polyarticular pat-
tern, were more frequently treated with biologics and less 
frequently with traditional disease-modifying anti-rheu-
matic drugs, suggesting that a misdiagnosis of PsA versus 
RA plus PsO may occur in these settings [120]. Anyway, 
what emerges from studies is that the presence of ACPAs is 
associated with bone destruction, leading to hypothesize an 
osteo-catabolic effect of these autoantibodies and hence a 
role in the pathogenesis of bone damage in both PsA and RA 
patients. Recently, the presence of anti-carbamylated pro-
tein (anti-CarP) antibodies was also demonstrated in patients 
with active PsA who were negative for ACPAs [121]. In this 
study, the levels of anti-CarP antibodies were significantly 
increased compared with that of healthy controls and cor-
related with some parameters of disease activity [121].

Although the negativity for rheumatoid factor (RF) is 
included in the CASPAR classification criteria for PsA 
[122], the presence of RF has been observed in about 2% 
of PsA patients, mainly in those with polyarticular involve-
ment [123].

Finally, a variety of other autoantibodies has been 
detected in 1–3% of patients with PsO or PsA, including 
antinuclear antibodies, anti-dsDNA antibodies, anti-small 
nuclear RNP (anti-snRNP) and cytoplasmic RNP antibod-
ies, and antibodies against epidermal cells and antimicro-
bial peptide [123–127]. We already mentioned antibodies 
targeting LL37, which were found to be elevated in PsO 
and PsA plasma and PsA SF compared to osteoarthritis and 
correlated with PASI [63].

Table 2 summarizes the clinical features supporting a role 
for both autoinflammation and autoimmunity in PsA and 
PsO.
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Treatment of Patients with Psoriatic Arthritis

The complex pathogenesis of PsA sustained by the interac-
tion of adaptive and innate immunity has prompted the use 
of immunosuppressants in this disease. Before the era of 
biological agents, conventional synthetic disease–modifying 
anti-rheumatic drugs (csDMARDs) including methotrexate 
(MTX), sulfasalazine, cyclosporine, and leflunomide have 
been used, despite few high-quality studies supporting their 
efficacy, mainly based on the evidence of the relevant role of 
T cells in the pathogenesis of the disease and the proven effi-
cacy in RA [128–131]. Among csDMARDs, MTX is most 
commonly used, and shares with the other csDMARDs a 
prominent effectiveness in peripheral arthritis, varying 
degrees of response in PsO and dactylitis, and usually poor 
effectiveness in enthesitis and axial involvement [132, 133]. 
Since the year 2000, the outcome of the different domains 
of PsA has significantly improved due to the availability 
of biological DMARDs (bDMARDs) neutralizing TNF 
(effective in all domains of PsA and in the extra-articular 
manifestations of the disease) and other targets, such as the 
common p40 subunit of IL-12 and IL-23 (not effective in 
axial disease), IL-17, and IL-23 (highly effective in PsO and 
enthesitis). Apart from csDMARDs and bDMARDs, tar-
geted synthetic DMARDs that inhibit phosphodiesterase-4 
or Janus kinases simultaneously blocking several cytokines 
represent other therapeutic options in PsA [132, 133].

Unfortunately, there remain patients who fail to respond 
to one or more of these treatments, evoking the great com-
plexity of a disease where the possibility of covering the 

entire spectrum of clinical manifestations remains challeng-
ing in most cases.

Conclusions

Evidence derived from epidemiological, clinical, genetic, 
and immunohistological studies challenges the classifica-
tion of PsA in a definite setting. In this review, we have 
provided insights on the mixed pathogenesis of PsA, com-
bining features of the two boundaries of inflammation, i.e., 
the autoinflammatory and autoimmune conditions. This 
complexity reflects the variegated clinical phenotype of PsA, 
which should always be considered in its overall expression, 
including the extra-articular manifestations and comorbidi-
ties. Indeed, the burden of PsA in terms of quality of life and 
reduced life expectancy is relevant, due mainly to increased 
cardiovascular morbidity and mortality. The better knowl-
edge of the integrated pathogenesis of the heterogeneous 
clinical features of PsA is crucial to guarantee substantial 
benefits for the patients in the years to come.
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Table 2   Clinical features supporting a role for both autoinflammation and autoimmunity in psoriatic arthritis and psoriasis

Psoriatic disease as an autoinflammatory disease

Role of trauma in the onset and/or exacerbation of the disease [12, 47, 67, 70–80]
Absence of specific serum autoantibodies [122]
Equal gender distribution [47, 66]
Clinical presentation and course (oligoarticular pattern of the arthritis, recurrent or progressive arthritis, sponta-

neous periods of prolonged remission, variable periods of flare)
[81–85]

Involvement of enthesis [19, 47, 67, 86, 89, 92]
Extra-articular manifestations (bowel involvement, eye involvement, skin involvement) [93–95, 99–102]
Overlapping features with autoinflammatory conditions [103, 105–108]
Psoriatic disease as an autoimmune disease
Polygenic background with a high recurrence risk ratio in siblings [48]
Presence of serum autoantibodies (anti-fibrillin antibodies, anti-desmocollin antibodies, anti-keratin antibod-

ies, anti-nebulin-related anchoring protein antibodies, anti-citrullinated protein antibodies, anti-carbamylated 
protein antibodies, rheumatoid factor, anti-nuclear antibodies, anti-double stranded DNA antibodies) showing 
a correlation with disease outcomes

[112, 115, 119–121, 123–127]

Prevalence of female sex in the polyarticular subset [109]
Polyarticular pattern of the arthritis (ranging from 30 to 50%) with more aggressive and erosive joint involve-

ment in anti-citrullinated protein antibody-positive patients
[109]

Overlapping features with autoimmune disease (e.g., rheumatoid arthritis) [109]
Synovial involvement [109, 110]
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