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ABSTRACT

Objective: Psoriatic arthritis (PsA) is a systemic chronic inflammatory disease
characterized by the involvement of multiple target sites. Accumulating
evidence suggests the key role played by T helper (Th)9 and Th17 cells in PsA.
Recently, the ability to activate GITR in promoting differentiation and
proliferation of Th1l7 and Th9 cells has been investigated in several
inflammatory conditions. Aim of the study was to evaluate the effects of
GITR/GITRL interaction in the immune responses underlying the disease in
different inflamed tissues.

Methods: Twenty-one PsA patients with active disease, naive to disease
modifying antirheumatic drugs, were enrolled. Peripheral blood mononuclear
cells and synovial fluid (SF) mononuclear cells were collected to assess GITR
and GITRL expression by flow cytometry. An in vitro functional assay with
recombinant GITR agonist was performed to detect the effect on T cell subsets.
Quantitative real-time reverse transcription—-polymerase chain reaction was
also performed. Synovial and ileal biopsies were obtained to evaluate GITR
and GITRL expression by immunofluorescence. Healthy subjects and
osteoarthritis patients were enrolled as controls.

Results: An increased in vitro expression of GITR among CD4* T cells and its
cognate ligand GITRL on antigen-presenting cells in PsA peripheral blood was
evidenced. In vitro, the addition of the GITR agonist resulted in increased
expansion of Th9 and Th17 cells, and reduced suppressive capacity of T
regulatory cells. Increased expression of GITR and GITRL was found even in
PsA SF, synovium and ileum.

Conclusion: Our results suggest a novel role of GITR/GITRL in promoting the
expansion of Th9 and Thl7 in PsA-inflamed tissues with a concomitant

impairment in Treg functions.
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PSORIATIC ARTHRITIS




1.1 Introduction

Psoriatic arthritis (PsA) is a multifaceted, chronic inflammatory arthritis that
affects up to 30% of patients with psoriasis, a common skin condition
frequently accompanied by systemic complications (1). Initially regarded as a
relatively benign condition, PsA is now recognized for its potential to cause
substantial functional impairment and a reduction in quality of life. Clinically,
PsA is characterized by diverse phenotypes, ranging from symmetrical
polyarthritis and asymmetrical oligoarthritis to distal interphalangeal (DIP)
joint involvement, axial disease, and the severe deforming subtype known as
arthritis mutilans. These varied manifestations, along with hallmark features
like enthesitis, highlight the diagnostic complexity of PsA, often resulting in
delayed treatment. Since the original descriptions by Moll and Wright in 1973
(2), advances in genetic research, imaging, and a deeper understanding of
disease mechanisms have greatly enhanced the knowledge of PsA.
Classification tools, such as the Classification Criteria for Psoriatic Arthritis
(CASPAR) criteria introduced in 2006, have further refined the clinical
identification of PsA, aligning it more closely with other forms of

spondyloarthritis (SpA) (3).

In PsA, T cell subsets play a critical role in driving the inflammatory and
autoimmune processes underlying the disease. Both CD4* and CD8* T cells
contribute to pathogenesis through their cytokine production and interactions
with other immune cells, fostering a pro-inflammatory environment within
joints and entheses. Specifically, T helper (Th)1, Th17, and Th22 subsets have
been shown to be key players, with Th17 cells, in particular, producing IL-17
and IL-22, cytokines that are central to the inflammation and tissue damage

characteristic of PsA (4). These T cell subsets also contribute to the activation



of other immune cells, like macrophages and dendritic cells (DC), amplifying
inflammatory cascades and perpetuating tissue damage (5). An additional
layer of complexity arises from the imbalance between pro-inflammatory Th
cells and T regulatory (Treg) cells in PsA. Treg typically function to suppress
immune responses and maintain immune tolerance, yet their numbers or
function appear to be compromised in PsA, resulting in unchecked Th cell
activity. In particular, recent studies suggest that diminished Treg function or
stability may allow Th17-driven inflammation to persist, worsening disease
severity. Moreover, tissue-resident memory T cells in the skin and synovium
of PsA patients may act as long-lasting reservoirs of inflammation, linking skin
lesions and joint inflammation. Targeting specific T cell subsets, the Th/Treg
balance, or their cytokines has become a promising therapeutic approach, as
evidenced by the efficacy of IL-17 and IL-23 inhibitors in managing PsA (6). A
deeper understanding of T cell subsets dynamics in PsA, particularly the
interplay between Treg and Th cells, not only sheds light on disease
mechanisms but also opens avenues for developing targeted, more effective

therapies.

1.2 Epidemiology

PsA affects between 6 and 30% of individuals with psoriasis, which itself
impacts approximately 3% of the U.S. population (7). The prevalence of PsA
varies widely across studies due to differences in methodologies, geographic
regions, case definitions, and criteria used to diagnose the disease. For
example, prevalence estimates range from 30 to 100 cases per 10,000 with an
annual incidence between 2 and 3% in patients with psoriasis (8). Population-
based studies show varying rates: a recent meta-analysis across 28 studies

indicated a prevalence of 133 cases per 100,000 and an incidence of 83 per



100,000 person-years (PY). Geographical disparities also play a significant role;
for example, North America reports PsA prevalence rates around 158 per
100,000, while Northern Europe sees rates as high as 670 per 100,000 (9,10). In
contrast, Asian and Southern European populations show lower rates, at 38
and 28 per 100,000, respectively. These differences are often attributed to
genetic, environmental, and lifestyle factors, including smoking, infections,
obesity, alcohol use, and the prevalence of psoriasis in different regions (11).
The timeline of PsA diagnosis has also evolved. Studies indicate that PsA
prevalence and incidence rates have risen over time, possibly due to increased
awareness, improved screening tools, and advanced imaging techniques that
allow for earlier detection (12). For instance, studies from the U.S. and
Denmark reveal rising PsA incidence rates from the 1970s through the early
2000s, suggesting that the increase may result from better diagnostic practices
rather than an actual rise in disease frequency (13). Conversely, studies from
Israel show stable incidence rates, illustrating how epidemiological trends can
vary even within similar populations (14).

In psoriasis patients, the cumulative incidence of PsA is higher than in the
general population. Studies in the U.S. and Canada reported incidence rates of
2.7 cases per 1,000 PY among psoriasis patients, emphasizing that these
individuals are at a significantly higher risk. Moreover, approximately 15% of
psoriasis patients are estimated to have undiagnosed PsA, with prevalence
ranging from 4.2% in Germany to 33.6% in the U.S. (15).

Increased screening efforts, particularly in dermatology and general practice,
are helping identify cases earlier, yet undiagnosed PsA remains a substantial
issue (16,17).

Demographically, PsA typically manifests between ages 30 and 50, with no

clear gender predominance according to recent meta-analyses, though some



studies report a slight male or female predominance. The disease can also
begin during childhood and presents in two clinical subtypes: oligoarticular
PsA, often affecting young girls and associated with antinuclear antibodies
and uveitis, and a more generalized subtype with a balanced sex ratio and
higher rates of enthesitis, nail pitting, and axial involvement (18,19).

Despite increased awareness and improved treatments, PsA remains
associated with considerable psychological and functional burdens,
comparable to rheumatoid arthritis (RA) and axial SpA. The disease frequently
leads to work absenteeism and reduced productivity, with impacts closely tied
to disease activity and physical function.

Mortality rates for PsA patients have improved over time, aligning with the
general population in many regions, though cardiovascular-related mortality

remains slightly elevated (20,21).

1.3 Pathogenesis

The pathogenesis of PsA is complex and multifactorial, involving the interplay
of genetic, immune, and environmental factors that contribute to the initiation
and progression of the disease. It is characterized by an aberrant immune
response, where both the innate and adaptive immune systems become
dysregulated, leading to chronic inflammation in the joints, entheses, and skin.
Genetic factors, including specific human leukocyte antigen (HLA) alleles,
notably HLA-B27, have been implicated in predisposition to PsA.
Environmental triggers, such as infections, trauma, and possibly smoking,
may initiate or exacerbate disease activity in genetically susceptible
individuals (22).

Immune dysregulation in PsA is largely driven by T cells, particularly Thl,

Th17, and Th22 subsets, which produce pro-inflammatory cytokines like



tumor necrosis factor (TNF)-a, IL-17, and IL-22. These cytokines not only
promote inflammation in the joints and entheses but also contribute to the
development of skin lesions in psoriasis. Furthermore, the involvement of
other immune cells such as DC, macrophages, and neutrophils perpetuates
inflammation, leading to tissue damage and remodeling in affected areas (23).
Understanding the intricate mechanisms behind PsA pathogenesis is critical
for better characterizing PsA patients and consequently for developing new

treatment strategies.

1.3.1 Genetic factors

PsA is a highly heritable, polygenic disease with a strong familial component,
where a family history of psoriasis or PsA significantly increases the risk of
developing the disease (24). Case-control studies have demonstrated that
individuals with a family history of PsA have an odds ratio (OR) of 20.5 for
developing the disease, and first-degree relatives of PsA patients have a 30 to
55 times greater risk compared to the general population (25).

The presence of a family history not only affects the likelihood of disease onset
but also influences the severity and phenotype of PsA, with a higher risk for
joint deformities and a distinct skin disease phenotype when compared to
psoriasis alone (26). A variety of genes have been implicated in the
pathogenesis of PsA, particularly those involved in inflammatory pathways,
although their individual effect sizes are generally modest, limiting their
utility in predicting the disease. Polymorphisms within the IL-17/IL-23
pathway (including IL23R and IL12B), NF-xB signaling pathways (such as
TNFAIP3), and other inflammatory pathways (such as NOS2, IFIH1, TNF-a-
238A/G and -857T/C) have been associated with PsA. Additionally, deletions
in LCE3C/B, MICA A9, and polymorphisms in PTPN22 have also been found

10



to contribute to disease susceptibility (27,28).

Despite these associations, the precise functional implications of these genetic
variants remain unclear. The most notable genetic markers for PsA are located
in the human HLA region, with specific alleles linked to increased risk for the
disease. HLA-B27 is particularly associated with severe forms of PsA,
including enthesitis, peripheral joint damage, and axial involvement, but not
with psoriasis itself (29,30). Other alleles, such as HLA-B38 and HLA-B39, are
specifically linked to peripheral polyarticular involvement. Although HLA-
C06 is the strongest genetic marker for psoriasis, its frequency is significantly
lower in PsA patients compared to those with psoriasis alone, and it is
associated with a longer interval between the onset of skin and joint disease
(31,32). Importantly, while these genetic findings provide insights into the
pathogenesis of PsA, they are not sufficiently robust to recommend genetic
screening for diagnosis due to the small effect sizes and lack of sufficient
evidence to improve diagnostic accuracy (25). These genetic data, however,
contribute to a deeper understanding of the complex interactions between
genetic susceptibility and environmental triggers in the development and

progression of PsA.

1.3.2 Environmental factors

There are several environmental risk factors for PsA (33). These include
obesity; severe psoriasis; scalp, genital, and inverse psoriasis; nail disease; and
trauma or deep lesions at sites of trauma, defined as Koebner’s phenomenon
(34).

Biomechanical stress is increasingly recognized as a significant factor in the
onset and progression of PsA, particularly in individuals with a genetic

predisposition (35). This stress can be both physical, due to repetitive joint
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movements or mechanical loading, and structural, related to inflammation at
the sites where tendons, ligaments, joint capsules, and pulleys attach to bones,
known as entheses (36,37). Enthesitis, a hallmark feature of PsA, is believed to
be triggered or exacerbated by biomechanical stress, leading to inflammatory
changes that affect the synovium, bone, and surrounding soft tissues (38).
Physical trauma, such as injury or repetitive strain, may activate the immune
system at these sites, potentially initiating the inflammatory cascade that
contributes to the development of PsA (39). The Koebner phenomenon, which
is characterized by the appearance of psoriatic lesions at sites of injury or
trauma, suggests that mechanical stress at the skin level may also play a role
in deep tissue inflammation (40). Furthermore, studies have shown that
patients with psoriasis who engage in activities involving heavy lifting or
excessive joint loading are at a higher risk of developing PsA (41). This
suggests that mechanical overload on joints may not only cause localized
damage but also promote the immune system's inappropriate activation,
leading to chronic inflammation and joint involvement (42). In addition to
direct mechanical forces, altered posture, gait abnormalities, and uneven
distribution of weight can further exacerbate stress at enthesial sites,
influencing disease progression (43,44). Therefore, biomechanical stress,
particularly at sites of enthesis and joint movement, likely plays a crucial role
in both the initiation and chronicity of PsA, underscoring the need for careful
management of physical stressors in susceptible individuals (45).

In addition to physical factors, metabolic abnormalities, such as obesity,
hyperlipidaemia, and hyperuricemia, have been recognized as significant
contributors to PsA risk (46). Studies show that a higher body mass index
(BMI), particularly from early adulthood, increases the likelihood of

developing PsA in individuals with psoriasis (47). Moreover, weight reduction

12



through interventions like gastric bypass surgery has been associated with a
decreased risk of developing both psoriasis and PsA, as well as improved
disease prognosis, highlighting the potential role of lifestyle modifications in
disease prevention (48,49). The role of smoking in PsA remains controversial.
Some studies have suggested a paradoxical protective effect in psoriasis
patients, while others have found that smoking may increase the risk of PsA
in the general population, with some reports indicating smoking as a risk
factor specifically for axial PsA (axPsA) (50). Alcohol consumption has also
been implicated, with heavy drinking being associated with an elevated risk
of PsA, particularly in women, while moderate alcohol intake seems to have a
protective effect, although this relationship is still under investigation (51,52).
The role of drugs in the development and progression of PsA has been
explored in several studies, with some medications showing potential
associations with an increased risk of disease onset (53). A large cohort study
of U.S. women found that long-term use of acetaminophen (hazard ratio [HR]
3.60) and nonsteroidal anti-inflammatory drugs (NSAIDs) (HR 2.10) may be
linked to a higher risk of developing PsA. Interestingly, no association was
found between aspirin use and PsA risk in this cohort. Another study
identified the use of corticosteroids within two years prior to the onset of
psoriasis as a potential risk factor for PsA development, with an OR of 4.33
(54). This suggests that corticosteroids might influence the pathogenesis of
PsA in genetically predisposed individuals. Retinoid medications were also
associated with an increased risk of PsA, with a relative risk (RR) of 3.42,
according to a prospective cohort study (55). However, the relationship
between drugs and PsA is complex, as patients with PsA may experience a
preclinical phase of joint pain before formal diagnosis, which could lead them

to use medications like acetaminophen or NSAIDs. In such cases, the use of
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these drugs might be more of an indicator of ongoing disease activity, rather
than a direct causative factor. Therefore, while these studies suggest potential
links between certain drugs and PsA, the causality remains difficult to
establish, as confounding factors such as preclinical symptoms and medication
use could bias the findings.

Recently, the microbiome, particularly the gut microbiome, has emerged as a
crucial factor in the pathogenesis of PsA, highlighting the intricate connection
between microbial communities and immune regulation (56). Studies have
shown that patients with PsA exhibit altered microbiota composition, with
reduced microbial diversity and an increased presence of pro-inflammatory
bacteria compared to healthy controls (HC) (57). This dysbiosis is believed to
contribute to systemic inflammation, potentially triggering the immune
system in genetically predisposed individuals (58). Specific microbial species,
including Firmicutes and Bacteroidetes, have been implicated in PsA,
influencing immune responses that exacerbate both skin and joint
inflammation (59). The gut—joint axis is of particular interest, as alterations in
the gut microbiome can influence the systemic immune response through
mechanisms such as the activation of innate lymphoid cells and Th17 cells,
which play a central role in the inflammation seen in PsA (60). Furthermore,
microbial infections, particularly those involving the gastrointestinal tract,
have been linked to PsA flare-ups, suggesting that microbial pathogens can act
as environmental triggers for disease onset or exacerbation (61). Additionally,
the use of antibiotics, which can disrupt the gut microbiome, has been
associated with an increased risk of developing PsA. The growing evidence of
microbiome involvement suggests that modulating the gut microbiota may
present novel therapeutic strategies for PsA, with probiotics or dietary

interventions being potential avenues for reducing inflammation and
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improving disease outcomes (62).

1.3.2 The immune system in psoriatic arthritis: focusing on T cell subsets

The autoimmune nature of PsA is underpinned by an activation cascade that
begins with the innate immune system, involving antigen-presenting cells
(APC), neutrophils, and macrophages, which release pro-inflammatory
cytokines that set the stage for chronic inflammation (63). This innate
activation leads to the recruitment and activation of T cells, where the adaptive
immune response plays a central role in perpetuating and targeting

inflammation specifically to the skin, joints, and entheses (64).

Distinct T cells subpopulations contribute to both cutaneous and joint
inflammation. CD8* T cells have emerged as central players in both the
initiation and progression of PsA (65,66). During the formation of psoriatic
plaques, these cells, particularly those expressing the CCR4 receptor, expand
clonally within the skin. Recent studies have identified a unique capability in
these skin-specific, autoantigen-reactive T cells to migrate from the skin into
the bloodstream and then target the synovial fluid (SF) of affected joints (67).
Upon entering the joint environment, these CD8* T cells undergo a phenotypic
shift, losing CCR4 expression while acquiring CXCR3, a receptor that reflects
a more differentiated and cytotoxic effector phenotype (Tc) (68). This shift
seems to be influenced by the inflammatory environment within the joint,
which is enriched in CXCL10, a chemokine known to bind to CXCR3 (69).

In addition to CD8* T cells, CD4"* T cells, especially Th1l and Th17, play a crucial
role in amplifying inflammation in PsA. These CD4* T cells, activated in
psoriatic plaques, can produce IL-17, a cytokine integral to inflammation in

both the skin and joints (70). Evidence suggests that some of these CD4* T cells
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found in the SF may have originated from psoriatic lesions in the skin,
highlighting a potential link between cutaneous and joint inflammation in PsA.
While vd T cells are an unconventional subset of lymphocytes less prominent
than other T cells in PsA, they do play an important role in psoriatic
inflammation (71). Present in the skin, yd T cells can produce IL-17, thus
amplifying the local inflammatory response (72). Although their precise role
in PsA remains unclear, these cells may be particularly relevant to early stages
of joint inflammation. Meanwhile, tissue-resident memory T cells (TRM)
represent another key component of the cutaneous immune response in PsA
(73). Both CD4* and CD8* TRM cells remain in the epidermis following
infection or inflammation and are primed for rapid immune responses upon
antigen re-exposure. In PsA, CD8* TRM cells, particularly those with a Tc17
phenotype, are implicated in providing immune memory that may contribute
to the recurrent nature of psoriatic lesions (74).

In contrast, Treg, which are typically involved in dampening immune
responses and maintaining tolerance, appear to be dysregulated in PsA,
potentially failing to control the activity of pro-inflammatory Th cells and thus
allowing inflammation to persist (75).

Thus, T cells demonstrate a complex and dynamic involvement in PsA
pathogenesis. CD8* T cells likely drive joint inflammation through their
migratory behavior from skin to synovium, while CD4* T cells amplify this
response. Although yd T cells and TRM cells play supporting roles, they

contribute in distinct ways to the chronic inflammation observed in PsA.

Th17
The role of IL-17 and Th17 in the pathogenesis of PsA has garnered significant

attention, as these elements contribute substantially to the inflammatory
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processes and joint damage observed in the disease (76). Th17 cells are
uniquely characterized by their ability to produce IL-17, a potent pro-
inflammatory cytokine (77). Under specific conditions, such as the presence of
cytokines like IL-6, IL-23, and transforming growth factor (TGF)-B, naive T
cells differentiate into Th17 cells (78). In PsA, these cells migrate to the affected
joints and accumulate within the SF, where they play a central role in driving
local inflammation. Though the precise conditions within the joint are complex,
studies have shown that Thl7 cells, upon stimulation, are capable of
producing IL-17 (79), supporting their involvement in the inflammatory
milieu of PsA (80).

IL-17 binds to its receptor, which is expressed on a variety of cell types,
including synovial fibroblasts, chondrocytes, and osteoblasts. This binding
triggers a cascade of intracellular signals that culminate in the production of
other  pro-inflammatory = cytokines, = chemokines, @ and  matrix
metalloproteinases (81). Specifically, IL-17A induces synovial fibroblasts to
produce cytokines such as IL-6, IL-8, and MMP-3, which contribute to the
ongoing inflammation and damage to cartilage in the affected joints (82).
Furthermore, IL-17A promotes bone erosion by upregulating the expression
of RANKL, a key molecule involved in osteoclast differentiation and bone
resorption. This combination of cartilage destruction and bone remodeling is
a hallmark of PsA, underscoring the pivotal role of IL-17A in the disease’s
pathophysiology (83). While IL-17A is primarily responsible for initiating
tissue injury, IL-17F appears to be more involved in sustaining and driving the
chronicization of the inflammatory response. Although IL-17F signaling
responses are generally weaker than those of IL-17A, the two cytokines act
synergistically, amplifying the inflammatory cascade (84).

In addition to the direct effects of IL-17A, the cytokine IL-23 is integral to the

17



differentiation and activation of Th17 cells (85). Genetic studies have identified
polymorphisms in the IL23R gene that are associated with an increased
susceptibility to PsA, highlighting the importance of IL-23 in the disease’s
development (86,87). IL-23, produced by immune cells such as macrophages
and DC, acts to promote the survival, proliferation, and continued activation
of Th17 cells (88). The presence of IL-23 is thus critical for maintaining the
Th17-driven inflammation that characterizes PsA (89). Interestingly, the
enthesial tissue in PsA can produce IL-17 even without the typical IL-23

stimulation, indicating its importance in the disease's pathogenesis (90).

Th9

Th9 cells promote inflammation in both intestinal and synovial environments
and are characterized by the production of IL-9, a pleiotropic cytokine with
pro-inflammatory activity (91). IL-9 exerts its effects through binding with the
IL-9R, which is expressed on various immune and non-immune cells,
including effector T cells, B cells, mast cells, epithelial cells, and smooth muscle
cells.

Th9 expansion at multiple tissue levels is a key feature of PsA (92), that is
driven by several cytokines, such as TGF-f, IL-4 and Thymic Stromal
Lymphopoietin (TSLP), produced by epithelial and stromal cells. Moreover,
the transcriptional machinery involved in Th9 development and IL-9 gene
locus activation include the critical transcription factor PU.1, as well as,
Interferon Regulatory Factor-4 (IRF-4) and B cell Activating Transcription
Factor-like (BATF) (93). Several other signals, such as IL-25, IL-33, type I
interferons and IL-13 modulate IL-9 production in Th9 cells by activating the
NF-kB transcription factor and inducing STAT-1 and IRF-1 expression (94).
Finally, interactions between T cells and APC, mediated by TCR/MHC 1II,

18



CD28/CD80, OX40/0OX40L, and NOTCH ligands like DLL and Jagged,
influence Th9 differentiation, highlighting the complexity of signals required
for optimal Th9 polarization (95).

IL-9 stands out as a specific marker of intestinal inflammation in PsA,
distinguishing it from other inflammatory diseases such as ankylosing
spondylitis (AS) and Crohn’s disease (96). A particularly high IL-9 expression
has been observed in the ileum of PsA patients, produced by both
inflammatory cells and Paneth cells. These Paneth cells, in addition to
generating IL-9, express IL-9R as well, suggesting the presence of an autocrine
circuit that amplifies the inflammatory response (97). IL-9 produced by Paneth
cells may also contribute to the gut microbiota alterations often observed in
PsA patients, establishing a link between dysbiosis and immune responses.
Notably, the expression of the a4p7 integrin, an intestinal homing marker, on
Th9 cells isolated from both synovium and peripheral blood suggests that Th9
cells activated in the gut may migrate to other inflammatory sites, such as the
joints, thereby contributing to PsA pathogenesis (98).

In PsA, IL-9 also plays a significant role in activating yd T cells. Specifically,
the IL-9/IL-9R interaction appears to be a primary driver of v0 T cell activation
in PsA, with a stronger influence than the IL-23/IL-23R interaction (98).

To further stress the potential role for these cells in maintaining systemic
inflammation is important to underline that the proportion of circulating Th9
cells correlates with disease activity and decreases following treatment with

anti-TNF agents or ustekinumab (98).

Treg
Treg exert immunosuppressive functions and are crucial for maintaining

immune homeostasis and preventing autoimmunity. Their primary
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mechanism of action involves the secretion of cytokines such as IL-10 and
TGF-B, which suppress the activity of other immune cells (99). However, in
individuals with psoriasis, Treg cells exhibit several abnormalities, including
reduced expression of CD39 and CD74, increased expression of IL-6Ra, and
diminished suppressive capacity. Additionally, they display a greater
tendency to differentiate into IL-17-producing cells (6).

These alterations contribute to an imbalance between pro-inflammatory and
anti-inflammatory responses, creating a microenvironment conducive to the
chronic inflammation characteristic of psoriasis (100). IL-23 appears to play a
key role in Treg dysfunction (101). This cytokine can reduce the expression of
Foxp3, the essential transcription factor for Treg development and function,
and promote their differentiation into Thl17 cells, further amplifying
inflammation. The balance between the expression of Foxp3 and RORyt, the
transcription factor guiding Th17 differentiation, is critical in determining
whether Treg cells maintain their immunomodulatory profile or adopt a pro-
inflammatory role (102).

Although the available data on Treg cells PsA is more limited, some studies
suggest that patients with PsA have a lower number of Treg cells in peripheral
blood compared to HC, and this number negatively correlates with disease
activity (103). Furthermore, Treg cells in the inflammatory microenvironment
of PsA-affected joints exhibit distinct characteristics from circulating Treg. In
this context, Treg cells may downregulate Foxp3, assume a phenotype and
functions similar to effector T cells, and begin producing pro-inflammatory
cytokines, including IL-17. They also show increased expression of inhibitory
immune receptors such as CTLA-4 and TIGIT, as well as high levels of CD161,
RORyt, and ICOS (103). These alterations contribute to the maintenance of

joint inflammation in PsA.
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1.4 Clinical manifestations

PsA presents with a diverse range of clinical manifestations, reflecting the
heterogeneity of the disease, and can be divided into articular and extra-

articular features (104).

1.4.1 Articular manifestations

Articular involvement is typically characterized by five major subtypes, as
described by Moll and Wright, each with distinct patterns of joint involvement
(2). The oligoarticular subtype affects fewer than five joints, typically in an
asymmetric distribution, and is often less severe, affecting larger joints such as
the knees and elbows. In contrast, the polyarticular subtype involves five or
more joints, with a symmetric pattern that may resemble RA (105). This form
of PsA can lead to joint deformities and functional impairments (106). The
distal subtype, which targets the distal interphalangeal (DIP) joints of the
hands and feet, usually occurs in combination with other subtypes and is
frequently associated with nail changes, including pitting and onycholysis
(107,108). Although the arthritis mutilans subtype is rare, it is a severe and
destructive form, leading to rapid bone resorption, joint deformity, and
“telescoping” fingers or flail digits (109). The axial subtype, primarily affects
the spine and sacroiliac joints, causing inflammation, stiffness, and, over time,
spinal fusion, contributing to a significant loss of mobility (110). Enthesitis,
affects 30-50% of PsA patients, most commonly in the plantar fascia, Achilles
tendon, patellar tendons and common extensor tendon at the lateral
epicondyle of the elbow (111). This can lead to chronic pain and disability if
not managed effectively (112). Dactylitis, or “sausage digits,” is observed in

40-50% of PsA patients and is characterized by swelling of entire fingers or
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toes, often accompanied by pain, redness, and warmth in its acute form
(113,114). Chronic dactylitis, however, is marked by persistent swelling
without acute inflammation, and it is often associated with more severe

disease, including bone erosion and new bone formation (115).

1.4.2 Extra-articular manifestations

Beyond the articular symptoms, extra-articular manifestations also play a
significant role in the disease course and can provide important diagnostic
clues (116). Psoriatic skin lesions are the hallmark of PsA and are often seen in
areas such as the scalp, elbows, knees, and lower back, though they can also
appear in more unusual locations like the umbilical area and natal cleft. These
lesions, which may precede or coincide with joint symptoms, are essential in
differentiating PsA from other forms of arthritis (117). Nail involvement,
including nail pitting, onycholysis, and hyperkeratosis, is another prominent
extra-articular feature, present in up to 50% of PsA patients (118). Nail changes
are frequently seen in conjunction with distal joint involvement and are
considered a key early sign of PsA (119). Furthermore, PsA patients are at an
increased risk for developing inflammatory bowel disease (IBD), particularly
Crohn’s disease and ulcerative colitis (120). This association is believed to stem
from shared immunological mechanisms, particularly involving the IL-23/IL-
17 axis, which plays a central role in both PsA and IBD (121). Uveitis,
particularly anterior uveitis, affects 10-30% of PsA patients, especially those
with the axial subtype (122). This can present with eye pain, redness, and
blurred vision, and if left untreated, can lead to vision loss (123). Moreover,
PsA is associated with an increased risk of cardiovascular disease, including
atherosclerosis and myocardial infarction, likely due to the chronic systemic

inflammation that characterizes the disease (124). Finally, patients with PsA
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are also more likely to develop metabolic syndrome, with higher rates of
obesity, hypertension, and dyslipidaemia (125). These metabolic abnormalities
are linked to the inflammatory process in PsA and contribute to a higher risk
of comorbid conditions.

The wide range of symptoms, coupled with the potential for disease
progression and complications, underscores the importance of a

comprehensive clinical assessment in managing PsA (126).

1.5 Diagnosis and classification

The diagnosis of PsA is primarily clinical and relies on the recognition of
characteristic patterns of joint involvement, skin manifestations, and extra-
articular features, supported by imaging studies (127). PsA commonly
presents with oligoarticular involvement at onset, often asymmetric, although
it can evolve to a polyarticular, symmetric form over time. It typically affects
the DIP, especially in the hands, which distinguishes it from RA, where
proximal joints are more commonly involved, and from osteoarthritis (OA),
where DIP involvement is not associated with inflammatory changes but with
bony osteophytes. The presence of dactylitis, enthesitis and nail changes
further support the diagnosis (128). Spinal involvement in PsA, particularly
sacroiliitis and syndesmophytes, distinguishes it from RA, where spinal
disease is less frequent. A careful assessment of family history of psoriasis,
presence of psoriatic skin lesions, and extra-articular manifestations such as
IBD or uveitis is essential. Differential diagnosis must consider conditions with
overlapping clinical features (129). RA can be distinguished by its symmetric
joint distribution and the involvement of proximal joints, sparing the DIP.
Gout and pseudogout may mimic the acute joint involvement seen in PsA,

especially monoarthritis affecting the toes, but these conditions typically
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present with crystal-induced inflammation, which can be confirmed through
SF analysis or ultrasound study. The asymmetric spinal involvement in PsA
distinguishes it from AS, where the disease typically presents earlier in life and
is more severe with symmetric sacroiliac involvement (130). Reactive arthritis
shares some similarities with PsA, especially in the context of skin and joint
involvement, but the pathogenesis and clinical features are distinct. The skin
lesions in subacute cutaneous lupus can resemble psoriasis but are not
accompanied by the joint manifestations and specific patterns of enthesitis and
dactylitis seen in PsA (131). Ultimately, diagnosing PsA requires a
comprehensive evaluation, including clinical assessment, imaging, and
consideration of family and personal history, with an emphasis on identifying
the characteristic features that differentiate it from other forms of
inflammatory arthritis (132).

Diagnostic tests for PsA include negative results for rheumatoid factor and
anti—cyclic citrullinated peptide antibodies in 95% of cases, and when positive,
clinical and imaging features must be used to differentiate it from RA. HLA-
B27 positivity occurs in approximately 25% of patients with PsA (133).
Inflammatory markers, such as C-reactive protein and erythrocyte
sedimentation rate, are elevated in only 40% of patients (134).

Imaging plays a crucial role in diagnosing PsA, with radiographs showing
characteristic bone loss with eccentric erosions, joint-space narrowing, and
new bone formation in the form of periostitis, bony ankylosis, and
enthesophytes. In the axial skeleton, unilateral sacroiliitis and bulky, vertical
syndesmophytes are more common in PsA compared to the bilateral sacroiliac
involvement and paramarginal syndesmophytes observed in AS. Magnetic
resonance imaging (MRI) may reveal focal erosions, synovitis, and bone

marrow edema, especially at entheses (135). Bone marrow edema is best
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observed on T2-weighted, fat-suppressed, short-tau inversion recovery (STIR)
sequences (136). Moreover, Power Doppler (PD) ultrasound is useful for
detecting synovitis, enhanced blood flow, tenosynovitis, enthesitis, and early
erosive disease (137).

The classification of PsA has evolved over time, with several criteria developed
to aid in its diagnosis. One of the earliest attempts to standardize the
classification was the Moll and Wright criteria (1973), which identified five
major clinical subtypes of PsA: oligoarticular, polyarticular, distal, arthritis
mutilans, and axial (2).

Other historical criteria have also contributed significantly to the classification
of PsA, such as the European Spondyloarthropathy Study Group (ESSG) and
the American College of Rheumatology (ACR) criteria. Both sets were found
less specific than following criteria and have been largely replaced by more
recent ones (3,138,139).

Specifically, the CASPAR criteria, introduced in 2006, refined the classification
further by integrating both clinical features and laboratory results (3). It
includes major criteria such as psoriasis, nail involvement, dactylitis, and
enthesitis, with supporting evidence of peripheral arthritis or spinal
involvement. A patient is classified as having PsA if they have at least three of
the following: (1) current psoriasis, (2) nail dystrophy, (3) dactylitis, (4) history
of psoriasis, (5) negative rheumatoid factor, and (6) clinical or radiographic
evidence of bone erosion or new bone formation. The CASPAR criteria has
shown a high sensitivity and specificity for PsA, making it a widely used tool
in clinical practice (140). In addition to the CASPAR criteria, the Assessment
of SpondyloArthritis International Society (ASAS) criteria for peripheral SpA,
are also important for identifying cases of PsA, particularly when peripheral

joint involvement is predominant. The ASAS criteria focus on key features of
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spondyloarthropathy, such as arthritis, enthesitis, dactylitis, a history of
inflammatory back pain, and family history of SpA. In this framework, PsA is
categorized when there is arthritis in the lower limbs, enthesitis at typical sites,
dactylitis, and extra-articular manifestations like psoriasis or IBD. The
presence of HLA-B27 positivity can further support the diagnosis of
peripheral SpA (141). However, the ASAS criteria are used to assess a broader
spectrum of peripheral SpA, and while they are helpful, they are often used in
conjunction with the CASPAR criteria for more specific diagnosis of PsA.

Each of these criteria sets helps in distinguishing PsA from other inflammatory
arthritis forms, particularly RA, OA, gout, pseudogout, and other
spondyloarthropathies being fundamental in both clinical settings and

research.

1.6 Therapeutics

The treatment of PsA is multifaceted, aimed at controlling inflammation,
preventing joint damage, and improving quality of life. The approach to
treatment is driven by the domains involved in each individual patient's
clinical manifestations (142). These domains can include peripheral arthritis,
axial disease, enthesitis, dactylitis, and skin involvement, and the therapy

should be tailored to target the specific features present (143).

1.6.1 Treatment options for psoriatic arthritis

The treatment strategy generally follows a stepwise model, beginning with
non-biological therapies before progressing to biological agents for more
severe or refractory disease (144). Non-biological drugs, primarily NSAIDs,
are commonly used to manage pain and inflammation in mild cases. These

agents are effective in reducing joint pain and stiffness, particularly in the early
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stages of PsA or in patients with predominant axial or enthesial involvement.
In addition to NSAIDs, conventional synthetic disease-modifying
antirheumatic drugs (csDMARDs), such as methotrexate, sulfasalazine, and
leflunomide, are often used to modify the course of the disease and prevent
long-term damage (145). Methotrexate is the most commonly prescribed
csDMARD for PsA, particularly in cases with significant peripheral arthritis,
although its effectiveness in treating skin psoriasis is limited. Sulfasalazine is
another option, particularly for patients with predominantly axial disease or
spondylitis, while leflunomide is used in cases of polyarthritis or dactylitis.
However, these agents are not universally effective for all patients, and some
may require biologic agents for more targeted therapy (146).

The introduction of biological therapies has revolutionized the treatment of
PsA, particularly for patients with moderate to severe disease or those who
have failed conventional treatments (147). TNF-a inhibitors, such as etanercept,
infliximab, adalimumab, and certolizumab, are widely used as first-line
biologic agents. These drugs are highly effective in controlling both the joint
and skin manifestations of PsA by targeting the inflammatory cytokine TNF-
a, which plays a central role in the pathogenesis of the disease. 1L12/23
inhibitors, such as ustekinumab, guselkumab and risankizumab and IL-17
inhibitors, including secukinumab and ixekizumab, are also commonly
employed, offering benefits in patients with both peripheral and axial disease,
as well as psoriasis (148). These agents target key cytokines involved in the
immune dysregulation seen in PsA, helping to control the overactive immune
response. Additionally, JAK inhibitors, such as tofacitinib and upadacitinib,
represent a newer class of systemic therapy that targets intracellular signaling
pathways, offering an alternative treatment for patients with PsA who have

not responded to biologics (149).
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Finally, apremilast, an oral phosphodiesterase 4 (PDE4) inhibitor may be used
in patients with mild to moderate disease or those who are not candidates for
biologic therapies. By inhibiting PDE4, apremilast increases intracellular cyclic
adenosine monophosphate (cAMP) levels, leading to a reduction in pro-
inflammatory cytokine production. It offers a convenient oral alternative to
biologics with a relatively favourable safety profile (150).

When choosing a treatment plan, it is essential to consider the comorbidities
of each patient, as conditions like cardiovascular disease, obesity, diabetes,
and IBD can affect both the course of PsA and the choice of therapy. For
example, some biologics, such as TNF inhibitors, may increase the risk of
infections and malignancies, which requires careful monitoring, particularly
in patients with a history of infections or cancer. Additionally, the presence of
psoriasis and its severity should guide therapy, as some treatments are more
effective for skin manifestations, while others may focus more on joint disease
(151). The choice of biologic therapy depends on the specific clinical features
of PsA, the patient’s comorbidities, and individual preferences (152). Overall,
a personalized, domain-driven approach is critical to managing PsA
effectively, with the goal of achieving disease remission, preventing long-term

joint damage, and improving the overall well-being of the patient (153).

1.6.2 Unmet needs in psoriatic arthritis treatment

Despite significant advances in the treatment of PsA, several unmet needs
remain, particularly with regard to treatment failure and the development of
difficult-to-treat diseases (154). While biologic therapies have revolutionized
the management of moderate to severe PsA, a considerable proportion of
patients still experience inadequate response or disease flares over time. The

rate of treatment failure in PsA varies across different therapies, with up to 40-
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50% of patients failing to achieve sustained disease control on initial biologics.
Moreover, patients often tend to lose response to treatment after several lines
of therapy, with diminishing efficacy observed as the disease progresses and
the number of treatment options increases (155). This issue is particularly
notable in patients with high disease burden, multi-domain involvement, or
those with long-standing disease. Furthermore, some individuals develop
difficult-to-treat PsA characterized by persistent joint inflammation, enthesitis,
dactylitis, and psoriasis despite adequate use of biologic therapies. These
patients are often at risk for functional impairment and progressive joint
damage, making it imperative to explore novel therapeutic targets and
combination therapies that address the underlying immune dysregulation
more effectively (156). Moreover, the development of refractory PsA raises
concerns about the long-term sustainability of current biologic treatments and
emphasizes the need for ongoing research to identify predictive biomarkers
for treatment response and to optimize treatment algorithms. Addressing
these unmet needs remains a critical challenge in improving outcomes for
patients with PsA (157).

To overcome these challenges, it is essential to discover new axes of
intervention that can be targeted in PsA therapy. Understanding the immune
pathways and biological mechanisms that drive the disease is crucial to
developing innovative treatments that go beyond the current options. One
promising approach could be the alteration of the balance between
inflammatory and anti-inflammatory pathways, a strategy inspired by the use
of checkpoint inhibitors in oncology. By modulating these pathways, it may
be possible to restore immune homeostasis and better control the pathological
inflammation seen in PsA. Additionally, achieving a deeper phenotypization

of patients is pivotal for addressing the heterogeneity of PsA, which currently
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complicates treatment strategies and results in the treatment ceiling effect,
where even the best therapies fail to provide complete and sustained disease
control for all patients (158,159). By identifying distinct clinical and
immunological subtypes of PsA, clinicians may be able to tailor therapies more
effectively to individual patients, ensuring that treatment strategies target the
underlying causes of the disease more precisely (160). The ultimate goal is to
expand the therapeutic armamentarium, enabling more patients to achieve
long-term remission and to break through the current limitations of treatment,

thereby improving PsA management.
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CHAPTER 2
GITR/GITR LIGAND AXIS
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2.1 GITR and GITR ligand axis overview

The glucocorticoid-induced tumor necrosis factor receptor-related gene (GITR
or TNFRSF18) is part of the TNF receptor superfamily (TNFRSF) and encodes
for a type 1 membrane receptor of molecular weight 34-40 kDa (161,162). The
cytoplasmic portion of the receptor has good homology with other TNFRSF
family receptors such as 4-1BB, OX40, CD40 and CD27, all acting as co-
activating molecules in different cells and tissues (co-stimulatory TNFR
subfamily) (163).

GITR functions as a co-stimulatory molecule, impacting the activity of several
immune cell populations, including T lymphocytes, NK cells, and APC (164).
This modulation makes GITR pivotal in both adaptive and innate immunity,
particularly within inflammatory and autoimmune processes. GITR
expression is highly regulated and closely tied to the activation status of
immune cells (165). In resting states, T lymphocytes (both CD4* and CD8")
exhibit low GITR expression levels, which rapidly increase upon antigenic
stimulation. The upregulation of GITR peaks around 2-3 days after stimulation,
acting as a clear marker of T cell activation (166). This transient rise in GITR
levels is significant for understanding the dynamics of immune responses, as
it suggests that GITR expression mirrors the initiation and expansion phases
of the immune response.

The binding of GITR to its ligand, GITRL, triggers a co-stimulatory signal that
profoundly impacts effector T cell functionality. This activation cascade
promotes the proliferation of effector T cells, enabling a robust immune
response against pathogens (167). Additionally, GITR signaling facilitates the
release of pro-inflammatory cytokines such as IL-2 and IFN-y, which are
instrumental in pathogen clearance (168,169). Notably, GITR activation also

enhances resistance to apoptosis, supporting the longevity and persistence of
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effector T cells within an inflammatory milieu (170). These properties
underscore the role of GITR as a crucial amplifier of the immune response,
enhancing T cell-mediated immunity. The expression of GITR is notably
elevated on Treg, a key immunosuppressive T cell subset responsible for
maintaining immune tolerance and preventing excessive inflammation (171).
The GITR/GITRL interaction in Treg is complex, with short-term GITR
stimulation potentially diminishing Treg suppressive functions, thus allowing
a more active immune response from effector T cells (172). In contrast,
prolonged GITR activation may favour the proliferation and expansion of Treg,
ultimately promoting immune suppression (167). This duality suggests that
GITR signaling could be context-dependent, with distinct roles in either
amplifying or suppressing immune responses based on the duration and
nature of the stimulus (173,174).

GITRL, the ligand for GITR, is primarily expressed on APC, including
macrophages, B cells, and DC. Through binding to GITR on T cells, GITRL can
initiate distinct intracellular pathways in APC that contribute to immune
regulation. For example, GITRL activation on macrophages drives the
production of pro-inflammatory factors, which enhances immune responses
(175,176). On DC, however, GITRL activation may exert immunoregulatory
effects, leading to reduced IL-12 production and promoting immune tolerance
(177,178). In endothelial cells, GITRL expression rises during inflammation,
facilitating leukocyte migration to inflamed tissues (179). These findings
illustrate the multifaceted role of GITRL in modulating immune responses
across cell types and tissue environments.

The intricate biological functions of GITR and GITRL have attracted interest
as potential therapeutic targets, particularly in the fields of oncology,

inflammatory diseases, and autoimmunity (180). Anti-GITR agonist
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antibodies, such as DTA-1, have shown promise in murine cancer models,
where they enhance the activation of CD8* T cells and inhibit Treg function,
thereby exerting antitumor effects (181,182). Additionally, GITR-Fc fusion
proteins, designed to block the interaction between GITR and GITRL, have
demonstrated anti-inflammatory effects in preclinical models (183). This
capacity to either promote or suppress immune responses through
GITR/GITRL modulation offers significant potential for therapeutic
applications in conditions characterized by dysregulated immunity. This
nuanced understanding of GITR/GITRL biology highlights its relevance in the
pathogenesis of immune-mediated diseases and its emerging role as a target

in immunomodulatory therapies.

2.2 GITR/GITR ligand in autoimmunity

The GITR/GITRL system has been shown to play a significant role in
autoimmune diseases where inflammation is a key pathophysiological
component. In RA, GITR activation correlates with disease severity, and
experimental models suggest that GITR ablation can protect against arthritis
development by reducing leukocyte extravasation and inhibiting conventional
CD4* and CD8* T cell activation (184). In Sjogren’s syndrome, elevated serum
GITRL levels are linked to increased disease activity, as measured by the
ESSDAIL as well as to systemic manifestations such as leukopenia,
thrombocytopenia, and pulmonary involvement (185). High GITRL levels also
correlate with autoantibodies, including rheumatoid factor and anti-SSA
antibodies, which are central markers of Sjogren’s syndrome. Additionally, the
GITRL/GITR interaction is thought to promote a Thl7-driven immune
response that intensifies inflammation and tissue damage, especially within

the salivary glands (186). Experimental studies support this by showing that
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blocking GITRL in animal models of Sjogren’s syndrome reduces
inflammation, lowers autoantibody levels, and suppresses the Th17 response
(187).

In experimental colitis, a model of human inflammatory bowel disease, GITR
ablation has similarly demonstrated protective effects by decreasing mucosal
Th1 responses, thus reducing disease severity (188,189). Findings align with
evidence from type 1 diabetes models, where GITR triggering exacerbates
disease progression by enhancing pathogenic T cell activity (190). In
autoimmune thyroiditis, high GITRL levels have been associated with
increased presence of Thl7 cells, suggesting that GITRL may amplify
inflammation by promoting Th17-mediated responses central to thyroid gland
damage in conditions like Hashimoto’s thyroiditis (191). Likewise, in
experimental autoimmune encephalomyelitis (EAE), a model for multiple
sclerosis, GITR activation worsens disease outcomes, implicating the
GITR/GITRL axis in neuroinflammatory processes (192). These observations
suggest that, while GITR inhibition may provide anti-inflammatory effects by
limiting effector T cell activity, long-term GITR suppression could also reduce
Treg populations, as GITR signaling is crucial for Treg expansion.

This balance underscores the need for a deeper insight into GITR/GITRL

functions and eventual manipulation to restore immune homeostasis.

2.3 GITR / GITR ligand axis in inflammatory arthritis

The GITR/GITRL pathway has been identified as a crucial mediator in arthritis
pathogenesis (193), particularly through its effects on the regulation and
activation of pathogenic Th17 cells (194). Evidence from collagen-induced
arthritis (CIA) models demonstrates elevated GITRL expression in DC within

draining lymph nodes and in joint tissue, mirroring elevated serum levels in
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patients with RA that correlate with IL-17 levels and DAS28 disease activity
scores. Notably, recombinant GITRL administration exacerbates arthritis in
CIA mice, with earlier onset, increased severity, and greater joint damage (195).
In SpA, pathogenic Th17 cells, expressing both IL-17 and IFNy, are marked by
GITR and OX40 co-expression, and are enriched within inflamed SF. A recent
single-cell transcriptomic analysis, which included TCR profiling and protein
expression using CITE-seq, revealed pathogenic Thl7 cells with
polyfunctional profiles (IL-17A*IFNY*) in patients with AS, expressing GPR65
and KLRB1 alongside GITR and OX40 surface markers. These Th17 cells
demonstrated plasticity, a property arising from the instability of RORy-
positive feedback loops, which is modulated by the inflammatory cytokine
environment, driving pathogenicity (196).

In AS, the dual blockade of GITR and OX40 successfully reduced pathogenic
Th17 cells in murine models, correlating with decreases in clinical parameters
such as ASDAS and C-reactive protein. These pathogenic Thl7 cells,
associated with inflammatory markers and ultrasonographic scores, highlight
the importance of these costimulatory molecules in sustaining Th17-driven
inflammation (196).

In parallel, Th17 responses in AS are commonly targeted by anti-IL-17
biologics like ixekizumab and secukinumab, which have proven effective but
carry risks, including fungal infections and worsening intestinal inflammation,
thereby limiting their applicability (197). Targeting GITR and OX40 instead of
IL-17A could mitigate these risks, selectively depleting pathogenic Th17 cells
while sparing IL-17A-associated innate immunity. Beyond AS, the GITR/OX40
axis also promotes Th17 activity in other inflammatory models (198); GITRL
enhanced Th17 responses and RORyt expression in arthritis, while OX40

activation sustained Th17 responses in models of uveitis (199), underscoring a
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broader applicability for targeting this pathway across Thl7-mediated
diseases. Elevated GITRL and OX40L levels in AS and RA patients indicate
that dual inhibition of these ligands may provide therapeutic advantages by

selectively reducing pathogenic Th17 cell responses (200).
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CHAPTER 3
EXPERIMENTAL STUDY
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3.1 Hypothesis

The inflammatory process characterizing PsA is mainly driven by IL-23/IL-17
axis and IL-9 overexpression, in presence of Th17 and Th9 expansion. Recently,
a correlation between IL-9 and GITR, whose ligand (GITRL) is expressed on
APC, was described. Specifically, the activation of GITR/GITRL promotes Th9
and Th17 differentiation and alters Treg functions fueling inflammation.
Given the involvement of Th9 and Th17 cells in PsA and the pro-inflammatory
role of GITR, we hypothesized that GITR/GITRL interaction may play a crucial
role in the pathogenesis of PsA by modulating the differentiation and
functional responses of Thl7, Th9, and Treg cells. Specifically, the
upregulation of GITR/GITRL at multiple tissue level in PsA patients may
contribute to the expansion of Thl7 and Th9 cells while impairing Treg

function, thereby driving the chronic systemic inflammatory process in PsA.
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3.2 Objectives

1.

Investigate the expression levels of GITR and GITRL on peripheral
blood mononuclear cells isolated from PsA patients, with a focus on

Th17, Th9, and Treg subsets.

Analyze the expression of GITR and GITRL in key sites of inflammation
in PsA, including synovial tissue, synovial fluid, and ileal mucosa

samples.

Examine the impact of GITR stimulation on the proliferation and
functional status of T cells derived from peripheral blood and synovial

fluid in PsA patients.
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3.3 Materials and methods

3.3.1 Patients

Twenty-one patients consecutively referred to the Rheumatology Unit of the
Policlinico “Paolo Giaccone” University Hospital, Palermo, Italy, were
recruited for this study.

All patients, with a sex ratio M/F of 11/20, mean age + standard deviation (SD)
50.4 £ 12,6 years, fulfilled the 2006 CASPAR criteria (3), presented active
disease, defined by a Disease Activity in PSoriatic Arthritis (DAPSA) score >
14, and were naive to disease modifying antirheumatic drug (DMARDs)
(Table 1). Patients were previously treated with a stable dose of NSAIDs.

Sixteen HC and 4 OA (OA) patients were also enrolled.

Table 1. Clinical characteristics of patients and controls

PsA OA HC
(n=21) (n=4) (n=16)
Age mean, years (range) 50.4 (32-70) 58.5  (45- 47.2(31-60)
77)
Female sex, n (%) 9 (42.8) 2 (50%) 6 (37.5)
Disease duration, months 84 (6-240) - -
(range)
CRP mg/l, mean (range) 10.2 (4-25.2) 2.3(0-4.3) 35(1-5.2)

DAPSA score, mean (range)  21.6 (14.3-35.1) - -

CRP: C-reactive protein; DAPSA: Disease Activity in PSoriatic Arthritis; HC:
healthy control; OA: OA; PsA: psoriatic arthritis
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The study was approved by local Ethical Committee of the University of
Palermo and complied with the dictates of the Declaration of Helsinki
(registration number 04/2019). Informed consent was obtained from each

patient and each control.

3.3.2 Isolation of peripheral blood mononuclear cells and synovial fluid

cells

Blood samples and SF samples were collected. peripheral blood mononuclear
cells (PBMC) and synovial fluid mononuclear cells (SFMC) were isolated by
discontinuous density gradient centrifugation on Ficoll-Hypaque (Pharmacia
Biotech, Uppsala, Sweden), washed with RPMI 1640 medium (Euroclone, MI,
Italy) and counted in Neubauer chamber diluting cells with Trypan Blue 0.01%.
Cell viability was always > 95%. PBMC and SFMC obtained from every 2 PsA

patients and from 2 HC were pooled to improve cells availability.

3.3.3 In vitro functional assay

PBMC of patients and controls, and SFMC of PsA patients were cultured in 24-
well flat-bottomed plates at the density of 1 x 10° in different conditions: i)
RPMI 1640 medium (Euroclone, MI, Italy) supplemented with 10% fetal
bovine serum (FBS), L-glutamine (Euroclone, MI, Italy) and antibiotics
(Euroclone, M, Italy), ii) complete RPMI medium plus T Cell TransAct (T cell
activation via CD3 and CD28) (Miltenyi Biotec), for 48 hours at 37° C and 5%
of CO2, in the presence of 10 mg/ml of monensin.

After incubation, cells were collected, washed, and cultured again. All cells
were stimulated with the human recombinant protein TNFSF18 (Abnova) for
48 hours at 37° C and 5% of CO2 plus 10 mg/ml of monensin. PBMC obtained

from every 2 PsA patients were pooled to improve cells availability.
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Due to the reduced number of cells in the SF, SEMC from OA patients were ex

vivo stained.

3.3.4 Flow cytometric analysis

After incubation, cells were harvested and washed with phosphate-buffered
saline (PBS) (Euroclone). Cells were stained with Fixable Viability Dye
(Biolegend, San Diego, CA) and washed with Macs Rinsing solution (Miltenyi
Biotec) with 2% of FBS (Euroclone) to identify live cells. Afterward, cells were
stained with conjugated monoclonal antibodies (mAbs): APC-Vio 770 anti-
human CD45 (REAfinity - Miltenyi Biotec); FITC anti-human CD3 (Miltenyi
Biotec), PE anti-human GITR (REAfinity - Miltenyi Biotec), PerCp-Vio 700 anti-
human CD4 (REAfinity -Miltenyi Biotec), Pe-Vio 615 anti-human CD8
(REAfinity Miltenyi Biotec), APC anti-human Foxp3 (REAfinity - Miltenyi
Biotec), Pe-Vio 770 anti-human CD25 (REAfinity - Miltenyi Biotec),
PerCP/Cyanine5.5 anti-human IL-9 (clone MH9A4, Biolegend), Pe-Vio 770
anti-human CD4 (REAfinity -Miltenyi Biotec), Pe-Vio 615 anti-human IL-17,
VioGreen anti-human CD3, FITC anti-human CD14, PE anti-human CD11c
(clone Bul5, Biolegend), PerCp anti-human GITRL (R&D Systems,
Minneapolis, Canada), Pe-Vio 770 anti-human HLA-DR, APC anti human
CD19 (REAfinity -Miltenyi Biotec), Alexa Fluor®405 anti-human oa4p7
(Biolegend, San Diego, CA).

The same antibodies listed above were also used to label SFMC from OA
patients.

Cells were acquired on FACSAria II flow cytometer (BD Biosciences, CA, USA).
At least 100.000 cells (events) were acquired for each sample. Data were
analyzed with FlowJo software (version 10.5.3 Treestar Inc., Ashland, OR,

USA).
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3.3.5 Immunofluorescence staining

Immunofluorescence staining was performed on 5-um-thick paraffin-
embedded sections of PsA and HC ileum and PsA and OA synovium,
obtained from the University Hospital biobank. The sections were treated to
remove paraffin. Antigens were unmasked after rehydration using Dako
Target Retrieval Solution (Glostrup, Denmark; pH 9.0), as directed by the
manufacturer. Then, all sections were incubated with rabbit polyclonal
TNFSF18 antibody (Cat# BS-2456R, Bioss). The staining was processed by
secondary staining with goat anti-rabbit FITC (Cat# A10523, Invitrogen) for 1
hour and 30 minutes. After secondary staining, the sections were stained with
monoclonal mouse anti-human CD19 (M7296, Dako) and mouse anti-human
CD11c (Cat# MA1-35070, Invitrogen), respectively. Sections stained with
mouse anti-human CD68 (Cat# MA1-80133, Invitrogen) were previously
permeabilized with 0.1% Triton X-100 for 10 minutes. Primary antibodies were
diluted in PBS in a concentration according to the manufacturer's guideline,
containing 3% bovine serum albumin and 0.05% Tween20 (PBS/BSA 0.05
TW20) and incubated overnight at 4 °C. Afterward, the sections were
incubated for 1 hour and 30 minutes with rabbit anti-mouse Alexa Fluor®555
(Cat#A21427, Invitrogen) diluted 1:200 with PBS/BSA 0.05 TW20. Finally,
nuclei were counterstained with Hoechst 33342 (Cat. H1399, Invitrogen) for 15
min at room temperature. Sections rehydrated, fixed and stained with only
secondary antibodies were used as negative control. Lif files of images were
collected by confocal laser-scanning microscope DMI6000 with Leica

Application Suite X.
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3.3.6 RNA isolation and quantitative real-time reverse transcription-

polymerase chain reaction (RT-PCR)

RNA was extracted from peripheral blood mononuclear cells (PBMC) of both
patients and controls using the Nucleospin miRNA Kit (Macherey-Nagel,
Diiren, Germany). Following RNA quantification with a Nanodrop
spectrophotometer (NanoDrop Technologies, Wilmington, NC, USA), reverse
transcription was carried out using the High-Capacity ¢cDNA Reverse
Transcription Kit (Applied Biosystems, Foster City, CA, USA). Real-time PCR
was performed with TagMan reagents to measure the expression levels of IL-
10 (Hs00465632_CE) and FOXP3 (Hs00305859_CE). The PCR reactions were
conducted on the StepOne Real-Time PCR System (Applied Biosystems,
Foster City, CA, USA). Results were presented as the relative expression of IL-
10 and FOXP3, normalized to the housekeeping gene GAPDH
(Hs02758991_g1), using the fold of induction (FOI) method. Group
comparisons were made using the Mann-Whitney test, a non-parametric

statistical approach.

3.4 Statistical Analysis

All data were analyzed using GraphPad Prism version 8.0.1 (GraphPad).
Statistical analysis was performed using T-test and ANOVA; p values < 0.05

were considered significant.
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3.5 Results

GITR and GITRL expression is enhanced on CD4* T cells and APC in PsA
patients

Among PBMC, flow cytometry analysis showed an enhanced expression of
GITR on CD45" cells of PsA patients compared with HC after in wvitro
stimulation for 48 hours with anti-CD3-CD28 mAb (Figure 1A). Particularly,
GITR expression was increased among CD4* T cells (Figure 1B). Th17 showed
an enhanced GITR expression statistically significant after stimulation, while
GITR expression in Th9 did not change between PsA and HC (Figure 1C).
Assessing GITRL expression, CD45* cells of PsA patients showed an increased
expression of GITRL compared with HC, in absence of any stimulation (Figure
1D). Specifically, cytofluorimetric analysis detected an up-regulation of GITRL
on CD14*, CD19* and CD11c* cells in PsA vs HC, statistically significant in the

first two cell subsets (Figure 1E).
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Figure 1: Expression of GITR and GITRL among PBMC in PsA patients and
HC

Expression of GITR by CD45¢ cells (A); by CD4* T cells (B); by Th17 cells (C left
part) and Th9 cells (C right part).

Expression of GITRL by CD45* cells (D); CD14" cells, CD19* cells and CD11c*
cells (E).

GITR expression was assessed after 48 hours of cell incubation with RPMI
(complete medium) and with anti CD3-CD28 activation beads.

*p<0.05

GITR: Glucocorticoid-induced Tumor Necrosis Factor-related receptor; GITRL:
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GITR ligand; HC: healthy control; PBMC: peripheral blood mononuclear cells;
PsA: Psoriatic Arthritis; Th: T helper.

The frequency of cell subsets and the expression levels of human HLA-DR,
constitutionally expressed on CD14*, CD1llc* and CD19* cells were not

different between the two groups (Figure 2).
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Figure 2: Peripheral frequency of APC and HLA-DR expression in PsA
patients and HC

Peripheral frequency of CD14* cells (A), CD11c* cells (B) and CD19* cells (C).
Ex vivo HLA-DR expression by (D) CD14* cells, (E) CD11c* cells, (F) CD19* cells.

APC: antigen-presenting cells; HC: healthy control; HLA-DR: human

leukocyte antigen-DR; PsA: Psoriatic Arthritis.
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GITR and GITRL expression is increased in PsA SF, synovium and ileum,
and peripheral GITR* Th cells recirculate from the gut

GITR and GITRL expressions were also evaluated in PsA target sites.

An increased GITR expression was detected on Th cells, especially Th17 and
Th9, in SF of PsA patients vs OA patients (Figure 3A-C), together with an
increase in GITRL expression on CD45* cells in PsA SF (Figure 3D). Among
APC, GITRL was more expressed by CD14" cells in PsA SF (Figure 3E).
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Figure 3: GITR and GITRL expression by SF cells of PsA and OA patients
Expression of GITR by Th cells (A), Th9 cells (B) and Th17 cells (C); the
expression of GITR was assessed after 48 hours of cell incubation with RPMI
(complete medium) and with anti CD3-CD28 activation beads for PsA samples
and ex vivo for OA subjects.

Expression of GITRL by CD45* cells of PsA and OA patients (D); by CD14*cells,
CD11c*cells and CD19* cells of PsA patients (E).

*p<0.05 **p<0.005
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GITR: Glucocorticoid-induced Tumor Necrosis Factor-related receptor; GITRL:
GITR ligand; OA: Osteoarthrtitis; PsA: Psoriatic Arthritis; SF: synovial fluid,
Th: T helper.

Immunofluorescence on PsA synovial and ileal samples revealed an
overexpression of both GITRL and GITR in PsA samples vs controls (Figure
4A, B). The expression of a4p7, as marker of intestinal homing, was assessed
on peripheral GITR* and GITR- Th cells evidencing a significant higher

expression of such integrin on peripheral GITR* Th PsA derived cells (Figure

4Q).
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Figure 4: GITRL and GITR evaluation on synovium and ileum of PsA
patients and controls and a4p7 expression among Th GITR*and GITR: cells
in PB

Representative merge panel of PsA synovial and ileal tissue (A):

GITRL* (green) - CD68* (red) - nuclei (blue); GITRL* (green) - CD19* (red) -
nuclei (blue); GITRL* (green) - CD11c* (red) - nuclei (blue); CD4* (green) -
GITR* (red) - nuclei (blue).

Representative merge panel of OA synovial tissue and HC ileal tissue (B):
GITRL* (green) - nuclei (blue); GITR* (red) - nuclei (blue).

Expression of GITR among PB Th cells from PsA and HC (C, upper part).
Expression of a4p7 among PB Th GITR*cells from PsA and HC (C, bottom left)
Expression of a4f37 among PB Th GITR- cells from PsA and HC (C, bottom
right)

GITR: Glucocorticoid-induced Tumor Necrosis Factor-related receptor; GITRL:
GITR ligand; HC: healthy control; OA: Osteoarthritis; PB: peripheral blood;
PsA: Psoriatic Arthritis; Th: T helper.

GITR stimulation induces Th9 and Th17 expansion in vitro in PsA patients
Given the up-regulation of GITRL on APC and GITR on CD4+ cells in PsA
samples, we evaluated the in vitro effect of GITR and GITRL interaction
among CD4* T cell subsets. Therefore, PBMC from PsA patients were
stimulated with the recombinant GITR agonist for 48 hours. Afterwards, the
percentages of Th9 and Th17 cells were assessed by flow cytometry analysis.
In vitro stimulation with recombinant GITR agonist for 48 hours resulted in

an increased expansion of PsA-derived Th9 and Th17 cells in presence of anti-
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CD3-CD28 stimulation beads, statistically significant compared with HC
(Figure 5A, B).

The effect of GITR agonist stimulation was also evaluated on Th9 and Th17
cells from SF, resulting in an increased frequency of SF Th9 and Th17 in PsA
vs OA (Figure 5C, D).
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Figure 5: Effects of recombinant GITRL on Th9 and Th17 cells frequency
from PB and SF
Frequency of Th9 cells (A) and Th17 cells (B) in PsA patients and HC from PB.
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Frequency of Th9 cells (C) and Th17 cells (D) of PsA and OA patients from SF.
Cells of PsA patients and HC were incubated with RPMI (complete medium)
alone, anti CD3-CD28 activation beads alone and anti CD3-CD28 + GITRL.
Percentages of Th9 and Th17 were evaluated for OA samples in absence of any

stimulation.

*p< 0.05

GITR: Glucocorticoid-induced Tumor Necrosis Factor-related receptor; GITRL:
GITR ligand; HC: healthy control; OA: Osteoarthritis; PB: peripheral; PsA:
Psoriatic Arthritis; SF: synovial fluid; Th: T helper.

GITRL up-regulation inhibits the immunosuppressive functions of Treg in
PsA patients

Treg cells were expanded in PsA samples compared with HC after stimulation
with anti-CD3 CD28 mAb. No differences were found after specific
stimulation with GITRL in PsA samples (Figure 6A).

The in vitro suppression assay was performed to determine Treg suppressive
capacity. The expressions of FOXP3 and IL-10 were found to be reduced in the
GITR agonist-stimulated Treg of PsA patients compared with HC (Figure 6B).
Moreover, no differences in Treg frequency after GITRL stimulation were

found in SF as well (Figure 6C).
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Figure 6: Effects of recombinant GITRL on Treg frequency from PB and SF
Percentage of Treg in PsA patients and HC in RPMI (complete medium) alone,
anti CD3-CD28 activation beads alone and anti CD3-CD28 with GITRL (A).
mRNA quantification of FOXP3 and IL-10 after stimulation with GITRL in
Treg from PsA patients and HC by qRT-PCR (B).

Frequency of Treg of PsA and OA patients from SF (C).

*p<0.05

GITR: Glucocorticoid-induced Tumor Necrosis Factor-related receptor; GITRL:
GITR ligand; HC: healthy control; IL-10: interleukin-10; OA: Osteoarthritis; PB:
peripheral blood; PsA: Psoriatic Arthritis; gqRT-PCR: quantitative real-time
reverse transcription—polymerase chain reaction; SF: synovial fluid; Treg: T

regulatory.
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DISCUSSION
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The proinflammatory function of GITR activation in autoimmune diseases has
recently been highlighted, suggesting a dual mechanism through the co-
stimulatory action on T effector cells coupled with the immunosuppressive
effect on Treg cells (201). GITR stimulation can promote the differentiation and
proliferation of Th17 and Th9 (202), crucial cell subsets in PsA. Moreover, the
administration of recombinant GITRL exacerbated the progression of arthritis
in CIA mice, confirming the role of the GITR/GITRL axis in determining joint
inflammation (170).

In the present thesis, the first evidence for the role of GITR/GITRL interaction
in the immunopathogenesis of PsA is provided. Results evidenced an
increased GITR expression among peripheral CD4* T cells, specifically after
stimulation, in line with the inducible nature of the receptor, and a
concomitant increased GITRL expression on APC in PsA patients vs HC.

In light of a growing body of evidence accounting for the systemic nature of
PsA, in which the inflammatory response involves several structures,
GITR/GITRL expression in multiple target tissues was assessed. The finding
of an enhanced GITR/GITRL expression in PsA SF, synovium and ileum
corroborates the fascinating hypothesis of the gut-joint axis as a pivotal
mechanism in the development of PsA. Specifically, GITR/GITRL may
cooperate in the activation of immune cells in the gut, favoring the interaction
between APC and T cells that can then recirculate and reach target sites of
inflammation (203). This hypothesis is further supported by the expression of
a4p7, marker of intestinal homing, on the peripheral GITR* Th cells in PsA.
Considering the up-regulation of GITR/GITRL on PBMC and the paramount
relevance of Th9 and Th17 cells in PsA, one of the main aim of this research
was to assess whether GITR/GITRL interaction could contribute in driving the

expansion of Th9 and Th17 cells in PsA.
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After addition of the recombinant GITR agonist, an increased expansion of
peripheral Th9 and Th17 cells was detected. The present findings are in line
with previous data on the strong Th9 polarization as the predominant
immunological feature in PsA (203) and the robust data on Th17 expansion in
PsA inflammatory sites (204).

Recently, expression of GITR together with OX40 was found on the surface of
pathogenic Th17 cells in SF from active AS and the authors demonstrated that
the simultaneous blockade of GITR and OX40 suppressed clinical arthritis in
the murine model of SpA (205). These findings shed light on the complexity of
GITR/GITRL activation that may require a double signal via OX40 to exert its
functions; such mechanism may represent a future point to address in order

to better understand the aberrant immune responses evidenced in PsA.

The effect of GITR/GITRL axis in driving joint inflammation goes beyond Th
and seems to act also through the modulation of Treg cells. Specifically,
although the addition of GITR agonist did not result in any change in Treg
frequency, the mRNA expression of IL-10 and FOXP3 was reduced in Treg
after stimulation, suggesting a potential decrease in Treg immunosuppressive
function. In this regard, conflicting data have been described on the effect of
GITR stimulation on Treg proliferation, depending on the experimental model,
the culture conditions, the intensity of GITR activation and the agonist used to
activate it (189,206,207). However, taken together, the presented data let
suppose that GITR/GITRL may contribute to alter the balance between Treg
and Th cells shaping a strong proinflammatory milieu in PsA through the
impairment of regulatory functions and activation of pathogenic cell subsets.
Indeed, GITR agonist combined with checkpoint inhibitors were

demonstrated able to promote T effector functions and hinder the suppression
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of Treg cells in cancer immunotherapy (208) strengthening the described

observations.

Certainly, the study presents some limitations, such as the small sample size
and the absence of a second evaluation point after treatment. So, future goals
include increasing the number of patients enrolled, evaluating the effect of
therapy on the expression of GITR and GITRL and studying the downstream
mechanisms underlying the modulation of this axis on Th9 and Thl7
expansion.

In conclusion, the reported data define a novel role of GITR/GITRL in
promoting Th9 and Th17 expansion during PsA joint inflammation and pave
the way for exploring whether manipulation of this pathway may be useful in

the treatment of inflammatory joint disease.
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CONCLUSION
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GITR/GITRL axis may effectively play a role in DPsA
immunopathogenesis. Specifically, the present study provides the first
evidence of GITR/GITRL interactions in PsA, showing increased GITR
expression on peripheral CD4" T cells and GITRL expression on APC in

PsA patients compared to HC.

GITR/GITRL concur to the systemic nature of PsA inflammation.
Enhanced GITR/GITRL expression was observed in PsA synovial fluid,
synovium, and ileum, supporting the gut-joint axis hypothesis in PsA
development, where immune cells activated in the gut may target

distant sites of inflammation.

Th9 and Th17 cell expansion can be related to GITR activation in PsA.
GITR/GITRL interactions drive the expansion of Th9 and Th17 cells, as
shown by the increased peripheral expansion of these cells following
recombinant GITR agonist treatment on cells obtained from both

peripheral blood and synovial fluid of patients.

Modulation of Treg in PsA may be related to GITR. GITR activation
leads to a reduction in IL-10 and FOXP3 expression in Treg, suggesting
impairment of their immunosuppressive function, potentially

favouring a pro-inflammatory environment in PsA.

60



REFERENCES

61



1. Ritchlin CT, Colbert RA, Gladman DD. Psoriatic Arthritis. Longo DL,
editor. N Engl ] Med. 2017 Mar 9;376(10):957-70.

2. Moll JMH, Wright V. Psoriatic arthritis. Semin Arthritis Rheum. 1973
Jan;3(1):55-78.

3. Taylor W, Gladman D, Helliwell P, Marchesoni A, Mease P, Mielants H.
Classification criteria for psoriatic arthritis: Development of new criteria from
a large international study. Arthritis Rheum. 2006 Aug;54(8):2665-73.

4. Veale DJ, Fearon U. The pathogenesis of psoriatic arthritis. The Lancet.
2018 Jun;391(10136):2273-84.

5. Jongbloed SL, Lebre MC, Fraser AR, Gracie JA, Sturrock RD, Tak PP, et
al. Enumeration and phenotypical analysis of distinct dendritic cell subsets in
psoriatic arthritis and rheumatoid arthritis. Arthritis Res Ther. 2006;8(1):R15.
6. Lobao B, Lourencgo D, Giga A, Mendes-Bastos P. From PsO to PsA: the
role of TRM and Tregs in psoriatic disease, a systematic review of the literature.
Front Med. 2024 Feb 9;11:1346757.

7. Ogdie A, Weiss P. The Epidemiology of Psoriatic Arthritis. Rheum Dis
Clin N Am. 2015 Nov;41(4):545-68.

8. Villani AP, Rouzaud M, Sevrain M, Barnetche T, Paul C, Richard MA,
et al. Prevalence of undiagnosed psoriatic arthritis among psoriasis patients:
Systematic review and meta-analysis. ] Am Acad Dermatol. 2015
Aug;73(2):242-8.

0. Scotti L, Franchi M, Marchesoni A, Corrao G. Prevalence and incidence
of psoriatic arthritis: A systematic review and meta-analysis. Semin Arthritis
Rheum. 2018 Aug;48(1):28-34.

10.  Nossent JC, Gran JT. Epidemiological and clinical characteristics of
psoriatic arthritis in northern Norway. Scand ] Rheumatol. 2009 Jan;38(4):251-
5.

62



11.  Alexis AF, Barbosa VH, editors. Skin of Color: A Practical Guide to
Dermatologic Diagnosis and Treatment [Internet]. New York, NY: Springer
New  York; 2013 [cited 2024 Nov 11]. Available from:
https://link.springer.com/10.1007/978-0-387-84929-4

12. Wilson FC, Icen M, Crowson CS, McEvoy MT, Gabriel SE, Kremers HM.
Incidence and clinical predictors of psoriatic arthritis in patients with psoriasis:
a population-based study. Arthritis Rheum. 2009 Feb 15;61(2):233-9.

13. Egeberg A, Kristensen LE, Thyssen JP, Gislason GH, Gottlieb AB,
Coates LC, et al. Incidence and prevalence of psoriatic arthritis in Denmark: a
nationwide register linkage study. Ann Rheum Dis. 2017 Sep;76(9):1591-7.

14. Eder L, Cohen AD, Feldhamer I, Greenberg-Dotan S, Batat E, Zisman D.
The epidemiology of psoriatic arthritis in Israel — a population-based study.
Arthritis Res Ther. 2018 Dec;20(1):3.

15.  Reich K, Kriiger K, Mossner R, Augustin M. Epidemiology and clinical
pattern of psoriatic arthritis in Germany: a prospective interdisciplinary
epidemiological study of 1511 patients with plaque-type psoriasis. Br ]
Dermatol. 2009 May;160(5):1040-7.

16. Gladman DD, Antoni C, Mease P, Clegg DO, Nash P. Psoriatic arthritis:
epidemiology, clinical features, course, and outcome. Ann Rheum Dis. 2005
Mar;64 Suppl 2:ii14-17.

17. Tinazzi I, Adami S, Zanolin EM, Caimmi C, Confente S, Girolomoni G,
et al. The early psoriatic arthritis screening questionnaire: a simple and fast
method for the identification of arthritis in patients with psoriasis.
Rheumatology. 2012 Nov 1;51(11):2058-63.

18.  Donmez S, Pamuk ON, Akker M, Ak R. Clinical features and types of
articular involvement in patients with psoriatic arthritis. Clin Rheumatol. 2015

Jun;34(6):1091-6.

63



19. Weiss PF, Roth ]. Juvenile-Versus Adult-Onset Spondyloarthritis.
Rheum Dis Clin N Am. 2020 May;46(2):241-57.

20.  Arumugam R, McHUGH NJ. Mortality and Causes of Death in Psoriatic
Arthritis. ] Rheumatol Suppl. 2012 Jul 1;89(0):32-5.

21. Buckley C, Cavill C, Taylor G, Kay H, Waldron N, Korendowych E, et
al. Mortality in Psoriatic Arthritis — A Single-center Study from the UK. ]
Rheumatol. 2010 Oct;37(10):2141-4.

22.  Stober C. Pathogenesis of psoriatic arthritis. Best Pract Res Clin
Rheumatol. 2021 Jun;35(2):101694.

23. Scrivo R, D’ Angelo S, Carriero A, Castellani C, Perrotta FM, Conti F, et
al. The Conundrum of Psoriatic Arthritis: a Pathogenetic and Clinical Pattern
at the Midpoint of Autoinflammation and Autoimmunity. Clin Rev Allergy
Immunol. 2023 Aug;65(1):72-85.

24.  O'Rielly DD, Rahman P. Genetics of susceptibility and treatment
response in psoriatic arthritis. Nat Rev Rheumatol. 2011 Nov 8;7(12):718-32.
25. O'Rielly DD, Jani M, Rahman P, Elder JT. The Genetics of Psoriasis and
Psoriatic Arthritis. ] Rheumatol Suppl. 2019 Jun;95:46-50.

26. Vecellio M, Rodolfi S, Selmi C. Advanced genomics and clinical
phenotypes in psoriatic arthritis. Semin Immunol. 2021 Dec;58:101665.

27. Vecellio M, Hake VX, Davidson C, Carena MC, Wordsworth BP, Selmi
C. The IL-17/IL-23 Axis and Its Genetic Contribution to Psoriatic Arthritis.
Front Immunol. 2020;11:596086.

28. Rahmati S, Tsoi L, O’Rielly D, Chandran V, Rahman P. Complexities in
Genetics of Psoriatic Arthritis. Curr Rheumatol Rep. 2020 Mar 12;22(4):10.

29. Gladman DD, Farewell VI. HLA studies in psoriatic arthritis: current
situation and future needs. ] Rheumatol. 2003 Jan;30(1):4-6.

30. Queiro R, Sarasqueta C, Torre JC, Tinturé T, Lopez-Lagunas I

64



Comparative analysis of psoriatic spondyloarthropathy between men and
women. Rheumatol Int. 2001 Oct;21(2):66-8.

31.  Winchester R, FitzGerald O. MHC class I associations beyond HLA-B27:
the peptide binding hypothesis of psoriatic arthritis and its implications for
disease pathogenesis. Curr Opin Rheumatol. 2020 Jul;32(4):330-6.

32.  Eastmond CJ. Psoriatic arthritis. Genetics and HLA antigens. Baillieres
Clin Rheumatol. 1994 May;8(2):263-76.

33. Pattison E, Harrison BJ, Griffiths CEM, Silman AJ], Bruce IN.
Environmental risk factors for the development of psoriatic arthritis: results
from a case-control study. Ann Rheum Dis. 2008 May;67(5):672-6.

34. Eder L, Law T, Chandran V, Shanmugarajah S, Shen H, Rosen CF, et al.
Association between environmental factors and onset of psoriatic arthritis in
patients with psoriasis. Arthritis Care Res. 2011 Aug;63(8):1091-7.

35. Fagni F, Mutlu MY, Temiz SA, Minopoulou I, Krieter M, Schett G, et al.
Tolerability of low to moderate biomechanical stress during leisure sport
activity in patients with psoriasis and psoriatic arthritis. RMD Open. 2023 Dec
1,9(4):e003612.

36.  Benjamin M, McGonagle D. Entheses: tendon and ligament attachment
sites. Scand ] Med Sci Sports. 2009 Aug;19(4):520-7.

37. Coronel L, Mandl P, Miguel-Pérez M, Blasi ], D’ Agostino MA, Martinoli
C, et al. Characterization of digital annular pulleys and their entheses: an
ultrasonographic study with anatomical and histological correlations.
Rheumatology. 2023 Nov 23;kead614.

38. McGonagle D, Tan AL. The enthesis in psoriatic arthritis. Clin Exp
Rheumatol. 2015;33(5 Suppl 93):536-39.

39. Debusschere K, Cambré I, Gracey E, Elewaut D. Born to run: The

paradox of biomechanical force in spondyloarthritis from an evolutionary

65



perspective. Best Pract Res Clin Rheumatol. 2017 Dec;31(6):887-94.

40. Tinazzi I, McGonagle D, Aydin SZ, Chessa D, Marchetta A, Macchioni
P. ‘Deep Koebner’ phenomenon of the flexor tendon-associated accessory
pulleys as a novel factor in tenosynovitis and dactylitis in psoriatic arthritis.
Ann Rheum Dis. 2018 Jun;77(6):922-5.

41.  Toniik $B, Ramadan B, Yorgancioglu ZR. Kinetic factors may trigger
lesion development in the patients with psoriatic arthritis. Int ] Rheum Dis.
2016 Oct;19(10):1032—4.

42. Benjamin M, McGONAGLE D. The anatomical basis for disease
localisation in seronegative spondyloarthropathy at entheses and related sites.
J Anat. 2001 Nov;199(5):503-26.

43. Aydin SZ, Bridgewood C, Zabotti A, Girolimetto N, McGonagle D. The
transition from enthesis physiological responses in health to aberrant
responses that underpin spondyloarthritis mechanisms. Curr Opin Rheumatol.
2021 Jan;33(1):64-73.

44.  Hsieh], Kadavath S, Efthimiou P. Can traumatic injury trigger psoriatic
arthritis? A review of the literature. Clin Rheumatol. 2014 May;33(5):601-8.
45. Colla N, Maul JT, Vallejo-Yagiie E, Burden AM, Moller B, Nissen MJ, et
al. Impact of blue-collar vs. white-collar occupations on disease burden in
psoriatic arthritis patients: A Swiss clinical quality management in rheumatic
diseases cohort study. Clin Rheumatol. 2024 Oct;43(10):3147-55.

46. Scriffignano S, Lories R, Nzeusseu Toukap A, Lubrano E, Ciccia F,
Steinfeld S, et al. Cardiovascular comorbidities in psoriatic arthritis:
epidemiology and risk factors in two different European populations. Clin Exp
Rheumatol. 2023 Sep;41(9):1815-22.

47. Zhao SS, Bellou E, Verstappen SMM, Cook MJ, Sergeant JC, Warren RB,

et al. Association between psoriatic disease and lifestyle factors and

66



comorbidities: cross-sectional analysis and Mendelian randomization.
Rheumatol Oxf Engl. 2023 Mar 1;62(3):1272-85.

48. Lambadiari V, Katsimbri P, Kountouri A, Korakas E, Papathanasi A,
Maratou E, et al. The Effect of a Ketogenic Diet versus Mediterranean Diet on
Clinical and Biochemical Markers of Inflammation in Patients with Obesity
and Psoriatic Arthritis: A Randomized Crossover Trial. Int ] Mol Sci. 2024 Feb
20;25(5):2475.

49, Caso F, Navarini L, Carubbi F, Picchianti-Diamanti A, Chimenti MS,
Tasso M, et al. Mediterranean diet and Psoriatic Arthritis activity: a multicenter
cross-sectional study. Rheumatol Int. 2020 Jun;40(6):951-8.

50.  Pezzolo E, Naldi L. The relationship between smoking, psoriasis and
psoriatic arthritis. Expert Rev Clin Immunol. 2019 Jan;15(1):41-8.

51. Wu S, Cho E, Li WQ, Han J, Qureshi AA. Alcohol intake and risk of
incident psoriatic arthritis in women. ] Rheumatol. 2015 May;42(5):835—40.

52. Ladehesa-Pineda ML, Ortega-Castro R, Puche-Larrubia MA, Granados
REM, Dougados M, Collantes-Estévez E, et al. Smoking and alcohol
consumption are associated with peripheral musculoskeletal involvement in
patients with spondyloarthritis (including psoriatic arthritis). Results from the
ASAS-PerSpA study. Semin Arthritis Rheum. 2023 Feb;58:152146.

53. Loredo M, Brafa I, Queiro R. Does pharmacological intervention
prevent or delay the onset of psoriatic arthritis among psoriasis patients?
Expert Opin Biol Ther. 2023 Dec 2;23(12):1159-62.

54. Wu S, Han ], Qureshi A. Use of Aspirin, Non-steroidal Anti-
inflammatory Drugs, and Aceta-minophen (Paracetamol), and Risk of
Psoriasis and Psoriatic Arthritis: A Cohort Study. Acta Derm Venereol.
2015;95(2):217-22.

55. Eder L, Haddad A, Rosen CF, Lee K, Chandran V, Cook R, et al. The

67



Incidence and Risk Factors for Psoriatic Arthritis in Patients With Psoriasis: A
Prospective Cohort Study. Arthritis Rheumatol. 2016 Apr;68(4):915-23.

56.  XuX, WuLyun, Wang S yun, Yan M, Wang YH, LiL, et al. Investigating
causal associations among gut microbiota, metabolites, and psoriatic arthritis:
a Mendelian randomization study. Front Microbiol. 2024 Feb 15;15:1287637.
57. Eppinga H, Konstantinov SR, Peppelenbosch MP, Thio HB. The
microbiome and psoriatic arthritis. Curr Rheumatol Rep. 2014 Mar;16(3):407.
58. Kalinkovich A, Livshits G. A cross talk between dysbiosis and gut-
associated immune system governs the development of inflammatory
arthropathies. Semin Arthritis Rheum. 2019 Dec;49(3):474-84.

59.  Scher JU. The Microbiome in Psoriasis and Psoriatic Arthritis: Joints. J
Rheumatol Suppl. 2018 Jun;94:32-5.

60. GanY, Liu]J, Jin M, Zhang Y, Huang S, Ma Q, et al. The Role of the Gut-
Joint Axis in the Care of Psoriatic Arthritis: A Two-Sample Bidirectional
Mendelian Randomization Study. Dermatol Ther. 2024 Mar;14(3):713-28.

61.  Olejniczak-Staruch I, Ciazynska M, Sobolewska-Sztychny D, Narbutt J,
Skibinska M, Lesiak A. Alterations of the Skin and Gut Microbiome in Psoriasis
and Psoriatic Arthritis. Int ] Mol Sci. 2021 Apr 13;22(8):3998.

62. Jethwa H, Abraham S. The evidence for microbiome manipulation in
inflammatory arthritis. Rheumatol Oxf Engl. 2017 Sep 1;56(9):1452—-60.

63. Al-Mossawi MH, Ridley A, Kiedel S, Bowness P. The role of natural
killer cells, gamma delta T-cells and other innate immune cells in
spondyloarthritis. Curr Opin Rheumatol. 2013 Jul;25(4):434-9.

64. Coletto LA, Rizzo C, Guggino G, Caporali R, Alivernini S, D’ Agostino
MA. The Role of Neutrophils in Spondyloarthritis: A Journey across the
Spectrum of Disease Manifestations. Int ] Mol Sci. 2023 Feb 18;24(4):4108.

65. Res PCM, Piskin G, de Boer O], van der Loos CM, Teeling P, Bos JD, et

68



al. Overrepresentation of IL-17A and IL-22 producing CD8 T cells in lesional
skin suggests their involvement in the pathogenesis of psoriasis. PloS One.
2010 Nov 24;5(11):e14108.

66. Menon B, Gullick NJ, Walter GJ, Rajasekhar M, Garrood T, Evans HG,
et al. Interleukin-17+CD8+ T cells are enriched in the joints of patients with
psoriatic arthritis and correlate with disease activity and joint damage
progression. Arthritis Rheumatol Hoboken NJ. 2014 May;66(5):1272-81.

67. Diani M, Galasso M, Cozzi C, Sgambelluri F, Altomare A, Cigni C, et al.
Blood to skin recirculation of CD4 + memory T cells associates with cutaneous
and systemic manifestations of psoriatic disease. Clin Immunol. 2017
Jul;180:84-94.

68. Casciano F, Diani M, Altomare A, Granucci F, Secchiero P, Banfi G, et
al. CCR4+ Skin-Tropic Phenotype as a Feature of Central Memory CD8+ T
Cells in Healthy Subjects and Psoriasis Patients. Front Immunol. 2020 Apr
3;11:529.

69. Penkava F, Velasco-Herrera MDC, Young MD, Yager N, Nwosu LN,
Pratt AG, et al. Single-cell sequencing reveals clonal expansions of pro-
inflammatory synovial CD8 T cells expressing tissue-homing receptors in
psoriatic arthritis. Nat Commun. 2020 Sep 21;11(1):4767.

70. Yao Z, Painter SL, Fanslow WC, Ulrich D, Macduff BM, Spriggs MK, et
al. Human IL-17: a novel cytokine derived from T cells. ] Immunol Baltim Md
1950. 1995 Dec 15;155(12):5483-6.

71.  Cauli A, Mathieu A. Th17 and interleukin 23 in the pathogenesis of
psoriatic arthritis and spondyloarthritis. ] Rheumatol Suppl. 2012 Jul;89:15-8.
72. Nguyen CT, Furuya H, Das D, Marusina AL, Merleev AA, Ravindran R,
et al. Peripheral v T Cells Regulate Neutrophil Expansion and Recruitment in

Experimental Psoriatic Arthritis. Arthritis Rheumatol Hoboken NJ. 2022

69



Sep;74(9):1524-34.

73. Sathaliyawala T, Kubota M, Yudanin N, Turner D, Camp P, Thome JJC,
et al. Distribution and Compartmentalization of Human Circulating and
Tissue-Resident Memory T Cell Subsets. Immunity. 2013 Jan;38(1):187-97.

74. Steel KJA, Srenathan U, Ridley M, Durham LE, Wu S, Ryan SE, et al.
Polyfunctional, Proinflammatory, Tissue-Resident Memory Phenotype and
Function of Synovial Interleukin-17A+ CD 8+ T Cells in Psoriatic Arthritis.
Arthritis Rheumatol. 2020 Mar;72(3):435-47.

75. Jorn Bovenschen H, Van De Kerkhof PC, Van Erp PE, Woestenenk R,
Joosten I, Koenen HJPM. Foxp3+ Regulatory T Cells of Psoriasis Patients Easily
Differentiate into IL-17A-Producing Cells and Are Found in Lesional Skin. ]
Invest Dermatol. 2011 Sep;131(9):1853-60.

76. Benham H, Norris P, Goodall J, Wechalekar MD, FitzGerald O,
Szentpetery A, et al. Th17 and Th22 cells in psoriatic arthritis and psoriasis.
Arthritis Res Ther. 2013 Sep 26;15(5):R136.

77. Yoo IS, Lee JH, Song ST, Kim JH, Lee HJ, Kang SW. T-helper 17 cells:
The driving force of psoriasis and psoriatic arthritis. Int ] Rheum Dis. 2012
Dec;15(6):531-7.

78. O’Brien-Gore C, Gray EH, Durham LE, Taams LS, Kirkham BW. Drivers
of Inflammation in Psoriatic Arthritis: the Old and the New. Curr Rheumatol
Rep. 2021 Jun;23(6):40.

79. Xu X, Davelaar N, Mus AM, Asmawidjaja PS, Hazes JMW, Baeten DLP,
et al. Interleukin-17A Is Produced by CD4+ but Not CD8+ T Cells in Synovial
Fluid Following T Cell Receptor Activation and Regulates Different
Inflammatory Mediators Compared to Tumor Necrosis Factor in a Model of
Psoriatic Arthritis Synovitis. Arthritis Rheumatol Hoboken NJ. 2020

Aug;72(8):1303-13.

70



80. Schinocca C, Rizzo C, Fasano S, Grasso G, La Barbera L, Ciccia F, et al.
Role of the IL-23/IL-17 Pathway in Rheumatic Diseases: An Overview. Front
Immunol. 2021;12:637829.

81.  Razawy W, van Driel M, Lubberts E. The role of IL-23 receptor signaling
in inflammation-mediated erosive autoimmune arthritis and bone remodeling.
Eur ] Immunol. 2018 Feb;48(2):220-9.

82. Raychaudhuri SK, Saxena A, Raychaudhuri SP. Role of IL-17 in the
pathogenesis of psoriatic arthritis and axial spondyloarthritis. Clin Rheumatol.
2015 Jun;34(6):1019-23.

83. Koshy PJ, Henderson N, Logan C, Life PF, Cawston TE, Rowan AD.
Interleukin 17 induces cartilage collagen breakdown: novel synergistic effects
in combination with proinflammatory cytokines. Ann Rheum Dis. 2002
Aug;61(8):704-13.

84. Johansen C, Usher PA, Kjellerup RB, Lundsgaard D, Iversen L,
Kragballe K. Characterization of the interleukin-17 isoforms and receptors in
lesional psoriatic skin. Br ] Dermatol. 2009 Feb;160(2):319-24.

85. Wilson NJ, Boniface K, Chan JR, McKenzie BS, Blumenschein WM,
Mattson JD, et al. Development, cytokine profile and function of human
interleukin 17-producing helper T cells. Nat Immunol. 2007 Sep;8(9):950-7.
86. Filer C, Ho P, Smith RL, Griffiths C, Young HS, Worthington ], et al.
Investigation of association of the IL12B and IL23R genes with psoriatic
arthritis. Arthritis Rheum. 2008 Dec;58(12):3705-9.

87. Hiffmeier U, Uebe S, Ekici AB, Bowes ], Giardina E, Korendowych E,
et al. Common variants at TRAF3IP2 are associated with susceptibility to
psoriatic arthritis and psoriasis. Nat Genet. 2010 Nov;42(11):996-9.

88. Bowes ], Orozco G, Flynn E, Ho P, Brier R, Marzo-Ortega H, et al.

Confirmation of TNIP1 and IL23A as susceptibility loci for psoriatic arthritis.

71



Ann Rheum Dis. 2011 Sep;70(9):1641-4.

89. Fragoulis GE, Siebert S. The role of IL-23 and the use of IL-23 inhibitors
in psoriatic arthritis. Musculoskeletal Care. 2022 Nov;20 Suppl 1(Suppl 1):512-
21.

90.  Sanchez-Rodriguez G, Puig L. Pathogenic Role of IL-17 and Therapeutic
Targeting of IL-17F in Psoriatic Arthritis and Spondyloarthropathies. Int ] Mol
Sci. 2023 Jun 18;24(12):10305.

91. Ciccia F, Guggino G, Ferrante A, Cipriani P, Giacomelli R, Triolo G.
Interleukin-9 and T helper type 9 cells in rheumatic diseases. Clin Exp
Immunol. 2016 Jul 21;185(2):125-32.

92. Ciccia F, Guggino G, Ferrante A, Raimondo S, Bignone R, Rodolico V,
et al. Interleukin-9 Overexpression and Th9 Polarization Characterize the
Inflamed Gut, the Synovial Tissue, and the Peripheral Blood of Patients With
Psoriatic Arthritis. Arthritis Rheumatol Hoboken NJ. 2016 Aug;68(8):1922-31.
93. La Barbera L, Rizzo C, Lo Pizzo M, La Manna MP, Ciccia F, Guggino G.
The potential relationship between PU.1 and IL-9 in the development of
arthritis. Clin Exp Rheumatol. 2023 Sep;41(9):1944.

94. Deng Y, Wang Z, Chang C, Lu L, Lau CS, Lu Q. Th9 cells and IL-9 in
autoimmune disorders: Pathogenesis and therapeutic potentials. Hum
Immunol. 2017 Feb;78(2):120-8.

95.  Khokhar M, Purohit P. The emerging role of T helper 9 (Th9) cells in
immunopathophysiology: A comprehensive review of their effects and
responsiveness in various disease states. Int Rev Immunol. 2024;43(6):341-60.
96. Vyas SP, Goswami R. A Decade of Th9 Cells: Role of Th9 Cells in
Inflammatory Bowel Disease. Front Immunol. 2018;9:1139.

97. Yuan C, Rayasam A, Moe A, Hayward M, Wells C, Szabo A, et al.

Interleukin-9 production by type 2 innate lymphoid cells induces Paneth cell

72



metaplasia and small intestinal remodeling. Nat Commun. 2023 Dec
2;14(1):7963.

98. Guggino G, Lo Pizzo M, Di Liberto D, Rizzo A, Cipriani P, Ruscitti P, et
al. Interleukin-9 over-expression and T helper 9 polarization in systemic
sclerosis patients. Clin Exp Immunol. 2017 Oct 6;190(2):208-16.

99. Okeke EB, Uzonna JE. The Pivotal Role of Regulatory T Cells in the
Regulation of Innate Immune Cells. Front Immunol. 2019;10:680.

100. Michalak-Stoma A, Bartosinska J, Raczkiewicz D, Kowal M, Kozak ],
Gujski M, et al. Multiple Cytokine Analysis of Th1/Th2/Th9/Th17/Th22/Treg
Cytokine Pathway for Individual Immune Profile Assessment in Patients with
Psoriasis. Med Sci Monit [Internet]. 2022 Nov 7 [cited 2024 Nov 11];28.
Available from: https://www.medscimonit.com/abstract/index/id Art/938277
101. Watad A, Rowe H, Russell T, Zhou Q, Anderson LK, Khan A, et al.
Normal human enthesis harbours conventional CD4+ and CD8+ T cells with
regulatory features and inducible IL-17A and TNF expression. Ann Rheum
Dis. 2020 Aug;79(8):1044-54.

102.  Pouw JN, Olde Nordkamp MAM, Van Kempen T, Concepcion AN, Van
Laar JM, Van Wijk F, et al. Regulatory T cells in psoriatic arthritis: an IL-17A-
producing, Foxp3intCD161 + RORyt + ICOS + phenotype, that associates with
the presence of ADAMTSL5 autoantibodies. Sci Rep. 2022 Nov 30;12(1):20675.
103.  Wang J, Zhang SX, Hao YF, Qiu MT, Luo J, Li YY, et al. The numbers of
peripheral regulatory T cells are reduced in patients with psoriatic arthritis
and are restored by low-dose interleukin-2. Ther Adv Chronic Dis. 2020
Jan;11:2040622320916014.

104. Lopez-Ferrer A, Laiz A, Puig L. Artritis psoridsica. Med Clinica. 2022
Jul;159(1):40-6.

105. Gladman DD, Ye JY, Chandran V, Lee KA, Cook R]. Oligoarticular vs

73



Polyarticular Psoriatic Arthritis: A Longitudinal Study Showing Similar
Characteristics. ] Rheumatol. 2021 Dec;48(12):1824-9.

106. Helliwell PS, Porter G, Taylor W], CASPAR Study Group. Polyarticular
psoriatic arthritis is more like oligoarticular psoriatic arthritis, than
rheumatoid arthritis. Ann Rheum Dis. 2007 Jan;66(1):113-7.

107.  Guldberg-Maeller ], Mogensen M, Ellegaard K, Zavareh A, Wakefield R],
Tan AL, et al. Multimodal imaging of the distal interphalangeal-joint synovio-
entheseal complex in psoriatic arthritis (MIDAS): a cross-sectional study on
the diagnostic accuracy of different imaging modalities comparing psoriatic
arthritis to psoriasis and osteoarthritis. RMD Open. 2022 Mar;8(1):e002109.
108. Antony AS, Allard A, Rambojun A, Lovell CR, Shaddick G, Robinson G,
et al. Psoriatic Nail Dystrophy Is Associated with Erosive Disease in the Distal
Interphalangeal Joints in Psoriatic Arthritis: A Retrospective Cohort Study. ]
Rheumatol. 2019 Sep;46(9):1097-102.

109. Haddad A, Johnson SR, Somaily M, Fazelzad R, Kron AT, Chau C, et al.
Psoriatic Arthritis Mutilans: Clinical and Radiographic Criteria. A Systematic
Review. ] Rheumatol. 2015 Aug;42(8):1432-8.

110. Gladman DD. Axial Psoriatic Arthritis. Curr Rheumatol Rep. 2021 Apr
28;23(6):35.

111. Kehl AS, Corr M, Weisman MH. Review: Enthesitis: New Insights Into
Pathogenesis, Diagnostic Modalities, and Treatment. Arthritis Rheumatol.
2016 Feb;68(2):312-22.

112.  Kaeley GS, Eder L, Aydin SZ, Gutierrez M, Bakewell C. Enthesitis: A
hallmark of psoriatic arthritis. Semin Arthritis Rheum. 2018 Aug;48(1):35—43.
113. Gladman DD, Ziouzina O, Thavaneswaran A, Chandran V. Dactylitis in
Psoriatic Arthritis: Prevalence and Response to Therapy in the Biologic Era. ]

Rheumatol. 2013 Aug;40(8):1357-9.

74



114. Kaeley GS, Eder L, Aydin SZ, Gutierrez M, Bakewell C. Dactylitis: A
hallmark of psoriatic arthritis. Semin Arthritis Rheum. 2018 Oct;48(2):263-73.
115. Dubash S, Alabas OA, Michelena X, Garcia-Montoya L, Wakefield R],
Helliwell PS, et al. Dactylitis is an indicator of a more severe phenotype
independently associated with greater SJC, CRP, ultrasound synovitis and
erosive damage in DMARD-naive early psoriatic arthritis. Ann Rheum Dis.
2022 Apr;81(4):490-5.

116. Peluso R, Iervolino S, Vitiello M, Bruner V, Lupoli G, Di Minno MND.
Extra-articular manifestations in psoriatic arthritis patients. Clin Rheumatol.
2015 Apr;34(4):745-53.

117.  Scher JU, Ogdie A, Merola JF, Ritchlin C. Preventing psoriatic arthritis:
focusing on patients with psoriasis at increased risk of transition. Nat Rev
Rheumatol. 2019 Mar;15(3):153-66.

118. Kaeley GS, Eder L, Aydin SZ, Rich P, Bakewell CJ. Nail Psoriasis:
Diagnosis, Assessment, Treatment Options, and Unmet Clinical Needs. ]
Rheumatol. 2021 Aug;48(8):1208-20.

119. Zenke Y, Ohara Y, Kobayashi D, Arai S, Kishimoto M, Okada M, et al.
Nail findings in patients with psoriatic arthritis: A cross-sectional study with
special reference to transverse grooves. ] Am Acad Dermatol. 2017
Nov;77(5):863-7.

120. Wang CR, Tsai HW. Seronegative spondyloarthropathy-associated
inflammatory bowel disease. World ] Gastroenterol. 2023 Jan 21;29(3):450-68.
121. Sun Y, Li Y, Zhang J. The causal relationship between psoriasis,
psoriatic arthritis, and inflammatory bowel diseases. Sci Rep. 2022 Nov
28;12(1):20526.

122.  De Vicente Delmas A, Sanchez-Bilbao L, Calvo-Rio V, Martinez-Lopez

D, Herrero-Morant A, Galindez-Agirregoikoa E, et al. Uveitis in psoriatic

75



arthritis: study of 406 patients in a single university center and literature
review. RMD Open. 2023 Jan;9(1):e002781.

123.  Aguado Casanova V, Ventas B, Arroyo Palomo ], Huelin Alcubierre FJ,
Villalobos Sanchez L, Revenga Martinez M, et al. Epidemiology and clinical
characteristics of psoriatic arthritis-related uveitis in Madrid, Spain. Int
Ophthalmol. 2022 Aug 30;43(3):771-7.

124. Castanieda S, Gonzdlez-Juanatey C, Gonzdlez-Gay MA. Sex and
Cardiovascular Involvement in Inflammatory Joint Diseases. Clin Rev Allergy
Immunol. 2019 Jun;56(3):278-92.

125. Toussirot E, Gallais-Sérézal I, Aubin F. The cardiometabolic conditions
of psoriatic disease. Front Immunol. 2022;13:970371.

126. Panagiotopoulos A, Fragoulis GE. Comorbidities in Psoriatic Arthritis:
A Narrative Review. Clin Ther. 2023 Feb;45(2):177-89.

127. Antony A, Tillett W. Diagnosis, classification, and assessment in
psoriatic arthritis. Best Pract Res Clin Rheumatol. 2021 Jun;35(2):101669.

128. Ogdie A, Lindsay CA, Mease PJ, Callis Duffin K, Rosen CF, Siebert S.
Challenges in the Diagnosis and Assessment of Psoriatic Arthritis. ] Rheumatol.
2022 Apr 15;jrheum.211337.

129. Napolitano M, Caso F, Scarpa R, Megna M, Patri A, Balato N, et al.
Psoriatic arthritis and psoriasis: differential diagnosis. Clin Rheumatol. 2016
Aug;35(8):1893-901.

130. Feld J, Chandran V, Haroon N, Inman R, Gladman D. Axial disease in
psoriatic arthritis and ankylosing spondylitis: a critical comparison. Nat Rev
Rheumatol. 2018 Jun;14(6):363-71.

131.  Veale D, Rogers S, Fitzgerald O. CLASSIFICATION OF CLINICAL
SUBSETS EN PSORIATIC ARTHRITIS. Rheumatology. 1994;33(2):133-8.

132.  Helliwell PS. Classification and diagnostic criteria for psoriatic arthritis.

76



Ann Rheum Dis. 2005 Mar 1;64(suppl_2):ii3-8.

133. Verheul MK, Fearon U, Trouw LA, Veale D]. Biomarkers for
rheumatoid and psoriatic arthritis. Clin Immunol. 2015 Nov;161(1):2-10.

134. Wirth T, Balandraud N, Boyer L, Lafforgue P, Pham T. Biomarkers in
psoriatic arthritis: A meta-analysis and systematic review. Front Immunol.
2022 Nov 30;13:1054539.

135. Mathew AJ, Ostergaard M, Eder L. Imaging in psoriatic arthritis: Status
and recent advances. Best Pract Res Clin Rheumatol. 2021 Jun;35(2):101690.
136. Gezer HH, Duru6z MT. The value of SPARCC sacroiliac MRI scoring in
axial psoriatic arthritis and its association with other disease parameters. Int ]
Rheum Dis. 2022 Apr;25(4):433-9.

137.  Elliott A, McGonagle D, Rooney M. Integrating imaging and biomarker
assessment to better define psoriatic arthritis and predict response to biologic
therapy. Rheumatol Oxf Engl. 2021 Dec 24;60(Suppl 6):vi38-52.

138. Zlatkovic-Svenda M, Kerimovic-Morina D, Stojanovic RM. Psoriatic
arthritis classification criteria: Moll and Wright, ESSG and CASPAR -- a
comparative study. Acta Reumatol Port. 2013;38(3):172-8.

139. Blumberg BS, Bunim ]JJ, Calmns E, Pirani CL, Zvaifler NJ. ARA
nomenclature and classification of arthritis and rheumatism (tentative).
Arthritis Rheum. 1964 Feb;7(1):93-7.

140. Geng Y, Song Z, Zhang X, Deng X, Wang Y, Zhang Z. Improved
diagnostic performance of CASPAR criteria with integration of ultrasound.
Front Immunol. 2022 Oct 10;13:935132.

141. Rudwaleit M, Van Der Heijde D, Landewe R, Akkoc N, Brandt J, Chou
CT, et al. The Assessment of SpondyloArthritis international Society
classification  criteria for peripheral spondyloarthritis and for

spondyloarthritis in general. Ann Rheum Dis. 2011 Jan 1;70(1):25-31.

77



142. James WA, Rosenberg AL, Wu J], Hsu S, Armstrong A, Wallace EB, et al.
Full Guidelines—From the Medical Board of the National Psoriasis
Foundation: Perioperative management of systemic immunomodulatory
agents in patients with psoriasis and psoriatic arthritis. ] Am Acad Dermatol.
2024 Aug;91(2):251.e1-251.e11.

143. Neurath L, Sticherling M, Schett G, Fagni F. Targeting cytokines in
psoriatic arthritis. Cytokine Growth Factor Rev. 2024 Aug;78:1-13.

144. Schemoul ], Poulain C, Claudepierre P. Treatment strategies for
psoriatic arthritis. Joint Bone Spine. 2018 Oct;85(5):537—44.

145. Ogdie A, Coates LC, Gladman DD. Treatment guidelines in psoriatic
arthritis. Rheumatology. 2020 Mar 1;59(Supplement_1):137-46.

146. Leung YY, Korotaeva TV, Candia L, Pedersen SJ, Molano WB,
Ruderman EM, et al. Management of Peripheral Arthritis in Patients With
Psoriatic Arthritis: An Updated Literature Review Informing the 2021
GRAPPA Treatment Recommendations. ] Rheumatol. 2023 Jan;50(1):119-30.
147. Coates LC, Soriano ER, Corp N, Bertheussen H, Callis Duffin K,
Campanholo CB, et al. Group for Research and Assessment of Psoriasis and
Psoriatic Arthritis (GRAPPA): updated treatment recommendations for
psoriatic arthritis 2021. Nat Rev Rheumatol. 2022 Jun 27;

148. Kerschbaumer A, Smolen JS, Ferreira RJO, Bertheussen H, Baraliakos X,
Aletaha D, et al. Efficacy and safety of pharmacological treatment of psoriatic
arthritis: a systematic literature research informing the 2023 update of the
EULAR recommendations for the management of psoriatic arthritis. Ann
Rheum Dis. 2024 Jun;83(6):760-74.

149. Gossec L, Kerschbaumer A, Ferreira RJO, Aletaha D, Baraliakos X,
Bertheussen H, et al. EULAR recommendations for the management of

psoriatic arthritis with pharmacological therapies: 2023 update. Ann Rheum

78



Dis. 2024 Jun;83(6):706-19.

150. Haber SL, Hamilton S, Bank M, Leong SY, Pierce E. Apremilast: A Novel
Drug for Treatment of Psoriasis and Psoriatic Arthritis. Ann Pharmacother.
2016 Apr;50(4):282-90.

151. Kamata M, Tada Y. Efficacy and Safety of Biologics for Psoriasis and
Psoriatic Arthritis and Their Impact on Comorbidities: A Literature Review.
Int ] Mol Sci. 2020 Mar 1;21(5):1690.

152. Lin CP, Merola JF, Wallace EB. Current and emerging biologic and
small molecule systemic treatment options for psoriasis and psoriatic arthritis.
Curr Opin Pharmacol. 2022 Dec;67:102292.

153. Coates L, Gossec L. The wupdated GRAPPA and EULAR
recommendations for the management of psoriatic arthritis: Similarities and
differences. Joint Bone Spine. 2023 Jan;90(1):105469.

154. Ng BCK, Jadon DR. Unmet needs in psoriatic arthritis. Best Pract Res
Clin Rheumatol. 2021 Jun;35(2):101693.

155. Tahir H, Grewal S. Current unmet needs and emerging novel
pharmacotherapies in psoriatic arthritis. Expert Opin Pharmacother. 2022 Mar
4;23(4):417-20.

156. McArdle A, Pennington S, FitzGerald O. Clinical Features of Psoriatic
Arthritis: a Comprehensive Review of Unmet Clinical Needs. Clin Rev Allergy
Immunol. 2018 Dec;55(3):271-94.

157. Helliwell P, Coates L, Chandran V, Gladman D, De Wit M, FitzGerald
O, et al. Qualifying Unmet Needs and Improving Standards of Care in
Psoriatic Arthritis. Arthritis Care Res. 2014 Dec;66(12):1759-66.

158. MclInnes IB, Sawyer LM, Markus K, LeReun C, Sabry-Grant C, Helliwell
PS. Targeted systemic therapies for psoriatic arthritis: a systematic review and

comparative synthesis of short-term articular, dermatological, enthesitis and

79



dactylitis outcomes. RMD Open. 2022 Mar;8(1):e002074.

159. Miyagawa I, Nakayamada S, Nakano K, Kubo S, Iwata S, Miyazaki Y, et
al. Precision medicine using different biological DMARDs based on
characteristic phenotypes of peripheral T helper cells in psoriatic arthritis.
Rheumatol Oxf Engl. 2019 Feb 1;58(2):336—44.

160. Mahmood F, Coates LC, Helliwell PS. Current concepts and unmet
needs in psoriatic arthritis. Clin Rheumatol. 2018 Feb;37(2):297-305.

161. Nocentini G, Ronchetti S, Cuzzocrea S, Riccardi C. GITR/GITRL: more
than an effector T cell co-stimulatory system. Eur ] Immunol. 2007
May;37(5):1165-9.

162. Gurney AL, Marsters SA, Huang RM, Pitti RM, Mark DT, Baldwin DT,
et al. Identification of a new member of the tumor necrosis factor family and
its receptor, a human ortholog of mouse GITR. Curr Biol CB. 1999 Feb
25;9(4):215-8.

163. Hehlgans T, Pfeffer K. The intriguing biology of the tumour necrosis
factor/tumour necrosis factor receptor superfamily: players, rules and the
games. Immunology. 2005 May;115(1):1-20.

164. Krausz LT, Bianchini R, Ronchetti S, Fettucciari K, Nocentini G, Riccardi
C. GITR-GITRL system, a novel player in shock and inflammation.
ScientificWorldJournal. 2007 May 1;7:533-66.

165. Nocentini G, Cari L, Migliorati G, Riccardi C. The role of GITR single-
positive cells in immune homeostasis. Immun Inflamm Dis. 2017 Mar;5(1):4-6.
166. Ronchetti S, Nocentini G, Riccardi C, Pandolfi PP. Role of GITR in
activation response of T lymphocytes. Blood. 2002 Jul 1;100(1):350-2.

167. van Olffen RW, Koning N, van Gisbergen KPJM, Wensveen FM, Hoek
RM, Boon L, et al. GITR triggering induces expansion of both effector and
regulatory CD4+ T cells in vivo. ] Immunol Baltim Md 1950. 2009 Jun

80



15;182(12):7490-500.

168. Ronchetti S, Zollo O, Bruscoli S, Agostini M, Bianchini R, Nocentini G,
et al. GITR, a member of the TNF receptor superfamily, is costimulatory to
mouse T lymphocyte subpopulations. Eur ] Immunol. 2004 Mar;34(3):613-22.

169. Croft M. Control of immunity by the TNFR-related molecule OX40
(CD134). Annu Rev Immunol. 2010;28:57-78.

170. Wang S, Shi Y, Yang M, Ma ], Tian J, Chen ], et al. Glucocorticoid-
Induced Tumor Necrosis Factor Receptor Family-Related Protein Exacerbates
Collagen-Induced Arthritis by Enhancing the Expansion of Th17 Cells. Am ]
Pathol. 2012 Mar;180(3):1059-67.

171.  Shevach EM, Stephens GL. The GITR-GITRL interaction: co-
stimulation or contrasuppression of regulatory activity? Nat Rev Immunol.
2006 Aug;6(8):613-8.

172. Shimizu J, Yamazaki S, Takahashi T, Ishida Y, Sakaguchi S. Stimulation
of CD25+CD4+ regulatory T cells through GITR breaks immunological self-
tolerance. Nat Immunol. 2002 Feb;3(2):135-42.

173.  Carrier Y, Whitters MJ, Miyashiro JS, LaBranche TP, Ramon HE, Benoit
SE, et al. Enhanced GITR/GITRL interactions augment IL-27 expression and
induce IL-10-producing Tr-1 like cells. Eur ] Immunol. 2012 Jun;42(6):1393-404.
174. Mahne AE, Mauze S, Joyce-Shaikh B, Xia J, Bowman EP, Beebe AM, et
al. Dual Roles for Regulatory T-cell Depletion and Costimulatory Signaling in
Agonistic GITR Targeting for Tumor Immunotherapy. Cancer Res. 2017 Mar
1;77(5):1108-18.

175. Bae E, Kim W], Kang YM, Suk K, Koh EM, Cha HS, et al. Glucocorticoid-
induced tumour necrosis factor receptor-related protein-mediated
macrophage stimulation may induce cellular adhesion and cytokine

expression in rheumatoid arthritis. Clin Exp Immunol. 2007 Jun;148(3):410-8.

81



176. Bae E, Kim W], Kang YM, Suk K, Koh EM, Cha HS, et al. Glucocorticoid-
induced tumour necrosis factor receptor-related protein-mediated
macrophage stimulation may induce cellular adhesion and cytokine
expression in rheumatoid arthritis. Clin Exp Immunol. 2007 Jun;148(3):410-8.
177.  Vecchiarelli A, Pericolini E, Gabrielli E, Agostini M, Bistoni F, Nocentini
G, et al. The GITRL-GITR system alters TLR-4 expression on DC during fungal
infection. Cell Immunol. 2009;257(1-2):13-22.

178. Kamimura Y, Iwai H, Piao ], Hashiguchi M, Azuma M. The
glucocorticoid-induced TNF receptor-related protein (GITR)-GITR ligand
pathway acts as a mediator of cutaneous dendritic cell migration and
promotes T cell-mediated acquired immunity. ] Immunol Baltim Md 1950.
2009 Mar 1;182(5):2708-16.

179. Lacal PM, Petrillo MG, Ruffini F, Muzi A, Bianchini R, Ronchetti S, et al.
Glucocorticoid-induced tumor necrosis factor receptor family-related ligand
triggering upregulates vascular cell adhesion molecule-1 and intercellular
adhesion molecule-1 and promotes leukocyte adhesion. ] Pharmacol Exp Ther.
2013 Oct;347(1):164-72.

180. Buchan SL, Rogel A, Al-Shamkhani A. The immunobiology of CD27
and OX40 and their potential as targets for cancer immunotherapy. Blood.
2018 Jan 4;131(1):39-48.

181. Bulliard Y, Jolicoeur R, Windman M, Rue SM, Ettenberg S, Knee DA, et
al. Activating Fc vy receptors contribute to the antitumor activities of
immunoregulatory receptor-targeting antibodies. ] Exp Med. 2013 Aug
26;210(9):1685-93.

182. Cohen AD, Diab A, Perales MA, Wolchok JD, Rizzuto G, Merghoub T,
et al. Agonist anti-GITR antibody enhances vaccine-induced CD8(+) T-cell

responses and tumor immunity. Cancer Res. 2006 May 1;66(9):4904-12.

82



183. Durham NM, Holoweckyj N, MacGill RS, McGlinchey K, Leow CC,
Robbins SH. GITR ligand fusion protein agonist enhances the tumor antigen-
specific CD8 T-cell response and leads to long-lasting memory. ] Immunother
Cancer. 2017;5:47.

184. Zhang M, Ko KH, Lam QLK, Lo CKC, Srivastava G, Zheng B, et al.
Expression and function of TNF family member B cell-activating factor in the
development of autoimmune arthritis. Int Immunol. 2005 Aug;17(8):1081-92.
185. Gan X, Feng X, GuL, Tan W, Sun X, Lv C, et al. Correlation of increased
blood levels of GITR and GITRL with disease severity in patients with primary
Sjogren’s syndrome. Clin Dev Immunol. 2013;2013:340751.

186. Gan Y, Zhou H, Guo Y, Huang B, Liu H, Wang Z, et al. A GITRL-
MTORC1-GM-CSF POsSITIVE LooP Promotes Pathogenic Th17 Response in
Primary Sjogren Syndrome. Arthritis Rheumatol. 2024 Sep;76(9):1419-30.

187. Tian J, Zhang B, Yuan Q, Sun X, Peng N, Zhu B, et al. GITRL impairs
the immunosuppressive function of MDSCs via PTEN-mediated signaling
pathway in experimental Sjogren syndrome. Inflamm Res Off ] Eur Histamine
Res Soc Al. 2022 Dec;71(12):1577-88.

188. Uraushihara K, Kanai T, Ko K, Totsuka T, Makita S, liyama R, et al.
Regulation of Murine Inflammatory Bowel Disease by CD25+ and CD25-
CD4+ Glucocorticoid-Induced TNF Receptor Family-Related Gene+
Regulatory T Cells. ] Immunol. 2003 Jul 15;171(2):708-16.

189. Liao G, Detre C, Berger SB, Engel P, De Waal Malefyt R, Herzog RW, et
al. Glucocorticoid-Induced Tumor Necrosis Factor Receptor Family-Related
Protein Regulates CD4+T Cell-Mediated Colitis in Mice. Gastroenterology.
2012 Mar;142(3):582-591.e8.

190.  You S, Poulton L, Cobbold S, Liu CP, Rosenzweig M, Ringler D, et al.

Key role of the GITR/GITRLigand pathway in the development of murine

83



autoimmune diabetes: a potential therapeutic target. PloS One. 2009 Nov
20;4(11):e7848.

191. Liu Y, Tang X, Tian J, Zhu C, Peng H, Rui K, et al. Th17/Treg Cells
Imbalance and GITRL Profile in Patients with Hashimoto’s Thyroiditis. Int ]
Mol Sci. 2014 Nov 25;15(12):21674-86.

192. Kohm AP, Williams JS, Miller SD. Cutting Edge: Ligation of the
Glucocorticoid-Induced TNF Receptor Enhances Autoreactive CD4+ T Cell
Activation and Experimental Autoimmune Encephalomyelitis. ] Immunol.
2004 Apr 15;172(8):4686-90.

193. Patel M, Xu D, Kewin P, Choo-Kang B, McSharry C, Thomson NC, et al.
Glucocorticoid-induced TNFR family-related protein (GITR) activation
exacerbates murine asthma and collagen-induced arthritis. Eur ] Immunol.
2005 Dec;35(12):3581-90.

194. Watts TH. TNF/TNFR family members in costimulation of T cell
responses. Annu Rev Immunol. 2005;23:23-68.

195. Wang S, Shi Y, Yang M, Ma ], Tian J, Chen ], et al. Glucocorticoid-
Induced Tumor Necrosis Factor Receptor Family-Related Protein Exacerbates
Collagen-Induced Arthritis by Enhancing the Expansion of Th17 Cells. Am J
Pathol. 2012 Mar;180(3):1059-67.

196. YiK, JoS, Song W, Lee H, Kim H, Kang J, et al. Analysis of SINGLE-CELL
Transcriptome and Surface Protein Expression in Ankylosing Spondylitis
Identifies OX40 -Positive and GLUCOCORTICOID-INDUCED Tumor Necrosis
Factor Receptor-Positive Pathogenic Th17 Cells. Arthritis Rheumatol. 2023
Jul;75(7):1176-86.

197.  Schreiber S, Colombel JF, Feagan BG, Reich K, Deodhar AA, Mclnnes
IB, et al. Incidence rates of inflammatory bowel disease in patients with

psoriasis, psoriatic arthritis and ankylosing spondylitis treated with

84



secukinumab: a retrospective analysis of pooled data from 21 clinical trials.
Ann Rheum Dis. 2019 Apr;78(4):473-9.

198. Tang X, Tian J, Ma J, Wang J, Qi C, Rui K, et al. GITRL modulates the
activities of p38 MAPK and STAT3 to promote Th17 cell differentiation in
autoimmune arthritis. Oncotarget. 2016 Feb 23;7(8):8590-600.

199. Zhang Z, Zhong W, Hinrichs D, Wu X, Weinberg A, Hall M, et al.
Activation of OX40 Augments Th17 Cytokine Expression and Antigen-Specific
Uveitis. Am ] Pathol. 2010 Dec;177(6):2912-20.

200. Zappasodi R, Sirard C, Li Y, Budhu S, Abu-Akeel M, Liu C, et al.
Rational design of anti-GITR-based combination immunotherapy. Nat Med.
2019 May;25(5):759-66.

201. Ephrem A, Epstein AL, Stephens GL, Thornton AM, Glass D, Shevach
EM. Modulation of Treg cells/T effector function by GITR signaling is context-
dependent: Immunomodulation. Eur ] Immunol. 2013 Sep;43(9):2421-9.

202. Azuma M. Role of the Glucocorticoid-Induced TNFR-Related Protein
(GITR)-GITR Ligand Pathway in Innate and Adaptive Immunity. Crit Rev
Immunol. 2010;30(6):547-57.

203. Ciccia F, Guggino G, Ferrante A, Raimondo S, Bignone R, Rodolico V,
et al. Interleukin-9 Overexpression and Th9 Polarization Characterize the
Inflamed Gut, the Synovial Tissue, and the Peripheral Blood of Patients With
Psoriatic Arthritis: IL-9 IN PsA. Arthritis Rheumatol. 2016 Aug;68(8):1922-31.
204. Boutet MA, Nerviani A, Gallo Afflitto G, Pitzalis C. Role of the IL-23/IL-
17 Axis in Psoriasis and Psoriatic Arthritis: The Clinical Importance of Its
Divergence in Skin and Joints. Int ] Mol Sci. 2018 Feb 9;19(2):530.

205. YiK, JoS, Song W, Lee H, Kim H, Kang J, et al. Analysis of SINGLE-CELL
Transcriptome and Surface Protein Expression in Ankylosing Spondylitis

Identifies OX40 -Positive and GLUCOCORTICOID-INDUCED Tumor Necrosis

85



Factor Receptor—Positive Pathogenic Th17 Cells. Arthritis Rheumatol. 2023
Jul;75(7):1176-86.

206. Kanamaru F, Youngnak P, Hashiguchi M, Nishioka T, Takahashi T,
Sakaguchi S, et al. Costimulation via Glucocorticoid-Induced TNF Receptor in
Both Conventional and CD25 * Regulatory CD4 * T Cells. ] Immunol. 2004 Jun
15;172(12):7306-14.

207. Liao G, O’Keeffe MS, Wang G, van Driel B, de Waal Malefyt R,
Reinecker HC, et al. Glucocorticoid-Induced TNF Receptor Family-Related
Protein Ligand is Requisite for Optimal Functioning of Regulatory CD4+ T
Cells. Front Immunol [Internet]. 2014 [cited 2022 Oct 16];5. Available from:
http://journal.frontiersin.org/article/10.3389/fimmu.2014.00035/abstract

208. Zappasodi R, Sirard C, Li Y, Budhu S, Abu-Akeel M, Liu C, et al.
Rational design of anti-GITR-based combination immunotherapy. Nat Med.

2019 May;25(5):759-66.

86



87



