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ABSTRACT

Psoriatic arthritis (PsA) is a heterogeneous and
inflammatory disease with diverse clinical
manifestations, including psoriasis, nail psoria-
sis, peripheral joint disease, axial joint disease,
enthesitis, and dactylitis. Typically, this varied
clinical presentation complicates the clinician’s
ability to distinguish PsA from other forms of
arthritis. In the synovium of individuals with
PsA, upregulation of the genes WNT3A, BMPR2,
and TGFBRI1 results in bone erosion and new
bone formation, a pattern unique to the disease.
Additionally, genes associated with angiogene-
sis and vascularization such as VEGF and TGFB1
facilitate inflammation and joint damage. Gross
pathogenesis of PsA is driven by proinflamma-
tory cytokines, and key cytokines affecting joint
structures include tumor necrosis factor-a,
interleukin (IL)-6, IL-17A, IL-21, IL-22, and
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INTRODUCTION

Psoriatic arthritis (PsA) is a heterogeneous,
inflammatory disease characterized by involve-
ment of the following domains: psoriasis, nail
psoriasis, peripheral joint disease, axial joint
disease, enthesitis, and dactylitis [1-3]. Clinical
manifestations vary greatly between patients.
PsA can present with oligoarticular joint
involvement that is typically asymmetric or as
polyarticular disease affecting five or more
joints, usually with a symmetric distribution
similar to that of rheumatoid arthritis (RA) [3, 4].
In approximately 5% of cases, PsA can present
with arthritis mutilans, which is a severe,
destructive, deforming manifestation charac-
terized by telescoping digits [5]. Some patients
with PsA show symptoms only in distal joints
(e.g., interphalangeal hand and foot joints,
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including distal interphalangeal joints), while
others have disease that predominantly affects
the axial skeleton (i.e., spine and sacroiliac
joints) [1]. Nail pitting, onycholysis, and
hyperkeratosis also affect many patients with
PsA, and the presence of enthesitis can differ-
entiate patients with PsA from those with RA
[2, 6]. Additionally, inflammatory bowel disease
and uveitis are characteristic extra-articular
manifestations that affect a small but significant
proportion of patients with PsA [1, 7].

This diversity in clinical features makes PsA
challenging for healthcare practitioners to dis-
tinguish from other forms of arthritis [8].
Delayed diagnosis of PsA is associated with
irreversible disease progression, and optimized
early treatment with disease-modifying thera-
pies can slow such progression and improve
physical function and quality of life [9, 10]. This
narrative review discusses key differences
between PsA and other arthropathies, with
specific emphasis on the unique ways in which
PsA affects joint structure and function and how
new therapies with different mechanisms of
action target different cytokine drivers of dis-
ease pathophysiology.

This narrative review is based on previously
conducted studies and does not contain any
studies with human participants or animals
performed by the authors.

DIFFERENCES BETWEEN PSA
AND OTHER FORMS OF ARTHRITIS

Differences in Gene Expression

At the gene expression level, PsA is character-
ized by a unique pattern compared with skin
and synovium from healthy people, and
patients with other forms of arthritis (e.g., RA,
osteoarthritis, and systemic lupus erythemato-
sus) [11]. Characteristically, locally upregulated
genes in PsA synovium include Wnt family
member 3A (WNT3A), bone morphogenetic
protein receptor type II (BMPR2), and trans-
forming growth factor beta receptor 1 (TGFBR1)
[11]. This distinct synovial gene expression
pattern is consistent with observations of both
bone erosion and new bone formation in PsA, a

combination that is not seen in other rheumatic
conditions [12]. Specifically, WNT3A is associ-
ated with bone development and osteoblast
function; BMPR2 encodes type II bone mor-
phogenic protein (BMP) receptor, which regu-
lates endochondral bone formation; and
TGFBR1 encodes transforming growth factor
beta receptor 1, which regulates extracellular
matrix production [13-15]. It is believed that
such complex patterns of diverse gene and
protein expression drive bone destruction and
formation in PsA, rather than a single patho-
genic molecular pathway.

In addition to upregulation of these genetic
markers of bone changes, genes that control
processes associated with angiogenesis and vas-
cularization [e.g., vascular endothelial growth
factor (VEGF) and transforming growth factor
beta 1 (TGFB1)] are upregulated in the synovium
of patients with PsA [11, 16]. This upregulation
of angiogenic pathways facilitates inflamma-
tion, synovial fibroblast activation, and joint
damage [16]. Furthermore, in skin samples of
patients with PsA, strong upregulation of genes
related to the proinflammatory cytokine inter-
leukin (IL)-17 has been observed [11]. These
gene expression patterns in PsA are consistent
with observations that increased vascularity and
skin inflammation are more common in PsA
than in other types of arthritis [17].

Differential Diagnosis

Although genetic profiling is a useful research
tool that has helped elucidate expression pat-
terns that can distinguish PsA from other
arthropathies, differential diagnosis in daily
practice requires assessment of clinical signs and
symptoms. Table 1 provides a comparison of key
features of PsA, RA, ankylosing spondylitis (AS),
gout, and osteoarthritis that can aid in differ-
ential diagnosis. Dactylitis (diffuse swelling of
an entire digit) is uncommon in other types of
arthritis, with the exception of gout or pseudo-
gout [18]. However, because dactylitis is esti-
mated to affect up to 50% of patients with PsA
[1], its absence cannot be used to exclude a
diagnosis of PsA. Enthesitis (inflammation
adjacent to joints at tendon, ligament, or joint-
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Table 1 Clinical characteristics of different types of arthritis that can aid differential diagnosis [1, 3, 4, 86-90]

Clinical characteristic

PsA

RA

AS

Gout

OA

Number of affected joints

Joint distribution at onset

Sites on hands or feet

Areas involved

Poly- or oligoarticular
Usually asymmetric
Distal

All joints of a digit

Polyarticular
Usually symmetric
Proximal

Some joints of a digit

Mono- or oligoarticular
Symmetric
NA

Limited to spine/SIJs

Mono- or oligoarticular
Asymmetric
Distal

Mono- or polyarticular

Mono- or oligoarticular
Asymmetric
Distal

Same joint across digits

Spinal involvement Common Uncommon
Sacroiliitis Common (unilateral) ~ Absent
Psoriasis Common Uncommon
Enthesitis Common Present
Dactylitis Common Uncommon
Nail dystrophy Common Absent
Synovial vascularity Increased Lower”

Present Absent Noninflammatory
Present (bilateral) Absent Absent
Uncommon Uncommon Uncommon
Common Absent Absent

Present Sometimes observed® Absent
Uncommon Absent Absent

Lower” Lower” Lower”

AS ankylosing spondylitis, NA not applicable, OA osteoarthritis, PsA psoriatic arthritis, R4 rheumatoid arthritis, SIJ sacroiliac joint

* May be confused with podagra
b
vs PsA

capsule insertions) has an estimated prevalence
of 35% in PsA and is hypothesized to be a trig-
gering mechanism of PsA [19, 20]. The enthesis
organ is key for dissipating biomechanical stress,
which results in the production of cytokines
[19, 21]. The ability of individuals to resolve
inflammation at the enthesis organ may be
impaired in PsA, leading to elevated production
of cytokines that can enter synovial tissue and
cause an articular inflammatory response
[19, 21, 22]. Typically, enthesitis of the distal
interphalangeal joint is observed during the
early stages of PsA, and the close relationship
between the nail, tendon attached to bone, and
periosteum may explain the high frequency of
nail disease in patients with PsA [23, 24]. How-
ever, enthesitis is also common in patients with
other types of spondyloarthritis, and it can be
difficult to distinguish between enthesitis and
tender points found in fibromyalgia [25, 26].
Therefore, joint locations should be considered
in differential diagnosis. Enthesitis associated
with PsA is most common at the Achilles ten-
don, plantar fascia, patellar tendon insertion,
quadriceps insertion, iliac crest, epicondyle, and
supraspinatus tendon [27-29].

Use of imaging in clinical practice can pro-
vide important information to identify and
differentiate between PsA and other types of

inflammatory arthritis. Classification Criteria
for Psoriatic Arthritis (CASPAR) criteria include
radiographic evidence of new bone formation as
a characteristic feature of PsA [1, 30]. In con-
trast, radiographic changes in RA include dem-
ineralization and uniform bone loss, without
new bone formation [31, 32]. Other character-
istic features of PsA that can be identified on
ultrasound include ankylosis, enthesitis, corti-
cal bone erosions, cartilage lesions, and syn-
ovitis [33, 34]. In the severe arthritis mutilans
subtype of PsA, osteolysis can be identified
radiographically on the basis of observations of
bone resorption, pencil-in-cup deformities,
total joint erosion, and subluxation [4].
Synovial joint inflammation, which is a
common feature of many types of inflammatory
arthritis, can also be visualized on ultrasound.
The appearance of synovitis, as thickened,
hypoechoic, nondisplaceable intra-articular tis-
sue, is similar in PsA and other forms of arthritis
[35]. However, joint distribution may vary, with
synovitis of the distal interphalangeal joints
being more common in PsA than in RA [36].
Additionally, flexor tenosynovitis associated
with dactylitis is a common feature on imaging
that is highly suggestive of PsA [30, 37].
Sacroiliitis is also a common feature of PsA
that is not present in RA or osteoarthritis [1].
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Magnetic resonance imaging (MRI) of the
sacroiliac joint is extremely useful for identifi-
cation of sacroiliitis and differential diagnosis of
axial spondyloarthritis [38]. Unilateral sacroili-
itis with bulky paramarginal and vertical syn-
desmophytes (i.e., bony growths extending
from spinal ligaments) can be used to differen-
tiate PsA from AS, in which axial involvement is
usually bilateral and without paramarginal
syndesmophytes [1].

ROLE OF CYTOKINES AT THE JOINT

Different molecular pathways involving several
proinflammatory cytokines have been shown to
drive PsA pathogenesis (for a summary figure on
the pathogenic pathways in PsA, please see the
manuscript by Ritchlin and colleagues, which is
referenced here [1]). When thinking about the
roles of different cytokines in joint-related
manifestations of PsA, consider the joint as
being similar to an organ system, much like the
heart in the cardiovascular system. Tissue from
all parts of the joint, including synovium, car-
tilage, subchondral bone, and entheses, should
be analyzed to determine which cytokines are
expressed in which tissues.

Overall, PsA pathogenesis is driven by innate
and adaptive immune inflammatory responses
of T helper 17 (Th17) cells and key cytokines in
joint structures, including tumor necrosis fac-
tor-a. (TNF), IL-6, IL-17A, 1L-21, IL-22, and IL-23
[1, 16, 39]. A small body of research has indi-
cated that increased serum levels of the proin-
flammatory cytokine IL-33 and synovial tissue
levels of the angiogenic cytokine IL-18 were also
correlated with inflammation in patients with
psoriatic disease [40-42].

Inflammation induced by biomechanical
stress has been demonstrated to induce changes
to the entheses. In a murine model of TNF
overexpression, inflammation is observed at the
synovial-entheseal complex of the Achilles
tendon at approximately 4 weeks of age and
hind-limb unloading significantly suppresses
inflammation of the Achilles tendon compared
with weight-bearing controls [43]. In another
murine model of arthritis, IL-23 receptor
expression is increased at entheseal interfaces

between tendons and bones at axial joints [44].
IL-23 binding to these receptors stimulates
expression of IL-17A and IL-22, which triggers
enthesitis and the severity of enthesitis was
correlated with IL-17A and IL-22 levels [44].
Furthermore, Reinhardt and colleagues recently
showed that in mice subjected to conditions of
inflammation and mechanical stress, entheseal
v/d cells produced high levels of IL-17A at ana-
tomic locations commonly affected by spondy-
loarthritis (e.g., the Achilles tendon entheses)
[45]. These types of preclinical studies have
provided strong evidence supporting that IL-17
is the key cytokine driver of the Th17/IL-23 axis
in PsA joint pathogenesis; however, research in
humans is needed to confirm these findings.

In the synovium of patients with PsA, the Th17
axis is a driver of inflammation, although B cells
may also play a minor role in synovial inflamma-
tion [11]. In contrast, in RA, synovial B cells are
regulators of immune-mediated inflammatory
responses [11]. Surprisingly, IL-6 signaling is
increased in the synovium of patients with PsA
when compared to lesional skin [11]; however, on
the basis of mixed results of case studies of the IL-6
inhibitor tocilizumab, in patients with PsA, this
cytokine is likely not a main driver of disease in
the joint [46-48]. Axial involvement in spondy-
loarthritis is driven by IL-17, which is a key con-
tributor to RANKL-induced bone erosion and joint
destruction [49]. Menon and colleagues have
shown that joints affected by PsA (but not RA)
were enriched with IL-17+ CD8+ T cells, and that
levels of these T cells were correlated with disease
activity and progression of joint disease [50].

A proteomic analysis of synovial fluid from
patients with PsA identified 12 proteins that
were at significantly greater levels compared
with synovial fluid from patients with early
osteoarthritis [51]. Most of the identified pro-
teins (e.g., alpha defensin 1, myeloperoxidase,
and CDS5-like protein) play functional roles in
pathways that are dysregulated in psoriasis or
PsA [51]. Moreover, at the onset of PsA, the
synovial fluid of some patients has been
described to be inflammatory in nature, to have
decreased viscosity, and to have increased
number of leukocytes (predominantly poly-
morphonucleates) [52]. Further studies are
warranted to determine whether characteristics
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of synovial fluid or levels of specific proteins in
synovial fluid can be used as a reliable diag-
nostic marker and/or therapeutic target for PsA.

Cartilage degradation in PsA has been linked
to wupregulation of TNF and subsequent
increased production of matrix metallopro-
teinases (MMPs) from macrophages [53]. Other
proteins encoded by genetic regulators of carti-
lage and bone breakdown and formation
include MMP1, which degrades collagen in the
extracellular matrix; collagen type II, alpha 1,
which regulates skeletal growth and develop-
ment; WNT1 inducible signaling pathway pro-
tein 1, which is a connective tissue growth
factor; hyaluronan synthase I, which drive
synthesis of extracellular matrices during tissue
repair; integrin-binding sialoprotein, which is a
structural protein in bone matrices and is asso-
ciated with synovial inflammation; type II BMP
receptor, which regulates endochondral bone
formation; and Wnt-3a, a ligand associated with
osteoblast function and bone development [11].

EARLY DETECTION, MONITORING,
AND TREATMENT OF PSA

As the inflammatory burden associated with PsA
increases, so does the patient’s risk of irreversible
joint damage [50], making early identification
essential. In contrast to RA, in which laboratory
tests for biomarkers (e.g., rheumatoid factor and
anti-citrullinated protein antibody) are routinely
used as diagnostic and prognostic tools, no vali-
dated serum or synovial biomarkers are used in
clinical practice to monitor for PsA [54]. How-
ever, identification of such biomarkers is an area
of active research. For example, dendritic cell-
specific transmembrane protein (DC-STAMP),
which plays important roles in osteoclast for-
mation, myeloid cell differentiation, and
immune function, has been identified at signifi-
cantly higher concentrations in the bone mazr-
row of patients with PsA compared with healthy
controls [55]. Other biomarkers that have shown
promise in PsA include BMP4, MMP3, TNF-su-
perfamily molecules, Dickkopf-related protein
(DKK)-1, and macrophage colony-stimulating
factor (M-CSF) [56-58]. However, studies of some
of these potential biomarkers have evaluated

peripheral blood concentrations [55, 56, 58],
which is of limited usefulness in assessing disease
activity and predicting response to treatment.
Biomarkers isolated from tissue samples would
be more useful for such purposes.

In the absence of reliable biomarkers to assess
or predict joint damage, clinical evaluation of
patients with suspected PsA should include
physical examination and use of imaging
modalities, such as ultrasound and MRI, to detect
low-grade joint inflammation or enthesitis
[6, 59, 60]. The selection of entheseal sites to
evaluate in PsA is important as ultrasound of the
synovial-entheseal complex of the small joints in
the hand differentiates between early PsA and
early RA [6]. Ultrasound has also proved more
sensitive than clinical examination in detecting
entheseal abnormalities in early PsA [61].
Development of PsA is especially common in
patients with psoriasis, family history of psoria-
sis, and/or nail dystrophy [2, 30], so these
patients should be evaluated regularly for signs of
joint pain, morning stiffness, and dactylitis [1].
However, because psoriasis severity is not corre-
lated with joint disease severity, patients with
mild psoriasis should also be evaluated for PsA
[62, 63]. Detection of enthesitis can be critical to
identifying patients with early PsA. In patients
with psoriasis, enthesitis is the primary lesion
that precedes development of the skeletal mani-
festations of PsA [64, 65]. Additionally, periph-
eral enthesitis may be the only rheumatologic
symptom in a subset of patients with PsA [66].

Delays in diagnosis and treatment of PsA are
associated with poor radiographic and func-
tional outcomes [67-69]. Thus, European League
Against Rheumatism (EULAR) recommendations
for the management of PsA emphasize the
importance of early pharmacologic intervention
[70]. Data on the benefits of early intervention
are more limited in PsA than in other arthro-
pathies, but available evidence suggests that
early intervention and tight control of inflam-
mation significantly reduces joint pain and
swelling and improves quality of life for patients
with PsA [71, 72]. However, the impact of early
intervention on radiographic outcomes and cost-
effectiveness is less certain; more research is
needed to better understand the effect of differ-
ent treatment modalities on these variables [71].
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In recent years, several disease-modifying
antirheumatic drugs have been approved for the
treatment of PsA, expanding the therapeutic
armamentarium to include agents with several
mechanisms of action. Having treatment options
that act on different molecular targets is espe-
cially beneficial for managing a disease as clini-
cally and genetically heterogeneous as PsA [73].

As new data on the genetic profiles of dif-
ferent types of arthritis have emerged, it has
become clear that PsA and psoriasis have
genetic similarities but PsA has little or no
genetic overlap with other types of arthritis
(especially RA) [74]. These findings suggest that
just because therapies are effective for one type
of arthritis, they may not provide comparable
levels of efficacy for PsA or other arthropathies
[74]. While TNF inhibitors are approved for the
treatment of both RA and PsA, they act on
upstream targets of PsA pathogenesis, providing
relatively nonspecific modulation of angiogen-
esis, osteoclastogenesis, and synovial inflam-
mation [75]. As such, many patients with PsA
fail to respond to TNF inhibitors, which have
demonstrated low rates of long-term achieve-
ment of remission [76].

Newer therapies targeting more downstream,
disease-specific cytokines associated with the
Th17/IL-23 axis have demonstrated significant
clinical efficacy in patients with PsA [73]. The
IL-17A inhibitor secukinumab is approved for the
treatment of adults with active PsA or AS, and
another IL-17A inhibitor, ixekizumab, is approved
for active PsA and is in late-stage clinical devel-
opment for active AS (both secukinumab and
ixekizumab are also approved for the treatment
of moderate-to-severe plaque psoriasis). The
IL-12/23 antagonist ustekinumab was also
recently approved for the treatment of active PsA,
in addition to previous approvals for the treat-
ment of psoriasis and Crohn'’s disease. The IL-23-
specific inhibitor guselkumab was recently
approved for the treatment of moderate-to-severe
plaque psoriasis, and clinical trials in PsA are
ongoing. Consistent with genetic profiling results
showing that expression of IL-17 is significantly
higher in skin than in synovium in patients with
PsA[11], and that IL-17 and IL-23 expression is not
increased in all patients with PsA, agents targeting
these cytokines are particularly efficacious in skin

disease [73]. Additionally, secukinumab, ixek-
izumab, and ustekinumab provide significant
improvements in both skin and joint symptoms
in patients with PsA who have failed to respond to
anti-TNF therapies [77-79].

Overall, data indicate that expression pat-
terns of genes associated with PsA pathogenesis
are heterogeneous [80]. Therefore, the efficacy
of treatments with different mechanisms of
action will vary between patients, with all
available therapies currently demonstrating
only limited effectiveness against bone changes
associated with PsA [73]. Unfortunately, at pre-
sent, predicting a patient’s response to a given
medication is not possible. Thus, healthcare
practitioners should monitor patients regularly
for clinical response to therapy and switch
therapies if patients do not experience a satis-
factory response to any given treatment [73].

Clinical response to therapy can be monitored
in several ways. Perhaps the most important
component of treatment response assessment is
the patient’s overall impression of how well a
therapeutic regimen is working. Generally,
patient satisfaction with treatment accompanies
improvement in assessments of PsA disease
activity using instruments, such as Minimal
Disease Activity (MDA), Psoriatic Arthritis
Response Criteria (PSARC), Disease Activity
in Psoriatic Arthritis (DAPSA), and the Compos-
ite Psoriatic Disease Activity Index (CPDAI)
[67, 81, 82]. These instruments include assess-
ment of symptoms known to be burdensome to
patients, including joint pain, tenderness, and
swelling; psoriasis; dactylitis; enthesitis; and
patient-reported outcomes related to the impact
of disease on quality of life [81]. The psoriatic
arthritis disease activity score (PASDAS) and the
GRAPPA composite exercise (GRACE) index are
weighted composite measures that provide sin-
gle scores for disease activity and responder
indices [83]. PASDAS and the GRACE index
include assessments of quality of life, patient
global scores, and physician global scores [83].
Interestingly, both PASDAS and the GRACE
index performed significantly better in discrim-
inating between subjects according to the deci-
sion to change treatment at baseline compared
with CPDAI or DAPSA [83]. Evaluation of serum
C-reactive protein concentration is also a key
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Table 2 Key unanswered questions on how the joint is affected in PsA

Do entheses drive development of PsA in humans?

What is the significance of connections between nail disease and enthesitis?

What characteristics of entheseal tissue are associated with disease mechanisms?

What molecular pathways in bone tissue are involved in bone erosion and formation?

Is there a connection between the skin and the joint in PsA?

Can cells that are activated at the skin affect the joint?

PsA psoriatic arthritis

criterion of many definitions for PSA remission
[81, 84], and normalization of erythrocyte sedi-
mentation rate has been associated with
increased likelihood of achieving MDA [85].

UNANSWERED QUESTIONS

While significant progress has been made in
recent years expanding our understanding of
the molecular mechanisms and genetic profiles
of PsA pathogenesis, future research is needed
to address key unanswered questions about how
the joint is affected in PsA (Table 2). However,
researchers are finding that obtaining funding
for such studies is increasingly difficult. It is
hoped that better understanding of these issues
will provide insight into disease mechanisms
responsible for joint damage in PsA.
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