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Abstract Psoriatic arthritis (PsA) is a form of inflammatory
arthritis (IA) affecting approximately 0.25% of the population.
It is a heterogeneous disorder associated with joint damage,
disability, disfiguring skin disease and in severe cases, premature mortality. Inherently irreversible and frequently progressive, the process of joint damage begins at, or before, the
clinical onset of disease. Early recognition and intervention
is thus crucial to patient outcome. At disease onset, however,
PsA often resembles other forms of arthritis—especially rheumatoid arthritis (RA). Despite the similarities between PsA
and RA, their distinctive pathologies require different treatments. For example, drugs that are effective in RA may not
be effective in PsA and can even cause adverse effects. Since
there is no currently validated test for PsA, the diagnosis is
often missed or delayed and this has functional consequences
for the patient. In the context of PsA and RA, making an
accurate diagnosis is not the only challenge faced by rheumatologists. Choosing an effective and safe medication to manage the disease is another significant challenge and currently
approximately 40% achieve meaningful responses such as
minimal disease activity status. For the patient, several months
may be lost as a result of trial and error testing—meanwhile,
irreversible joint damage may occur. Clearly, more effective
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clinical tests are urgently needed to improve personalised patient care in PsA. Specifically, there is need to develop minimally invasive tests predictive of diagnosis, response to treatment and radiographic progression. In this review, we examined the biomarker development process, highlighted the importance of qualifying unmet clinical needs and emphasised
the challenges that impede biomarker studies. We have compiled a comprehensive list of potentially clinically relevant
biomarkers in PsA and provided a summary of proteomic
technologies that might usefully support additional biomarker
research in PsA.
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Introduction
Arthritis is a general term for conditions that affect the joints
(complex structures located where two or more bones meet).
Joints are composed of bone, muscle, synovium, cartilage and
ligaments, engineered to bear weight and permit movement of
the body [1]. Arthritis is broadly classified as inflammatory or
non-inflammatory, the primary difference being the way in
which the conditions develop [2].
The exact cause of inflammatory arthritis (IA) is unknown
but it is understood that both genetic and environmental factors trigger the development of an auto-inflammatory response—when the immune system launches an attack on the
body’s own tissues and cells. [3–5]. Non-inflammatory arthritis develops when cartilage of the joints breaks down as a
result of a degenerative process which in turn promotes inflammation [6, 7].
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Psoriatic Arthritis
Psoriatic arthritis (PsA) is the second commonest form of IA
after rheumatoid arthritis (RA) and can be defined as arthritis
associated with psoriasis (Pso), predominantly Pso vulgaris, a
form of plaque Pso. Usually negative for rheumatoid factor
(RF) (seronegative), PsA is characterised radiographically by
both bone resorption and periarticular new bone formation. PsA
is a highly heterogeneous disorder which presents challenges in
diagnosis and treatment [8]. In 1973, Moll and Wright first
classified the disease into five subgroups: (i) asymmetric
oligoarthritis, (ii) predominant distal interphalangeal (DIP) joint
involvement, (iii) symmetric polyarthritis, (iv)predominant axial involvement, and (v) arthritis mutilans [9].
Epidemiology
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Table 1

A patient must have inflammatory articular disease (joint, spine or
entheseal) with ≥3 points from the following 5 categories:
(1) Evidence of current psoriasisa (psoriatic skin or scalp disease judge by
a rheumatologist or dermatologist), a personal history of psoriasis or a
family history of psoriasis (in a first or second degree relative)
(2) Typical nail dystrophy including onycholysis, pitting and
hyperkeratosis observed on current physical examination
(3) A negative test result for the presence of rheumatoid factor by any
method except latex but preferably by enzyme-linked immunosorbent
assay or nephelometry, according to the local laboratory reference range
(4) Either current dactylitis, defined as swelling of an entire digit, or a
history of dactylitis recorded by a rheumatologist
(5) Radiographic evidence of juxta articular new bone formation,
appearing as ill-defined ossification near joint margins (but excluding
osteophyte formation) on plain radiographs of the hand or foot
Table content adapted from Taylor and Gladman 2006 [14]
a

The global incidence and prevalence of PsA is highly variable.
The annual incidence of PsA ranges from 1 to 23.1 cases per
105, whereas the prevalence of PsA ranges from 1 to 420
cases per 105 [10]. In a US-based study, the prevalence of
PsA was found to be 0.25% (although this study relied on
patients self-reporting) [11]. In a UK-based study, the prevalence of PsA was found to be 0.19% [12]. In Ireland, it is
estimated that 10,000 people suffer from PsA.
The absence of any diagnostic criteria and the application
of different classification criteria make patient clinical data
challenging to analyse and compare, and this has hindered
epidemiological research [8]. The various criteria that have
been used to classify PsA include, amongst several others, those
originally proposed by Moll and Wright and the Classification
Criteria for Psoriatic Arthritis Group (CASPAR) (Table 1) [9,
13, 14]. CASPAR, the most recently developed criteria, are
known to have high sensitivity (98.7%) and specificity
(91.4%) in classifying patients with long-standing disease.
However, CASPAR criteria show reduced sensitivity in patients with early disease (87.4%) but increased specificity
(99.1%). Thus, while the CASPAR criteria are valid for clinical trials, they are less useful in the primary care setting for
patients with early PsA where specialist analytical expertise
may not be readily available [15, 16].
Interestingly, it has been reported that between 6 and 48%
of patients with Pso go on to develop PsA; however, the prevalence of PsA in patients with Pso is apparently lower in Asian
populations, ranging from 1 to 9% [17]. Although there may
be regional/genetic differences, there is speculation that this
might be in part a consequence of underdiagnoses due to poor
recognition of the disease [18, 19], indeed while divergent
distributions of susceptibility genes have been recorded
amongst different ethnic groups. On the other hand, it has also
been suggested that low prevalence of PsA amongst Asians is
related to differences in methodological approaches adopted
across prevalence studies [11, 17, 19].

CASPAR classification criteria for psoriatic arthritis

Equals 2 points

Clinical Features
PsA may present with varying clinical features, several of
which are observed in other disease entities [20]. It may be
particularly important but often difficult to distinguish PsA
within the much larger population of Pso patients—since skin
and nail manifestations precede onset of PsA symptoms in 75%
of cases. Likewise, in patients presenting with arthritis, Pso can
be ‘hidden’ and difficult to identify in areas such as the scalp,
nails, flexural areas or natal cleft [21–23]. It is interesting to
note that Pso patients exhibiting these features are the most
likely to develop PsA [22]. Onset of skin and joint involvement have a contemporaneous onset in 10% of patients,
whereas joint involvement precedes skin disease in 15%.
The pattern of joint involvement is variable in PsA, and it
can be present in patterns mimicking that observed in RA
(symmetrical polyarticular disease), reactive arthritis (ReA)
(oligoarticular), osteoarthritis (OA) (distal interphalangeal
joint involvement) and ankylosing spondylitis (AS) (axial involvement). To further complicate matters, extra-articular features observed in the above-mentioned arthropathies may also
observed in patients in PsA [20, 23]. Common and overlapping features of RA, ReA, OA, AS and PsA are outlined in
Table 2.

Radiographic Features
Early inflammatory changes in PsA affect soft tissue and bone
marrow and cannot be detected with the use of plain radiography. With disease progression, however, radiographic images may demonstrate changes which are similar to those
observed in RA, i.e. joint space narrowing and erosions.
Unlike RA, radiographic features in PsA may include features
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Overlapping features in prototype rheumatic disorders

Feature

PsA

RA

OA

AS

ReA

DIP joint involvement

Common

Uncommon

Common

Uncommon

Uncommon

Oligoarticular

Common

Uncommon

Common

Common

Common

Polyarticular
Symmetrical Presentation

Common
Less Common

Common
Common

Uncommon
Uncommon

Uncommon
Common

Uncommon
Uncommon

Asymmetrical presentation
Axial joint involvement

Common
Common

Uncommon
Uncommon

Common
Common

Uncommon
Common

Common
Common

Lower limb involvement

Common

Common

Common

Less Common

Common

Sacroiliitis
Ankylosing

Common
Common

Rare
Uncommon

Uncommon
Uncommon

Common
Common

Common
Uncommon

Psoriasis
Nail involvement

Common
Common

Uncommon
Uncommon

Uncommon
Uncommon

Uncommon
Common

Uncommon
Common

Dactylitis

Common

Uncommon

Uncommon

Less Common

Common

Enthesitis
Pencil in cup formation

Common
Common

Uncommon
Rare

Common
Uncommon

Common
Common

Common
Common

New bone formation
Presence of rheumatoid factor

Common
Uncommon

Never
Common

Common
Uncommon

Common
Uncommon

Common
Uncommon

Rheumatoid nodules

Never

Common

Uncommon

Uncommon

Uncommon

Eye involvement

Common
(uveitis)

Common
(episcleritits)

Uncommon

Common
(iritis)

Common
(conjunctivitis)

Table adapted from references [6, 20, 21, 24–26]

of new bone formation including bony bridging, joint ankylosis and periostitis. In severe cases, bone resorption as evidenced by erosion of both sides of the joints or by osteolysis
that can result in marked joint destruction (arthritis mutilans)
[5, 27]. In some PsA patients, the bony changes may be predominantly erosive, while in others, new bone formation may
predominate. Further, there are also some patients who demonstrate both destructive and bone forming processes. The
heterogeneity observed within PsA patients is illustrated in
Fig. 1. While X-ray imaging is the best validated technique
for detecting bone erosion, it is limited by its two-dimensional
character. Standard radiographs report that the number of erosions observed in PsA appears to be reduced compared to RA.
However, micro-computational tomography (μCT) reveals a
comparable number of bone erosions in PsA and RA though
the shape of the erosions may be quite different (Table 3).
Magnetic resonance imaging (MRI) and ultrasound (US) also
capture differences at sites affected by inflammation in these
disorders (Table 3). In PsA, the enthesis may be a major site of
inflammation, whereas in RA, the inflammation is largely synovial based. Inflammation of the tendons is also prevalent in
both disorders although may be more severe in RA [5].

Immunopathology
Histological studies have revealed important differences between the synovial tissue in PsA and RA. For example, while

angiogenesis is dysregulated in both conditions, the formation
of elongated torturous blood vessels is a hallmark feature in
PsA, whereas increased straight branching vascularisation is
prominent in RA [5, 35, 36]. Lining layer hyperplasia is observed in both conditions, but it is more striking in RA compared to PsA. Cellular differences are also observed and PsA
is characterised by more extensive infiltration of polymorphonuclear cells [5, 35]. It has been reported that the extent of T
cell and B cell infiltration is comparable and formation of
germinal centres (zones of T cell and B cell proliferation) is
observed in both conditions [5, 35, 37, 38]. The differences in
synovitis in RA and PsA are illustrated in Fig. 2.
Genetics
PsA is a heterogeneous disease with diverse clinical and radiologic manifestations. However, the basis for this heterogeneity has not been adequately explained. Recent studies of
human leukocyte antigen (HLA) genotypes in PsA and a
study on the relationship of genotype to phenotype have resulted in a substantial change in the conceptual basis of PsA
[39–41].
HLA class I polymorphisms have been shown as the major
candidate genes for PsA susceptibility with this susceptibility
emerging in much greater clarity with recent studies. For example, susceptibility to PsA strongly associates with the inheritance of several class I major histocompatibility complex
(MHC) alleles of both human leukocyte antigen (HLA)-B and
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It has been proposed based on these newer genetic findings
that there are three major forms of PsA—entheseal predominant, synovial predominant and axial predominant—with
each now found to have differing HLA associations [43].
These observations appear to provide, to a certain extent, a
molecular explanation for the various clinical patterns of PsA
described in the original diagnostic criteria of Moll and Wright
[9]. There has been a long held belief that enthesitis plays an
inciting role in pathogenesis of PsA, however, in the light of
new data, PsA is emerging more as an autoimmune disease.
Pathogenesis
Trigger

Fig. 1 X-ray image of changes in bones observed in PsA. Image from
Mc Ardle et al. [5]. Left hand radiograph from a PsA patient showing
severe erosive disease and subluxation at the first distal phalange (DIP)
with fluffy periosteal new bone formation on the terminal phalange.
Ankylosing of the second DIP joint is also demonstrated

HLA-C loci and their haplotypes [39, 40]. The number of
these alleles, and that they differed in frequency between
PsA cases and those with isolated cutaneous-only psoriasis
(Ps), provided strong evidence of genetic heterogeneity for
the general psoriasis phenotype, and for PsA in particular. In
other words, although there is some overlap, the HLA genetics
of PsA fundamentally differ from those of Pso novel information which can help to unravel the pathophysiologic mechanisms involved in PsA that has been recently reported by
studying the relationship of genotype to phenotype. It was
noted that the genetic factors contributing to a phenotype,
particularly for enthesitis, may appear distinct from those operating in the development of other features of PsA. For example, the haplotype B*27:05-C*01:02 and its two constituent alleles, B*27:05 and C*01:02, are strongly associated with
the development of clinically detectable enthesitis in PsA.
However, synovial-based phenotypes such as joint deformity
and joint fusion are associated with B*08:01 and there was no
significant association with B*27:05:02 or C*06:02:01.
Interestingly, dactylitis exhibits a dual association with
B*27:05 and B*08:01 reflecting perhaps the diffuse inflammation in the dactylitic digit involving tendons, entheses, and
synovium of nearby joints [41]. Finally, in relation to
sacroiliitis which is frequently asymmetric in PsA, symmetric
sacroiliitis was found to be strongly associated with
B*27:05:02, whereas asymmetric sacroiliitis was associated
with B*08:01 and not with B*27:05:02 [42].

The pathogenesis of PsA is complex and yet to be fully elucidated. It is believed that a combination of genetic, immune
and environmental factors underpin cutaneous and joint manifestations [44]. The finding that PsA develops in 6–48% of
patients with Ps and that there is higher prevalence of PsA in
more severe Pso suggests that there may be a pathogenic connection between the two [8, 38, 45]. Indeed, Ps skin and PsA
synovial membrane share a number of similar pathological
features at the cellular and molecular level. However, the pathogenic connection between the skin and the joint in PsA is
unclear. One theory is that a common autoantigen may be
driving the immune response in the skin and joints, yet no
such antigen has been defined [38, 45–47]. On the other hand,
clinical evidence suggests that the inflammation of the skin and
the joint in PsA are independent, as the majority of Pso patients
never develop arthritis. Further, for most PsA patients, there is
little relationship in the temporal nature or in the severity of
their skin and joint manifestations. The clinical course of skin
and joint disease are most often different with flares and remissions occurring with little or no apparent relationship [38, 45,
48]. Equally, the response to therapy may be discrepant, which
can result in significant improvement in one of the two involved
tissues but not in both. For example, sulfasalazine and
leflunomide are effective for joint disease but not for skin disease, whereas cyclosporine (an immunosuppressant) and
efalizumab (now withdrawn), a biologic agent that blocks T
cell migration, are effective for Pso but not PsA [38, 44, 45,
49–51]. Thus, an alternative theory has emerged which suggests the link between PsA and Pso originates from mechanical
stress and microdamage. The association of mechanical stress
and Pso is well recognised (Koebner phenomenon) and it has
now been speculated that tissue specific, micro-traumatic factors related to the enthesis trigger joint damage in PsA [46].
Inflammatory Processes
Both CD 4+ and CD 8+ T cell are found in the skin and the
joints of patients with PsA. Further, these cells undergo clonal
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Table 3 Radiological features that distinguish between PsA and RA. A summary of radiological features observed in PsA and RA and the imaging
techniques used to measure them
Radiographic feature
Number of erosions
Severity of erosions
Shape of erosions
Ω
Tubule
U
Erosion distribution
DIP joint erosion
Number of osteophytes
Severity of
osteophytes (size)
Bone proliferation
Inflammatory changes:
Synovitis
Tenosynovitis
Enthesitis
Dactylitis
Mutilans
(erosions on both
sides of joints)

RA

PsA

Imaging technique

References

–a
–a
–a
–c
–c
–a

–c
–a
–b
–a
–a
–c

X-ray
μCT
μCT
μCT
μCT
μCT

[28, 29]
[30]
[30]

Preponderance
for radial sites
–d

μCT

[30]

–c
–c

Evenly
distributed
–a
–a
–a

US, MRI, X-ray
μCT
μCT

[31]
[28]
[28]

–c

–a

–a
–b
–c
–d
–d

–b
–b
–a
–a
–c

μCT

[31]

US, MRI

[31, 32]

US, MRI
X-ray

[33]
[34]

Table from Mc Ardle et al. [5]
a

Very evident

b

Evident

c

Less evident

d

Not evident

expansion in the synovium of patients with PsA. Considered
together, with the identification of polymorphisms in genes that
are involved in T cell activation, these observations led to the
concept that PsA is a T cell-mediated disease [52, 53]. It has
been reported that CD 4+ T cells are expressed more abundantly
in the skin, whereas CD 8+ T cells are the most abundant subtype found in synovial fluid and at the enthesis [38]. Both
subtypes are important in driving pathogenesis through the production of pro-inflammatory cytokines. It is believed that the
interplay between T cells, dendritic cells, synoviocytes and
keratinocytes give rise to a self-perpetuating loop that amplifies and sustains inflammation promoting bone destruction
(and formation) in the joints and lesions in the skin [44, 47].
Cells of the innate immune system also play an important
role in PsA pathogenesis. Histological studies reveal that tumour necrosis factor alpha (TNF-α)-producing macrophages
are present in abundance in the synovium along with neutrophils and mast cells. Dendritic cells have found overexpress
IL-23 in patients with PsA and promote the polarisation of
interleukin (IL)-17-producing T cells from naïve T cells [38,
44, 47]. An interesting study by Menon et al. demonstrated

that CD 8+ T cells in the synovial fluid of PsA patients exclusively produced IL-17 and the levels of IL-17 correlated with
ultrasound measurements of disease activity [54].
Cytokines derived from both T cells and polymorphonuclear cells have important potential roles in PsA. Macrophagederived TNF-α and T cell-derived IL-17 are perhaps the most
significant cytokines driving pathogenesis. TNF-α and IL-17
synergise to promote angiogenesis, increase the polymorphonuclear infiltrate at disease sites (by inducing the production
of IL-6 and IL-8 by fibroblasts in the skin and joint) and
promote bone resorption through osteoclast activation [55].
Finally, the humoral immune response is also actively involved in PsA, but its role is poorly understood. It has been
shown that B cells develop germinal centres in the skin and
joints of patients with PsA [56]. Although autoantibodies including RF and anti-citrullinated antibodies (ACPA) are not
usually detected in PsA, in ACPA-positive patients, joint damage is usually more severe. Moreover, detection of autoantibodies against dermal and synovial membrane antigens and
circulating immunocomplexes has been associated with increased disease activity in PsA [23].
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Fig. 2 Synovitis in PsA and RA. Image adapted from Mc Ardle et al. [5].
Synoviocytes become activated by unknown events to produce proinflammatory cytokines that in turn activate proximal cells in synovium.
This result in dysregulated angiogenesis and the increased infiltration of
leukocytes including (monocytes, macrophages, neutrophils, mast cells,
eosinophils B and T cells). Infiltrating cells produce cytokines that act in
synergy to propagate the inflammatory response. Importantly, TNF-α and

IL-17 are cytokines with major implications in pathogenesis and represent
important therapeutic targets. With the development of a chronic inflammatory response, the synovial lining becomes hyperplastic. Fibroblasts
and macrophage form an invasive matrix (pannus) that promotes the
destruction of cartilage and bone. Activation of osteoclast cells promotes
bone resorption, whereas activation of osteoblast promotes bone
proliferation

Treatment

recommended that a bDMARD is started earlier [58].
bDMARDs include those blocking TNF-α (TNF-α), namely
adalimumab (a fully human anti-TNF-α antibody), etanercept
(a recombinant human soluble TNF receptor), infliximab (a
chimeric monoclonal human antibody), golimumab (a
monoclonal human antibody against TNF-α) and
certolizumab pegol (a PEGylated Fc-free anti-TNF). All have
demonstrated efficacy in PsA, both for skin and joint involvement in addition to dactylitis, enthesitis and axial inflammation [58, 60, 61]. When a patient does not respond to an initial
TNF-α inhibitor (i), it is recommended they should switch to
an alternative [58]. Despite the efficacy of TNF-αi, there are
disadvantages associated with these drugs including poor tolerance, risk of infection and recurrence of disease upon
cessation.
The shortcomings associated with targeting TNF-α have
caused a shift in focus towards other central mediators involved in PsA [62]. Ustekinumab (a human monoclonal antibody against the p40 subunit common to IL-12 and IL-23) and
apremilast (an oral phosphodiesterase-4 inhibitor) have proven effective at combating signs and symptoms of PsA including psoriasis, peripheral arthritis, enthesitis and dactylitis [8,
60, 61, 63] There is very little evidence comparing the efficacy
of these drugs. However, a recent meta-analysis (that included
12 randomised control trials) revealed that patients receiving
etanercept, infliximab, adalimumab and golimumab had a

Non-steroidal anti-inflammatory drugs (NSAID) are frequently used as first-line treatment. These drugs may effectively
supress joint symptoms, but the efficacy on skin lesions has
not been demonstrated. In some patients, glucocorticoid injections can be given as they are efficacious for mono/
oligoarthritis or single-joint flares. In contrast, oral steroids
should be avoided, especially in patients with extensive skin
involvement, as case reports describe glucocorticoid induced
skin flares [57, 58].
If the use of NSAIDs fails to adequately relief symptoms, it
is recommended that patients begin treatment with a synthetic
disease-modifying anti-rheumatic drug (sDMARD).
Furthermore, if a patient presents with very active disease, a
synthetic DMARD may be considered alongside first-line
treatment [58]. Several DMARD are available, including
methotrexate (MTX), sulfasalazine, leflunomide and cyclosporine A. There is preference to choose MTX over the others
due to reported efficacy of this drug for both skin and joint
disease, though the evidence base in joint disease is poor. Data
describing efficacy on structural change for DMARDs is insufficient and requires further research [57–59].
Lack of efficacy with sDMARDs justifies the prescription
of a biological (b) DMARD. Moreover, if a patient presents
with predominantly axial disease or with severe enthesitis, it is
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statistically significantly higher chance of achieving the
American College of Rheumatology Response 20 (ACR20)
compared with apremilast, ustekinumab and certolizumab
[64]. Despite showing lower efficacy in comparison to other
biologics, apremilast is associated with a favourable safety
profile, with no regular blood monitoring required which can
be an advantage in practice [21]. A head-to head study of
ustekinumab vs etanercept in Pso suggested that ustekinumab
at a dose of 45 or 90 mg was superior to high dose etanercept
(50 mg twice weekly) [65].
The emergence of IL-17 as a central mediator of pathogenesis has led to the development of biologics that directly target
IL-17 (monoclonal antibodies secukinumab and ixekizumab).
Across two pivotal phase 3 studies, secukinumab provided
significant and sustained reductions in the signs and symptoms of PsA, inhibition of radiographic progression, and improved patient-reported outcomes and measures of quality of
life. The efficacy of this drug is yet to be demonstrated in
head-to-head trials but it has been licenced for use in PsA
[66]. Ixekizumab is showing promising results in phase III
trials and is licenced for use in Ps [67, 68]. So far, it is felt
that the short-term efficacy of these IL-17 inhibitors is similar
to that of TNF inhibitors for musculoskeletal manifestations,
thus providing additional options for patients and clinicians.
Thus, optimal therapies can be chosen based on their efficacy
for different musculoskeletal and skin manifestations and their
side effect profile [21].
Measuring Disease Outcome in PsA
Measuring response to treatment in PsA during clinical trials
has been the subject of much interest for members of the
Group for Research and Assessment of Psoriasis and
Psoriatic Arthritis (GRAPPA). In the setting of clinical trials,
numerous composite scores (e.g. American College of
Rheumatology [ACR20, ACR50, ACR70; EULAR Disease
Activity Score [DAS] response criteria) have been used in
PsA, most adapted from RA and not extensively validated in
the former [69, 70]. A composite measure specifically developed for PsA, namely the Psoriatic Arthritis Response Criteria
(PsARC)), has been used in many studies but has not been
validated and is associated with limited discriminatory utility
[71]. More recently, minimal disease activity criteria (MDA)
were developed and validated [72]. MDA encompasses both
remission and low disease activity as acceptable targets for
therapy. It can be used as a responder index in addition to a
target for treatment interventions. Patients with psoriatic arthritis are considered in MDA when they meet five out seven
of the following criteria: tender joint count ≤1, swollen joint
count ≤1, PASI ≤1 or body surface area (BSA) ≤ 3, patient
pain (VAS ≤ 15), patient global activity (VAS ≤ 20), Health
Assessment Questionnaire (HAQ) ≤ 5 and tender entheseal
points ≤ 1 [72].
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Additionally, two composite indices reflective of joint disease have been developed. Firstly, the Disease Activity index
for PSoriatic Arthritis (DAPSA) was developed and validated
using clinical trial data. DAPSA calculates the following components: tender joint count (0–68), swollen joint count (0–66),
CRP level (mg/dl), patient visual analogue scale (VAS) for
pain (0–10) and patient VAS for global disease activity (0–
10) [73]. Second, a weighted articular responder index, the
Psoriatic Arthritis Joint Activity Index (PsAJAI), a measure
of response reflecting joint involvement in psoriatic arthritis,
has been developed from randomised placebo-controlled trials
of biologic agents in psoriatic arthritis [74]. The PsAJAI is a
weighted sum of 30% improvement in core measures with
weights of 2 given to joint count measure, CRP level and
the physician global assessment of disease activity measure.
Weights of 1 given to the remaining 30% improvement measures include pain, patient global assessment of disease activity and the HAQ.
Three additional composite measures that better reflect all
of the domains potentially involved in psoriatic arthritis have
been proposed. First, the Composite Psoriatic Disease
Activity Index (CPDAI) assesses up to five domains: peripheral joints, skin, entheses, dactylitis and spinal manifestations
[75]. This instrument has been validated in a large clinical trial
data set and was found to be a sensitive instrument in detecting
change in disease activity following treatment interventions.
Second, the GRAppa Composite Exercise (GRACE) project
derived two composite disease activity measures for psoriatic
arthritis from a longitudinal study, namely the Psoriatic
Arthritis Disease Activity Score (PASDAS) and Arithmetic
Mean of Desirability Functions (AMDF) [76]. The PASDAS
was developed using linear regression and physician-defined
cut offs for disease activity. It is a weighted index incorporating patient and physician assessments of global disease activity, tender and swollen joint counts, dactylitis and enthesitis,
and CRP. The AMDF (recently renamed the GRACE measure) is a composite index based on score transformations,
incorporating measures of skin and joint involvement together
with physical function; domains include tender joint count,
swollen joint count, patient skin VAS, patient joint VAS, patient global VAS, HAQ, the Psoriatic Arthritis Quality of Life
instrument (PsAQoL) and PASI. Both instruments performed
well and were able to distinguish active from inactive disease,
but were less able to discriminate in subgroups of
oligoarthritis and patients with severe skin disease.
A comparison between PASDAS, AMDF, CPDAI and
DAPSA was performed using data from the GO-REVEAL
study; this analysis allowed a comparison of their performance
in a trial of a highly effective intervention. All indices were
able to discriminate treatment from placebo. PASDAS,
AMDF and modified CPDAI better reflected domains such
as skin, enthesitis and dactylitis in addition to the articular
component of the disease [76]. Finally, the Psoriatic Arthritis
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Impact of Disease (PsAID) questionnaire has been developed
and validated in an international cross-sectional and longitudinal study in 13 countries. Two preliminary patient-derived
weighted questionnaires for assessing the impact of psoriatic
arthritis on patients’ life were proposed: one for clinical trials
(9 domains) and one for clinical practice (12 domains).
Domains include pain, fatigue, skin problems, ability to
work/leisure, functional capacity, discomfort, sleep disturbance, coping and anxiety, with the addition of embarrassment
and/or shame, social participation and depression for clinical
practice [77].

Unmet Clinical Need in PsA
The Food and Drug Administration (FDA) defines unmet
medical needs as ‘a condition whose treatment or diagnosis
is not addressed adequately by available therapy’ [78, 79].
This is a concise definition however thorough interrogation
of the denotation reveals a broader meaning. The primary
interpretation is straightforward in that there is need to develop tests for use in the diagnosis and therapeutic intervention in
various conditions. However, where medical examinations for
diagnosis and treatment of disease already exist, they may not
be considered adequate. A satisfactory diagnostic test would
be highly sensitive, specific, rapid, economical, minimally
invasive and readily available to the relevant patient population. Likewise, the same criteria uphold for tests used to guide
treatment. Equally, such tests would ideally be able to stratify
patients who are likely to develop progressive disease, respond to therapy, have adverse effects, reach remission or to
relapse upon cessation [79, 80]. Thus, even where diagnostic
and therapeutic tools already exist, there may be significant
room for improvement and many initiatives have been introduced to satisfy unmet clinical needs through the identification of novel diagnostics biomarkers [79]. Currently, to receive
market clearance for a new medical test, a manufacturer is not
required to state how biomarkers add clinical value compared to
existing tests. Regulatory approval therefore often leads to early
release of biomarkers with as yet unknown clinical value. A
major problem with the current approach is that biomarkers are
frequently discovered in response to technological advances
and may not seek to determine how they can be used to inform
clinical decision-making. Monaghan et al. [79] have outlined
steps for identifying unmet clinical needs for improved targeted
development of medical tests (Fig. 3).
Need for Improved Diagnostic Test in PsA
PsA accounts for 20% of referrals to the early arthritis clinic
[21]. The onset of the disease is recognised clinically when a
patient presents with symptoms fulfilling the CASPAR criteria
[5, 81]. However, classification criteria should not be confused
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with diagnostic criteria and a distinction can be made between
the two. Classification criteria are used in research to differentiate patients with a specific disease form patients with others
disease or healthy individuals. They are typically used to create
homogenous groups of patients to facilitate comparative studies. Such criteria have high specificity but reduced sensitivity
and therefore should not be used for making a diagnosis.
Diagnostic criteria are used by clinicians to help make a diagnosis in individual patients. They should be sensitive and allow
for the detection of as many individuals with the condition as
possible at early disease onset [82].
Currently, there are no diagnostic criteria for PsA and recognition of the disease is dependent on the expertise of the
treating clinician [8, 21, 83, 84]. As a consequence, the diagnosis of PsA is often missed or delayed and this has been
associated with significant functional consequences for the
patient [85]. From a rheumatologist’s perspective, PsA is often
difficult to distinguish from RA, as both can present with
peripheral arthritis and Pso. PsA patients with DIP joint involvement can be difficult to separate from OA; those with
axial involvement can be difficult to separate from AS and
those with oligoarticular disease can be difficult to separate
from ReA. PsA is also often difficult to discriminate from gout
and undifferentiated spondyloarthritis, due to oligoarticular presentation also observed in these conditions. Finally, as referred
to earlier, from a dermatologist perspective, PsA can be difficult
to distinguish from Pso and they are frequently less comfortable
in the context of musculoskeletal examinations [86, 87].
Previously, PsA was believed to be a mild non-progressive
form of arthritis but it is now well recognised that PsA is a debilitating disorder. Indeed, structural joint damage, which is likely to
result in irreversible joint deformity and disability, is present in
47% of patients within 2 years of disease onset [5, 27].
Reductions in quality of life and physical function are comparable
to RA and compounded by the presence of chronic disfiguring
skin disease. Additionally, PsA is associated with dyslipidaemia,
premature atherosclerosis and reduced life expectancy [88–95].
Direct and in-direct health costs pose a significant economic burden on society and rise with severe physical dysfunction [96].
The development of a diagnostic test for PsA or one that
could discriminate PsA from RA and other IA conditions would
allow for earlier intervention and facilitate appropriate medication choices. For instance, while there are some medications
which are effective for both PsA and RA (e.g. methotrexate;
anti-TNF-α inhibitors), there are others which would be best
avoided in PsA because of adverse effects (e.g.
hydroxychloroquine, corticosteroid). Also, some treatments have
proven efficacy in RA but not PsA (e.g. rituximab, tocilizumab)
and some with proven efficacy in PsA but not RA (e.g.
ustekinumab, apremilast, anti-IL17 therapies). Evidence suggests
that the early introduction of the appropriate, effective medication would result in better short-term and long-term patient outcomes [84, 97–99].
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Fig. 3 Steps for identifying
unmet clinical needs for a
biomarker, adapted from
Monaghan et al. [79]

In summary, the development of a diagnostic test in PsA
would facilitate early detection and therapeutic intervention.
This in turn would have a positive impact on patient outcome
and relieve both individual suffering and society from a substantial financial burden. Importantly, it is also likely that such
a test would improve the reliability of data from epidemiological studies and intervention trials and therefore enhance research in PsA [8, 14, 83].
Need for Treatment Response Test in PsA
When a patient presents with PsA, a number of treatment
options become available. Currently, the therapeutic strategy
follows a period of trial and error (see Fig. 4) since many
patients do not respond, cannot tolerate or remit upon cessation of any given therapy [58, 100]. In more detail, if the
patient has ongoing active disease, the usual first-line treatment would be to introduce a synthetic DMARD such as
MTX. After a period of up to 3 months when the MTX dose
is escalated, if the disease is not adequately controlled, consideration is given to the addition of a second agent, commonly one of the TNF-αi’s [58]. Approximately 60% of TNFitreated PsA patients demonstrate some response (which
means 40% do not respond) and the response may be

inadequate in many with ongoing features of inflammation
and therapeutic target (e.g. minimal disease activity) not
achieved. For the patient, several months may be lost during
this trial and error period and irreversible joint damage may
ensue. Furthermore, TNF-αi are expensive (>€/$10,000 per
annum), they require injection and they may be associated
with significant side-effects in some patients. As new treatments become available for PsA, their exact position in the
treatment algorithm is not yet clear [58, 100, 101].
Treatment choices are often based on reasons other than
likely efficacy adding to both poor patient outcome and further expense as referred to above. There is no doubt that a
more rational approach to treatment selection would be of
significant benefit with likely better patient outcome and less
cost in use of ineffective medicines.
Need for a Test Predictive of Radiographic Outcome
in PsA
The prediction of radiographic outcome in PsA relies heavily
on the experience of the treating clinician. There is no empirical lab test that can differentiate between mild, moderate and
severe disease cases and there is no test that can help identify
which patients will develop axial disease or debilitating
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Fig. 4 The EULAR 2016 algorithm for treatment of PsA adapted from reference [102]. Double asterisks should also include weight loss, smoking
cessation and dental care vaccination. DMARD disease-modifying anti-rheumatic drug, NSAIDs non-steroidal anti-inflammatory drug

manifestations such as dactylitis and arthritis mutilans [84]. In
addition, there is currently no way of stratifying patients that
will develop (i) extra-articular manifestations (including uveitis, inflammatory bowel disease) and/or (ii) significant comorbidities (obesity, hypertension, hyperlipidaemia and type
II diabetes mellitus) which are well-described and contribute
to the increased morbidity and mortality that have been previously reported [103–107]. Test(s) predictive of radiographic
outcome might allow for the introduction of appropriate preventive treatment strategies in patients deemed to be at significant risk. Equivalently, such measures would ensure aggressive treatment be reserved for patients that will develop destructive disease, sparing patients with non-progressive arthritis from over-treatment. Thus, accurately predicting disease
progression is key to optimising patient outcome [5].
To summarise, it is now widely recognised that there is
significant need to develop tests that can be used in (i) diagnosis, (ii) treatment and (iii) management of PsA. A common
link between these clinical demands is that they aim to facilitate early and more appropriate disease intervention. Key to
this is making an accurate diagnosis. In this regard, the clinical
question—‘is it possible to discriminate PsA from other arthropathies?’—is of central importance. Indeed, in the absence
of a correct diagnosis, it would not be possible to predict

treatment response or patient outcome in a research or clinical
setting. In particular, at onset, PsA can be especially difficult
to discriminate from RA and rheumatologists agree that there
is a need for a test that may discriminate between these two
disorders [5, 8, 14, 20, 21, 84]. In view of this, the identification of biomarkers that could discriminate between PsA and
RA represents a logical starting point in the context of addressing clinical caveats in PsA. Ideally discriminatory biomarker(s) could be incorporated into a minimally invasive
tests such as a serum-based test which could be used (alone
or in conjunction with existing classification criteria) to facilitate the diagnosis of PsA.
Well-defined clinical questions should act as the architect
for biomarker test development [79]. Thus, Fig. 5 aims to
ratify the requirement to develop medical tests in PsA that
address unmet needs described here.
Key messages
PsA is a common and multifaceted disorder.
Joint damage is irreversible and is present in 47% of patients within
2 years of disease onset.
There is no diagnostic test for PsA and it is often not recognised in the
primary care setting.
Early detection and treatment are likely to improve patient outcome.
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Biomarker Development in PsA
Biological markers (biomarkers) have been defined as ‘cellular or molecular alterations that are measureable in biological
media such as human tissues, cells or fluids’ [108]. More
recently, biomarkers have been defined as molecules (nucleic
acid, proteins and metabolites) that indicate alterations in
physiological state of an individual in relation to health state,
drug treatment, toxins and other environmental challenges
[80, 109]. Following this definition, a biomarker is changing
over time and perhaps somewhat controversially, genetic predispositions, such as single nucleotide polymorphisms might
not be considered as biomarkers [80].
Biomarkers are objective and are distinct from clinical
markers which are subjective and rely on physical variables
or symptoms such as joint count, pain assessment, radiological or histological findings [109]. Further, clinical markers are
often evident at advanced disease stages. Nonetheless, they can
be useful in the evaluation of alterations in physiological status.
Importantly, as alluded to earlier radiographic findings are particularly useful in the context of distinguishing PsA from RA.
The search for new biomarkers has been a huge research
undertaking across various fields and exploiting developments in the ‘omics. In rheumatology, biomarker studies have
been particularly prolific in rheumatoid arthritis, whereas research in PsA lags behind [5, 109, 110]. Table 4 reports a
comprehensive list of putative candidate biomarkers identified
in PsA. Only biomarkers that align to the definition of nonstatic molecules measured objectively are included in this table. Studies that did not include human subjects, disease controls and/or placebo controls have not been included.
This table is not exhaustive and more importantly with the
exception of RF, anti-CCP and C-reactive protein (CRP), of
these candidates are not used in the routine management of
PsA but are suggested to have potential utility. In summary,
the quest for biomarkers in PsA is an important and as yet
perhaps underdeveloped area of research. As importantly,
much remains to be done to translate these research findings
to clinical practice.
Challenges in Biomarker Development
The biomarker development process, from candidate biomarker to clinical test in use, can be divided into phases as
illustrated in Fig. 6. There are many challenges in this process
and the biomarker validation phase represents a major bottleneck in the pipeline. The literature suggests that biomarkers
studies more often result in failure than success—and a common reason for failures is poor study design [79, 109, 133]. In
general, data from observational studies is considered inferior,
as results are often influenced by confounding factors. On the
other hand, evidence derived from well-designed prospective
cohort studies (that follow patients longitudinally and correct
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for confounding factors) is considered important and potentially more useful [5, 134–136]. Confounding factors are those
components that can, totally or in part, be associated with the
different characteristic between the study groups (other than
those under investigation) and that could affect their risk of
developing the outcome being studied [136]. Such factors
include patient baseline demographics, e.g. age, sex, disease
duration, commencement of treatment, body mass index and
disease activity [5, 136]. Additional sources of bias that can
impede the translation of biomarkers to clinical use include
study size, the stability markers in the biological sample
analysed, the duration over which outcomes are investigated
and the criteria used for measuring disease outcome [79, 80,
137]. It is often difficult to gain access to clinical sample sets
of suitable quality and where patient demographics are well
matched. Consequently, only small sample numbers may be
available to address a complex clinical question [79, 80, 137].
A further important consideration is the choice of biological
sample used in the biomarker discovery phase and the means
by which it is sampled. It is recognised that, if biomarkers are
to be adopted into routine clinical practice, the analysis procedure should be minimally invasive. Ideally, biomarker discovery should be undertaken on easily accessible biological
samples such as blood (serum or plasma) that can be obtained
using standard operating procedures that align with those used
in clinical practice. Although in the context of rheumatology
SF and ST represent attractive samples to investigate for new
biomarkers (since they are taken from the site of disease), they
are not routinely sampled in clinical practice. These specimens
require invasive collection procedures and molecules identified
at the site of local inflammation may not be detectable in systemic circulation. Thus, although Table 4 represents a list of
biomarkers in PsA, it is unlikely that many of these will reach
clinical utility since these studies were associated with some of
the limitations noted above that seem to challenge the translation of newly discovered candidate biomarkers into clinical use.
Not unsurprisingly, given the important as yet unmet clinical needs, there is a growing interest in developing additional
clinical biomarkers in PsA. Proteomic technologies are widely
adopted in biomarker research. Combined with newly emerging proteomic tools for multiplexed protein biomarker quantification, it has been suggested that there is an opportunity to
transform the field of rheumatology and allow precise and
personalised patient management to become a reality [109].
It is therefore tempting to speculate that the application of the
proteomics methods to well-designed biomarker studies will
yield fruitful results in PsA.
Proteomics: Application in PsA
Proteomics is the study of the entire protein content of a biological sample. It can be exploited in clinical research to detect
changes in protein expression under different conditions. For

282

Clinic Rev Allerg Immunol (2018) 55:271–294

Fig. 5 Verification of unmet needs in PsA

example, fluctuations in protein expression during different
disease states or in response to biological intervention can be
detected. Advances in the latest proteomic technologies, software platforms and online repository databases have not only
increased the capabilities of this field but also made it more
accessible to clinical researchers [8]. Although genomic and
transcriptomic platforms are powerful alternatives, they are
not useful for predicting downstream events. More specifically, they cannot be used to predict what proteins will actually be
expressed in tissue or bio-fluid nor can they estimate at what
levels. Finally, proteins are subject to a profusion of modifications, often requiring cleavage to become biologically active as well as a plethora of post-translational modifications
[138]. It is not possible to capture this information at the genomic level, rather it is the gene products themselves, proteins
that provide the best clues into health and dysfunction in disease [109].
While proteins can be very informative in relation to an
individual’s health status, it is unlikely that a single protein
will have diagnostic utility in a complex disorder such as PsA.
For example, at present, there is considerable controversy over
the diagnosis of PsA, some feel the presence of RF out rules
the diagnosis of PsA, whereas others disagree [139]. While
this protein has been recognised for its discriminatory power,
it is not sensitive enough to be used for the diagnosis of PsA
on its own. It is widely anticipated that, in the context of the
heterogeneous clinical manifestation of PsA, a panel of protein biomarkers is more likely to have the required level of
diagnostic performance [84]. With the time, cost and

limitations of using traditional methods for the verification
and validation of multiplexed panels of proteins, biomarker
development is moving away from traditional protein techniques (enzyme-linked immunosorbent assay, Western
blotting, immunohistochemistry) in favour of emerging proteomics technologies.
Proteomic Technologies
With newer multiplexed proteomic platforms, it is now possible for an investigator to undertake protein biomarker discovery to obtain large unbiased datasets and identify many candidate biomarkers [5, 109]. This in turn requires biomarker
quantification methods that have the capacity for
multiplexing. The most common platforms used for multiprotein measurements include the following: antibody-based
and aptamer-based assays and mass spectrometry. A major
advantage associated with these tools is that they allow for
subsequent validation of candidate markers but each approach
is associated with significant limitations.
Antibody-Based Assays
The evaluation of biomarkers has classically relied on the
development of antibody-based assays. Enzyme-linked immunosorbent assays (ELISA) are one of the most widely used
methods for clinical diagnostic protein biomarker measurements. An ELISA is a singleplex assay that employs two
antibodies for the (i) capture and (ii) detection of a protein in
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Table 4 A list of studies and candidate biomarkers with potential utility in PsA. Candidate biomarkers have been abbreviated for full names, see the
abbreviations section
Author

Candidate biomarker(s)

Potential diagnostic/discriminatory biomarkers
RF
Taylor
et al.
[14]

Bizzaro
et al.
[111]

Anti-CCPs and RF

Alenius
et al.
[112]

Anti-CCPs

Cretu et al. C16ORF62, SNCA, LZIC, SRP14, ITGB5, POSTN,
[113]
SRPX, FHL1, PPP2R4, CPN2, GPS1 and PAFAH1B2

Muntyanu CXCL10, IFN-γ, IL-17, CCR3 and RORC
et al.
[114]

Jensen
et al.
[115]

YKL-40

Cretu et al. ORM1, CTSG, PFN1, H4, H2AFX,BASP1, MMP1,SERPINB1,
[116]
MPO, PLS2, M2BP, C4BP, CRP, S100A9, MMP3 and DEFA1

Dolcino
et al.
[117]

GPNMB and OPN

Dalmady
et al.
[118]

Anti-MCV

Chandran OPN, hs-CRP, COMP, MMP3 and C2C
et al.
[119]
Page et al. TNC
[120]
Siebert
et al.
[121]

Main finding(s)/limitation(s)

Finding: RF has significantly high discriminatory value in PsA when
compared forms of inflammatory arthritis (50% of which had
early RA)
Limitation: RF is present in small percentage of PsA patients and is
not sensitive enough to out rule the diagnosis of RA
Finding: Serum levels of anti-CCPs and RF were elevated in RA
compared to PsA
Limitation: Very few PsA patients included. Criteria used to classify
PsA patients not defined. Disease durations not defined
Finding: Elevated plasma levels of Anti-CCPs discriminated PsA
patients from those with RA
Limitation: Only 11 PsA patients were included who later fulfilled
the ACR criteria for RA after a 4 year follow-up
Finding: 47 tissue markers were found to be differentially expressed
in PsA and Ps patients. Changes were verified for 12/47 in serum
in independent evaluation cohort
Limitation: Evaluation cohort very small, study needs further
validation
Finding: SF levels of CXCL10 and IL-17 were differentially
expressed in patients with PsA compared to OA and gout. INF-γ
was upregulated in PsA patients compared to those with OA.
RORC and CRC3 were elevated in PsA patients compared to
those with OA, RA and gout
Limitation: SF does not represent an ideal sample. Disease durations
were not defined
Finding: PlasmaYKL-40 levels were elevated in patients with PsA
compared to Ps. Levels decreased on PsA patient in response to
anti-TNF-α
Limitation: Small sample size findings should be evaluated further
Finding: 137 proteins were found to be differentially expressed in the
synovial fluid of patients with PsA versus OA. Of these 12 were
verified
Limitation: Discovery was performed on pooled rather than
individual samples. Evaluation was performed on the same
cohort. SF represents a difficult sample to obtain
Finding: Serum levels of GPNMB were significantly different in
PsA patients compared to RA and AS patients, whereas levels of
OPN were different in PsA and AS patients but not RA
Limitation: Disease durations were not defined
Finding: Serum anti-MCV antibodies were elevated in PsA patients
compared to those with Ps. Further, Ps patients with elevated
Anti-CCP established psoriatic skin symptoms
Limitation: Disease durations unclear
Finding: Serum levels of OPN, hs-CRP, COMP, MMP3 and C2C
ratio were different in PsA patients compared to Ps
Limitation: PsA patients had a disease duration of >13 years.
Biomarkers may not be useful at disease onset

Finding: Levels of TNC were lower in PsA patients compared to RA
Limitation: For group of patients compared disease duration and
severities unclear
Finding: It was possible to differentiate between patients with PsA,
PLAA, COL1A1, MUC12, FXYD2, COL1A2, COL4A5, FGA,
RA, OA inflammatory bowel disease and healthy controls base on
CTSA, HBD,FREM2,ICAM5, S100A9, APOA4, HIST1H2BK,
peptides measured in urine
COL8A1, UMOD, CUX1, COL3A1, FGA, PRIMA1, COL9A1,
Limitation: Small sample size requires further evaluation. RA
MYL3, ATG12, SNX9, PCDH12 and TRPC4AP
patients were from an early arthritis cohort but disease duration for
remaining patients was unclear. Urine might not be an ideal
sample
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Table 4 (continued)
Author

Candidate biomarker(s)

Main finding(s)/limitation(s)

VEGF and ANG-2
Fearon
et al.
[122].
Potential markers of treatment response

Finding: Synovial membrane (SM) mRNA levels of VEGF and
ANG-2 are elevated in early PsA patients compared to RA
Limitation: SM is an invasive tissue to sample

Ademowo 57 proteins. Top 10 included S100-A8, IGKC, PRELP,
et al.
COL1A2, COF1, HP, ANAX2, FGA, KER and F13A
[123]

Finding: Panel of 57 synovial tissue (ST) proteins could distinguish
between PsA patients that were good and non-responders to
treatment with abatacept (T cell inhibitor).
Limitation: ST is an invasive sample to retrieve. Small sample size
Finding: Serum levels of MMP3 decreases in response to TNF-αi
where COMP levels increase in PsA patients Vs placebo controls
Limitation: Samples of convenience, patients began treatment at
various times
Finding: Serum MMP3 decreases and MIA increase in response to
anti-TNF-αi in PsA patients vs placebo control
Limitation: Study included small number of patients follows over
only 4 weeks

Chandran MMP3 and COMP
et al.
[124]
Van Kuijk MMP3 and MIA
et al.
[125]
Wagner
et al.
[126]

APOC3, ENRAGE, IL-16, MPO, VEGF, PYD, MMP-3,
CRP, CEA, ICAM1, MIP1A, APN, SGOT and TNF-α

Schafer
et al.
[127]

IL-8, TNF-α, IL-6, MIP-1β, MCP-1, Ferritin, IL-10 and IL-1RA

Potential biomarkers of radiographic outcome
Punzi et al. IL-1β
[128]

Finding: Serum APOC3, ENRAGE, IL-16, MPO, VEGF, PYD,
MMP-3, CRP, CEA, ICAM1, MIP1A, associated with response to
TNF-αi in PsA patients vs placebo controls at 4 weeks. APN,
SGOT, TNF-α predictive of response at 14 weeks
Limitation: Relatively short study. Observations yet to be confirmed
in independent cohort
Finding: Plasma levels of IL-8, TNF-α, IL-6, MIP-1β, MCP-1 and
FER reduced and IL-10 and IL-RA increased in PsA patients in
response to PED-4 inhibition
Limitation: Patients response was defined by only a 20%
improvement in symptoms (defined by ACR 20). Findings require
validation
Finding: Elevated levels of IL-1β were present in synovial fluid (SF)
of patient’s oligo vs mono articular PsA. Therefore, IL-β may be
predictive of progressive disease
Limitation: Small study SF is not an ideal bio-fluid due to invasive
collection procedure

Fink et al. VEGF
[129]

Finding: Serum levels of VEGF were increased in PsA patients with
active disease compared to those with inactive disease
Limitation: Small sample cohort

Szodoray
et al.
[130]

IL-12p40, IFN-α, IL-15 and CCL3

Finding: Serum levels of IL-12p40, IFN-α, IL-15 and CCL3 were
elevated in PsA patients with poly arthritis compared to those with
oligoarthritis
Limitation: Outdated Moll and Wright criteria used to classify
patients. Moderate sample size

S100A8/A9

Finding: Serum levels of S100A8/A9 were increased in PsA patients
that had >10 joints involved compared to those who had <10
joints involved
Limitation: Small sample cohort

M-CSF and NF-κB

Finding: A positive correlation between serum M-CSF and NF-κB
concentrations with radiographic progression was described
Limitation: Small sample cohort

Aochi
et al.
[131]
Dalbeth
et al.
[132]

a liquid sample. Indeed this tool was used in the majority of
the studies listed in Table 4 to facilitate the detection of putative biomarkers in PsA. With large numbers of candidate biomarkers emerging across many disease areas, the ELISA
method has been modified to allow for simultaneous measurements of multiple proteins. Multiplexed ELISAs are available

for use in research and have shown good correlation with the
gold standard singleplex assay. Such assays have shown utility across a number of disease areas and many kits have become commercially available [140]. In the context of rheumatology, a multiplex immunoassay incorporating antibodies for
the detection of 12 serum proteins predictive of disease
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activity and progression in RA, the Vectra DA assay was
recently developed [141]. This assay has shown some utility
in the context of SpA but has yet to be assessed in PsA [142].
Additional antibody-based techniques include protein microarrays and the Luminex assay. Protein (antibody) microarrays can also be used to profile thousands of proteins in test
samples. With this technique, antibodies are printed and
immobilised (or synthesised in situ) on a glass slide and used
for protein detection in a highly multiplexed manner [143].
Building protein microarrays is considered challenging since
it requires the purification of proteins which is expensive and
time-consuming. An attractive alternative, namely Nucleic
Acid Programmable Protein Arrays (NAPPA), has emerged
as a powerful and innovative technology for the screening of
biomarkers, offering high specificity and sensitivity.
Moreover, compared to conventional protein microarrays,
NAPPA technology avoids the necessity of protein purification. Instead, the proteins are synthetized from a DNA template directly onto the surface of the array and the nascent
protein is captured at the same time by an affinity reagent
[144]. Luminex technology is based on polystyrene beads
impregnated with dyes of different spectral properties that
are coated with specific capture antibodies. Laser-based interrogation of the beads results in the identification of a bead due
to its unique spectral properties and when combined with
fluorescently labelled antibodies to the captured protein of
interest can be used to measure the amount of the corresponding protein analyte. Luminex methods are capable of measuring 100’s of proteins that span a broad dynamic range and the
sensitivity and specificity of this technique is comparable with
ELISA [5, 84, 140, 145]. While Luminex technology has been
used to profile B and T cell secretions in serum and synovial
fluid in PsA patients [130, 146], these multiplexed technologies have not been applied extensively to biomarker research
in PsA.

Fig. 6 Schematic of the biomarker development pipeline
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In spite of the advantages associated with these techniques, a
variety of factors are known to limit their application including
variable which affect the performance of individual antibodies
such as temperature, pH, binding and dissociation constants and
binding rates, cross reactivity and presence of autoantibodies in
the sample. Furthermore, well-characterised antibodies are relatively expensive and are not always available for the protein(s) of interest. Even for proteins for which antibodies are
available, development and optimisation of antibody-based
assays can be a lengthy process [5, 147–149].

Aptamer-Based Technologies
The SOMA scan is a more recently introduced as aptamerbased assay capable of targeting up to 1129 proteins spanning
10 orders of magnitude with recent developments in the technology apparently increasing this to over 5000 proteins. An
aptamer is a short single strand of nucleic acid between 20 and
100 base pairs in length [150]. It has been demonstrated that
these molecules are capable of folding into a diverse spectrum
of intricate structures that can bind to specific proteins. Gold
et al. engineered the ‘SOMAmer,’ a variation on the aptamer
with desirable properties to aid protein detection. The
SOMAmers are modified so that some nucleotides are replaced by photo reactive base pairs. Additionally, some nucleotides are chemically modified with protein-like functional
groups, thereby increasing their affinity for certain target proteins. SOMAmers with properties that make them suitable for
uses in large multiplexed panels are selected in vitro by a
process referred to as systematic evolution of ligands by exponential enrichment (SELEX). A typical selection screens
between 1014 and 1015 possible unique nucleic acid sequences
complementary to proteins of interest. SELEX is performed in
the presence of a polyanionic competitor such as dextran
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sulphate that promotes the dissociation of oligonucleotides
with fast off rate, thereby allowing the identification and selection of slow off rate aptamers [84, 150, 151]. The
SOMAscan platform has been used to identify biomarkers in
various disorders but apart from our own preliminary studies,
this assay has not been applied to research in PsA [84, 150,
152]. The breadth off coverage afforded by this technique is
unprecedented compared to other proteomics technologies
However, as with antibody-based assays, this method is associated with a considerable expense. Further, SOMAscan analysis is a rather stepwise process and this assay is not currently
used in the clinical setting [84]. The recent announcement that
the SOMAscan platform will no longer be available to the
research community means this interesting approach will not
be applied to the discovery of disease markers in areas of
unmet clinical need [153].

Mass Spectrometry
Mass spectrometry (MS) is a relatively complex but very versatile tool that can be used in combination with separation
techniques for protein characterisation. A mass spectrometer
consists of three components (an ion source, a mass analyser
and a detector) and in many instances is coupled to a chromatography system. A prerequisite for MS analysis is that
analytes under investigation must first be converted into gas
phase ions [154, 155].
In the 1980s, matrix-assisted laser desorption/ionisation
(MALDI) and electron spray ionisation (ESI) methods were
introduced allowing for ionisation of macromolecules within a
vacuum. The introduction of these approaches enabled the
analysis of proteins/peptides within a mass spectrometer
(whereas up until this point MS was restricted to chemical
testing) [156, 157]. Since then, MS and allied methods have
been continually upgraded allowing for enhanced (i) separation capabilities, for example, by online multidimensional
chromatography (multidimensional protein identification
technology-MUDPIT); (ii) fragmentation capabilities, whereby collision energy is alternated between low and high energy
states, promoting the quantification of the intact peptide as
well as chimeric fragmented peptides (MSE) and (iii) data
extraction strategies, whereby multiple predetermined massto-charge windows at a given time are used for the derivation
of MS/MS peptide precursor ion records (SWATH MS)
[158–160]. Discussion of these various MS configurations
goes beyond the scope of this preview but given the central
role of liquid chromatography mass spectrometry (LC-MS/
MS) for biomarker discovery and the more recently employed
use of a targeted approach for protein quantification called
multiple reaction monitoring (MRM), these methods will be
introduced.
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Liquid Chromatography Mass Spectrometry
In various configurations, LC-MS/MS is frequently used to
support ‘shotgun proteomics’ or ‘bottom up proteomics’. In
this approach, a complex mixture of proteins is first enzymatically cleaved into peptides which are then separated based on
chemical or physical properties and analysed using a mass
spectrometer. LC-MS/MS-based proteomics can be segregated into two approaches (i) labelled and (ii) label free.
Common labelling techniques involve (i) modifying peptides
with isobaric tags for relative and absolute quantitation
(iTRAQ), (ii) labelling proteins with isotope-coded affinity
tags (ICAT) or (iii) metabolically labelling proteins by incorporation of stable isotope labels with amino acids in cell culture (SILAC) [161, 162]. Labelling strategies offer a range of
benefits including good proteomic coverage, high sensitivity
and absolute quantification; however, they are also associated
with some limitations. These include high costs, unreliable
estimates of protein abundances, relatively high rate of false
positive identifications [163]. Label-free techniques rely on
spectral counting or the use of averaged normalised ion intensities for quantification of proteins in a sample. Although this
method does not allow for absolute quantification, it does
offer relative ease of use, lower costs and compatibility with
complicated experimental designs [8, 161].
A major drawback associated with LC-MS/MS is that this
technique can have limited sensitivity when investigations are
carried out in highly complex samples, such as human serum.
Serum is the bio-fluid of choice in clinical proteomics since it
is (i) readily available and (ii) a rich source of biomarkers
(containing proteins that are synthesised, secreted, shed or lost
from cells and tissues throughout the body). The complexity
of the serum proteome exceeds the analytical capacity of even
the most sensitive mass spectrometers [164, 165]. The difficulty with serum is that 14 of the most abundant proteins
account for approximately 96% of the total protein content
while the remaining proteins span over a wide dynamic range
in terms of concentration. The presence of high abundant proteins (HAPs) interferes with the identification and quantification of low abundant proteins (LAPs). It is estimated that up to
10,000 proteins may be commonly present in serum most of
which would be present in relatively low abundances [166].
Such low abundant proteins may represent important markers
of disease and it is therefore important to remove these HAPs
to facilitate the detection of LAPs during MS analysis [167].
Depletion strategies have been frequently used in the biomarker discovery phase in order to simplify sample complexity;
however, these procedures are not without their own limitations. For example, albumin is the most abundant serum protein and its removal is particularly vital for enhanced detection
of LAPs. On the other hand, albumin is a transport protein and
it binds to a variety of potentially important analytes in the
blood which may result in the loss of molecules of interest
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[166, 168] Moreover, depletion methods may compromise
analytical reproducibility as a result of additional sample handling in addition to technical variation which may result in
various amounts of HAP carryover into LAP fractions.
Thus, even after depletions, the identification and precise
quantification of low-abundance proteins in serum is still challenging. This can be mainly ascribed to the limited dynamic
detection range afforded during DDA acquisition. During
MS1 survey scans, the mass spectrometer selects the only
most abundant ions on which to conduct fragmentation and
this in turn hampers the identification of low-abundance peptide ion signals [169]. To overcome this limitation, data independent acquisition (DIA) has recently been introduced to the
field of proteomics as a means of achieving even greater proteome coverage. In contrast to DDA, which alternates between MS and MS/MS fragmentation, DIA-based methods
fragment the entire range of precursor ions simultaneously,
independently of the detection of parent ions. Examples of
DIA MS include MSE and SWATH (mentioned earlier)
[170, 171].
Multiple Reaction Monitoring
MRM experiments are performed on triple quadrupole (QqQ)
mass spectrometers. During MRM analysis, pre-defined parent
and product (fragment) ions are selected by two mass filters (Q1
and Q3, Fig. 6) in the QqQ and these are monitored over time.
The end result is a chromatogram that illustrates the retention
time (RT) and intensity values of the fragmented product ions.
Since parent and product ions are predetermined, fewer demands are placed on the scanning capabilities of the quadrupole mass analysers (Q1 and Q3). The non-scanning nature
associated with this technique translates into an increase in
sensitivity by one- or twofold orders of magnitude compared
with LC-MS/MS full scan techniques. This facilitates the detection of low-abundance proteins in complex samples eliminating the need for sample pre-enrichment steps, thereby
supporting more robust workflows [109, 172]. A prerequisite
of MRM analysis is not only the digestion of proteins to peptides but also the in silico selection of tryptic peptides that
might act as surrogate representatives of proteins of interest.
Peptides that are released as a result of proteolytic cleavage
and that map uniquely to proteins of interest are termed
‘proteotypic peptides’. Choosing proteotypic peptides that
can be routinely measured by a mass spectrometer is crucial
to the accurate detection of specific proteins [173, 174]. To
enhance the success of MRM-based experiments, a number of
empirical rules have been described in order to expedite the
selection of reliable peptides, see reviews by Lange et al. and
Liebler et al. [172, 175].
This targeted MS approach is intended to support the biomarker evaluation/verification phase of unbiased LC-MS/MS
studies and there are a number of key drivers for the adoption
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of MRM over the traditional antibody-based approach.
Importantly, MRM supports simultaneous, robust and specific
analysis of hundreds of proteins (spanning 5 orders of magnitude) in a complex mix. The economics of MRM analysis far
outweigh methods requiring antibodies. Additionally, antibodies are not always available to measure proteins of interest, e.g.
for proteins that have been modified following posttranslational modifications. Further, the length of time required
to optimise an assay using MRM is much shorter relative to
that using antibody-based protein detection. MRM is
recognised by clinical chemists as the gold standard for developing quantitative assays [137, 148, 149, 176–178].
Evidence exists to support the concept that MRM-based assays have proven clinical utility [165, 179, 180]. Moreover,
QqQ mass spectrometers are used routinely in clinical labs,
for example, for the measurement of vitamin D [181, 182].
Taken together, MRM represents an ideal tool for supporting
large scale multi-protein biomarker studies. With a growing
list of potentially important candidate biomarker proteins in
PsA, it is tempting to speculate that MRM may be a useful
tool for translating these candidates into clinical use.
Of course, MRM analysis is not without limitations, successful application depends on the ability to generate reliable
assays that specifically identify target peptides in complex
clinical samples. However, there is a lack of consensus on
what performance criteria are essential to define successful
assay development [178]. Thus, despite the high specificity
afforded by two rounds of mass filtering, non-specific signals
can be evident in resulting chromatograms. Unspecific signals
may derive from interfering fragmented ions with similar a
mass (such ions are especially prevalent when analysis complex samples (such as serum)) [183]. The danger here is that
these signals may be mistaken for those that truly represent a
proteotypic peptide, resulting in misquantificaiton [172].
In conclusion, each of the proteomic technologies described here are associated with benefits and draw backs.
Individually, these platforms provide a modest to good coverage of the serum proteome. It is apparent however that no
single technology is suitable for interrogating the entire protein content of serum which spans 12 orders of magnitude.
Conversely, multiplexing these technologies may prove advantageous and allow for broad range coverage of complex
biological samples [5]. Hypothetically, combining these platforms should facilitate a very comprehensive analysis and
enhance our understanding of complex disorders such as PsA.
Alternative Omic Technologies
As alluded to earlier, while the field of proteomics has shown
great promise in biomarker research, alternative approaches
exist to facilitate comprehensive analysis of metabolites (metabolomics), genes (genomics) and mRNA (transcriptomics)
[184, 185]. Micro RNAs (miRNAs) which are small non-
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coding strands of RNA (~19–25 nucleotides in length) represent exciting potential molecules to include in biomarker investigations. Similar to proteins, miRNA levels can reflect the
underlying physiological status of an individual. Furthermore,
there is accumulating evidence that supports a central role for
miRNAs in normal and abnormal immune processes in rheumatic disorders (for a review, see Alevizos et al. [186]).
miRNAs have been described as master regulators of gene
expression and the pre-processing and mechanism of action
of these small molecules can have a big impact on proteome
diversity. For example, during alternative splicing, a process
by which exons or portions of exons or non-coding regions
within a pre-mRNA transcript are differentially joined or
skipped results in multiple protein isoforms being encoded
by a single gene. In the same way that alternative splicing
can give rise to multiple proteins, miRNAs have also been
implicated in the regulation of post-translational modifications of proteins. Moreover, evidence suggests that polymorphisms in miRNAs can influence the risk of certain human
diseases and hence may be interesting to analyse during studies that aim to predict differential diagnosis [187]. Biological
interpretation of discrete changes in the face of complex diseases and biochemical mechanisms is challenging. Predicting
whether the answers can be found within, for example, the
proteome or the genome poses an additional challenge. Thus,
combining experimental results from multiple omic platforms
is emerging as an attractive holistic approach to biomarker
analyses [184, 185]. Whether such multi-analyte assays will
be converted to clinical tests remains unclear.
Key messages
A number of potentially useful biomarkers in PsA have been identified in
the literature but very few are used in clinical practice.
Elegant study design, interdisciplinary collaborations and access to good
quality clinical samples are key to successful biomarker studies.
Proteomic technologies can usefully support large scale biomarker
studies that should be exploited in the translation research of PsA.

Conclusion
PsA is a common, incurable and debilitating arthritic condition associated with serious co-morbidities and reduced life
expectancy [10, 27, 85, 106, 107, 188]. This disease imposes a
significant financial burden on society with considerable direct health care costs (mean cost/year €19,596/patient; total
€195 million/year) which increase with severe physical dysfunction [123]. With currently no validated diagnostic test for
PsA, detection and management of this disease represents a
significant challenge and more effective clinical tests are needed. Of the unmet clinical needs in PsA, three key issues
emerge and were reviewed here. In summary, early diagnosis
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is widely acknowledged as the best way to improve patient
outcome and a more rational approach to treatment selection
would be of significant benefit. A further challenge is the need
to identify the portion of patients who are likely to progress to
severe disease and would benefit from more aggressive
targeted therapy [8]. Development of blood tests addressing
the aforementioned unmet clinical needs would add considerable value to clinical practice. Thus, we summarised putative
biomarkers reportedly predictive of diagnosis, response to
treatment and predictive of radiographic progression in PsA.
Further, we outlined challenges associated with the biomarker
development process and highlighted the importance of good
experimental design. Finally, we provided an evaluation of
proteomic technologies that can usefully support robust
large-scale clinical utility studies. With an increasing awareness of analytical and regulatory requirements together with
continued technological advancements, it is anticipated that
proteomic-based biomarker studies will have a significant impact on personalised patient care in PsA.
ACR 20, American College of Rheumatology Response
20; AMDF, Arithmetic Mean Desirability Functions;
ANAX2, annexin A2; ANG-2, angiopoietin 2; Anti-CCPs,
anti-citrullinated protein antibodies; Anti-MCV, autoantibodies against mutated citrullinated vimentin; APN,
adiponectin; APOA4, apolipoprotein A-4; APOC3, apolipoprotein C3; AS, ankylosing spondylitis; ATG12, ubiquitinlike protein ATG12; BASP1, brain acid soluble protein 1;
BSA, body surface area; CASPAR, Criteria for Psoriatic
Arthritis Group; C16ORF62, chromosome 16 open reading
frame 62; C2C, cleavage of cartilage type II collagen; C4BP,
C-4 binding protein; CCL3, chemokine (C-C motif) ligand 3;
CCR3, C-C chemokine receptor type 3; CEA,
carcinoembryonic antigen; COF1, cofilin; COL1A1, collagen
alpha 1 chain precursor; COL1A2, collagen alpha 2-(1) chain
precursor; COL3A1, collagen alpha 3-(1) chain precursor;
COL4A5, collagen alpha 4-(1) chain precursor; COL8A1,
collagen alpha 8-(1) chain precursor; COL9A1, collagen alpha 9-(1) chain precursor; COMP, cartilage oligomeric matrix
protein; CPDAI, Composite Psoriatic Disease Activity Index;
CPN2, carboxypeptidase N subunit 2; CRP, C-reactive protein; CTSA, cathepsin A; CTSG, cathepsin G; CUX1, homeobox protein cut-like 1; CXCL10, C-X-C motif chemokine 10;
DAPSA, Disease Activity index for PSoriatic Arthritis; DDA,
data dependent acquisition; DIA, data independent acquisition; DIP, distal interphalangeal; DMARD, diseasemodifying anti-rheumatic drug; DERFA1, neutrophil defensin
1; ELISA, enzyme-linked immunosorbent assays; ESI, electron spray ionisation; ENRAGE, protein S100-A12; F13A,
coagulation factor XIII A chain; FGA, fibrinogen alpha chain;
FHL1, four and a half LIM domains protein; FREM, RAS1related extracellular matrix protein 2; FXYD2, sodium/
potassium-transporting ATPase subunit gamma; GPNMB,
transmembrane glycoprotein NMB; GPS1, COP9
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signalosome complex subunit 1; GRACE, GRAppa
Composite Exercise; GRAPPA, Group for Research and
Assessment of Psoriasis and Psoriatic Arthritis; HAP, high
abundant protein; HAQ, Health Assessment Questionnaire;
HLA, human leukocyte antigen; H2AFX, histone H2AX;
H4, histone H4; HBD, haemoglobin subunit delta;
HIST1H2BK, histone H2B type 1-K; HP, haptoglobulin; hsCRP, high sensitivity C-reactive protein; HLA, Human
Leukocyte Questionnaire; IA, inflammatory arthritis;
ICAM1, intercellular adhesion molecule 1; ICAM5, intercellular adhesion molecule 5; IFN-α, interferon alpha; IFN-γ,
interferon gamma; IGKC, Ig-kappa chain C; IL-1β, interleukin 1 beta; IL-1RA, interleukin 1 receptor antagonist; IL-6,
interleukin 6; IL-8, interleukin 8; IL-10, interleukin 10;
L-12p40, interleukin 12p40 subunit; IL-15, interleukin 15;
IL-16, interleukin 16; IL-17, interleukin 17; ITGB5, integrin
subunit beta 5; ITRAQ, isobaric tags for relative and absolute
quantification; KER, keratin; LAPLZIC, protein LZIC;
MALDI, matrix-assisted laser desorption/ionisation; M2BP,
galectin-3-binding protein; LAP, low abundant proteins; LCMS/MS, liquid chromatography mass spectrometry; MCP-1,
C-C motif chemokine; M-CSF, macrophage colonystimulating factor; MIA, melanoma inhibitory activity
MIP1A, macrophage inflammatory protein 1 alpha; MDA,
minimal disease activity; MIP-1β, macrophage inflammatory
protein 1 beta; miRNA, micro RNAs; MHC, major histocompatibility complex; MMP1, matrix metalloproteinase-1;
MMP3, matrix metalloproteinase-3; MPO, myeloperoxidase;
MUC12, mucin 12; MYL3, myosin light chain 3; MRI, magnetic resonance imaging; MRM, multiple reaction monitoring;
MS, mass spectrometry; NAPPA, nucleic acid programmable
protein arrays; NF-κB, nuclear factor kappa beta; NSAID,
non-steroidal anti-inflammatory drugs; OA, osteoarthritis;
OPN, osteopontin; ORM1, alpha-1-acid glycoprotein;
PAFAH1B2, platelet activating; PASDAS, Psoriatic Arthritis
Disease Activity Score; PsA, psoriatic arthritis; PSAI,
Psoriasis Assessment Severity index; PsAJAI, Psoriatic
Arthritis Joint Activity Index; PsAQoL, Psoriatic Arthritis
Quality of Life; Pso, psoriasis; MTX, methotrexate;
PAFH1B2: Factor Acetyl hydrolase 1b Catalytic Subunit 2,
PCDH12, proto cadherin 12; PFN1, profilin-1; PLS2, plastin2; POSTN, periostin; PPP2R4, serine/threonine-protein phosphatase 2A activator; PRELP, prolargin; PRIMA1, prolinerich membrane anchor 1; PYD, pyridinoline; QqQ, triple
quadrupole; RA, rheumatoid arthritis; RF, rheumatoid factor;
RORC, nuclear receptor ROR-gamma; RT, retention time;
S100-A8, Protein S100-A8; S100A9, Protein S100-A9;
S100A8/A9, Protein S100-A8/9; SERPINB1, leukocyte elastase inhibitor; SELEX, systemic evolution of ligands by exponential enrichment; SGOT, serum glutamic oxaloacetic
transaminase; SNCA, alpha-synuclein; SRP14, signal recognition particle 14 kDa protein; SRPX, Sushi repeat-containing
protein; SNX9, sorting nexin-9; SWATH, sequential window
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acquisition of all theoretical mass spectra; TNC, tenascin C;
TNF-α, tumour necrosis factor alpha; TRPC4AP, short transient receptor potential channel 4-associated protein; UA, ultrasound; UMOD, uromodulin; VAS, visual analogue scale;
VEGF, vascular endothelial growth factor.
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