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Biomarker Development in Psoriatic Arthritis
CHRISTOPHER RITCHLIN

ABSTRACT. Biomarkers can provide insights into disease pathogenesis and assist clinicians in screening patients

with psoriasis for arthritis. They can also help to stratify patients who are at risk for progression to

bone destruction or ankylosis. Biomarkers in psoriatic disease are still in the discovery phase, but

the field is advancing at a rapid pace. This review discusses definitions of the different types of bio-

markers and the development of markers that reflect preclinical and early psoriatic arthritis along

with those that may be able to predict disease severity and response to anti-tumor necrosis factor

agents. (J Rheumatol 2012;39 Suppl 89:57–60; doi:10.3899/jrheum.120245)
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Interest in biological markers has surged in the last few

years as evidenced by the dramatic increase in US federal

government funding for biomarker research and the pletho-

ra of medical literature devoted to this topic1. Despite this

great interest, only a limited number of the several identified

candidate biomarkers have undergone the extensive valida-

tion required for adoption into clinical practice or to be

included as endpoints in clinical trials2. Indeed, uptake of

biomarkers for inflammatory arthritis has been frustratingly

slow; anticitrullinated protein antibodies (ACPA), a seminal

marker in rheumatoid arthritis (RA), were first described

more than 2 decades ago3. The slow pace of biomarker

development can be partially explained by the inability to

validate and replicate initial findings. Fortunately, in the

case of soluble biomarkers in RA, a formal process of bio-

marker validation has been developed, which will serve as a

model for studies in psoriatic arthritis (PsA)4. 

PsA is an inflammatory joint disease with marked phe-

notypic diversity and varied clinical course. Diversity is

present not only in the musculoskeletal features but also in

the cutaneous, gastrointestinal, and ocular manifestations

that range considerably among patients5. Moreover, the

bone pathology (erosion and ankylosis) and sites of involve-

ment (peripheral and axial disease) provide additional het-

erogeneity and it is now appreciated that a wide range of

comorbidities including obesity, type 2 diabetes, cardiovas-

cular disease, and hypertension can significantly affect func-

tion and quality of life and are associated with increased

mortality6,7. The wide array of clinical characteristics and

outcomes offers unique opportunities for application of bio-

markers that can identify preclinical and early disease and

assist in the stratification of patients at risk for subsequent

bone damage. Another important hurdle is the validation of

a biomarker that can predict clinical response to specific

therapeutic agents.

Unfortunately, biomarker development in PSA is still in

the early discovery phase and markers that will require val-

idation have not been revealed. Nevertheless, studies pub-

lished in the last 5 years yielded a number of candidate

markers that deserve close scrutiny. This review describes

the types of biomarkers that may be of interest in PsA and

discusses development of markers that reflect the likelihood

of preclinical or early disease, or predict disease severity

and have the potential to act as surrogates of disease

response. Another topic is the development of markers that

may predict disease flare and response to biologic agents.

THE BIOMARKER CONTINUUM

A biomarker can be defined as a disease-centered variable

that provides insights into the underlying disease process8.

Biomarkers can be viewed in a continuum that ranges from

disease-centered to patient-centered variables4. Disease-

centered variables, which can be derived from biochemical,

cellular, serum, genetic, or imaging sources, may have no

inherent significance to the patient or clinician, but the

importance of these variables may become apparent as data

are collected over time or after their link to pathologic

processes or disease mechanisms is revealed. Examples

include blood pressure, laboratory values, and imaging data.

Because biomarkers may not have direct relevance to the

patient, validation is required. At the other end of the con-

tinuum are patient-centered variables that reflect how a

patient feels, functions, and survives and they do not require

validation. A surrogate marker is a biomarker that can sub-

stitute for a clinical endpoint and that can predict clinical

benefit or harm or lack of clinical benefit or harm. One
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example is a T score on a dual-energy x-ray absorptiometry

scan, which can serve as a partial surrogate of the risk for

bone fracture. Two other common terms are risk factor and

prognostic factor; these may or may not be biomarkers.

These factors are predictive over time, and patients without

disease have risk factors while patients with disease have

prognostic factors. Prognostic factors are important for ther-

apeutic stratification because they can identify patient sub-

groups with characteristics that favor response to specific

treatments.

EARLY DIAGNOSIS OF PsA

A major advantage in the assessment of risk factors for PsA

is that the majority of patients with this disease develop pso-

riasis on average about 10 years before the diagnosis of joint

disease9. This temporal sequence provides a unique oppor-

tunity to identify arthritis risk factors in a psoriasis popula-

tion. Clinical factors associated with increased risk of PsA in

patients with psoriasis include nail disease, obesity, extensive

psoriasis, and scalp disease10,11. Unfortunately, these data are

derived from relatively small case series, and high-quality

population data are not yet available. Recent efforts have

centered on the development of patient questionnaires that

can be administered in dermatology or general practice set-

tings12. Several instruments have been developed and vali-

dated and efforts to improve the sensitivity and specificity in

different patient populations are in progress. Our group has

identified cellular markers on osteoclast precursors that are

upregulated in patients with PsA. These molecules include

CD1613 and dendritic cell specific membrane protein

(DC-STAMP)14, and studies are in progress to determine

whether these monocyte markers, measured by flow cytom-

etry on peripheral blood mononuclear cells (PBMC), are pre-

dictive of arthritis in patients with psoriasis. Preliminary data

have demonstrated that patients with psoriasis who subse-

quently developed arthritis show increased DC-STAMP

expression on PBMC15. Interestingly, a subset of CD4-posi-

tive T cells also express DC-STAMP and are elevated in

patients with PsA but not psoriasis14.

Over the last 30 years, imaging studies [scintigraphy,

magnetic resonance imaging (MRI), and most recently

Doppler ultrasound (US)] have demonstrated that patients

with psoriasis and no musculoskeletal disease have abnor-

mal findings suggestive of subclinical inflammation in

bone, entheses, and synovium not observed in patients with

other inflammatory skin disorders or in  healthy controls5.

Prospective studies that capture imaging data in patients

with psoriasis followed by longitudinal followup for muscu-

loskeletal disease will address the predictive value of these

abnormal signals for the development of arthritis. It is also

anticipated that Doppler US will become the instrument of

choice for screening patients with psoriasis, given its

increasing presence in rheumatology offices, ease of use,

and relatively low cost. 

A major unmet need is the development of markers to

assist in the identification and diagnosis of patients with

early PsA. In contrast to RA, where ACPA show high speci-

ficity, and systemic lupus erythematosus, in which the anti-

nuclear antibody titer is highly sensitive and other autoanti-

body profiles are associated with specific organ involve-

ment, PsA lacks diagnostic markers, and confirmation of

disease is based extensively on history, clinical features, and

imaging findings. Imaging studies such as MRI can reveal

erosions, bone marrow edema, and enthesial inflammation,

while Doppler US changes in early PsA include bone ero-

sion, cartilage abnormalities, thickening of tendons and lig-

aments, and increased vascularity. Recently, Mehta, et al

reported that fluorodeoxyglucose positron emission tomog-

raphy/computed tomography can detect abnormal signals in

the liver, blood vessels, entheses, and joints of patients with

psoriasis without musculoskeletal signs and symptoms16.

Thus, this instrument may be able to provide a comprehen-

sive assessment of not only joint inflammation but informa-

tion regarding the risk of peripheral vascular disease and

fatty liver. Drawbacks include the high cost and radiation

dose, but studies using this instrument should provide com-

pelling insights into the burden of disease in patients with

psoriasis who are asymptomatic.

PROGNOSTIC CHALLENGES IN PsA

A major challenge in PsA therapeutics is stratification of

patients at risk for progression to erosive joint disease

and/or bony ankylosis. Clinical risk factors for radiographic

progression include age, duration of disease, initial erythro-

cyte sedimentation rate, number of tender and swollen joints

at previous visit, and number of deformed joints17.

Identification of rapid progressors is essential given that

almost half of patients demonstrate erosions in the first 2

years of disease18. Efforts are under way for an observation-

al study to develop serum markers to act as surrogates to date

for radiographic damage19. Candidate surrogates include

metalloproteinase-3, C telopeptide of type 1 collagen (CTX-

1), CTX-2, receptor activator of nuclear factor-κB

(RANK)/osteoprotegerin ratio, sclerostin, and Dickkopf-relat-

ed protein-1; however, this list will be modified as new data

become available. Patients naive to medications or on dis-

ease-modifying antirheumatic drugs will be enrolled in an

observational study and evaluated every 3 months. The treat-

ment goal at each visit will be the achievement of minimal

disease activity20, and therapy will be adjusted to reach this

target. Serum will be collected at each visit and radiographs

performed every 6 months for 2 years. This study, modeled

after the Assessment of Structural Damage in Rheumatoid

Arthritis Using Biomarkers and Radiography study currently

under way, is still in the planning stages and funding has not

been secured, but it has the potential to provide valuable

information that will profoundly affect clinical practice and

improve patient outcomes.
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Another challenge faced by clinicians is the absence of

prognostic factors to determine which patients are most like-

ly to respond to anti-tumor necrosis factor (TNF) agents.

The variables to predict response could be serum, genetic,

cellular, or imaging. The TNF-α-induced protein 3

(TNFAIP3) gene is associated with psoriasis. In a recent

study, Tejasvi, et al showed that a specific allele of TNFAIP3

was associated with improved response to anti-TNF agents

in patients with psoriasis or PsA21. In other studies, intra-

cellular signals in the nuclear factor-κB (NF-kB) and RANK

signaling pathways were upregulated when TNF levels were

elevated22,23. These findings support the concept that these

molecules could serve as biomarkers to predict anti-TNF

therapy response; those with elevated levels of

TNF-induced molecules may show more favorable response

to TNF blockade. These exciting developments provide new

avenues of investigation that could pave the way for new

prognostic markers of treatment response. 

A third challenge that remains to be addressed is detec-

tion of prognostic biomarkers to predict flare in PsA. The

fluctuating course of joint disease is a great source of stress

to patients and often brings pain and decreased function. In

gadolinium MRI studies of TNF transgenic mice, we

observed enlarged popliteal lymph nodes draining joints

with inflammatory synovitis24. Parallel studies from our

group revealed that these mice produce high levels of vas-

cular endothelial growth factor-C, a factor that can induce

lymphangiogenesis25. The popliteal lymph nodes increased

in size after 2.5 months in these mice, a time when TNF

serum levels rise, which coincides with release of CD11b+

macrophages. We observed that just before the onset of

arthritis, the draining lymph node collapses, as evidenced by

markedly diminished volume and increased contrast

enhancement. In addition, flow through the draining lym-

phatics declined dramatically24. Histopathology of the col-

lapsed but not expanded node showed migration of B cells

from the periphery to the central region of the node but the

number of B lymphocytes was not increased. Treatment of

the mice with a B cell-depleting agent prevented the node

collapse and onset of arthritis26,27. 

Current studies are under way to examine the mecha-

nisms that lead to the collapse of the node and the subse-

quent synovitis. One potential explanation is that cells,

chemokines, and cytokines that sustain joint inflammation

cannot exit from the joint because of the obstruction in the

node resulting in persistent synovial inflammation. We have

performed technetium sulfur colloid scans in patients with

inflammatory arthritis and found that lymphatic flow in the

affected extremity is significantly diminished compared to

the contralateral extremity in a patient who is in the midst of

a flare (Figure 1). Additional studies are under way to deter-

mine whether treatment of patients with anti-TNF agents or

rituximab is associated with expansion of the node and

resumption of lymphatic flow in treatment responders.

These studies provide a novel pathway to explain joint flare

and provide opportunities to examine agents that affect

lymph function and flow. 

Biomarker discovery and validation has been frustrating-

ly slow in the field of inflammatory arthritis, but the

research environment is changing rapidly in 4 major areas

that will facilitate biomarker development for psoriasis and

PsA in the near future. The first area is the ability to perform
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Figure 1. Technetium sulfur colloid scan in a 57-year-old man with rheumatoid arthritis. He had a severe

flare in his left knee while on methotrexate. Note the delayed uptake of technetium to the left inguinal node

compared to the right.
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genetic (genome-wide scans) and genomic studies (micro -

array, RNA-seq) on large patient populations. The second

area is improvements in proteomic and metabolomics tech-

nologies, which will provide additional sources for bio-

markers. The third area is the development of well-pheno-

typed patients with data stored in medical record databases

that can be linked to the genetic, genomic, proteomic, and

metabolomic data. These databases also contain large num-

bers of controls without the disease, an essential resource for

unbiased biomarker development28. The last area central to

the success of biomarker discovery is the growth of bioin-

formatics. Analysis of these large datasets requires new sta-

tistical and mathematical approaches to identify 1 or a com-

bination of markers (e.g., genetic combined with serum bio-

markers) that may serve as risk or prognostic factors or as

surrogates in patients with psoriatic disease. 

REFERENCES

1. Ptolemy AS, Rifai N. What is a biomarker? Research investments

and lack of clinical integration necessitate a review of biomarker

terminology and validation schema. Scand J Clin Lab Invest Suppl

2010;242:6-14.

2. Gibson DS, Rooney ME, Finnegan S, Qiu J, Thompson DC, Labaer

J, et al. Biomarkers in rheumatology, now and in the future.

Rheumatology 2012;53:423-33.

3. Hassfeld W, Steiner G, Hartmuth K, Kolarz G, Scherak O,

Graninger W, et al. Demonstration of a new antinuclear antibody

(anti-RA33) that is highly specific for rheumatoid arthritis. Arthritis

Rheum 1989;32:1515-20.

4. Maksymowych WP, Fitzgerald O, Wells GA, Gladman DD,

Landewe R, Ostergaard M, et al. Proposal for levels of evidence

schema for validation of a soluble biomarker reflecting damage

endpoints in rheumatoid arthritis, psoriatic arthritis, and ankylosing

spondylitis, and recommendations for study design. J Rheumatol

2009;36:1792-9.

5. Ritchlin C. Psoriatic disease — from skin to bone. Nat Clin Pract

Rheumatol 2007;3:698-706.

6. Gelfand JM, Mehta NN, Langan SM. Psoriasis and cardiovascular

risk: strength in numbers, part II. J Invest Dermatol 2011;

131:1007-10.

7. Gladman DD. Mortality in psoriatic arthritis. Clin Exp Rheumatol

2008;5 Suppl 51:S62-5.

8. Lathia CD. Biomarkers and surrogate endpoints: how and when

might they impact drug development? Dis Markers 2002;18:83-90.

9. Pattison E, Harrison BJ, Griffiths CE, Silman AJ, Bruce IN.

Environmental risk factors for the development of psoriatic

 arthritis: results from a case-control study. Ann Rheum Dis

2008;67:672-6.

10. Wilson FC, Icen M, Crowson CS, McEvoy MT, Gabriel SE,

Kremers HM. Incidence and clinical predictors of psoriatic arthritis

in patients with psoriasis: a population-based study. Arthritis

Rheum 2009;61:233-9.

11. Ogdie A, Gelfand JM. Identification of risk factors for psoriatic

arthritis: scientific opportunity meets clinical need. Arch Dermatol

2010;146:785-8.

12. Chandran V, Gladman DD. Toronto Psoriatic Arthritis Screening

(ToPAS) questionnaire: a report from the GRAPPA 2009 annual

meeting. J Rheumatol 2011;38:546-7.

13. Chiu YG, Shao T, Feng C, Mensah KA, Thullen M, Schwarz EM,

et al. CD16 (FcRgammaIII) as a potential marker of osteoclast

 precursors in psoriatic arthritis. Arthritis Res Ther 2010;12:R14.

14. Chiu YH, Mensah KA, Schwarz EM, Ju Y, Takahata M, Feng C, et

al. Regulation of human osteoclast development by dendritic 

cell-specific transmembrane protein (DC-STAMP). J Bone Miner

Res 2011 Oct 10 (E-pub ahead of print).

15. Chiu YG, Shanmugarajah S, Gladman DD, Panepento B,

Moorehead S, Eder L, et al. Expression of dendritic cell-specific

transmembrane protein (DC-STAMP) and osteoclast precursor

(OCP) frequency in psoriasis (PsC) patients who develop psoriatic

arthritis (PsA) [abstract]. Arthritis Rheum 2011;63 Suppl:S208.

16. Mehta NN, Yu Y, Saboury B, Foroughi N, Krishnamoorthy P, Raper

A, et al. Systemic and vascular inflammation in patients with

 moderate to severe psoriasis as measured by 

[18F]-fluorodeoxyglucose positron emission tomography-computed

tomography (FDG-PET/CT): a pilot study. Arch Dermatol

2011;147:1031-9.

17. Bond SJ, Farewell VT, Schentag CT, Gladman DD. Predictors for

radiological damage in psoriatic arthritis: results from a single

 centre. Ann Rheum Dis 2007;66:370-6.

18. Kane D, Stafford L, Bresnihan B, FitzGerald O. A prospective,

 clinical and radiological study of early psoriatic arthritis: an early

synovitis clinic experience. Rheumatology 2003;42:1460-8.

19. Ritchlin CT, Qureshi AA, de Vlam K, Pitzalis C, Helliwell PS,

Mease PJ, et al. Biomarkers in psoriasis and psoriatic arthritis:

GRAPPA 2008. J Rheumatol 2010;37:462-7.

20. Coates LC, Fransen J, Helliwell PS. Defining minimal disease

activity in psoriatic arthritis: a proposed objective target for

 treatment. Ann Rheum Dis 2010;69:48-53. 

21. Tejasvi T, Stuart PE, Chandran V, Voorhees JJ, Gladman DD,

Rahman P, et al. TNFAIP3 Gene polymorphisms are associated

with response to TNF blockade in psoriasis. J Invest Dermatol 2012

Mar;132 Pt 1:593-600.

22. Yao Z, Xing L, Boyce BF. NF-kappaB p100 limits TNF-induced

bone resorption in mice by a TRAF3-dependent mechanism. J Clin

Invest 2009;119:3024-34.

23. Yarilina A, Xu K, Chen J, Ivashkiv LB. TNF activates 

calcium-nuclear factor of activated T cells (NFAT)c1 signaling

pathways in human macrophages. Proc Natl Acad Sci U S A

2011;108:1573-8.

24. Proulx ST, Kwok E, You Z, Papuga MO, Beck CA, Shealy DJ, et

al. Longitudinal assessment of synovial, lymph node, and bone

 volumes in inflammatory arthritis in mice by in vivo magnetic

 resonance imaging and microfocal computed tomography. Arthritis

Rheum 2007;56:4024-37.

25. Zhang Q, Lu Y, Proulx ST, Guo R, Yao Z, Schwarz EM, et al.

Increased lymphangiogenesis in joints of mice with inflammatory

arthritis. Arthritis Res Ther 2007;9:R118.

26. Li J, Kuzin I, Moshkani S, Proulx ST, Xing L, Skrombolas D, et al.

Expanded CD23(+)/CD21(hi) B cells in inflamed lymph nodes are

associated with the onset of inflammatory-erosive arthritis in 

TNF-transgenic mice and are targets of anti-CD20 therapy. 

J Immunol 2010;184:6142-50.

27. Li J, Zhou Q, Wood RW, Kuzin I, Bottaro A, Ritchlin CT, et al.

CD23(+)/CD21(hi) B-cell translocation and ipsilateral lymph node

collapse is associated with asymmetric arthritic flare in TNF-Tg

mice. Arthritis Res Ther 2011;13:R138.

28. Ransohoff DF. How to improve reliability and efficiency of

research about molecular markers: roles of phases, guidelines, and

study design. J Clin Epidemiol 2007;60:1205-19.

60 The Journal of Rheumatology Supplement 2012;39 Suppl 89; doi:10.3899/jrheum.120245

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2012. All rights reserved.

 www.jrheum.orgDownloaded on May 26, 2023 from 

http://www.jrheum.org/

