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Abstract

Purpose of review—The use of biomarkers in rheumatology can help identify disease risk, 

improve diagnosis and prognosis, target therapy, assess response to treatment, and further our 

understanding of the underlying pathogenesis of disease. Here, we discuss the recent advances in 

biomarkers for rheumatic disorders, existing impediments to progress in this field, and the 

potential of biomarkers to enable precision medicine and thereby transform rheumatology.

Recent findings—Although significant challenges remain, progress continues to be made in 

biomarker discovery and development for rheumatic diseases. The use of next-generation 

technologies, including large-scale sequencing, proteomic technologies, metabolomic 

technologies, mass cytometry, and other single-cell analysis and multianalyte analysis 

technologies, has yielded a slew of new candidate biomarkers. Nevertheless, these biomarkers still 

require rigorous validation and have yet to make their way into clinical practice and therapeutic 

development. This review focuses on advances in the biomarker field in the last 12 months as well 

as the challenges that remain.

Summary—Better biomarkers, ideally mechanistic ones, are needed to guide clinical decision 

making in rheumatology. Although the use of next-generation techniques for biomarker discovery 

is making headway, it is imperative that the roadblocks in our search for new biomarkers are 

overcome to enable identification of biomarkers with greater diagnostic and predictive utility. 

Identification of biomarkers with robust diagnostic and predictive utility would enable precision 

medicine in rheumatology.
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INTRODUCTION

The development of more robust biomarkers for rheumatic diseases will lay the foundation 

for precision medicine in rheumatology. Even though some biomarkers are already routinely 

used to diagnose and treat rheumatic diseases, there is an unmet need for novel biomarkers 

both in clinical practice and in drug development. For instance, biomarkers that can facilitate 

early clinical diagnosis offer the potential to enable therapeutic intervention to prevent 

development of disease. Predictive biomarkers are needed to guide clinical decision making 

and to reduce the costs of drug development by enabling identification of individuals likely 

to respond to a specific therapy. Pharmacodynamic biomarkers are needed to monitor 

response to therapy, both in clinical practice and clinical trials. In this review, we provide 

examples of different types of biomarkers for rheumatic diseases and discuss the recent 

progress and remaining challenges in biomarker discovery and validation, as well as the 

potential of novel biomarkers to transform clinical practice and therapeutic development.

WHAT ARE BIOMARKERS?

A biomarker is defined as a characteristic that is objectively measured and evaluated as an 

indicator of normal biologic processes, pathogenic processes, or pharmacologic responses to 

a therapeutic intervention [1]. Some common types of biomarkers in rheumatology are 

described below.

Molecular biomarkers

Molecular biomarkers are biochemical variables such as measurements of nucleic acids, 

proteins, lipids, carbohydrates, metabolites and other biomolecules in the blood, synovial 

fluid and other bodily fluids, and tissues. Objective, quantitative measurements of molecular 

biomarkers through a variety of techniques serve as indicators of normal or pathologic 

processes, or indicators of response to therapy. The advent of new technologies such as 

large-scale nucleic acid sequencing, proteomics, lipidomics, glycomics, metabolomics, and 

mass cytometry have enabled the identification of the next-generation molecular biomarkers 

[2■,3,4].

Imaging biomarkers

Imaging technologies such as MRI [5], PET–computed tomography [6■] and ultrasound [7–

9] provide biomarkers that enable assessment of disease activity and response to treatments 

by visualizing anatomical and structural changes. Imaging methods are generally 

noninvasive, obviating the need for collecting samples from patients. Compared with 

molecular biomarkers, to date imaging biomarkers have frequently been more closely 

associated with the phenotypic manifestations of established diseases. Moreover, imaging 

allows structural and functional assessments of disease activity and therapy.

Clinical biomarkers

Clinical biomarkers are typically physical variables or symptoms, such as joint counts (i.e. 

the number of swollen and tender joints) [10], pain scores [11], level of proteinuria, and 

other clinical findings. Although contributing to the diagnosis and assessment of established 
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disease, clinical biomarkers have generally not provided utility in guiding selection of 

therapies for the treatment of patients with rheumatoid arthritis (RA), systemic lupus 

erythematosus (SLE), or vasculitis.

DESCRIPTIVE VERSUS MECHANISTIC BIOMARKERS

Descriptive biomarkers reflect the state of a disease but are not directly involved in disease 

pathogenesis. For example, erythrocyte sedimentation rate and C-reactive protein (CRP) are 

components of the RA Disease Activity Score [12], but these clinical laboratory biomarkers 

are not specific to RA and are also elevated in many infectious and inflammatory diseases. 

Because descriptive biomarkers do not directly mediate disease pathogenesis, the value of 

the diagnostic and prognostic information that they provide is limited [13].

In contrast, mechanistic biomarkers, which are rooted in the biologic mechanisms of disease, 

have the greatest potential for guiding clinical decision making [13]. Because they are 

directly involved in disease pathogenesis, mechanistic biomarkers make for more useful 

predictive and pharmacodynamic biomarkers as they reflect the dysregulation of molecular 

pathways directly involved in pathogenesis.

APPLICATION OF BIOMARKERS IN RHEUMATOLOGY

Biomarkers are important tools that have significant untapped potential for guiding both the 

clinical management of rheumatic diseases and therapeutic development. Their versatility is 

illustrated in Fig. 1.

Diagnosis of disease

In the clinic, a number of actionable biomarkers are already used to diagnose established 

disease, with the specific diagnosis then directing therapeutic intervention. For example, 

detection of autoantibodies including rheumatoid factor [14] and anticitrullinated protein 

antibodies [15,16] are important components of the diagnostic criterion for RA. The 

presence of antinuclear antibodies including anti-Sm and anti-DNA are routinely tested for 

in cases of suspected SLE [17,18]. And detection of antineutrophil cytoplasmic antibodies 

forms part of the diagnostic criteria for antineutrophil cytoplasmic antibodies-associated 

vasculitis [19,20]. Advances have recently been made in potential diagnostic biomarkers for 

RA and other rheumatic diseases [21,22] and are further discussed below.

Another important application of biomarkers is in identifying individuals with disease before 

the onset of clinical symptoms, as well as individuals with susceptibility to disease, thus 

offering an opportunity for therapeutic intervention aimed at preventing or slowing the 

development of symptomatic disease. In RA, for instance, the presence of autoantibodies, 

elevations in cytokine/chemokine levels, and carriage of certain predisposing genetic factors 

identify individuals at increased risk of developing the clinically apparent disease [23–25], 

enabling the institution of therapeutic intervention that can reduce the incidence or severity 

of RA [26]. In SLE, the presence of specific subsets of antinuclear antibodies in the blood of 

asymptomatic individuals predicts the development of clinical symptoms [27], potentially 

enabling treatment to prevent development of this disorder.
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Assessment of disease activity and prognosis

Biomarkers that allow monitoring of disease activity, such as erythrocyte sedimentation rate, 

CRP, and complement proteins C3 and C4, provide information about disease activity but 

have not exhibited sufficient predictive utility to date for their results in isolation to be 

actionable. In contrast, a 12-plex inflammatory marker panel offers increased predictive 

value in assessing disease activity in RA [28]. There is potential for next-generation 

biomarkers to be even more robust in assessing disease activity and to afford even greater 

predictive utility in guiding therapeutic decision making. Such biomarkers are particularly 

valuable in facilitating the selection of an appropriate therapeutic regimen in cases where 

there is discordance between symptoms and disease activity [29].

Another important potential use of biomarkers is the assessment of clinical disease 

remission to identify individuals in which disease-modifying therapies should be tapered or 

discontinued. Despite clinical remission, a subset of patients exhibit structural and functional 

deterioration in multiple studies [30]. Current disease activity scores and remission criteria 

are largely based on clinical findings, and do not integrate subclinical molecular 

inflammation. Potential biomarkers for assessing remission include imaging and 

immunological bio-markers.

Prediction of response to therapy

Predictive biomarkers allow clinicians to assess the likelihood that a patient will respond to 

a particular therapy before therapy is started. A major challenge in both clinical practice and 

drug development is patient selection, because many drugs target discrete molecular 

aberrations and are usually effective in only a subset of the patient population [31]. The 

ability to identify the responsive subpopulation of patients prior to treatment could allow 

treatments to be personalized, reduce healthcare costs, and accelerate the development of 

new therapeutics. Such predictive biomarkers have the potential to be developed as 

companion diagnostics, for use in clinical trials to enrich enrollment of responsive study 

participants and in clinical practice to guide selection of individuals to receive a particular 

therapy.

Assessment of response to therapy and drug toxicity

Pharmacodynamic biomarkers measure the effect of therapy on the disease, and can be 

mechanistic or descriptive. These biomarkers can facilitate and reduce the costs of 

therapeutic development, particularly by enabling more rapid assessment of response to 

treatment compared with clinical assessment. Pharmacodynamic biomarkers are particularly 

valuable for rapidly assessing the activity of therapeutics in early-stage clinical proof of 

concept trials. This information is critical for deciding whether or not to move the drug 

development process forward to the next stage. Recently, development of pharmacodynamic 

biomarkers has been prioritized by the US Food and Drug Administration's Critical Path 

Initiative, with the aim of substituting pharmacodynamic biomarkers for clinical endpoints 

in early-stage clinical trials [32].

Pharmacodynamic biomarkers of response to rituximab therapy in RA include flow 

cytometry analysis of peripheral blood B cells and peripheral blood plasmablasts, or 

Robinson and Mao Page 4

Curr Opin Rheumatol. Author manuscript; available in PMC 2016 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



immunoglobin J transcripts, a marker for antibody-secreting plasmablasts [33,34■,35]. A 

biomarker of disease activity and/or of response to therapy in RA is a Multibiomarker 

Disease Activity score based on 12 serum analytes [28].

CHALLENGES IN BIOMARKER DEVELOPMENT IN RHEUMATOLOGY

For rheumatic diseases, concerted efforts in the hunt for biomarkers have yet to deliver on 

their promises. The advent of large-scale genomic, transcriptomic, proteomic, and other 

omic technologies and their continued refinement have provided a rich source for biomarker 

discovery and validation, but few biomarkers have been adopted into the clinical practice of 

rheumatology. Current patient care in rheumatology still relies primarily on a combination 

of traditional evaluations based on clinical assessments and standard laboratory tests. 

Therapeutic development for rheumatic diseases, which measures its success largely with 

clinical endpoints, requires clinical trials on large numbers of patients and exceedingly long 

timelines, and the cost of developing a new drug has skyrocketed in the past decades 

[36,37]. There remains a pressing need for new, robust biomarkers that can improve patient 

care and reduce medical costs.

Progress in biomarker development has been hampered by a number of challenges inherent 

in rheumatology. First, most rheumatic diseases are highly heterogeneous in their 

pathophysiology, disease course, and therapeutic response. For example, the synovium, the 

affected site in rheumatic diseases involving the joints, is a complex tissue with a large 

number of cell lineages and, when inflamed, can be highly variable in the location of the 

pathobiology within a joint or the pathobiology findings between different joints [38]. This 

makes identification and validation of biomarkers in these diseases a monumental task, but 

also highlights the need for next-generation biomarkers to aid patient stratification and 

targeting therapies.

Second, although peripheral blood, saliva, and urine are the most accessible materials for 

biomarker studies, they are often not the sites of rheumatic diseases – unique, mechanistic 

biomarkers are more likely to be found in the diseased tissues but certain mechanistic 

biomarkers can be found in the peripheral blood. Biomarker discovery in diseased tissues, 

such as joint tissues in arthritis studies, requires biopsies, remnant tissue from surgical 

procedures, or autopsy tissue. Biomarkers that are detectable only through tissue are limited 

in their usefulness compared with those obtained via noninvasive means. An important 

objective in ongoing efforts is to identify molecular biomarkers that can be detected in 

peripheral blood, urine, or other readily accessible biologic samples. The development of 

such biomarkers can help to avoid invasive procedures, such as synovial biopsies in RA and 

osteoarthritis, renal biopsies in SLE, and muscle biopsies in juvenile dermatomyositis [39].

Third, rheumatic diseases are frequently multi-factorial. The success of predictive 

biomarkers in oncology stems in part from the fact that many cancers are caused by a single-

gene mutation or a discrete chromosomal event. Thus, a handful of predictive biomarkers 

are routinely used in the management of cancers [40] and others are gaining clinical 

acceptance as objective measurements that inform on the patients’ response to a particular 

treatment [31]. For example, overexpression of human epidermal growth factor receptor 2 
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predicts responsiveness of breast cancer to antibody therapies such as trastuzumab, and 

breakpoint cluster region-Abelson 1 translocation is indicative of responsiveness of chronic 

myelocytic leukemia to imatinib. In contrast, RA and other rheumatic diseases are not driven 

by single-gene mutations, and single or multiple-gene biomarkers have not proven useful as 

predictive biomarkers [41].

Finally, the identification of new biomarkers from omic studies faces daunting statistical 

hurdles owing to the need to correct for multiple comparisons as well as nonbiological 

signals. These methods generate large multivariate data that need to be mined by robust 

bioinformatics analyses, and the candidate biomarkers selected from these data require 

rigorous validation [42].

RECENT PROGRESS

Considerable progress has been made in addressing the heterogeneity in rheumatic diseases 

by evaluating synovial tissue through blind needle biopsy, visually guided arthroscopic 

biopsy or ultrasound-guided biopsy [43]. By targeting tissue collection to areas of 

inflammation and allowing imaging assessments of synovial lining thickness and 

vascularity, these techniques mitigate sampling errors that frequently complicate analysis of 

diseased tissues that are difficult to obtain. Recently, synovial biopsies from individuals with 

RA have yielded information on possible patient stratification based on histologic patterns 

that might have utility as predictive biomarkers [44–46]. Specifically, synovial pathotypes 

have emerged as potential biomarkers for patient stratification and individualized therapy 

[43,47,48], with histopathological (e.g. follicular, diffuse or pauci-immune) patterns and 

their distinct cellular and molecular signatures providing the potential to inform disease 

mechanisms and correlate with response to therapy [43,47]. In parallel to the above 

approaches, development of new imaging biomarkers [5,6■,7,8,49] could offer a 

noninvasive means to guide clinical decision making in rheumatology.

Blood-based biomarkers, such as antibodies in the blood or RNA transcripts in peripheral 

blood cells, are another promising class of biomarkers in rheumatic diseases. In RA, a new 

set of antibodies, anticarbamylated protein antibodies, have been identified as a potential 

biomarker for early diagnosis and assessing prognosis [24,25,50■,51,52]. Similarly, an 

association has been detected between anti-Porphyromonas gingivalis antibody and disease 

activity in RA, and the titers of this antibody in the serum may correlate with diagnosis 

and/or disease activity [53]. As an example of RNA transcripts as potential biomarkers for 

rheumatic diseases, transcript profiles of peripheral blood can predict RA patients’ response 

to rituximab [54] and antitumour necrosis factor therapies [55■]. In SLE, transcripts of 

genes associated with the type I interferon pathway in blood samples have the potential as 

predictive biomarkers [56].

Large-scale sequencing of antibody repertoires in peripheral blood samples provides the 

potential to uncover biomarkers for the analysis and prediction of disease activity as well as 

the design of personalized therapies. In acute SLE, deep sequencing of blood antibody 

repertoires, in combination with proteomic profiling and single-cell analysis, revealed 

autoantibodies that could become mechanistic biomarkers [57■■]. In RA, barcode-enabled 
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sequencing of antibody repertoires in peripheral blood plasmablasts identified antibodies 

that are likely integral to the active immune response and either detection of their sequences 

in blood or could potentially serve as mechanistic biomarkers [58■,59].

Mass cytometry analysis of peripheral blood samples or solid tissues, in combination with 

advanced data analysis tools and algorithms, also holds promise for the discovery of cellular 

bio-markers [2■,3]. Using this approach, researchers can tease apart heterogeneous cell 

populations at single-cell resolution on the basis of their phenotypes and define each cell 

according to more than 40 parameters. For example, mass cytometry analysis of signaling 

responses to clinically meaningful physiologic and pharmaceutical stimuli (e.g. toll-like 

receptor ligands or drug action) in distinct cell populations in the blood has the potential to 

uncover cellular signatures that could serve as biomarkers for SLE and other rheumatic 

diseases [3].

Recently, the important contribution of microbiome to the cause of rheumatic diseases such 

as RA has been recognized, and the microbial signatures, identified through next-generation 

sequencing, of affected individuals may serve as a new promising class of biomarkers [60–

62]. An elegant example of this is the case-control Metagenome-Wide Association Study by 

Zhang and colleagues [63■■] that found imbalances in the fecal, dental, and salivary 

microbiome of individuals with RA. Separately, Scher and colleagues [64] discovered that 

expansion of intestinal Prevotella copri is associated with new-onset untreated RA.

A promising approach to the development of next-generation therapeutics is the 

investigation of epigenetic biomarkers in rheumatic disorders [65,66]. Epigenetic regulators, 

including DNA methylation, histone modification, and microRNAs (miRNAs), have been 

implicated in pathogenic mechanisms underlying autoimmunity [67]. In RA, changes in 

imprinted DNA methylation in fibroblast-like synoviocytes modulate the cells’ migration, 

matrix regulation and immune responses [68]. Among miRNAs, miR-146a is expressed by 

activated T cells, in which it suppresses apoptosis and IL-2 production [69], and its 

expression in the synovium is associated with increased disease activity in RA. Another 

candidate miRNA biomarker is miR-155, which induces the development of Th1 cells and 

Th17 cells [70] and whose expression is increased in peripheral blood mononuclear cells in 

RA. These observations suggest that miRNAs could be used as mechanistic biomarkers. 

Further studies are needed to rigorously assess the predictive value of such miRNAs, the 

reproducibility with which they can be detected, and their usefulness as biomarkers for 

rheumatic diseases.

An alternative approach to omic assays and the single-analyte assays in biomarker discovery 

is multiplexed panels of analytes. The strategy of using relatively small panels of candidate 

biomarkers has intrinsic statistical advantages, allowing the panel itself to be considered a 

composite biomarker [71]. In a multiplex panel, the performance of individual analytes can 

be modeled and assigned a statistical weight [72]. The resulting multiplex assay can be 

performed in automated assays with good technical reproducibility. In such multiplex 

approaches, the biomarkers in a panel should be independent of each other and not form part 

of a clinical disease assessment score. For example, many analytes, such as CRP and serum 

amyloid A protein, are regulated by IL-6. Thus, any process that affects IL-6 would affect 

Robinson and Mao Page 7

Curr Opin Rheumatol. Author manuscript; available in PMC 2016 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



CRP and serum amyloid A protein in a dependent fashion. Similarly, if an analytesuch as 

CRP is included in both the clinical and the biomarker analysis, then interpretation of any 

correlation between the Disease Activity Score and biomarkers becomes difficult.

CONCLUSION

Moving forward, we anticipate a future where the use of biomarkers is fully integrated with 

clinical practice and therapeutic development in rheumatology. Biomarker tests will be 

performed on at-risk individuals to allow detection of disease at its earliest stage, and hence 

initiation of therapy to prevent the development of disease. Predictive biomarkers will 

enable therapies that are targeted to the subset of patients most likely to respond, and 

pharmacodynamic biomarkers used to monitor response to the therapy. When developing a 

new therapy, predictive biomarkers will facilitate patient selection, and pharmacodynamic 

biomarkers will help monitor response to treatment. This shift from traditional approaches to 

patient stratification and targeted therapies will likely dramatically improve patient care and 

reduce medical costs.
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KEY POINTS

• Next-generation biomarkers with robust diagnostic and predictive utility are 

needed to enable precision medicine in rheumatology.

• Compared with descriptive biomarkers, mechanistic biomarkers have greater 

potential for guiding clinical decision making.

• Despite the advent of new technologies and recent concerted efforts on 

biomarker discovery, few candidate biomarkers have made their way into the 

clinical practice because of inherent challenges in biomarker development for 

rheumatic diseases.

• The applications of latest technologies, including large-scale sequencing, 

proteomic technologies, metabolomic technologies, mass cytometry, other 

single-cell analysis, and multianalyte analysis technologies, has yielded a 

multitude of new candidate biomarkers, which still requires rigorous validation.
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FIGURE 1. 
Applications of biomarkers at different stages in the development of rheumatic diseases.
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