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Introduction
Rheumatoid arthritis (RA), a chronic systemic autoimmune disease and the most common form of 
inflammatory polyarthritis, affects approximately 0.5% or 1.5 million people in the United States.1 
Without appropriate treatment, the persistent inflammation of RA causes a progressive erosive 
arthropathy that leads to severe joint damage, deformity and disability.

Therapeutic window of opportunity
Identifying RA in its earlier stages allows for early intervention during a “therapeutic window of 
opportunity” when prompt initiation of disease-modifying anti-rheumatic drugs (DMARDs) may 
be more effective than in later stages, reaping both short-term and long-term benefits.1,2 Early 
therapy may slow or avert the erosive arthropathy, allowing better disease activity responses and 
preventing irreversible damage. It may also alter the long-term course of RA, modifying disease 
to a milder course, resulting in sustained long-term benefits in radiographic and functional 
outcomes.2

Challenges of RA diagnosis
Early recognition of RA at disease onset remains challenging due to variability in clinical 
presentations where RA may be difficult to distinguish from undifferentiated inflammatory 
arthritis (UA).1 Despite the diagnostic contribution of anti-CCP (cyclic citrullinated peptide) 
antibody and RF (rheumatoid factor) as classified by the 2010 American College of Rheumatology/
European Alliance of Associations for Rheumatology (ACR/EULAR) RA criteria, approximately one-
third of patients with RA are considered “seronegative.”3

New serologic testing may be used with RF, anti-CCP, clinical finding and imaging to help 
recognize RA as early as possible and identify early RA with worse prognosis. 

Autoantibodies to citrullinated and carbamylated proteins —  
implications for RA diagnosis, prognosis and disease activity monitoring 
Citrullination and carbamylation are post-translational modifications that generate citrulline 
and homocitrulline from amino acids arginine and lysine, respectively.4 Autoantibodies against 
citrullinated and carbamylated proteins have been identified in RA patients and may play a 
pathogenic role.4

Anti-citrullinated protein antibodies (ACPA) include anti-CCP (cyclic citrullinated peptide), 
anti-MCV, anti-Sa (directed against citrullinated vimentin) and anti-CEP-1 (citrullinated α-enolase 
peptide 1) antibodies. These different ACPA are not equivalent.5,6

A newer, third-generation enzyme-linked immunosorbent assay (ELISA) with cyclic citrullinated 
peptide (version 3.1) detects anti-CCP antibodies with 98% specificity for RA and with higher 
sensitivity (70%) than earlier versions by detecting both IgG and IgA to CCP.7 Since a synthetic 
peptide is used as the capture molecule of anti-CCP assays, the test cannot elucidate endogenous 
citrullinated proteins responsible for triggering a patient’s immune response.5 In contrast, the 
endogenous targets of anti-Sa and anti-CEP-1 antibodies are known, and while there may be 
some cross-reactivity, anti-CEP-1 and anti-Sa have been shown to be distinct from anti-CCP.5

Clinical Usefulness

•	 Anti-MCV antibodies can be present 
years before RA diagnosis,21 predict 
aggressive forms of RA, are associated 
with poor radiological diagnosis,22 
and can be useful for therapy and 
disease monitoring23

•	 Anti-Sa positivity predicts more severe 
disease and poor prognosis6

•	 Anti-Sa antibody titers have been 
shown to correlate with higher 
disease activity9 

•	 Anti-CEP-1 is an early marker that can 
predict the onset of symptoms in pre-
clinical RA years before onset14

•	 Anti-CarP antibodies may also be 
present years before the onset of 
symptoms in RA15

•	 Anti-CarP is associated with more 
severe clinical and radiographic 
disease16

•	 Anti-Sa may identify an additional 
8.7% of RA that is anti-CCP-negative5

•	 Anti-CEP-1 was detected in 12.5% of 
RA patients who tested negative for 
anti-CCP13

•	 Anti-CarP may identify an additional 
10% of early RA patients who are RF- 
and anti-CCP-negative13
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Anti-MCV (mutated citrullinated vimentin) antibodies target vimentin, a component of cell skeleton found in tissue and synovial fluid of 
inflamed joints in RA patients. Vimentin has up to 45 potential domains, which can be citrullinated, resulting in greater sensitivity (82%) and 
excellent specificity for RA (95%).8 Anti-MCV antibodies can be present in seronegative patients and have been shown to be significantly higher 
in patients with active RA and correlated well disease activity.9 Their presence is associated with more severe disease.10 

Anti-Sa (citrullinated vimentin) antibodies target the citrullinated form of vimentin, a filament protein that is part of the cytoskeleton.9 Anti-Sa 
has nearly 100% specificity for RA and sensitivities of 20%-25% in early RA and up 47% in established RA.11,12 Anti-Sa testing may identify an 
additional 8.7% of RA patients who are anti-CCP-negative.5 Anti-Sa antibodies are associated with joint erosions,5 and anti-Sa titers have been 
shown to correlate with RA disease activity.9 Most importantly, anti-Sa positivity, in recent onset or early disease, is a strong prognosticator of a 
more aggressive rapid disease progression.6

Anti-CEP-1 (citrullinated α-enolase 1) antibodies are directed against citrullinated α-enolase, an enzyme involved in glycolysis.13 Anti-CEP-1 is 
an early marker that can predict the onset of symptoms in pre-clinical RA years before onset.14 Anti-CEP-1 identifies RA with a specificity of 98% 
and sensitivity of 37% to 62% and may be detected in 12.5% of RA patients who test negative for anti-CCP.5

Anti-CarP (carbamylated protein antibodies) are novel autoantibodies that predict the development of RA independently of anti-CCP.3 A meta-
analysis of seven studies including 1,898 RA patients showed diagnostic sensitivity of anti-CarP antibodies ranging from 36.2% to 47.7% and 
specificity ranging from 92.9% to 97.0%.3 Furthermore, anti-CarP antibodies are present years before the onset of symptoms in RA.15 In pre-
symptomatic RA (median 5.3 years before symptoms), the sensitivity of anti-CarP was 13.9% with higher sensitivity of 21.8% when tested within two 
years of the time of symptom onset.15 In seronegative RA (RF-negative, anti-CCP-negative) RA, anti-CarP may confer a 10% incremental benefit in 
identifying early RA.16 Anti-CarP is associated with more active disease and higher risk of developing joint erosions.16

14-3-3 eta protein is a joint-derived, proinflammatory mediator that is implicated in the joint erosion process and pathogenesis of RA.17 Serum 14-
3-3 eta is highly specific for RA and is elevated in both established RA (sensitivity 77%) and early RA (sensitivity 59%-64%).17,18 It may provide a 15% 
incremental benefit in identifying early RA in RF-negative and anti-CCP Ab-negative patients.19 Positive serum 14-3-3 eta levels are associated with 
higher rates of joint damage as measured by radiographic assessments.19,20 


