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CHAPTER 2

ABSTRACT

Autoantibodies such as rheumatoid factors (RFs), anti-citrullinated protein 
antibodies (ACPAs), and other anti-modified protein antibodies are 
important risk factors for the development of rheumatoid arthritis (RA) and 
probably play an important role in its pathogenesis. In the phase before 
clinical arthritis becomes apparent, different autoantibody responses 
can evolve because of increases in their level, isotype switching, affinity 
maturation, epitope spreading, and a changing glycosylation profile. This 
evolution may be crucial for the pathogenic properties of the autoantibody 
responses, and interfering with this process in individuals at risk may 
become a route to prevent RA. Recent data suggest that interactions 
between RFs and ACPAs further amplify their inflammatory potential.
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Introduction
It has been recognized for some time now that in the natural history of 
rheumatoid arthritis (RA), there is a phase of developing autoimmunity 
that precedes the onset of clinical symptoms in a large proportion of 
patients. The most prominent players in this pre-clinical phase are the 
autoantibodies, and although no definitive causal link with the development 
of arthritis has been established, autoantibodies have been shown to induce 
arthritis in mouse models [1-3]. While the presence of autoantibodies is 
an important risk factor for future RA and part of the ACR/EULAR RA 
classification criteria [4], it does not always lead to the development of 
disease. This may be explained by the heterogeneous character of the 
various autoantibody responses that can be present in individuals at 
risk for RA, with different intrinsic properties such as affinity, specificity, 
isotype composition, and glycosylation. These properties translate into 
different capabilities for causing inflammation. Furthermore, autoantibody 
responses can evolve their pathogenic properties in the period leading up 
to the clinical manifestations of autoimmunity.

In this chapter, we discuss the recent developments in research on 
autoantibody responses in individuals at risk of RA, with a focus on 
work that has investigated how specific autoantibody responses change 
and evolve over time to become more pathogenic and recent work on 
interactions between different autoantibody systems. The implications of 
these findings for clinical practice are briefly discussed.

Spectrum of autoantibodies in patients at risk of RA
Autoantibodies present in RA and the pre-clinical phase can be divided into 
antibodies that bind to immunoglobulin G (IgG) and anti-modified protein 
antibodies (AMPAs). Antibodies binding IgG are known as rheumatoid 
factors (RFs) and recognize epitopes in the fragment crystallizable (Fc) 
region of IgG, which is responsible for the effector functions of IgG such 
as complement binding and engagement of Fc receptors on effector cells.

The main AMPAs are the anti-citrullinated protein antibodies (ACPAs), 
which bind to proteins in which arginine amino acid residues have been 
enzymatically converted into citrulline residues [5], and anti-carbamylated 
protein antibodies (anti-CarP Abs), which bind to proteins in which lysine 
has been chemically converted into homocitrullines [6]. The chemical 
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structure of homocitrulline is very similar to that of citrulline. Although 
anti-CarP Abs have been found in 16% of ACPA-negative RA patients [6], 
there is evidence of cross-reactivity between ACPAs and anti-CarPs, as 
may be expected because of the similarity of their targeted antigens [7]. 
Multiple studies have shown that RF and ACPAs, as well as anti-CarP Abs, 
can be found in serum samples taken years before the onset of clinical RA 
[8-14]. Recently, antibodies recognizing acetylated vimentin were found 
in RA patients [15], but these AMPAs have not yet been demonstrated in 
patients at risk of RA.

Using a cDNA phage display library that expresses antigens from RA 
synovial pannus tissue, a Belgian team identified RA-specific reactivity 
against two novel peptides [16]. These antibodies were also detected 
in a small proportion of ACPA-negative patients, showing promise of 
this technique in identifying new markers for patients considered to be 
autoantibody negative. Future studies using this technique may also 
identify new autoantibody marker in individuals at risk of RA.

Finally, anti-hinge antibodies (AHAs) can be found in healthy individuals, 
but more frequently and at higher levels in patients with established RA 
and arthralgia patients at risk of RA [17-19]. AHAs recognize neoepitopes 
exposed after the cleavage of IgG in the hinge region that connects the Fc 
domain of IgG to its antigen-binding domains [20] and can therefore also 
be classified as AMPAs. Various proteases that can specifically cleave the 
IgG hinge have been shown to be upregulated in RA [21-24]. AHAs might 
play a role in the phase leading up to RA by forming immune complexes 
and activating the complement system [18].

Isotype switching
In a physiological immune response, the first antibody produced by B cells 
is of the IgM isotype, shaped as a pentamer made of 5 IgM monomers 
and a joining (J-) chain or as a hexamer with 6 IgM monomers lacking 
a J-chain. Under the influence of antigenic stimulation, combined with 
T-cell help and cytokines, B cells can switch their isotype from IgM to 
other immunoglobulin classes (IgA, IgG, IgE). Autoimmune responses can 
also start with the production of IgM autoantibodies. However, as these 
responses can also arise from cross-reactivity, sometimes autoantibody 
responses may already be highly mutated and isotype-switched. Most 
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research on RFs has focused on IgM-RF, and detection of IgM-RF, but not 
IgA- or IgG-RF, is part of the routine work-up in diagnosing RA in most 
clinics.

How does isotype switching shape the autoantibody responses in 
individuals at risk of RA? Surprisingly, in stored samples from Swedish 
blood donors who later developed RA, Rantapää-Dahlqvist et al. found a 
higher prevalence of IgA-RF than IgM- and IgG-RF, and IgA-RF appeared 
earliest [9]. In a more recent study by the same group, IgM-RF was found 
in 26.1% vs. IgA-RF in 24.8% and IgG-RF in 17.6% of pre-symptomatic 
individuals that later developed RA [25]. A similar distribution of frequencies 
has been found by Gan et al. in a cohort from the USA [14]. In a group of 
30 Dutch IgG-ACPA-positive RA patients in whom serial preclinical serum 
samples were available, IgA-RF was present more frequently than IgG-RF 
at all time points and more frequently than IgM-RF at the earliest time 
point. IgA-ACPAs were detected more frequently than IgM-ACPAs at all 
time points [26]. ACPA isotypes evaluated in the Swedish blood donor 
cohort showed the presence of IgG- and IgA-ACPAs at higher frequencies 
than IgM-ACPAs, and IgM-ACPA positivity was not statistically higher than 
that of controls [27].

One explanation for the counterintuitive presence of IgA and/or IgG 
RF autoantibodies in the absence of IgM may be a very rapid isotype 
switch to IgA in IgM-positive B cells, causing only very low levels of IgM 
to be produced that are not detected by conventional assays. Another 
explanation may be the intrinsically lower affinity of IgM autoantibodies 
than that of IgA and IgG. For some IgM autoantibody responses, the affinity 
of the IgM autoantibodies might be too low to bind the targets used in the 
assays, or the targets used may not be a good representation of the in vivo 
targets. In addition, natural IgMs are present in both patients and healthy 
individuals. These polyspecific low-affinity antibodies can bind to various 
foreign and self-antigens and to the target antigens used in autoantibody 
assays. The presence of these antibodies in healthy donors makes it 
necessary to use a relatively high cut-off level for positivity in many IgM 
autoantibody assays, which can make specific IgM autoantibodies levels 
fall below this cut-off and go undetected. This problem is less of an issue in 
IgA and IgG autoantibody assays. However, data on IgG-RF reported in the 
literature should be interpreted with caution as the assays that are used to 
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measure IgG-RF are susceptible to false positivity due to Fc-Fc interaction. 
This phenomenon can occur when IgG4 antibodies in serum bind with their 
Fc domain to the Fc domain of the IgG used as target antigen in IgG-RF 
assays [28,29].

In general, it has become clear that isotype switching of ACPA as well as RF 
can occur well before development of clinical RA, indicating that additional 
evolution of the autoantibody response is likely necessary for pathogenesis. 
This may include increases in antibody level or binding strength (affinity), 
breadth of the antibody response, or changes in glycosylation profile.

Autoantibody levels
Higher levels of RF and/or ACPA are associated with a higher risk of 
developing RA both in the general population [30] and in at-risk populations 
such as Native Americans [31] and patients with arthralgia [32,33]. An 
increase in levels of anti-CarPs [34] and ACPAs [35] has been shown to 
occur before the onset of RA. In particular, in the 2-4 years preceding 
diagnosis, ACPA levels increased substantially in pre-disease samples from 
blood donors or military personnel who developed RA [35,36]. Few data 
are available on the evolution of RF levels. In the Swedish blood donor 
cohort, RF titers of all RF isotypes were elevated in samples collected 
after the onset of arthritis compared to pre-disease samples of the same 
patients [9]. A follow-up Biobank study reported a significant increase in 
IgM concentration, but did not report the data [25]. Median levels of all 
three RFs and all three ACPA isotypes increased significantly in pre-clinical 
serum samples from 30 ACPA-positive RA patients [26]. Increases in the 
levels of both antibodies were thus detected in pre-clinical samples from 
the blood donor cohort; however, in a cohort of autoantibody-positive 
arthralgia patients, an increase of antibody levels in those proceeding to 
clinical arthritis was barely perceptible and only for ACPA, indicating that 
once symptoms occur, the immune response may already be fully matured 
before the onset of clinical arthritis [37].

Affinity/avidity
In the normal antibody response, affinity maturation causes B cells to 
generate antibodies with hypermutated antigen-binding domains that bind 
progressively stronger to their target antigens. This follows successive 
rounds of selection by B cells competing for the binding of antigen. The 
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combined strength of the interactions of the antigen-binding domains, 
up to 2 in IgG monomers and up to 10 in IgM pentamers, with their target 
is referred to as avidity. Although ACPAs were found to be generally of 
lower avidity than responses against recall antigens such as tetanus 
toxoid and diphtheria toxoid [38], affinity maturation does take place but 
appears to be restricted to the phase preceding the onset of RA without 
further progress after diagnosis [39]. Monoclonal ACPAs were shown to 
cross-react with multiple citrullinated peptides [40], making it difficult to 
identify their primary target. Because the primary target of the ACPAs in 
vivo is not yet clear, the affinity of ACPAs to the targets used in the tests 
might not be representative of the affinity of the ACPAs to the in vivo 
targets. It is possible that an ACPA has a higher affinity for a primary 
target not included in the assay, and because multiple citrullinated targets 
are probably present during ACPA B cell maturation, a low-affinity ACPA 
response against one target might undergo affinity maturation by cross-
reacting with a secondary target. Recent data on affinity maturation of 
RFs are scarce, but there are suggestions in the older literature that higher 
affinity RFs develop in the course of the disease from a pool of lower 
affinity RFs that are also present in the healthy population [41,42]. A study 
that divided 57 RF-positive RA patients into groups with high RF avidity 
(n = 27) and low RF avidity (n = 30) found that the high-avidity group had a 
higher tender joint count score [43]. One difficulty in determining whether 
RFs increase in affinity over time in patients at risk for RA is the abundance 
of the target for RF, IgG, in plasma. If high-affinity RFs are present, they 
will readily form immune complexes with free IgG and will be cleared 
rapidly from the circulation. The IgM-RF detected in conventional assays 
is generally of low affinity but makes a high-avidity interaction with the 
target antigens by binding multiple targets with up to 10 antigen binding 
domains per IgM-RF pentamer.

Another issue is that when measuring the avidity of total serum RF, the 
result is an average of the avidities of the different RF clones that together 
form a generally polyclonal RF response. It has been shown that there 
can be very large differences in affinity between different RF clones [41]. 
Because the above-described studies used modified ELISAs to measure 
RF affinity, future studies using more sensitive surface plasmon resonance 
(SPR) techniques, which can accurately measure both association and 
dissociation in real time and without the use of detecting antibodies [44], 
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may provide more reliable data. Nevertheless, in case of RF, the “real” 
targets, presumably immune complexes, are ill defined. Their composition 
and conformation will also have a significant effect on the strength of RF 
target binding.

Specificity: epitope spreading
When an immune response against (auto)antigens progresses from 
reacting with one or two epitopes to a response involving multiple clones 
of lymphocytes reacting with, or producing antibodies against, other 
epitopes on the same antigen or even new antigens, this is referred 
to as epitope spreading [45,46]. This phenomenon is considered to be 
important in sustaining and amplifying autoimmune disease. For ACPAs, 
epitope spreading in individuals at risk of RA has been well-documented. 
Multiple studies have shown that the number of targets recognized by 
ACPAs increases in the years preceding clinical manifestation of RA and 
that epitope spreading is associated with a higher risk of developing RA 
[36,47,48]. Mirroring the findings for affinity maturation, epitope spreading 
seems to stop progressing when disease is established [49]. Further 
evidence of how early in the pre-disease stage the epitope spreading can 
occur was found in RA-free first-degree relatives (FDRs) of RA patients. 
In some FDRs, more than nine different ACPAs could be detected in a 
multiplex assay, and an increasing number of ACPAs was found to be 
associated with the presence of at least one tender joint in this group [50].

For the RF response, it is possible that there is both a phase of epitope 
selection and a subsequent phase of epitope spreading preceding the 
development of RA. Early experiments indicated that in healthy individuals, 
polyreactive IgM produced by single CD5-positive B cell clones can have 
RF activity (albeit with low affinity) and bind to other self- and exogenous 
antigens, whereas RFs specifically binding IgG-Fc were found only in RA 
patients [51].

Furthermore, studies with monoclonal RFs from RA patients showed that 
individual RF clones bound IgG-Fc at different epitopes [52,53] and that 
some RF clones from RA patients had specificities not seen for RF clones 
from Waldenström patients or healthy donors [54,55]. Recent experiments 
have shown that the RF response against IgG can be classified as either 
polyspecific, i.e., containing RF reactivities against the Fc of all four IgG 
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subclasses, or as a more restricted RF response, with very low or absent 
RF reactivity against one or more IgG subclasses [56]. In arthralgia patients, 
the restricted RF response was found almost exclusively in the ACPA-
negative group, whereas ACPA-positive patients, who had a much higher 
risk of progression to arthritis, virtually always showed a polyspecific 
RF response. This indicates that similar to the ACPA response, there is 
maturation of the RF response in the form of epitope spreading prior to 
the development of RA.

Glycosylation
The Fc region of IgG contains two carbohydrate structures, one on each 
heavy chain, that protrude into the space between the heavy chains and 
influence the conformation of the antibody and its effector functions [57,58] 
(Fig. 1). Rombouts et al. [59] studied changes in the composition of these 
glycans in a group of ACPA-positive arthralgia patients, of which a subgroup 
developed arthritis. They found that the galactose content of ACPA-
IgG1 significantly decreased 2-4 months before the detection of clinical 
arthritis in patients diagnosed with RA but not in patients diagnosed with 
undifferentiated arthritis (UA), giving the ACPAs a more pro-inflammatory 
phenotype. Recent experiments in a collagen-induced arthritis (CIA) mouse 
model suggested that sialylation of arthritis-inducing antibodies, including 
mouse ACPAs, reduced the arthritogenicity of these antibodies [60]. Pfeifle 
et al. recently suggested that interleukin (IL)-23-dependent changes in the 
glycosylation profile of autoantibodies, specifically a decrease in the sialic 
acid content of the Fc glycan, were critical for the development of arthritis 
in mouse models [3]. The importance of the glycosylation profile for the 
arthritogenic capacity of the autoantibodies was strengthened by the fact 
that the differently glycosylated autoantibodies in mice lacking IL-23 did 
not induce arthritis, even though titers were similar to that of wild-type 
animals and the autoantibodies did not differ in isotype usage, specificity, 
or affinity. In the same study, the glycosylation of both total IgG1 and 
ACPA-IgG1 was compared in a small group of asymptomatic ACPA-positive 
individuals that did (n = 6) or did not (n = 6) develop RA within 12 months. 
The sialylation and galactosylation of both total IgG1 and ACPA-IgG1 was 
lower in individuals that developed RA, signaling that similar changes in 
the glycosylation profile might make (auto)antibodies more arthritogenic 
in both mice and humans. In addition to the glycans in the Fc region, about 
15-25% of total IgG in serum also contains glycans within the variable 

2

proefschriftWillemV3.indd   29 04-12-19   10:34



30

CHAPTER 2

region of the IgG antigen-binding domains (Fab region) [61]. While the exact 
function of these Fab glycans remains unclear, a recent paper estimated 
that Fab glycosylation is much higher for ACPAs than for non-ACPA-IgGs, 
with 80% of ACPA-IgG molecules containing Fab glycans [62]. The ACPA Fab 
glycans may influence the binding of the ACPAs to their citrullinated targets 
or induce additional immune responses by interacting with glycan-binding 
receptors. While glycosylation of ACPAs has been studied extensively, we 
could not find publications describing the glycosylation profiles of RFs in 
(individuals at risk of) RA; therefore, presently it is not clear whether RFs 
undergo similar arthritogenic glycosylation changes.

Figure 1. Schematic representation of the IgG molecule showing the two Fc glycans 
protruding into the space between the Fc monomers. Adapted from Dekkers et al. [90].

Interactions between autoantibodies
Because RF binds to IgG-Fc and both RF and IgG-ACPAs are prominently 
present in the majority of RA patients, it is likely that interactions 
between these two autoantibody responses play an important role in (the 
development of) RA. This hypothesis is strengthened by the fact that the 
antibodies are often present together in RA patients, but their presence 
is discrepant in (autoantibody-positive) healthy relatives [63]. Moreover, 
ACPA-positive arthralgia patients have a higher risk of developing arthritis 
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when they are also IgM-RF positive [33], and double positive RA patients 
have more and larger bone erosions than RF-positive ACPA-negative 
patients [64]. Furthermore, double positivity, but not single positivity, is 
associated with enhanced bone marrow edema [65] and double-positive 
patients have higher disease activity than ACPA-positive RF-negative 
patients and higher CRP and proinflammatory cytokine levels than single-
positive patients [66]. In vitro experiments by two different groups showed 
that adding monoclonal IgM-RF to ACPA immune complexes amplified 
TNF-α secretion by healthy donor macrophages incubated with these 
immune complexes [66,67]. This effect appears to be dependent on the 
incorporation of additional non-ACPA-IgG into the immune complexes by 
binding with the IgM-RF. In the paper by Laurent et al. [67], monoclonal 
IgM-RF from cryoglobulinemia patients was used, which could have a 
higher affinity for monomeric IgG, but follow-up experiments using RF 
purified from RA serum pools showed similar results [68]. Anti-hinge 
antibodies cross-linking proteolyzed antibodies in the joint might have 
similar effects.

Recent experiments suggest another possible mechanism by which RFs 
could amplify the ACPA response. At certain target concentrations, binding 
of monoclonal ACPAs to their citrullinated targets was amplified in the 
presence of monoclonal IgM-RF, suggesting potentiation of the avidity of 
ACPA immune complexes by IgM-RF (Fig. 2) [69]. Interactions of RF with 
ACPAs, but also with other AMPAs, may prove to be an important catalyzing 
factor for developing disease in autoantibody-positive individuals at risk 
of RA.

Similar autoantibody evolution in other autoimmune diseases
The evolution of autoantibody responses before the onset of clinical 
symptoms is not a feature seen exclusively in the context of RA but is 
seen across multiple autoimmune diseases, as was recently reviewed [70] 
[71]. For example, in granulomatosis with polyangiitis, anti-proteinase 
3 antibodies can be found at increasing levels in the years before 
diagnosis [72]. In systemic lupus erythematosus (SLE), disease-specific 
autoantibodies can be present years before disease onset, and the number 
of different antibody specificities increases pre-diagnosis [73], showing 
that similar to RA, in SLE, epitope spreading takes place pre-clinically. In 
Type 1 diabetes, autoantibodies against islets can be present before the 
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onset of disease in genetically at-risk individuals. Although there is less 
evidence of a direct pathological effect of diabetes-related autoantibodies 
compared to that in RA, risk of progression to disease is much higher in 
patients with multiple autoantibodies compared to those with one or no 
autoantibodies [74].

Figure 2. Suggested mechanism of how RF can amplify the ACPA response. ACPAs (green) 
alone interact with low affinity with their citrullinated targets (red). RF (blue) can bind to 
ACPAs in their Fc region, cross-linking them and forming higher avidity immune complexes.

Targeting autoantibody responses to prevent RA in at-risk individuals
As discussed above, the autoantibodies that can be present in individuals 
at risk of RA are believed to play an important role in the pathogenesis of 
the disease, and many of their pathogenic traits, e.g., affinity maturation 
and epitope spreading, can be already fully developed before the onset of 
clinical signs. This has encouraged clinicians and researchers to find ways 
of interfering with the autoantibody responses in the pre-clinical phase.

A randomized, double-blind, placebo-controlled trial of intramuscular 
injections of 100 mg dexamethasone or placebo at baseline and 6 weeks 
in ACPA- and/or IgM-RF-positive arthralgia patients showed a significant 
decrease in the levels of both autoantibodies lasting more than 6 months 
but failed to prevent the development of arthritis [75]. In a different study, 
treatment of RA patients with the B cell-depleting chimeric antibody 
rituximab (anti-CD20) was shown to decrease the levels of IgA-RF, IgG-
RF, and IgG ACPAs significantly more than the total serum Ig of the same 
isotypes [76]. Results of a randomized, double-blind, placebo-controlled 
study of the potential of a single rituximab infusion in the prevention 
of RA in high-risk arthralgia patients were described in a 2016 EULAR 
conference abstract [77]. All 81 treated patients were RF and ACPA positive 
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and received 100 mg methylprednisolone with 1000 mg rituximab or 
placebo. The rituximab did not prevent but delayed the development of 
arthritis by nearly 1 year. It would be interesting to determine if there were 
differences in changes in the autoantibody levels between patients that did 
or did not develop arthritis. From the above-described findings of Pfeifle 
et al., a possible method of interfering in the pathological potency of the 
ACPA response could be to target IL-23 to skew the ACPA Fc glycosylation 
pattern to a less pathogenic phenotype. While anti-IL-23 antibodies recently 
failed to reduce the disease activity in RA [78], there might be potential 
for these agents in preventing disease in autoantibody-positive at-risk 
individuals. Another way of interfering with the autoantibody responses 
could be through the infusion of intravenous immunoglobulins (IVIG). 
Among the many mechanisms of action that have been proposed for IVIG 
[79], saturating the neonatal Fc receptor that recycles IgG could lead to 
faster degradation of autoantibodies [80]. Experience with IVIG treatment 
is very limited in RA [81], and no trials have been performed in the pre-
clinical phase.

In a broader sense, it may be worthwhile to pay more attention to the 
environmental factors that play a role in developing autoimmunity. 
Autoantibodies are supposed to arise as a consequence of a breach in 
self-tolerance. Although it is not exactly known how such a breach comes 
about, it is likely that it occurs in a pro-inflammatory environment in a 
genetically predisposed individual. As an example, in patients with type 
1 diabetes, hyperglycemia and oxidative stress may trigger genetically 
controlled autoimmunity to type II collagen modified by reactive oxygen 
species [82]. Low-grade inflammation is a consequence of the average 
modern way of living, including, among others dietary habits, high salt, 
sugar, and fat and low fiber consumption, sedentary life style, smoking, 
sleep deprivation, and psychological stress [83]. Several of these factors 
have been shown to play a role in the development of RA and especially 
autoantibody-positive RA [84]. This also implies that there are several 
simple non-pharmacological possibilities to support the primary prevention 
of RA.

Practical consequences
Persons at risk of RA on the basis of positive antibody tests are regularly 
encountered in secondary care. Although there is scarce evidence at 
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present for the use of anti-rheumatic drugs in this situation, these patients 
can be counseled on their risk of future RA using prediction rules [32,85,86] 
and possibly participate in preventive trials.

Once we make progress in the primary prevention of RA, the need will arise 
to better identify those at risk of RA in order to offer them the possibility 
of preventive treatment. This is no easy task as most RA patients are not 
identified as having RA or high risk for RA until clinical arthritis is evident 
[87]. At present, there is no accepted strategy to find high risk individuals 
in the population or in subgroups such as family members of RA patients 
[88]. Because many future RA patients are seen in primary care before 
clinical arthritis arises, primary care physicians will need tools to aid in the 
selection of referrals for further evaluation in the midst of large numbers 
of patients with non-specific musculoskeletal disorders. Given the central 
role of autoantibodies in the pathogenesis and prediction of RA, testing 
for ACPA and RF [89] can become an important step in this process, and 
we need better guidance regarding whom to test.

Practice points

• In individuals at risk of RA, autoantibodies are important markers and mediators of 
autoimmunity.

• Evolution of autoantibody responses in the pre-clinical phase can include level 
increases, isotype switching, affinity maturation, epitope spreading, and a changing 
glycosylation profile.

• Some of these characteristics seem to be fully matured before the onset of disease.
• Interactions between various autoantibody responses may have an amplifying effect 

on autoimmunity.
• In contrast to antibody status, determining changes in autoantibody levels and 

characteristics is currently not a validated tool to identify individuals at risk of RA.
• Therapeutic interventions aimed at interfering with autoantibody responses to prevent 

future RA in at-risk individuals are increasingly being investigated.
• Once such interventions are successful, there will be a need to better identify individuals 

at risk for RA in primary care.

Research agenda

• Determine which (changes in) autoantibody characteristics can be used in the clinic to 
predict the risk of future RA.

• Extend the recent studies on ACPA characteristics to other autoantibody responses, 
e.g., RF and anti-CarP.

• Determine the combined pathological effect of the autoantibodies and the influence of 
interactions between different antibodies.

• How and when to use autoantibody testing in primary care to detect persons at high 
risk for RA.
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