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ExtEndEd rEport

Number of individual ACPA reactivities in synovial 
fluid immune complexes, but not serum  
anti-CCP2 levels, associate with inflammation and 
joint destruction in rheumatoid arthritis
Azita Sohrabian,1 Linda Mathsson-Alm,1,2 Monika Hansson,3 Ann Knight,4 
Jörgen Lysholm,5 Martin Cornillet,6 Karl Skriner,7 Guy Serre,6 Anders Larsson,8 
tomas Weitoft,9 Johan rönnelid1

ABstrAct
Introduction Individual patients with rheumatoid 
arthritis (rA) show divergent specific anti-citrullinated 
protein/peptide antibodies (ACpA) patterns, but hitherto 
no individual ACpA specificity has consistently been 
linked to rA pathogenesis. ACpA are also implicated 
in immune complexes (IC)-associated joint pathology, 
but until now, there has been no method to investigate 
the role of individual ACpA in rA IC formation and IC-
associated pathogenesis.
Methods We have developed a new technique based 
on IC binding to C1q-coated magnetic beads to purify 
and solubilise circulating IC in sera and synovial fluids 
(SF) from 77 patients with rA. this was combined with 
measurement of 19 individual ACpA in serum, SF and 
in the IC fractions from serum and SF. We investigated 
whether occurrence of individual ACpA as well as 
number of ACpA in these compartments was related to 
clinical and laboratory measures of disease activity and 
inflammation.
results the majority of individual ACpA reactivities 
were enriched in SF as compared with in serum, and 
levels of ACpA in IC were regulated independently of 
levels in serum and SF. no individual ACpA reactivity 
in any compartment showed a dominating association 
to clinical and laboratory measures of disease activity 
and severity. Instead, the number of individual ACpA 
reactivities in the IC fraction from SF associated with a 
number of markers of joint destruction and inflammation.
conclusions our data highlight the polyclonality of 
ACpA in joint IC and the possibility that a broad ACpA 
repertoire in synovial fluid IC might drive the local 
inflammatory and matrix-degrading processes in joints, in 
analogy with antibody-induced rodent arthritis models.

IntroductIon
Antibodies directed against citrullinated peptides 
(anti-citrullinated protein/peptide antibodies, 
ACPA) are found in sera of 60%–80% of patients 
with rheumatoid arthritis (RA).1 2 Numerous studies 
have confirmed that presence of ACPA in serum is 
associated with a more severe disease course.3–5 

Total ACPA responses are commonly measured 
in serum with tests using proprietary cyclic citrulli-
nated peptides (CCP) or other optimised mixtures 
of peptides.6–8 Already the first publications showed 

a considerable ACPA epitope variation between 
patients with RA.1 9 Commonly studied speci-
ficities include the originally described filaggrin 
molecule, as well as proteins found to be citrulli-
nated in RA joints: α-enolase, vimentin, collagen 
type II, fibrinogen and histones.10–13 A number 
of microarray techniques have been developed to 
study the pattern of ACPA responses in a simplified 
way, using proteome microarrays, surface plasmon 
resonance imaging or addressable laser bead immu-
noassay.2 11 14 We have recently described a planar 
microarray where multiple ACPA are investigated 
in parallel to their native arginine-containing coun-
terparts.10 In an extended follow-up study using 
2825 patients with RA, we found that individual 
subtraction of arginine reactivity was beneficial, as 
it both increased diagnostic specificity and associ-
ation to HLA-DRB1* shared epitope, while diag-
nostic specificity was unchanged.15

No individual ACPA specificity or group of 
ACPA specificities has hitherto showed any unique 
and consistent association to clinical phenotype.2 16 
Such epitope studies have only been performed on 
serum samples. Two groups have reported diver-
gent results concerning whether ACPA are enriched 
in synovial fluid after correction for IgG levels.8 17 18 
Enrichment would imply that ACPA might be pref-
erably produced in the joints of patients with RA. 
Thus, if ACPA have any direct pathogenetic associa-
tion to the inflammatory process in RA, determina-
tions of total ACPA and individual ACPA reactivities 
in synovial fluid (SF) might show stronger associ-
ations to clinical phenotype than corresponding 
serum levels.

Already 50 years ago, immune complexes (IC) 
were found in RA, especially in SF but also in 
the circulation of patients with extra-articular 
disease.19–23 However, results diverged consid-
erably between studies and methods used.24 
More recent studies have focused on biological 
IC function in RA. We have shown that levels of 
polyethylene glycol-precipitated IC from RA SF 
relate to in vitro-induced tumour necrosis factor 
alpha (TNF-α) production and rheumatoid factor 
(RF) levels, supporting the hypothesis that IC are 
directly linked to cytokine-dependent inflamma-
tion in RA.25 Using another in vitro model, we have 
produced surface-bound IC containing collagen 
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type II (CII) and anti-CII, and related anti-CII IC-induced 
responses in vitro and anti-CII levels in vivo to an acute-onset 
RA phenotype.26–29 This IC-dependent RA phenotype shows 
resemblance to collagen antibody-induced arthritis (CAIA), an 
antibody-mediated arthritis model dependent on neutrophil 
granulocytes.28 30 Two groups have shown that ACPA-containing 
IC stimulate cytokine production via Fc receptors.31 32 Notably, 
except for some early studies, none of these studies have actually 
determined autoantibody levels in RA IC obtained in vivo.33 34 
As previous studies have shown accumulation both of IC and of 
ACPA in SF as compared with in the circulation, ACPA levels 
in SF IC would then be an especially interesting target for such 
studies.

We have developed a bead-based assay for the quantification of 
multiple autoantibodies in soluble IC. Here, we have combined 
this assay with the ACPA multiplex array to investigate whether 
individual ACPA reactivities in sera and SF, and in IC from these 
compartments, can provide more or different prognostic infor-
mation than conventional measurement of anti-CCP in serum.

Patients and methods
Subjects
The complete cohort study consisting of 121 patients with RA 
has been described previously, and of these, 77 patients had 
paired sera and knee SF available for the present study.35 Patients 
fulfilling the 1987 American College of Rheumatology classifi-
cation criteria for RA and with knee synovitis were included at 
the rheumatology departments in Gävle, Falun and Uppsala, 
Sweden.36 Patients with function class 4 according to Stein-
brocker, those receiving ≥10 mg oral prednisolone daily and 
those who had obtained glucocorticoid injection <3 months 
prior to the investigation were excluded.37 SF were aspirated 
from the knees whereafter 20 mg triamcinolone hexacetonide 
was injected. Sera and SF were collected in parallel, centrifuged 
for 20 min at 1800×g within 1 hour and stored at −70°C until 
analysis. Levels of mononuclear (MN) and polymorphonuclear 
(PMN) cells in SF were recorded. Patients were followed for 6 
months, or until relapse if clinical synovitis re-appeared earlier. 
Information on patient characteristics (age, sex, disease dura-
tion and smoking habits) was recorded at the study inclusion. 
Disability was evaluated using the Swedish version of the Health 
Assessment Questionnaire.38 Disease Activity Score (DAS28)39 
was assessed from the number of tender and swollen joints, eryth-
rocyte sedimentation rate and Visual Analogue Scale for global 
health. Radiographic examination of knees was performed and 
joint destruction recorded according to Larsen et al.40 The study 
was approved by the regional ethical review board in Uppsala, 

and all patients had given informed consent in accordance with 
the Declaration of Helsinki.

Laboratory investigation of autoantibodies and measures of 
systemic and local inflammation was performed in parallel in 
serum and SF as described previously.35 41 42 Measurements of 
C1q-binding IC and IgG levels in sera and SF are described in the 
online supplementary file .

capturing and elution of circulating Ic (cIc)
IC were purified from sera and SF by applying a technique we 
have established in our laboratory. Purified human C1q (Quidel, 
San Diego, California, USA; 1.2 mg/mL) was immobilised on 
magnetic tosylactivated microparticles (Dynabeads M-280; Life 
Technologies, Carlsbad, California, USA) according to the manu-
facturer’s recommendations for activation of amine groups.

Ten-microlitre C1q beads were washed once with PBS–0.05% 
Tween–1% BSA (PBST-B) and incubated with 10 µL serum or 
SF and 30 µL PBST-B in a Bio-Plex flat-bottom 96-well plate 
for 1.5 hours on a microplate shaker (600 rpm) at 37°C. Anti-
bodies from the C1q-bound IC were recovered in a two-step 
procedure. After washing with PBS–0.05% Tween, the beads 
were resuspended with a Bio-Plex hand-held magnetic washer 
in 50 µL 0.1 M glycine–HCl, pH 2.5 and incubated for 3 min 
on shaker at 37°C. IC eluates were collected and immediately 
neutralised with 4 µL 0.5 M NaOH on ice. In the second elution 
step, the beads were resuspended with 100 µL freshly prepared 
25% methanol, pH 11.5, previously shown to dissociate anti-
bodies without destroying antigen-binding capacity and incu-
bated for additional 12 min on shaker at 37°C.43 44 The latter 
fraction was mixed with the glycine eluates. IC eluates that were 
not assayed the same day were stored at −70°C until testing; 
freezing/thawing did not obviously change autoantibody results. 
The full procedure of IC purification is graphically illustrated in 
figure 1, and validation data are shown in online supplementary 
figure 1 for artificial IC and in online supplementary figures 2 
and 3 for IC-rich SLE sera.

Microarray-based analysis for detection of AcPA fine 
specificities
ACPA in serum and SF and in solubilised IC from serum and SF 
were investigated on a custom-made microarray based on the 
ImmunoCAP ISAC system (Phadia AB, Uppsala, Sweden).10 15 
Each reaction site of the microarray slides contained 19 different 
citrullinated peptides and their native arginine-containing coun-
terparts (table 1). Sera and SF were diluted 1:40 and IC eluates 
were, due to practical reasons, diluted twice with Immuno-
CAP-specific IgA/IgG sample diluent (Phadia AB) corresponding 

Figure 1 Schematic figure showing the process of immune complex purification with following solubilisation and measurement of individual 
anti-citrullinated protein/peptide antibody reactivities. Details of the procedure are described in the Patients and methods section and online 
supplementary file. IC, immune complexes.
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to a 1:30 total dilution of the IC fraction as compared with serum 
and SF. For each individual ACPA reactivity, we subtracted the 
corresponding arginine peptide reactivity.15 Cut-offs for indi-
vidual ACPA in serum and SF were the 98th percentile among 
944 healthy control serum samples. Measurement of ACPA in 
IC failed in one patient and in SF of one other patient for tech-
nical reasons. As there are no data on distribution of individual 
ACPA in IC, cut-offs were set as median for the n=76 group 
for serum and SF IC, respectively. In alternative parallel eval-
uations, cut-offs were estimated from mean +2 SD for levels 
in IC prepared from 20 healthy donor sera. Three SF IC were 
investigated on two occasions concerning occurrence of 17 indi-
vidual ACPA reactivities, with total kappa coefficient 0.92. The 
strengths of individual ACPA reactivities with and without argi-
nine correction are shown in online supplementary table 1.

statistical analysis
Enrichment of individual ACPA reactivities in SF was defined as 
the ratio between ACPA levels in SF and serum, after normal-
isation for individual IgG levels. Groups were compared with 
the Mann-Whitney U test for unpaired comparisons, Wilcoxon 
signed-rank test for paired comparisons and χ2 test for ratios. 
Correlation between variables was assessed by Spearman’s rank 
correlation test. Multiple regression analyses were performed 
to determine which autoantibody measures predicted clinical 
and laboratory measures of disease activity and inflammation. 
Independent variables were in the first four regression analyses 
occurrence of 19 individual ACPA in serum, in SF and in the IC 
fractions obtained from serum and SF, respectively. Occurrence 
of ACPA was used as nominal variables, as ACPA distribution 
often is bimodal, grossly corresponding to anti-CCP2-positive 
and anti-CCP2-negative patients. In a second set of multiple 
regression analyses, the independent variables were anti-CCP2 
levels in serum and in synovial fluid as well as the number of 
individual ACPA in serum, in SF and in the IC fractions obtained 
from serum and SF, respectively. Two independent ways to calcu-
late cut-offs for individual ACPA reactivities in IC fractions were 
used, as described above.

The statistical calculations were performed with JMP V.11 
(SAS Institute, Cary, North Carolina, USA). P values less than 
0.05 were considered significant. No corrections for mass signif-
icance were performed.

results
distribution of individual AcPA reactivities in serum, sF and 
corresponding Ic fractions
Individual ACPA reactivities were found in serum from 29% 
to 71% of the patients (table 1). Levels in corresponding syno-
vial fluids were significantly lower for 8/19 ACPA. This was, 
however, also the case for total IgG levels measured with iden-
tical technique in both body fluids (median (mean)) levels in 
serum and SF (11.0 (12.6) vs 4.3 (5.2) g/L; p<0.0001). When 
individual ACPA reactivities were corrected for total IgG, the 
majority (14/19) of ACPA reactivities instead showed an increase 
in the synovial compartment as compared with serum. A corre-
sponding relation was also seen for anti-CCP2 levels. Levels of 
CIC were lower in SF than in serum, after IgG correction this 
difference disappeared (table 1). Total IgG levels in sera and SF 
did not show any correlation to levels of anti-CCP2, IgM RF or 
IgA RF in any compartment (data not shown).

The number of individual ACPA reactivities in serum 
showed a bimodal distribution corresponding to low numbers 
in anti-CCP2-negative patients and higher numbers in 

anti-CCP2-positive patients (figure 2A). This was not as obvious 
for the distribution in SF (figure 2B). Number of individual 
ACPA reactivities in the IC fractions in serum and SF instead 
showed only one modal value, especially prominent for serum 
IC (figure 2C, D for cut-offs based on medians). Corresponding 
figures using the alternate cut-offs are shown in online supple-
mentary figure 4.

relation between the appearance of individual AcPA 
reactivities in serum, sF and Ic fractions
Levels of individual ACPA correlated strongly between sera 
and SF (Spearman’s ρ between 0.56 and 0.93, mean 0.78) as 
was also seen for anti-CCP2 (ρ=0.82; table 2). A much lower 
degree of correlation was seen between levels in serum and in 
the corresponding IC fraction (Spearman’s ρ 0.01–0.41, mean 
0.20), whereas a somewhat larger degree of correlation was 
seen between levels in SF and in the corresponding IC fraction 
(ρ=0.06–0.61, mean 0.38; table 2).

Association between clinical and laboratory parameters and 
occurrence of individual AcPA reactivities in serum, sF and Ic 
fractions
Analysis of the association between clinical and laboratory 
measures and the occurrence of individual ACPA in sera and SF 
yielded many parallel associations without any obvious domi-
nance for certain ACPA (data not shown). When instead multiple 
regression with the occurrence of 19 individual ACPA reactivi-
ties in serum, SF and the corresponding IC fractions were used 
as independent variables, most of these associations disappeared, 
but again, no individual ACPA showed a general positive associ-
ation to clinical and laboratory variables of disease activity and 
inflammation. For those ACPA showing many associations, there 
was often a mixture of positive and negative regression coeffi-
cients (online supplementary tables 2–5). Comparable data were 
found with the alternative approach of cut-off setting for ACPA 
in IC (data not shown). When the number of individual ACPA 
reactivities in serum, SF and in the corresponding IC fractions 
were employed as independent variables in parallel to anti-CCP2 
levels in serum and SF, another picture emerged. The number of 
ACPA in the IC fraction in SF turned out to be the sole factor 
positively associating with Larsen-Dale score, and SF levels of 
PMN, IL-6, TNF-α, cathepsin S and VEGF, but without any 
association to the corresponding serum levels (table 3). This is 
graphically shown in figure 3, where Larsen-Dale index and SF 
levels of IL-6, cathepsin S and VEGF are shown dichotomised 
according to number of ACPA in the IC fraction in SF (optimal 
cut-offs for each variable were chosen according to calculations 
in online supplementary table 6). Also, when using the alterna-
tive cut-offs for the occurrence of individual ACPA in IC frac-
tions from serum and SF, number of ACPA reactivities in SF IC 
was the determining factor for swollen joint count, and SF levels 
of PMN, IL-6, cathepsin S and VEGF, but also for serum IL-6 
(data not shown).

dIscussIon
In this study, we have shown that the majority of individual ACPA 
reactivities are enriched in SF as compared with in serum, and 
that levels of ACPA in IC are regulated independently of levels 
in serum and SF. No individual ACPA reactivity in serum or SF 
shows a dominating association with clinical and laboratory 
measures of disease activity and severity. Instead, the number of 
individual ACPA reactivities in the IC fraction from SF associates 
to a number of markers of joint destruction and inflammation.
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We focused on determination of individual ACPA reactivi-
ties in sera and synovial fluid, and in IC fractions purified from 
sera and SF, in order to investigate if measurement of individual 
ACPA may provide more prognostic information than conven-
tional measurement of CCP2 in serum and SF. We could not 
determine that any individual ACPA reactivity was dominant in 
the association with clinical disease activity or inflammation.

Anti-CCP2 and the majority (14/19) of individual ACPA reac-
tivities were enriched in SF compared with in serum. When 
measuring crude ACPA levels, the majority of ACPA reactivities 

were lower in SF than in serum; enrichment in SF only appeared 
when antibody concentrations were corrected for total IgG, and 
also then, median values differed only modestly. No individual 
ACPA was considerably more enriched in SF than other ACPA. 
These data argue that most ACPA are locally produced in the 
joints. Snir and colleagues demonstrated that ACPA levels were 
increased in synovial fluid compared with in serum using two 
different techniques for IgG measurement.8 18 We used identical 
ELISA tests for serum and SF with γ-specific F(ab´)2 fragments 
of both the capture and detection antibodies to reduce the risk 

Figure 2 Distribution of number of antibodies against 19 citrullinated peptides in sera and synovial fluid (SF) as well as in immune complexes (IC) 
from sera and SF. Cut-offs for sera and SF (A, B) were determined as the 98th percentile for net anti-citrullinated protein/peptide antibodies (ACPA) 
reactivity among 944 healthy control samples, whereas cut-offs in the IC fractions from sera and SF (C, D) were determined as the median values for 
the respective compartment. For each compartment, empty bars represent the anti-CCP2-negative and filled bars represent the anti-CCP2-positive 
patients. In (E), the corresponding levels of anti-CCP2 in the investigated sera and SF are shown; horizontal bars representing medians. Corresponding 
figures using the alternate cut-offs for IC fractions from sera and SF are shown in online supplementary figure 4.
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of non-specific binding of RF to Fc parts of assay antibodies. 
Consequently, we found no correlation between total IgG levels 
and anti-CCP2 or RF in serum or SF.

We found a strong correlation between serum and SF levels of 
individual ACPA, while associations were much lower between 
sera/SF and the corresponding IC fractions (table 2). This 
suggests that antibody levels in serum and SF are regulated by the 
same mechanisms, but that levels in IC are regulated differently. 
However, the correlations differed between peptides: anti-filag-
grin 307–324 and anti-α-enolase 3–17 displayed strong correla-
tion between serum and SF and the corresponding IC fractions, 
whereas the opposite was found for anti-fibrinogen β62–81 and 
anti-hnRNP Bla26 (table 2). This might implicate that certain 
individual ACPA reactivities have higher propensity to enrich in 
IC as compared with other ACPA, irrespective of body compart-
ment. This first study using our new technique is however small, 
and such hypotheses should be confirmed in larger cohorts. We 
are aware that our results imply that some anti-CCP2-negative 
patients have ACPA in their IC, not found in the corresponding 
body fluids. Tentatively, occurrence of ACPA in IC might be a 
new measure of ACPA positivity with its own individual clinical 
associations, but there are also methodological concerns. Degree 
of ACPA positivity in IC varies with how cut-offs for ACPA in IC 
are determined (compare figure 2C and 2D with online supple-
mentary figure 4) and might also be affected by method robust-
ness. This will be subject to future studies.

The main finding of this study was that polyclonality in SF 
IC was the dominating factor that appeared in a number of 
independent estimates (8/27), always in positive association 
to clinical and laboratory measures of inflammation and joint 
destruction. Apart from serum IL-6 that associated with many 

table 2 Correlation between levels of specific ACPA in serum, 
synovial fluid and the immune complex fractions in serum and 
synovial fluid (correlation values are Spearman’s ρ values)

AcPA specificity serum vs sF
serum vs serum 
Ic sF vs sF Ic

Filaggrin 307-324 (CCP1) 0.85 0.31 0.61

Vimentin 2–17 0.87 0.13 0.19

Vimentin 60–75 0.93 0.15 0.38

Fibrinogen α36–50 0.73 0.10 0.34

Fibrinogen α563–583 0.85 0.24 0.49

Fibrinogen α580–600 0.70 0.18 0.22

Fibrinogen α621–635 0.87 0.33 0.55

Fibrinogen β36–52 0.83 0.27 0.42

Fibrinogen β60–74 0.82 0.28 0.53

Fibrinogen β62–81(Fib72) 0.56 0.01 0.17

Fibrinogen β62–81(Fib74) 0.63 0.04 0.43

α-Enolase 5–21(CEP-1) 0.88 0.41 0.58

hnRNP 1 0.76 0.10 0.31

hnRNP 5 0.78 0.36 0.34

hnRNP Z1 0.67 0.14 0.22

hnRNP Z2 0.82 0.32 0.55

hnRNP Bla26 0.58 0.11 0.06

Histone4 14–34 0.88 0.14 0.43

Histone4 31–50 0.78 0.21 0.45

Mean for 19 ACPA 0.78 0.20 0.38

Median for 19 ACPA 0.82 0.18 0.42

Anti-CCP2 0.82

ACPA, anti-citrullinated protein/peptide antibodies; IC, immune complexes; SF, 
synovial fluid.
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ACPA measures, the only other ACPA measure that appeared 
frequently in the regression analyses was anti-CCP2 levels in SF, 
however usually with negative association. Regardless of which 
cut-off setting algorithm was used to determine occurrence of 
individual ACPA in IC fractions, the number of individual ACPA 
reactivities in SF IC appeared to be the most strongly associated 
factor.

Our finding indicates a key role for ACPA polyclonality in IC 
in the target organ. Thus, the breadth of the ACPA response, 
but no particular individual ACPA specificity, may be the deter-
mining factor. Our findings also put focus on the tentative role of 
ACPA in IC-driven joint pathology in RA. Our technique for the 
determination and quantification of individual autoantibodies in 
IC obtained in vivo was developed to target this kind of scien-
tific questions, and we aim to pursue such studies in larger RA 
cohorts, including whether ACPA in general or with predilection 
for certain individual ACPA specificities are enriched in IC. We 
also plan to investigate IC heterogeneity concerning other anti-
body specificities, like RF and anti-type II collagen.

The tentative role for autoantibody polyclonality in RA IC 
makes it tempting to compare the present findings with two 
autoantibody-driven arthritis models in rodents. Both the CAIA 
as well as the K/BxN models depend solely on antibodies against 
type II collagen and glucose 6-phosphate isomerase, respec-
tively. Injection of individual monoclonal IgG antibodies specific 
against major epitopes of the antigens into healthy recipients will 
only induce mild arthritis. However, when multiple antibodies 
directed against nearby epitopes on the same protein are injected 
simultaneously as a cocktail, they will induce severe arthritis, 
suggesting that pathogenicity is associated not to recognition of 
a specific epitope on the antigen but the ability to form poly-
clonal IC that may activate FcγR on the target cell.45 46

Although our results hitherto have not implicated any indi-
vidual ACPA, it is of course tempting to speculate that our 
method might define a core group of individual ACPA reactiv-
ities in SF IC, which in vivo might target multiple epitopes on 
a pathogenetically central citrullinated antigen, and thereafter 
activate and perpetuate arthritis in RA as we have described for 

anti-type II collagen antibodies.26–29 47–49 It is possible that indi-
vidual ACPA reactivities and also individual citrullinated anti-
gen(s) can be recovered in isolated SF IC obtained with our new 
technique, and we intend to investigate this possibility.

The present version of our technique is a prototype method. 
If further studies will prove our findings to be of tentative 
interest in patient care by adding clinically useful information 
not provided by conventional autoantibody measurement, the 
laboratory procedures have to be further validated, for example, 
concerning robustness and variability.

Our data highlight the polyclonality of the ACPA in joint IC, 
and the possibility that a broad ACPA repertoire might drive the 
local inflammatory and matrix degrading process in the joint. 
Thus, our findings argue that ACPA are locally produced and 
participate in RA pathogenesis via formation of IC locally at the 
site of inflammation.
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