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Chapter 4
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AbstrACt

objectives

Anti-citrullinated protein antibodies (ACPA) are specific for Rheumatoid Arthri-

tis (RA) and have been implicated in disease pathogenesis. Previously we have 

shown that ACPA display a considerably lower avidity as compared to antibodies 

against recall antigens. Nonetheless, ACPA-avidity did vary between patients. As 

antibody-mediated effects are influenced by antibody-avidity, we now investi-

gated ACPA-avidity in relation to biological activity and clinical outcome.

methods

We determined the avidity of ACPA and related this with severity of joint damage 

in two Dutch early-RA cohorts containing 199 and 132 patients respectively. Dif-

ferences in effector functions of low and high avidity ACPA were studied.

results

Extensive variation in ACPA avidity between patients was observed. This allowed 

the analysis of the relationship between avidity and severity. The presence of low 

avidity ACPA is associated with a higher rate of joint destruction. This finding 

was replicated in an independent cohort. Analysis of the properties of low-versus 

high avidity ACPA revealed that low avidity ACPA are less hampered in their 

ability to bind ‘new’ citrullinated antigens. Although no differences could be 

observed regarding cellular activation via Fc-gamma receptors, low avidity ACPA 

were more potent in activating the complement system. 

Conclusion

Patients with low avidity ACPA display a higher rate of joint destruction. Low 

avidity ACPA display a higher potency to interact with more citrullinated an-

tigens in time and show that low avidity ACPA are more potent in complement 

activation. These data indicate that (low) avidity impacts on the biological activ-

ity of ACPA and associates with worse radiological outcome.



Low avidity ACPA associate with severe joint damage. 55

introduCtion

Rheumatoid Arthritis (RA) is characterized by joint inflammation and destruction 

(1;2). The presence of anti-citrullinated protein antibodies (ACPA) is associated 

with both these characteristics and especially with a more destructive phenotype 

(3-6). Early aggressive treatment of RA improves outcome and limits joint destruc-

tion (7-9). The variation in phenotype and outcome observed within the ACPA 

positive stratum could be influenced by the genetic background that influences 

immune effector-functions, as well as pathways of bone and cartilage destruction 

(10). Likewise, other characteristics of the immune response may be involved. In 

vitro, ACPA have been shown to be able to recruit Fc-receptor mediated effector 

functions (11;12) and mediate complement activation (13). In vivo, differences in 

the levels of ACPA (14), fine specificity or epitope spreading (15;16), isotype us-

age (17) and glycosylation (18) may be associated with differences in the potential 

to activate effector-mechanisms, thereby influencing their biological potency.  

Another potentially important aspect of ACPA biology is related to avidity. Our 

previous data (19) show that the ACPA-response differs from antibody responses 

against recall antigens such as tetanus toxoid, since ACPA display a markedly 

lower avidity. The relatively low avidity of ACPA was detected using different 

citrullinated antigens such as the citrullinated  CCP-2-peptide as well as citrul-

linated protiens, such as citrullinated Fibrinogen and citrullinated Vimentin (19).  

The ACPA response displays overall only limited avidity maturation, which takes 

place before onset of symptoms (20). However, we also observed considerable 

variation in ACPA avidity between ACPA-positive patients. In other autoimmune 

diseases it has been reported that different degrees of antibody avidity are as-

sociated with different clinical phenotypes (21-23). We now hypothesize that a 

similar correlation may be present with respect to ACPA-avidity and outcome of 

RA-progression and / or the ability to recruit effector-mechanisms. 

mAteriAls And methods

Patients and samples

Baseline sera from a total of 199 ACPA positive patients with early RA accord-

ing to the 1987 criteria were selected based on the availability of serum samples 

and data on severity at both baseline and follow-up. The patients are part of the 

Leiden Early Arthritis Clinic (EAC), an inception cohort of patients with recent 

onset arthritis (symptom duration < 2 years) that was initiated at the Department 

of Rheumatology of the LUMC in 1993 (24). Characteristics of patients in this 
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cohort were as follows: 63.3% female, median and IQR of age at inclusion 54.4 

(17.1-83.3) years, symptom duration 7.62 (0.17-72.73) months, 80.4% RF posi-

tive. The collection and use of patient samples was approved by the local medical 

ethics committee in compliance with the Helsinki declaration and all participants 

provided written informed consent.

Diagnosis (at baseline and 1 year), symptom duration at baseline, disease activ-

ity at baseline (CRP, 68 swollen / 66 tender joint score and HAQ) and radiographic 

score (modified Sharp/Van der Heijde score, SHS) at baseline until 6 years follow 

up were retrieved from the EAC database (25). We evaluated the association of 

the avidity of ACPA and of the levels of ACPA with these markers by categorizing 

the patient group into quartiles based on the avidity of ACPA. Similarly, we also 

categorized the patient group into quartiles based on the levels of ACPA.

To confirm our observations, we replicated the analysis of the association 

between ACPA avidity and rate of joint destruction in a cohort from the Jan van 

Breemen Institute (JBI) | Reade in Amsterdam, The Netherlands. Baseline sera 

from 132 ACPA positive RA patients according to the 1987 criteria enrolled from 

1995-2004 with 6 years longitudinal follow-up radiographic score (SHS) were 

selected from the EAC of the JBI. Characteristic of patients were as follows: 74.2% 

female, median and IQR of age at inclusion 52.7 (21.8-76.4) years, disease dura-

tion 5.04 (2.94-8.02) months, 99.2% RF positive. 

ACPA avidity assays 

The avidity of ACPA IgG was determined by an elution assay using sodiumthio-

cyanate (NaSCN) as the chaotropic agent, on a CCP2 ELISA plate (Immunoscan 

RA Mark 2, Euro-Diagnostica, Arnhem, The Netherlands) as described before 

(19). Antibody avidity is depicted as the “relative avidity index” (AI) (19). The AI 

is defined as the ratio of the amount of residual antibodies bound to the coated 

antigen after NaSCN (1M) elution to the amount of binding antibodies in the 

absence of NaSCN, expressed as percentage. 

number of recognized epitopes and isotype usage of low and high avidity ACPA. 

To compare the capacity of ACPA from RA patients with different ACPA avidities 

to recognize several epitopes of citrullinated peptides/proteins, we determined 

ACPA reactivity to the following citrullinated antigens; CCP2 (Immunoscan RA 

Mark 2, Euro-Diagnostica, Arnhem, The Netherlands) according to the manu-

facturer’s instructions, 2 peptides of vimentin, 2 peptides of fibrinogen (alpha 

and beta), 2 peptides of enolase (linear and cyclic forms), and reactivity against 

citrullinated myelin basic protein (MBP) as described before (26). These analyses 

included non-citrullinated counterparts as controls which were not recognized 
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by ACPA (Data not shown). Data of immunoglobulin isotypes and subclasses of 

anti-CCP2 (IgG1, IgG2, IgG3, IgG4, IgM and IgA) have been determined as de-

scribed (17).

fluid-phase and solid-phase competition assays 

To determine to what extent ACPA binding to solid phase antigens was inhibitable 

by fluid-phase antigens, we used representative sera with low and high avidity 

ACPA and performed competition assays. ACPA-positive serum was incubated 

for 1 hour with citrullinated peptide antigens (CCP), titrated from 0 - 100μg/ml. 

Following this pre-incubation we determined the avidity of ACPA. We also deter-

mined the effect of pre-incubation on solid phase citrullinated antigens by using 

serial steps incubation on a CCP2 ELISA plate (19). In brief, dilutions of sera with 

low and high avidity ACPA giving similar absorbance values in the CCP2 ELISA 

were incubated for 20 minutes in the first well. Then the supernatant was removed 

and incubated in the next well etc. for 8 steps.  Bound ACPA were detected by 

rabbit anti-human IgG HRP followed by 2,2’-azino-bis-3-ethylbenzthiazoline-6-

sulphonic acid (ABTS) as described before (19). 

Complement activation and immune-cell stimulation by ACPA 

We analyzed the capacity of low- versus high avidity ACPA to activate comple-

ment, as previously described (13). In brief, ACPA containing sera were diluted 

till the linear phase in the ELISA was reached, thereby allowing equal binding 

of ACPA in the different samples. Data are expressed as C3c deposition induced 

by the added exogenous normal human serum (NHS). In a similar approach also 

the capacity of low- versus high avidity ACPA to trigger cytokine production by 

immune cells was analyzed. Peripheral blood mononuclear cells (PBMC) were 

isolated from whole blood obtained from healthy donors using a Ficoll-Paque 

Plus density gradient (Amersham Biosciences, Uppsala, Sweden). Cells were 

diluted to 1.5 × 106 cells/ml in RPMI-1640 (Flow Laboratories, Irvine, Scotland, 

UK) supplemented with 10%FCS, 1% glutamax, 1% penicillin/ streptomycin. 

PBMC were stimulated by plate bound ACPA, from serial dilutions of 10 high- 

and 10 low avidity ACPA containing samples. Serum dilutions of 10 ACPA nega-

tive RA patients and 10 healthy controls were used as negative controls. After 

washing, PBMC (3 x 105 cells/well) were incubated in medium on the plates for 

20 hr before supernatants were harvested. As controls PBMC were incubated on 

the same plate, in the absence of ACPA, with LPS (E.coli, Sigma L-2880, 10 μg/

ml) or medium only. Supernatants were kept at -20°C before measuring TNF-α 

concentrations by ELISA (OptEIA Human TNF ELISA; BD Biosciences), as rec-

ommended by the manufacturer. Maximal TNF-α secretion from PBMC can be 
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obtained at different concentrations of ACPA immune complexes, depending on 

the donor (11). Therefore, we compared the maximal TNF-α levels produced by 

PBMC upon plate bound ACPA stimulation between samples with low versus 

high avidity ACPA. The results presented are representative for the three PBMC 

donors that gave the strongest response.

statistical analysis

For descriptive statistics, medians and IQR were presented. The differences 

between groups were analyzed by Mann-Whitney test. To test the effect of ACPA-

avidity on rate of joint destruction over time, a multivariate normal regression 

analysis for longitudinal data was used with radiological score as response vari-

able. This method analyses repeated measurements in one analysis and takes 

advantage of the correlation between these measurements, which results in a 

more precise standard error (27). Radiological scores were log-transformed to 

obtain a normal distribution. The rate of joint destruction over time was tested 

by an interaction of time with ACPA avidity. The effect of time was assumed to 

be linear in the interaction term. The effect of time was entered as a factor in the 

model as well, to allow proper capture of the mean response profile overtime. 

Age, gender, RF, ACPA-levels and inclusion period as proxy for treatment were 

included as adjustment variables in all analyses. The results from LUMC and 

JBI early arthritis cohorts were combined in a fixed effect model meta-analysis 

with inverse variance weighting in Stata, version 10.1. (Stata Corp. College Sta-

tion, TX). The other statistical calculations were analyzed by SPSS for Windows 

(release 16.0, SPSS, Chicago, IL, USA). P < 0.05 was considered significant.

results    

the avidity of ACPA is not associated with disease characteristics at baseline. 

The avidity of ACPA of 199 ACPA positive early-RA patients was determined. 

Next, we divided this dataset into quartiles based on the avidity of ACPA IgG. 

No differences in the disease activity as measured by CRP, swollen/tender joint 

count and HAQ at baseline was observed comparing patients with low- versus 

high avidity ACPA (Table 1). Similarly, no differences were observed for these 

parameters when comparing low versus high levels of ACPA (Table 2). These data 

indicate that neither avidity nor levels of ACPA are related to disease character-

istics at baseline. 
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the avidity of ACPA is associated with more severe joint destruction. 

Next we investigated whether the avidity of ACPA IgG was associated with the 

progression of joint destruction. At baseline we did not observe any differences in 

joint destruction between patients with low- versus high avidity ACPA (Fig.1A). 

However, when we compared the progression of joint destruction over time we 

observed that the patients with the lowest ACPA avidity (1st quartile) displayed 

a disease course characterized by more joint destruction as compared to patients 

present in the other three quartiles (Fig. 1A). Radiographic scores, quantified 

as Sharp-van der Heijde Scores (SHS) of individuals with low and high avidity 

ACPA are also depicted in a probability plot to provide individual patient data on 

the progression between baseline and year six (Fig.1B). These data indicate that 

the association between low avidity ACPA and joint destruction is not driven by 

a few outliers, but rather found across the entire population of patients harboring 

low avidity ACPA. In addition, we used repeated measurement analyses to adjust 

for age, gender and secular trends reflecting e.g. treatment effects as previously 

described (25). Also these analyses indicate that over 6-years RA patients with the 

lowest avidity of ACPA display a 1.61 (95%CI 1.17-2.20) fold higher rate of joint 

destruction compared to patients harboring higher avidity of ACPA. (P=0.003) 

table 1. disease characteristics of the baseline visit and ACPA avidity

ACPA Avidity 1st quartile 2nd quartile 3rd quartile 4th quartile

Avidity index 1.8 (0.4-3.4) 9.4 (7.8-10.7) 18.1 (14.9-21) 31.1 (26.6-47.9)

tender joint count* 6 (4-10) 8 (4-15) 7 (5-13) 7 (5-11)

swollen joint count* 5 (3-7) 5 (3-8) 6 (3-9) 5 (3-8)

C-reactive Protein 18,5 (7-36.2) 14 (6.5-46) 25,5 (11-51.7) 12,5 (6-32.7)

hAQ 0,8 (0-3.1.2) 1 (0.5-1.3) 1 (0.2-1.5) 0,7 (0.3-1)

Presented are medians and inter-quartile ranges
* Swollen joints were counted in 68 joints and tender joints were counted in 66 joints.
HAQ= health assessment questionnaire

table 2. disease activity and ACPA levels

ACPA levels 1st quartile 2nd quartile 3rd quartile 4th quartile

level † 145 (96-201) 465 (367-620) 1154 (952-1467) 2091 (1970-2692)

tender joint count* 8 (4-15) 6 (3-12) 7 (4-12) 8 (5-12)

swollen joint count* 5 (3-8) 4 (2-8) 5 (4-8) 5 (3-8)

C-reactive Protein 14 (7-39) 15 (6-31) 24 (8-56) 21 (8-41)

hAQ 0,8 (0.3-1.0) 0,9 (0.3-1.3) 0.9 (0.7-1.4) 1 (0.4-1.4)

Presented are medians and inter-quartile ranges
† The lowest limit of ACPA levels in avidity assay = anti-CCP2 50 AU/ml.
* Swollen joints were counted in 68 joints and tender joints were counted in 66 joints.
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(Fig.1C). The difference was also observed when we categorized the patient co-

hort into tertiles based on the ACPA avidity (data not shown). The observed effect 

remained significant after correcting for RF status and ACPA levels (p=0.005). The 

association between ACPA-avidity and radiological progression is not explained 

by differences in the ACPA recognition profile or isotype usage as ACPA-avidity 

did not associate with ACPA fine-specificity (Fig 2A) or isotype usage (Fig 2B). 

We did observe that the lowest quartile of avidity displayed significantly lower 

ACPA serum levels than the other quartiles (Fig. 2C). However, no association 

was observed between the levels of ACPA and the rate of joint damage (data not 

shown and (26;28;29). Together, these results indicate that the effect of low avidity 

ACPA on joint destruction was not mediated via enhanced epitope recognition, 

isotype usage or increased ACPA serum levels.
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figure 1. low avidity ACPA associate with more severe radiological damage
(A) Radiographic damage at 1, 2, 3, 4, 5, 6 years presented as median SHS in 4 quartiles of ACPA 
avidity in the Leiden Early Arthritis Clinic (EAC) data set of 199 patients. * indicates a significant 
p<0.05 difference using Mann-Whitney. (B) Cumulative plot of radiographic progression in low 
avidity ACPA (1st quartile) and high avidity ACPA (2nd – 4th quartiles) over 6 year follow-up (C) 
Data from repeated measurement analysis, adjusted for age, gender and treatment strategy to 
compare radiographic progression in low avidity ACPA (1st quartile) and high avidity ACPA (2nd 
– 4th quartiles). (D) Replication data set from the Amsterdam JBI EAC  of 132 patients analyzed in 
the same way as the Leiden EAC data set.
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Next, we wished to replicate this observation using samples from another rheu-

matology center with an early arthritis cohort, i.e. the Jan van Breemen Institute 

(JBI) | Reade, Amsterdam, The Netherlands. The avidity of the ACPA response 

present in the samples from the JBI was in the same range as the avidity from 

the Leiden samples. Also in the JBI cohort we observed that RA patients with 

the lowest avidity of ACPA (lowest quartile) were characterized by a higher rate 

of joint destruction over time than the patients harboring higher avidity ACPA 

(Fig. 1D). We observed a 1.63 (95%CI 1.06-2.51, P=0.027) times higher rate of 

joint destruction, over the period of 6 years, when comparing patients with low 

avidity ACPA to patients with a higher avidity using the same calculations as for 

the Leiden EAC (Fig.1D). The difference was also observed when we categorized 

group in tertiles (data not shown). Finally, the results were combined in a meta-

analysis. Since the heterogeneity of the two cohorts was not significant (P=0.96) a 

fixed effect model was used to combine the results of EAC and JBI.  The estimated 

rate of joint destruction was 1.62 times higher (95%CI 1.26-2.08, P<0.001) for 

patients with the lowest avidity of ACPA as compared to patients harboring a 

higher avidity ACPA responses.

Together, these data indicate that the avidity of the ACPA-response is associated 

with the rate of joint destruction.

high avidity ACPA are more strictly retained by either fluid-phase and 
solid-phase citrullinated antigens.

The results presented above were not expected, as, intuitively, one could speculate 

that high-avidity antibody responses would mediate stronger biological effects as 

Suwannalai, Fig. 2
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figure 2. the association of low avidity ACPA with severity is not explained by isotype usage, 
fine-specificity or levels.
Number of epitopes recognized by ACPA (A), numbers of isotypes used (B) and ACPA titers (C) 
in 199 patients divided in 4 quartiles of ACPA avidity are shown. Results are the mean and SEM. 
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compared to low-avidity antibodies. To obtain an indication on the ability of low- 

versus high avidity ACPA-responses to participate in immune-complex forma-

tion, we next performed fluid-phase competition assays to analyze the capacity 

of low- versus high avidity ACPA to form immune-complexes. Sera containing 

either low or high avidity ACPA were incubated with increasing concentrations 

of citrullinated peptides. Subsequently the effect on avidity was analyzed in the 

standard avidity test. We observed that the avidity of samples with high avidity 

ACPA was reduced after antigenic competition, whereas the avidity of samples 

with low-avidity ACPA was not influenced (Fig. 3A,B). These data indicate that 

during competition with free citrullinated antigen, the high avidity ACPA bind 

more readily to the fluid-phase antigens, explaining the decrease of the overall 

avidity of the sample. Next, we also performed a solid-phase competition assay. 

Low avidity and high avidity samples were diluted is such a way that the samples 

would give a similar absorbance in ELISA plates coated with the CCP peptide. 

The samples were incubated at these dilutions in ELISA plates coated with CCP 

peptide. Following a short incubation in CCP coated plates, the supernatant of 

these wells was removed and incubated in the next well, etc. Also this solid-

phase competition assay showed that in samples harboring high avidity ACPA 

the amount of free ACPA is decreased more rapidly as compared to samples 

containing only low avidity ACPA, as reflected by the steeper curve of the high 

avidity sample (Fig. 3C). 

Collectively, these data reveal that high avidity ACPA are more strictly retained 

in both fluid-phase and solid-phase immune complexes as compared to low 
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figure 3. high avidity ACPA are preferentially retained by fluid-phase and solid-phase 
antigens.
Avidity of ACPA after pre-incubation with fluid-phase antigen of samples containing high avidity 
(A) and low avidity (B) ACPA. (C) ACPA IgG bound to plates coated with CCP peptide following a 
step wise incubation of samples containing high- or low avidity  ACPA. The difference in slopes 
of the two lines indicates that High avidity ACPA are retained better as compared to low avidity 
ACPA. Both sets of data are representative of two other sets of low and high avidity samples.
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avidity ACPA. Such differences may have implications for bio-availability, tissue 

penetration and activation of local effector mechanisms in vivo.

low avidity ACPA have an enhanced capacity to activate the complement 
system 

Since we observed that RA patients with low avidity ACPA displayed on av-

erage the highest radiographic joint destruction, we next determined if there 

was a difference in the capacity of low- versus high avidity ACPA to recruit 

effector-functions such as leukocyte activation and complement activation. We 

first analyzed the capacity of low- versus high-avidity ACPA to activate immune 

cells. For this purpose we determined immune-cell activation by measuring 

tumor necrosis factor-α (TNF-α) secretion from PBMC of healthy donors upon 

stimulation by plate–bound ACPA. We observed dose-dependent stimulation of 

TNF-α production by ACPA of both low- and high avidity indicating a similar 

potential of low-vs high avidity ACPA to activate PBMCs to produce TNF upon 

Fc-Receptor cross-linking (Fig 4C and data not shown).
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figure 4. differential effector mechanism recruitment by low- versus high-avidity ACPA.
Complement activation in low- and high avidity ACPA. (A) ACPA IgG binding to the plate 
(absorbance at 415 nm), (B) C3c binding to the plate (absorbance at 415 nm). (C) Representative 
example of one experiment using PBMC from one donor. The maximum concentration of TNF-α 
obtained upon ACPA-immune complex stimulation from 10 high and 10 low avidity ACPA, 
20 ACPA negative sera (10 RA and 10 healthy), including positive control (Periferal Blood 
Mononuclear Cells (PBMC) + LPS) and negative controls (PBMC, culture medium alone) is 
depicted. D) ACPA isotypes in 2 representative samples of low- and high avidity ACPA giving a 
different degree of complement activation.



64 Chapter 4

For the analyses of complement activation, we titrated sera so that each sample 

would yield a similar absorbance in ELISA. This indicates that equal amounts of 

bound antibodies are present in each well for both low- and high avidity ACPA 

(Fig.4A). This incubation step was performed in a buffer containing EDTA to 

prevent complement activation during this step, as described before (13). Next 

the plates were washed and as a source of exogenous complement, active normal 

human serum was added. C3 activation and binding of C3 to the plate was used as 

a read-out of complement activation, as described before (13). Using this method 

we observed significantly more complement activation by plate-bound, low 

avidity ACPA as compared to high avidity ACPA, despite the presence of equal 

quantities of low and high avidity antibody bound to the plates (Fig.4B,A). Impor-

tantly, the ability to activate the complement system of low avidity ACPA was not 

the result of the usage of a specific isotype (Fig.4D). Together, these results reveal 

that low avidity ACPA might be more ‘active’ than higher avidity ACPA as they 

are more efficient in activating the complement system.

disCussion

Many reports describe the association between the presence of ACPA and a less 

favorable clinical course of RA (4-6). Although no direct evidence is present 

showing that ACPA are involved in joint destruction in humans, it has been 

shown in vitro that ACPA-containing immune complexes (IC) can induce TNF-α 

secretion by macrophages via FcγRIIa engagement (11), can trigger activation of 

FcεRI positive cells (12) and can activate the complement system (13). In the 

current study we hypothesized that the overall avidity of the ACPA response 

would be involved in the processes leading to joint erosions and that it would 

be responsible for part of the variation in the joint destruction seen within the 

ACPA positive patients. Therefore, we analyzed the avidity of ACPA in relation to 

joint destruction. We observed a higher rate of joint destruction in patients with 

low avidity ACPA as compared to patients with high avidity ACPA. The reasons 

for these effects are not known, but our in vitro data support the notion that low 

avidity ACPA mediate more pronounced biological effects.

Citrullinated antigens are enriched in the joint (30). For ACPA to bind to these 

antigens they should be able to penetrate into the tissue even in case all ACPA 

would be produced in the inflamed synovium. During this process ACPA may 

become ‘trapped’ in IC containing citrullinated proteins. We hypothesize that 

high avidity ACPA might be more avidly trapped in IC as compared to low avid-

ity ACPA. This would predominantly allow the low avidity ACPA to penetrate 
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deeper into the tissues to bind to antigens which are localized at more distant 

sites of synovial tissue (31). Although the competition assays (fluid-phase IC) and 

serial steps incubation assays (solid-phase IC) provide a rationale (but no proof) 

explaining the observations made, they are in line with the idea that low avidity 

ACPA may have a better bioavailability. This may result in a higher penetrating 

capacity in tissue as also has been shown for therapeutic monoclonal antibod-

ies that target tumor antigens (32;33). Moreover, the molecular make-up of IC is 

influenced by the amount of antigen and antibody as well as the avidity of the 

antibody (34). Therefore, high- and low avidity ACPA can form different types of 

immune complexes at different concentrations. We observed more pronounced 

complement activation by low avidity ACPA as compared to high avidity ACPA. 

Similar observations were also made for low avidity non-protective antibodies 

(and even pathogenic antibodies) against formalin-inactivated vaccine against 

measles and respiratory syncytial virus (35;36). The reasons behind the obser-

vation that low avidity antibodies could have an enhanced capacity to activate 

complement is not completely known. However, we excluded the possibility that 

this was related to a preferential isotype usage of low- versus high avidity ACPA. 

Since complement activation via the classical pathway requires the presence of 

at least 2 Fc-tails of antibody to be close together in order to activate C1q (37), 

one possible explanation may relate to the molecular composition of the IC in 

low- versus high avidity ACPA. In addition, low avidity ACPA can more easily 

detach from their antigens than high avidity ACPA. Therefore it is possible that in 

situ ACPA tethering may occur when one arm of immunoglobulin still bound to 

surface antigen and another arm can swing around for binding to the next antigen 

(38). As soon as again 2 Fc-tails of antibody are close enough to activate C1q 

then complement is activated resulting in the covalent binding of complement 

fragments like C3b and the perpetuation of an inflammatory response (37). Since 

the low avidity ACPA, in contrast to high avidity ACPA, could bind, detach and 

rebind at different locations, it could therefore result in an increased activation 

of complement. 

Potentially the presence of RF could be a confounder factor underlying the 

observation that patients with low-avidity ACPA display more joint damage over 

time. Approximately 80% of the patients analyzed was positive for RF. However, 

as also reported before we observed no effect of RF on the avidity of ACPA (19).  

Likewise, after correcting for RF status the observed effect of low-avidity associat-

ing with more joint damage remained intact. 

The ACPA response is characterized by limited avidity maturation which takes 

place in the years before onset of symptoms (20). This suggests that most ACPA 

positive RA patients started out with low avidity ACPA before disease manifesta-
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tion. Nonetheless, most subjects do not develop any bone erosions at this stage 

and do, by definition, not display arthritis. Although, this seemingly contrasts 

our observations, it is likely that not only ACPA-avidity influences disease pro-

gression, but also several other features such as ACPA-level, isotype-usage or the 

presence of citrullinated antigens in the joint. 

In conclusion, differences in biological properties of ACPA influence the clini-

cal course of RA. Our data show that especially low avidity ACPA are associated 

with a higher rate of radiographic joint destruction. The bioavailability and the 

ability to activate complement, are putative mechanisms that drive the differen-

tial association of low- and high avidity ACPA with the rate of joint destruction. 
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