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Anti-citrullinated protein antibodies have a low avidity
compared with antibodies against recall antigens

P Suwannalai," H U Scherer,' D van der Woude,' A loan-Facsinay,’
C M Jol-van der Zijde,2 M J D van Tol,2 J W Drijthout,® T W J Huizinga,

RE M Toes," L A Trouw'

ABSTRACT

Objectives Anti-citrullinated protein antibodies (ACPA)
are highly specific for rheumatoid arthritis (RA) and have
been implicated in disease pathogenesis. Recent ongoing
evidence indicates that the ACPA response broadens
before precipitation of full-blown RA, as indicated

by a more extensive isotype usage and an increased
citrullinated epitope recognition profile. Nonetheless, the
evolution of the ACPA response is still poorly understood
and might intrinsically differ from the protective
responses against pathogens.

Methods The avidity and the avidity maturation of
ACPA in relation to the avidity of antibodies against recall
antigens were analysed.

Results The avidity of ACPA was significantly lower than
the avidity of antibodies to the recall antigens tetanus
toxoid and diptheria toxoid. Moreover, ACPA did not show
avidity maturation during longitudinal follow-up and ACPA
avidity was also relatively low in patients who displayed
extensive isotype switching.

Conclusions These observations indicate that the
natural evolution of ACPA differs from the development
of antibodies against recall antigens. These data also
indicate that ACPA avidity maturation and isotype
switching are disconnected, whereby extensive isotype
switching occurs in the setting of restricted avidity
maturation. Intrinsic differences between the RA-specific
autoantibody system and protective antibody responses
against pathogens could be of relevance for designing
novel B cell-targeted therapies for RA.

INTRODUCTION

Rheumatoid arthritis (RA) is a chronic autoimmune
disease that mainly affects the joints. The identifica-
tion of anti-citrullinated protein antibodies (ACPA)
represents an important breakthrough in the field
of RA.12 ACPA recognise post-translationally mod-
ified proteins in which arginines have been modi-
fied into citrullinated residues by peptidylarginine
deiminase enzyme during inflammation. It is there-
fore hypothesised that citrullination of proteins in
the joint may create epitopes that can serve as tar-
gets of ACPA, ultimately leading to inflammation
and arthritis. Indeed, several observations implicate
ACPA in disease pathogenesis as it has been shown
that the presence of ACPA predicts the emergence
and outcome of RA.3® Moreover, ACPA have been
implicated in disease pathogenesis by the observa-
tions that ACPA can induce and aggravate arthritis
in mice®” and can activate human immune effector
mechanisms, such as triggering of cellular Fc recep-
tors® and activation of the complement system.’

During a B cell response, isotype switching and
affinity maturation typically occurs in the germinal
centre. Following somatic hypermutation, different
B cell clones will compete for antigen on follicular
dendritic cells. The B cells expressing surface immu-
noglobulins with a higher avidity will acquire the
signals necessary for survival and proliferation. As
a result, the total avidity of the immune response
increases because low avidity B cells will not be
stimulated and will eventually disappear from the
population.

By definition, antibody affinity is the strength
of interaction between a single antigen binding
site and soluble monovalent antigens in solutions.
However, in reality, antibodies are multivalent and
contain 2 (IgG) to 10 (IgM) antigen binding sites.
In addition, the antigens are also often multiva-
lent and/or non-soluble. Antibody avidity, which
is defined as the overall binding strength of poly-
clonal antibodies to a multivalent antigen, there-
fore provides a better measure of the strength of
antibody responses.

Extensive information has been obtained
regarding the avidity maturation of antibody
responses against recall antigens, mostly follow-
ing vaccination.!%1? Interestingly, in the mouse
it was recently reported that B cells producing
arthritogenic antibodies are relatively short-
lived plasmablasts that are different from long-
lived plasma cells typically producing protective
antibodies.!3

Given the implicated role of ACPA in RA, we
investigated ACPA avidity and avidity maturation
in patients with arthritis in relation to avidity of
recall antigens.

MATERIALS AND METHODS

Patients

Ninety-two ACPA-positive patients with early
arthritis were selected from the early arthritis
clinic, an inception cohort of recent onset arthri-
tis previously described.!* Serum samples for lon-
gitudinal analysis were selected from available
samples at baseline, 1- and 5-year follow-up. The
characteristics of the patients were as follows:
65.2% female, age at inclusion 51.7 years (range
17.0-82.3), disease duration 7.71 months (range
0.2-36.13), 80.4% rheumatoid factor (RF)-positive
and 66.3% with erosions at baseline. These indi-
viduals were not vaccinated with tetanus toxoid
(TT) and diptheria toxoid (DT) for the purpose of
this study. ACPA avidity at baseline during active
disease and at remission was also studied in five
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patients with RA with complete drug-free remission. Paired
serum and synovial fluid samples from 15 randomly selected
patients with RA were analysed. The disease duration of these
patients was 8.27 years (range 1-21).

Avidity assays for ACPA and recall antigens
Elution ELISA assays were used to determine the avidity of
ACPA IgG and IgG antibodies against recall antigens.! 16

For ACPA the appropriate serum dilution was first determined
by performing a titration using a cyclic citrullinated peptide-2
(CCP2) ELISA (Immunoscan RA Mark 2; Euro-Diagnostica,
Arnhem, The Netherlands) with minor modifications, now using
2,2’-azino-bis-3-ethylbenzthiazoline-6-sulphonic-acid substrate.
The serum dilution at which the response was 50% of maximum
was considered ‘optimal’ and the minimal dilution used was 1:25.
In addition, after developing the plate for 1 h, the absorbance at
415 nm had to be between 0.5 and 2.0 to allow optimal detection
(figure 1A).

To determine the avidity of the anti-CCP2 antibodies, plates
were incubated with the appropriate serum dilutions in phos-
phate buffered saline/Tween 1% bovine serum albumin for 1 h
at 37°C. After washing, the wells were incubated with increas-
ing concentrations of the chaotropic agent sodium thiocyanide
(NaSCN)at0.25,0.5,0.75,1,1.25,1.5, 2, 3,4 and 5 M for 15 min
at room temperature. The wells were washed and bound anti-
bodies were detected using horseradish peroxidase-labelled
goat-anti-human IgG (DAKO, Glostrup, Denmark). The amount
of antibody bound to the plate without elution and the amount
that resisted elution by NaSCN were determined relative to a
standard curve.

No difference in avidity was detected between ACPA avidi-
ties measured on commercial plates or in-house plates coated
with CCP peptide (data not shown).

The relative avidity index (Al) was calculated.”” The Al is
defined as the ratio of the amount of residual antibodies bound
to the coated antigen after NaSCN (1 M) elution to the amount
of binding antibodies in the absence of NaSCN expressed as a
percentage (figure 1B):

_ remaining antibodies at 1M NaSCN (AU/ml)

Al= 100
binding antibodies at 0M NaSCN (AU/ml) x

To determine the avidity and levels of antibodies against
citrullinated human fibrinogen (cit Fib) we used a plate-bound
assay as described previously!® with minor modifications.

To determine the avidity of antibodies against modified cit-
rullinated vimentin (anti-MCV) we used a commercial ELISA
(ORGENTEC Diagnostika GmbH, Mainz, Germany).

To determine the avidity of anti-TT IgG and anti-DT IgG we
used an in-house ELISA.!? 20 In brief, plates were coated with
100 pl/well TT (1.5 Lf/ml in 0.05 M carbonate buffer, pH 9.6) or
DT (0.75 Lf/ml in carbonate buffer, pH 9.6) (both from RIVM,
Bilthoven, The Netherlands).

The avidities of anti-cit Fib, anti-MCV, anti-TT IgG and
anti-DT IgG antibodies were determined as for anti-CCP2
antibodies.

In all cases, the conditions used for the assays were opti-
mised to allow maximal antibody binding. The buffers used
for coating antigens are washed away before measurement
of the avidity and thus will not impact on the avidity mea-
surement. After the antibodies have bound to their different
antigens, the plates were washed with the same buffer, eluted
with elution buffer and subjected to a similar detection of the
residual antibody binding to the plate. In this way, this assay
allows the comparison of avidities of antibodies binding to dif-
ferent antigens.!?

Since the presence of RF could potentially influence our obser-
vations, we analysed the occurrence of RF in the low and high
avidity groups. No correlation between RF positive status and
ACPA avidity was observed (data not shown). In addition, we
measured the avidity of RF IgM and IgG in three patients and
observed a low avidity for RF compared with the avidity of
anti-TT and anti-DT (data not shown).

Isotype measurements were performed as
elsewhere !

described

Statistical analysis

Differences between groups were analysed with the
Mann-Whitney test or analysis of variance, and correlation
was determined by the Spearman correlation coefficient with
GraphPad Prism 4.0 software (GraphPad, San Diego, California,
USA) or SPSS for Windows Release 16.0 (SPSS, Chicago, Illinois,
USA). In all tests, p<0.05 was considered significant.
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Figure 1

Characteristics of the avidity assay. (A) The appropriate serum dilution for the avidity assay was determined by performing a dose

response study. The serum dilution was chosen in order to obtain 50% maximal binding (arrows). Three representative samples for anti-CCP2
reactivity are presented. (B) The relative avidity index is defined as the ratio of the amount of residual antibodies bound to the coated antigen after
NaSCN elution (indicated by the vertical dotted line) relative to the amount of binding antibodies in the absence of NaSCN, expressed as a percentage.
The horizontal line indicates the 50% elution profile which is used to calculate the concentration NaSCN that is necessary to elute 50% of the
antibodies. Three representative samples for anti-CCP2 are presented. CCP2, cyclic citrullinated peptide-2; NaSCN, sodium thiocyanide.
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RESULTS

The avidity of ACPA is low compared with the avidity of
antibodies against recall antigens

As the avidity of antibodies towards antigens can have impor-
tant implications for the biological effects mediated, we deter-
mined the avidity of the ACPA response in patients with RA
and compared the avidity of ACPA IgG with the avidity of IgG
against recall antigens.

In an initial group of eight patients, we analysed the avidity
of antibodies directed against three citrullinated antigens—
the CCP2 peptide and two citrullinated proteins (cit-Fib and
MCV)—as well as the avidity of antibodies against the T cell-
dependent recall protein antigens TT and DT. As shown in
figure 2A, we observed within the same patients a low avidity
for antibodies directed against all three different citrullinated
antigens and a high avidity for antibodies against recall anti-
gens TT and DT. To study this phenomenon in a larger cohort
we focused on CCP2 and cit-Fib versus TT and DT. As shown
in figure 2B, in the cohort as a whole the avidity of anti-
CCP2 antibodies is generally low (median 19%), with most
patients displaying an avidity with an Al <40% (figure 2B).
We also analysed the avidity of antibodies directed against
cit-Fib, an entire citrullinated protein, and similar results were
obtained. In sharp contrast, the antibodies against the recall
antigens TT and DT (medians 74% and 61%, respectively)
had high avidity (figure 2B), with most individuals displaying
an Al of >40%. This is significantly higher than the avidity of
ACPA (p<0.0001). Our data therefore show that these ACPA
are of low avidity compared with antibodies against recall
antigens.

ACPA IgG avidity in serum represents overall avidity of ACPA

To control for the possibility that the overall avidity of ACPA
as detected in serum is influenced by retention of high avidity
ACPA in the inflamed joint, we next analysed ACPA avidity of
patients during active disease and compared it with the avid-
ity of ACPA of the same patients during complete drug-free
remission (n=5). No increase in the overall avidity of ACPA
was observed, indicating that ACPA avidity is not influenced
by disease activity and that there is no evidence for the reten-
tion of high avidity antibodies in the inflamed joint (figure 3A).
Likewise, we determined whether there was a difference in the
avidity of ACPA IgG between patients who are only IgG posi-
tive and those who are also positive for IgA and/or [gM ACPA.
No difference was seen in the IgG ACPA avidity depending
on the presence of either IgM or IgA ACPA (data not shown).
Furthermore, we purified IgG from serum that was positive for
IgG, IgA and IgM ACPA and compared the ACPA IgG avidity
from serum with that of the purified IgG; similar avidity was
observed (data not shown). Together these data indicate that
the other isotypes had no impact on the avidity measurement
of ACPA IgG.

We also compared the avidity of anti-CCP2 in synovial fluid
with the avidity of anti-CCP2 in paired serum samples. The
avidity of anti-CCP2 in synovial fluid was comparable to that of
anti-CCP2 in serum (figure 3B,C). These data indicate that the
avidity of ACPA measured in the serum provides a good repre-
sentation of the overall ACPA avidity.

Avidity diversity of ACPA differs from the avidity diversity of
recall antigens

So far we have depicted the avidity as Al, a measure of the
percentage of antibody still bound after elution with 1 M
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Figure 2 The avidity of ACPA IgG is lower than the avidity of IgG
against recall antigens. (A) Avidities of ACPA IgG, anti-CCP2, anti-cit
Fib and anti-MCV were compared with the avidity of IgG against recall
antigens TT and DT in eight patients. The data of the elution profiles are
presented as mean=+SEM. (B) Avidities of ACPA IgG, anti-CCP2 and
anti-cit Fib were compared with the avidity of IgG against the recall
antigens TT and DT in 67 patients and expressed as the relative avidity
index. The avidity of ACPA IgG is significantly lower than the avidity

of IgG to recall antigens (p<0.0001). ACPA, anti-citrullinated protein
antibodies; CCP2, cyclic citrullinated peptide-2; cit Fib, citrullinated
human fibrinogen; DT, diptheria toxoid; MCV, modified citrullinated
vimentin; TT, tetanus toxoid.

NaSCN. However, since it is possible that elution profiles differ
while having a similar Al, we also analysed the elution pro-
files. Different antibody elution patterns for ACPA in compari-
son with IgG against recall antigens within one subject were
observed (figure 4). For example, as shown in figure 4, the avid-
ity of anti-CCP2 IgG present in the sample analysed displayed
a rather homogenous response with >80% of the antibodies
eluting in the first three elution steps (figure 4A). In contrast,
a wide distribution of avidities was observed for IgG against
TT (figure 4B). Interestingly, the antibody response to recall
antigens displays a wider distribution of avidity whereas the
avidity distribution of the ACPA response is, in general, narrow
(figure 4C). The absence of heterogeneity within the avidity
profile of ACPA further indicates limited avidity maturation of
the ACPA response.

Dynamics of ACPA IgG avidity

To evaluate whether there is affinity maturation of the ACPA
IgG response over time following onset of arthritis, we next
determined the avidity of ACPA in a longitudinal fashion by
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Figure 3 Avidity of ACPA IgG in serum is not influenced by disease activity and is similar to ACPA IgG in synovial fluid. (A) Comparison of the avidity
of ACPA IgG in serum measured in patients with rheumatoid arthritis during active disease at baseline and in those with complete absence of disease
activity at drug-free remission. The avidity of ACPA measured in serum is not influenced by disease activity. (B) Comparison of avidity of ACPA in
serum and in paired samples of synovial fluid (SF). (C) Correlation between avidity of anti-CCP2 in sera (x axis) and in paired synovial fluid (y axis).
ACPA, anti-citrullinated protein antibodies; CCP2, cyclic citrullinated peptide-2; NaSCN, sodium thiocyanide.
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comparing samples from the same patients at baseline and
at 1- and 5-year follow-up. We did not observe a correlation
between ACPA avidity and baseline clinical characteristics such
as age of onset, sex, disease activity score or C-reactive protein
(data not shown). No increase in ACPA IgG avidity over time
was seen in the patients analysed (figure 5A). As expected, the
result of avidity measurements of anti-cit Fib antibodies in

40of 7

time confirms this observation (figure 5B). In addition, we did
not observe a change in the high avidity (>2 M) population of
ACPA during follow-up of patients (data not shown). These
data indicate that the ACPA response does not undergo exten-
sive avidity maturation during disease progression. However,
these data do not exclude limited avidity maturation before
disease onset.
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ACPA avidity maturation, titres and isotypes

We determined the relation between antibody levels and avid-
ity of both ACPA and IgG against recall antigens (figure 6A-D).
The data indicate that the avidity of IgG against recall antigens
can be high even if the titre is low, confirming previous results.
More importantly, however, patients with a high titre of ACPA
IgG still display only a relatively low avidity. This is in contrast
to antibodies against recall antigens which have a high avidity
if the titre is high.

Likewise, the isotype usage of ACPA was assessed in relation
to the avidity of ACPA IgG. Unlike the distribution of the iso-
type usage of anti-TT antibodies which is dominated by IgG1
(data not shown),'” we observed that the ACPA response is
characterised by a wide isotype usage, even in the eight patients
with the lowest avidity (figure 6E). Together these data reveal
poor avidity maturation of ACPA IgG despite high antibody
titres and extensive isotype switching.

DISCUSSION

In this study the ACPA response is generally of a much lower
avidity than the recall responses and, in our limited longitudi-
nal study, we did not obtain evidence for avidity maturation
during the course of established disease. These data indi-
cate that regulation of the RA-specific autoimmune response
against citrullinated antigens differs from the regulation of
recall responses.

At present, only limited information is available on the
endogenous citrullinated antigens recognised by ACPA. We
therefore used three different antigens for the determination
of ACPA-avidity—the CCP2 peptide and two citrullinated pro-
teins. The CCP2 ELISA is the most commonly used for the
detection of ACPA,??> whereas the proteins cit-Fib and MCV
have been shown to be present in the serum, synovial fluid
and synovium of patients with RA?3 2# and are recognised by
ACPA of most patients.?> We made similar observations for all
three systems analysed, providing internal confirmation of the
results.

To exclude the possibility that the observed low avidity of
ACPA detected in serum was a reflection of preferential reten-
tion of high avidity antibodies in the inflamed joint, we analy-
sed ACPA avidity during active disease and complete drug-free
remission when all clinical activity was absent. These studies
indicate that there is no change in the avidity of ACPA detected
in serum between active disease and remission. In addition,
as we did not observe a difference in ACPA avidity in paired
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samples of synovial fluid and serum, we consider it unlikely that
the preferential retention of high avidity antibodies in the joint
due to the presence of citrullinated epitopes explains the low
avidity of ACPA, although this possibility cannot formally be
ruled out.

The difference in the ACPA response compared with
‘conventional’ B cell responses studied (ie, B cell responses
against recall antigens) might be due to the nature of the
antigen whereby citrullinated antigens are likely to be pres-
ent continuously in the body at multiple sites whereas recall
antigens are present for a short time at a localised site. This
would lead to a relative abundance of citrullinated antigens in
the body and, as a consequence, the absence of competition
for antigens by different B cell clones in the germinal centre, as
expected for recall antigens, absence of affinity maturation and
hence low affinity antibodies. Unlike isotype switching, avid-
ity maturation not only critically depends on the presence of
antigen, but most likely also on proper amounts of antigen in
the germinal centres.?® This will result in an antibody response
that undergoes isotype switching but does not display avidity
maturation, as observed both at baseline and at follow-up. We
favour this explanation over other possibilities such as lack of
adequate T helper cells or a limited amount of time passed
after antigen exposure.The ACPA response is characterised
by extensive isotype switching, including IgA and IgE.!8 21 27
The generation of these isotypes appears to be dependent on
T helper cells as patients suffering from hyper-IgM syndrome
(caused by a gene defect in CD40 ligand) do not develop IgA
responses.?® 2 Moreover, the fact that HLA alleles predispos-
ing to RA only predispose to ACPA-positive RA and not to
ACPA-negative disease®® also indicates the involvement of
CD4 T helper cells in the formation of ACPA. Likewise, avid-
ity maturation of antibody responses against recall antigens
takes place within weeks whereas the disease duration in most
patients with RA is much longer.

Our data indicate that ACPA-producing B cells behave differ-
ently from ‘conventional’ B cells. It was recently shown in mice
that rituximab specifically depletes B cells producing autoanti-
bodies while sparing the ‘conventional’ plasma cells producing
the protective antibodies.!® Treatments targeting the crucial bio-
logical mechanisms underlying ‘conventional’ B cell responses
may therefore not work in the same way on ACPA-producing
B cells. In this respect, a possible interaction that could be of
relevance is a treatment targeting the survival factors for which
B cells compete during the germinal centre reaction.3!
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Figure 5 Absence of avidity maturation of ACPA IgG during 5-year follow-up. The avidity of ACPA in serial samples at baseline, 1- and 5-year
follow-up were analysed. (A) Anti-CCP2 avidity was analysed in 16 patients with RA and (B) anti-cit Fib avidity was analysed in 9 patients with RA.
The ACPA response did not show extensive avidity maturation. ACPA, anti-citrullinated protein antibodies; CCP2, cyclic citrullinated peptide-2; cit Fib,
citrullinated human fibrinogen; NaSCN, sodium thiocyanide; RA, rheumatoid arthritis.
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Figure 6 Avidity maturation, titres and isotypes of ACPA. Correlation between the levels and avidity of ACPA IgG (A) anti-CCP2 and (B) anti-cit
Fib, and IgG against recall antigens (C) anti-TT and (D) anti-DT. (E) Broad ACPA isotype usage in patients with low avidity of ACPA IgG. Eight patients
with the lowest avidity (numbered I-VIIl) are shown with their use of isotypes in the ACPA response (X indicates positivity for an isotype). ACPA,
anti-citrullinated protein antibodies; CCP2, cyclic citrullinated peptide-2; cit Fib, citrullinated human fibrinogen; DT, diptheria toxoid; NaSCN, sodium

thiocyanide; TT, tetanus toxoid.

In conclusion, our data indicate that the ACPA response is dif-
ferent from antibody responses against recall protein antigens.
The ACPA response can be of high titre, can use all isotypes yet
is of low avidity, in contrast to antibodies against recall antigens
that are of high avidity. These and possibly other differences
between ACPA and recall responses probably reflect differences
in the underlying B cell response. Understanding these differ-
ences may be of relevance for the design of novel B cell-targeted

therapies in RA.

Funding PS receives a grant from Ramathibodi Hospital, Mahidol University,
Thailand. LAT is a recipient of a NWO-VENI grant. DvdW is supported by the Dutch
Organization for Scientific Research (AGIKO grant). REMT is a recipient of a NWO-VICI
grant. This study was supported by the European Union (Sixth Framework Programme
integrated project Autocure and Seventh Framework Programme integrated project
Masterswitch number 223404) and also by national funding from the Netherlands
Genomics Initiative (NGI) as part of the Netherlands Proteomics Center (NPC) and the
Center for Medical Systems Biology (CMSB).

Ethical approval The collection and use of patient samples was approved by the
local medical ethics committee in compliance with the Declaration of Helsinki.

Competing interests None.

Provenance and peer review Not commissioned; externally peer reviewed

REFERENCES

1. Vincent C, Nogueira L, Clavel C, et al. Autoantibodies to citrullinated proteins: ACPA.
Autoimmunity 2005;38:17-24.

2. Klareskog L, Ronnelid J, Lundberg K, et al. Immunity to citrullinated proteins in
rheumatoid arthritis. Annu Rev Immunol 2008;26:651-75.

3. Kroot EJ, de Jong BA, van Leeuwen MA, et al. The prognostic value of anti-cyclic
citrullinated peptide antibody in patients with recent-onset rheumatoid arthritis.
Arthritis Rheum 2000;43:1831-5.

12.

van der Helm-van Mil AH, Verpoort KN, Breedveld FC, et al. Antibodies to
citrullinated proteins and differences in clinical progression of rheumatoid arthritis.
Arthritis Res Ther 2005;7:R949-58.

Nielen MM, van Schaardenburg D, Reesink HW, et al. Specific autoantibodies
precede the symptoms of rheumatoid arthritis: a study of serial measurements in
blood donors. Arthritis Rheum 2004;50:380-6.

Kuhn KA, Kulik L, Tomooka B, et al. Antibodies against citrullinated proteins enhance
tissue injury in experimental autoimmune arthritis. J Clin Invest 2006;116:961-73.
Uysal H, Bockermann R, Nandakumar KS, et al. Structure and pathogenicity of
antibodies specific for citrullinated collagen type Il in experimental arthritis.

J Exp Med 2009;206:449-62.

Clavel C, Nogueira L, Laurent L, et al. Induction of macrophage secretion of tumor
necrosis factor alpha through Fcgamma receptor lla engagement by rheumatoid
arthritis-specific autoantibodies to citrullinated proteins complexed with fibrinogen.
Arthritis Rheum 2008;58:678-88.

Trouw LA, Haisma EM, Levarht EW, et al. Anti-cyclic citrullinated peptide antibodies
from rheumatoid arthritis patients activate complement via both the classical and
alternative pathways. Arthritis Rheum 2009;60:1923-31.

Aboud S, Matre R, Lyamuya EF, et al. Levels and avidity of antibodies to tetanus
toxoid in children aged 1-15 years in Dar es Salaam and Bagamoyo, Tanzania.

Ann Trop Paediatr 2000;20:313-22.

Usinger WR, Lucas AH. Avidity as a determinant of the protective efficacy of
human antibodies to pneumococcal capsular polysaccharides. Infect Immun
1999;67:2366-70.

Breukels MA, Jol-van der Zijde E, van Tol MJ, et al. Concentration and avidity of
anti-Haemophilus influenzae type b (Hib) antibodies in serum samples obtained from
patients for whom Hib vaccination failed. Clin Infect Dis 2002;34:191-7.

Huang H, Benoist C, Mathis D. Rituximab specifically depletes short-lived
autoreactive plasma cells in a mouse model of inflammatory arthritis.

Proc Natl Acad Sci USA 2010;107:4658—63.

van Aken J, van Dongen H, le Cessie S, et al. Comparison of long term outcome of
patients with rheumatoid arthritis presenting with undifferentiated arthritis or with
rheumatoid arthritis: an observational cohort study. Ann Rheum Dis 2006,65:20-5.
Pullen GR, Fitzgerald MG, Hosking CS. Antibody avidity determination by ELISA
using thiocyanate elution. J Immunol Methods 1986;86:83—7.

6of 7 Suwannalai P Scherer HU, van der Woude D, et al. Ann Rheum Dis (2010). doi:10.1136/ard.2010.135509


http://ard.bmj.com/
http://group.bmj.com/

20.

21.

22.

23.

Suwannalai P Scherer HU, van der Woude D, et al. Ann Rheum Dis (2010). doi:10.1136/ard.2010.135509

Downloaded from ard.bmj.com on November 10, 2010 - Published by group.bmj.com

Extended report

Goldblatt D. Simple solid phase assays of avidity. In: Turner MW, Johnson AP, eds.
Immunochemistry II: A Practical Approach. Oxford: Oxford University Press, 1997:31.
Perciani CT, Peixoto PS, Dias WO, et al. Improved method to calculate the antibody
avidity index. J Clin Lab Anal 2007;21:201-6.

Chapuy-Regaud S, Nogueira L, Clavel C, et al. IgG subclass distribution of the
rheumatoid arthritis-specific autoantibodies to citrullinated fibrin. Clin Exp Immunol
2005;139:542-50.

Kroon FP, van Tol MJ, Jol-van der Zijde CM, et al. Immunoglobulin G (IgG) subclass
distribution and IgG1 avidity of antibodies in human immunodeficiency virus-
infected individuals after revaccination with tetanus toxoid. Clin Diagn Lab Immunol
1999;6:352-5.

Cohen D, Green MS, Katzenelson E, et al. Long-term persistence of anti-diphtheria
toxin antibodies among adults in Israel. Implications for vaccine policy.

Eur J Epidemiol 1994;10:267—70.

Verpoort KN, Jol-van der Zijde CM, Papendrecht-van der Voort EA, et al. Isotype
distribution of anti-cyclic citrullinated peptide antibodies in undifferentiated arthritis
and rheumatoid arthritis reflects an ongoing immune response. Arthritis Rheum
2006;54:3799-808.

Pruijn GJ, Wiik A, van Venrooij WJ. The use of citrullinated peptides and proteins for
the diagnosis of rheumatoid arthritis. Arthritis Res Ther 2010;12:203.

Bang H, Egerer K, Gauliard A, et al. Mutation and citrullination modifies
vimentin to a novel autoantigen for rheumatoid arthritis. Arthritis Rheum
2007;56:2503-11.

24.

25.

26.

27.

28.

29.

30.

31.

Masson-Bessiére C, Sebbag M, Girbal-Neuhauser E, et al. The major synovial
targets of the rheumatoid arthritis-specific antifilaggrin autoantibodies are deiminated
forms of the alpha- and beta-chains of fibrin. J Immunol 2001;166:4177-84.

Snir 0, Widhe M, von Spee C, et al. Multiple antibody reactivities to citrullinated
antigens in sera from patients with rheumatoid arthritis: association with HLA-DRB1
alleles. Ann Rheum Dis 2009;68:736-43.

Andersson B. Studies on the regulation of avidity at the level of the single antibody-
forming cell. The effect of antigen dose and time after immunization. J Exp Med
1970;132:77-88.

Schuerwegh AJ, loan-Facsinay A, Dorjée AL, et al. Evidence for a functional role of
IgE anticitrullinated protein antibodies in rheumatoid arthritis. Proc Nat/ Acad Sci USA
2010;107:2586-91.

DiSanto JP, Bonnefoy JY, Gauchat JF, et al. CD40 ligand mutations in x-linked
immunodeficiency with hyper-IgM. Nature 1993;361:541-3.

Korthauer U, Graf D, Mages HW, et al. Defective expression of T-cell CD40 ligand
causes X-linked immunodeficiency with hyper-IgM. Nature 1993;361:539-41.

van der Helm-van Mil AH, Verpoort KN, Breedveld FC, et al. The HLA-DRB1 shared
epitope alleles are primarily a risk factor for anti-cyclic citrullinated peptide antibodies
and are not an independent risk factor for development of rheumatoid arthritis.
Arthritis Rheum 2006,54:1117-21.

Vora KA, Wang LC, Rao SP, et al. Cutting edge: germinal centers formed in the
absence of B cell-activating factor belonging to the TNF family exhibit impaired
maturation and function. J /mmunol 2003;171:547-51.

70f7


http://ard.bmj.com/
http://group.bmj.com/

