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Summary

 

In the rheumatoid synovium, deiminated (‘citrullinated’) forms of fibrin are
the major targets of IgG autoantibodies to citrullinated proteins (ACPA), the
most specific serological markers of rheumatoid arthritis (RA). To further the
characterization of ACPA, we determined their subclass distribution. From a
previously validated highly sensitive and specific enzyme-linked immunosor-
bent assay (ELISA) onto 

 

in vitro

 

 deiminated human fibrinogen 

  

----    

 

antihuman
fibrin(ogen) autoantibodies (AhFibA)-ELISA 

  

----

 

 we derived and calibrated
four ELISAs, using monoclonal antibodies to each of the four IgG subclasses,
to determine the proportions of AhFibA subclasses in the sera. A series of 186
serum samples from RA patients was analysed. All AhFibA-positive sera con-
tained IgG1-AhFibA, which reached the highest titres and accounted for more
than 80% of AhFibA in three-quarters of the sera. One or two other subclasses
were associated with IgG1 in 39% of the sera, IgG4-AhFibA being observed
much more frequently and at higher titres than IgG3- or IgG2-AhFibA. IgG1
alone or IgG(1 + 4)-AhFibA were the AhFibA subclass profiles found in more
than 80% of patients. AhFibA are mainly IgG1 and, to a lesser extent, IgG4.
Such IgG subclass profiles may influence the effector phases of the immuno-
logical conflict between ACPA and deiminated fibrin that takes place specifi-
cally in the rheumatoid synovium and therefore may play a critical role in the
self-maintenance of rheumatoid inflammation.
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I

 

ntroduction

 

Rheumatoid arthritis (RA), the most frequent autoimmune
disease, is a chronic inflammatory rheumatism hallmarked
by progressive and irreversible joint destruction. Among the
numerous autoantibodies associated with RA, autoantibod-
ies to ‘citrullinated’ (deiminated) proteins (ACPA) are now
recognized as the most disease-specific. They were first
described as two independent highly disease-specific IgG
families, the antiperinuclear factor (APF) [1] and the so-
called ‘antikeratin’ autoantibodies (AKA) [2]. However,
work in our group showed that both APF and AKA belong to
a single family of autoantibodies that target isoelectric vari-
ants of an epithelial protein, filaggrin, or of its precursor,
profilaggrin [3]. These autoantibodies were then considered
as ‘antifilaggrin autoantibodies (AFA)’. Further characteriza-
tion of the epitopes recognized by AFA showed that

post-translational modification of arginyl residues into cit-
rullyl residues, i.e. deimination, was essential in the forma-
tion of the antigenic determinants of AFA [4,5], hence the
present designation of ‘anticitrullinated proteins autoanti-
bodies (ACPA)’. However, in spite of their clinical relevance,
the potential role of ACPA in rheumatoid inflammation had
still not been elucidated, leading us to investigate directly the
synovial tissue, the main site of rheumatoid lesions. ACPA
were first shown to be produced and concentrated in this tis-
sue [6], then their major targets were identified as deimi-
nated forms of the 

 

a

 

- and 

 

b

 

-chains of fibrin [7]. We thus
proposed that the immunological conflict between deimi-
nated fibrin and ACPA plays a major role in the self-
maintenance of rheumatoid synovial inflammation. The
immune complexes formed between ACPA and deiminated
fibrin most probably activate effector functions, and then
promote tissue inflammation, this inflammation leading in
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turn to plasma extravasation in the synovial tissue and thus
to the formation of new fibrin deposits which, once deimi-
nated, become the target of ACPA.

Several diagnostic immunoassays, based on the recogni-
tion of human or rat filaggrin or of citrulline-bearing pep-
tides derived from human filaggrin, were developed [8–14]
that, together with the classical ‘AKA’ and ‘APF’ indirect
immunofluorescence tests, have allowed the collection of
bioclinical data supporting the hypothesis of a critical role of
ACPA in RA. In addition to having a high diagnostic speci-
ficity these autoantibodies appear early [15–17], even before
the clinical onset of the disease [18–20], and are associated
with the most severe forms of RA [21–24].

IgG subclass distribution depends on several biochemical
and immunological parameters, such as the nature of the
target antigen and the cytokine environment of B cells [25].
Moreover, the IgGs of the four subclasses have different
properties and capacities to bind Fc

 

g

 

R or to activate
complement fractions [26,27]. The ways ACPA are involved
in the pathophysiology of the disease thus depend on their
subclass distribution. In the present study, this subclass dis-
tribution was determined using enzyme-linked immunosor-
bent assays (ELISAs) derived from an ELISA onto 

 

in vitro

 

deiminated fibrinogen developed in our laboratory as a new
assay for ACPA of very high diagnostic value (AhFibA-
ELISA) [28]. We demonstrate that ACPA detected by these
ELISAs 

 

-

 

 referred to herein as antihuman fibrin(ogen)
autoantibodies (AhFibA) 

 

-

 

 correspond mainly to IgG1 and,
to a lesser extent, to IgG4.

 

Patients and methods

 

Serum samples

 

We analysed a series of 186 serum samples from patients
with RA attending the Rheumatology Departments of Pur-
pan and Rangueil hospitals in Toulouse (females: 151, males:
35, median age 61 years, range 16–88 years). RA was diag-
nosed according to the revised criteria of the American Col-
lege of Rheumatology [29]. The study was approved by the
committee for protection of persons participating in bio-
medical research. Each person signed an informed consent.

 

Antibodies and reagents

 

Goat Ig to human IgG (

 

g

 

 chain-specific) and mouse
monoclonal antibodies (MoAb) to human IgG 

 

-

 

 anti-IgG
(

 

g

 

), JDC-10 

 

-

 

 as well as to human IgG1 –anti-IgG1 (

 

g

 

1), JDC-
1–, IgG2 –anti-IgG2 (

 

g

 

2), HP6014–, IgG3 –anti-IgG3 (

 

g

 

3),
HP6050– and IgG4 –anti-IgG4 (

 

g

 

4), HP6025–, all conjugated
to horseradish peroxidase (HRP), were purchased from
Southern Biotechnology Associates (Birmingham, USA). An
unlabelled mouse monoclonal antibody to human IgG1
(anti-IgG1 (

 

g

 

1), NL16) and an HRP-labelled goat antimouse
F(ab)

 

¢

 

2

 

 were purchased from Skybio (Bedfordshire, UK) and

from Tago (Burlingame, CA, USA), respectively. HP6014,
HP6050, HP6025 and NL16 correspond to clones validated by
the Human Immunoglobulins Sub-Committee of the Inter-
national Union of Immunological Societies supported by the
World Health Organization [30]. All clones were specific for
the corresponding subclass and JDC-10 recognized the four
IgG subclasses with a similar avidity. Purified IgG of each sub-
class derived from human myelomas, and bearing either 

 

k

 

 or

 

l

 

 light chains, were purchased from Sigma (St Louis, MO,
USA).

 

In vitro

 

 deimination of human fibrinogen

 

Plasminogen-depleted human fibrinogen (95% pure, Calbi-
ochem, Meudon, France) was purified further by affinity
chromatography on a protein-G column (HiTrap® protein
G, 1 ml, Amersham Biosciences, Orsay, France), as suggested
by the manufacturer. Deimination was then performed with
rabbit skeletal muscle PAD (Sigma, 7 U/mg fibrinogen) in
0·1 

 

m

 

 Tris-HCl, pH 7·4, 10 m

 

m

 

 CaCl

 

2

 

, 5 m

 

m

 

 DTT for 2 h at
37

 

∞

 

C.

 

AhFibA-ELISA

 

AhFibA-ELISA was developed and validated previously on
several series of patients [16,28]. Briefly, microtitration
plates (MaxiSorp, Nunc, Denmark) were coated overnight
with human deiminated fibrinogen (5 

 

m

 

g/ml) diluted in
phosphate-buffered saline (PBS), pH 7·4. The plates were
blocked with PBS containing 2% bovine serum albumin and
100 

 

m

 

l of sera, diluted to 1 : 50 in 2 

 

m

 

 NaCl PBS, were incu-
bated for 1 h. After washing, HRP-labelled goat Ig to human
IgG (

 

g

 

 chain-specific) were added, incubated for 1 h and
washed again. All incubations and washing steps were per-
formed at 4

 

∞

 

C. Bound antibodies were detected with ortho-
phenylene diamine dihydrochloride (Sigma, St. Louis, MO,
USA). Plates were read using a Multiskan plate reader
(Thermo Labsystem, Cergy-Pontoise, France). A serum was
considered positive for AhFibA when the AhFibA titre
reached at least the previously established 98·6% specificity
diagnostic threshold [28].

 

Determination of the relative concentration of each 
AhFibA subclass

 

In preliminary experiments, optimal working dilutions were
determined for the MoAb to human IgG and MoAbs for each
of the four IgG subclasses. First, by ELISA onto 

 

in vitro

 

 deim-
inated fibrinogen and using successive dilutions of a pool of
RA sera, we determined the dilution of the HRP-labelled
JDC-10 anti-IgG(

 

g

 

) MoAb giving a titration curve similar to
that obtained with the HRP-labelled goat Ig to human IgG (

 

g

 

chain-specific) used in the AhFibA-ELISA. The ELISA devel-
oped with JDC-10 (diluted to 1 : 3000) was called IgG-ELISA
to differentiate it from the original AhFibA-ELISA. The
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JDC-10 MoAb was then used as a reference for the determi-
nation of the optimal working dilution of each of the four
MoAb to IgG subclasses. Microtitration plates were coated
with successive dilutions of an equimolar mix of myeloma
IgGs of the four subclasses, each subclass being itself com-
prised of Ig with 

 

k

 

 light chains (2/3) and 

 

l

 

 light chains (1/3).
Successive dilutions of each of the four HRP-labelled MoAb
to IgG subclasses were tested and several titration curves
were obtained. A titration curve was also obtained with JDC-
10 diluted to 1 : 3000. Experiments were repeated at least
fivefold, OD values were averaged and the titration curves
were plotted against the IgG concentration detected by the
corresponding MoAb (only one subclass for the MoAb to
IgG subclasses, the sum of all subclasses for the titration
curve of JDC-10). For each MoAb to IgG subclasses, the
titration curve fitting to that obtained with JDC-10 defined
the optimal dilution (Fig. 1). The determinations of optimal
dilutions were necessary to circumvent the differences in the

affinity of the MoAbs to the respective IgG subclasses and
therefore to be able to calculate the proportion of each IgG
subclass in the sera of patients. Optimal dilutions to use were
1 : 300,  1 : 1500,  1 : 1500  and  1 : 6000  for  the  anti-IgG1,
-IgG2, -IgG3 and -IgG4 MoAbs, respectively. However,
because a high background was obtained with the anti-IgG1
MoAb and we could not find any suitable commercially
available HRP-labelled substitute, a three-layer ELISA was
set up for this subclass. An unlabelled antihuman IgG1(

 

g

 

1)
mouse MoAb (NL16) and an HRP-labelled goat antimouse
F(ab)

 

¢

 

2

 

 were used. Their optimal dilutions were 1 : 9000 and
1 : 2500, respectively (Fig. 1).

Finally, using each secondary and, when applicable, ter-
tiary antibody at the above established optimal dilution, we
measured the titres of each of the four AhFibA IgG subclasses
in the sera of patients, by ELISA onto 

 

in vitro

 

 deiminated
fibrinogen. The corresponding ELISAs are referred to as
IgG1-, IgG2-, IgG3- or IgG4-ELISA. The autoantibodies
measured by these assays and the IgG-ELISA are referred to
as IgG1-, IgG2-, IgG3-, IgG4 and IgG-AhFibA, respectively.
Serum samples were tested four times and the four results
were averaged. For each determination, the same 1 : 50
serum dilution was tested in the five ELISAs. For each ELISA,
a pool of positive RA sera was used as a reference to correct
interassay variations. The titre was considered to be the dif-
ference between the mean OD value obtained with the serum
and that obtained with the secondary (and, if applicable, ter-
tiary) antibodies only (blanks). Using the previously estab-
lished titration curves, similar for all subclasses, the
proportions of each AhFibA subclass were calculated in each
serum.

 

Statistical analyses

 

Data analyses were performed using 

 

statistica

 

 for Win-
dows (StatSoft, Tulsa, OK, USA). Multiple comparisons of
median differences were performed by Kruskal–Wallis

 

anova

 

. When this test was significant, pairwise comparisons
were made by the Mann–Whitney 

 

U

 

-test. 

 

P

 

-value adjust-
ment for multiple comparisons used the Holm (sequential
Bonferroni) correction method. Correlations were sought by
computing Spearman’s rank correlation coefficients. A test
was considered significant for 

 

P

 

 

 

£

 

 0·05.

 

Results

 

Correlations between the titres obtained in the IgG-, 
IgG1-, IgG2-, IgG3- and IgG4-ELISA and those obtained 
in the AhFibA-ELISA

 

For the 186 RA sera, we first compared the titres obtained
with the IgG-ELISA (using the JDC-10 anti-IgG MoAb) with
those obtained in the reference AhFibA-ELISA (Fig. 2).
These titres were strongly and highly significantly correlated
(

 

r =

 

 0·97, 

 

P

 

 

 

<

 

 0·001).

 

Fig. 1.

 

Titration of the MoAbs to IgG subclasses. The curves correspond 

to the optimal dilution (see Methods) of the anti-IgG1, -IgG2, -IgG3 or 

-IgG4 MoAb, i.e. the dilution giving the same OD for the same concen-

tration of the corresponding detected IgG subclass. Curves are the 

means of at least five duplicate determinations, performed in indepen-

dent experiments. Bars indicate standard error. Titration curves 

obtained with the unlabelled NL16 anti-IgG1 MoAb (1 : 9000) followed 

by HRP-labelled antimouse IgG F(ab)

 

¢

 

2

 

 (1 : 2500), with the HRP-

labelled HP6014 anti-IgG2 MoAb (1 : 2500), the HRP-labelled HP6050 

anti-IgG3 MoAb (1 : 1500) and the HRP-labelled HP6025 anti-IgG4 

MoAb (1 : 6000) are indicated by arrows. The thick full line represents 

the reference curve obtained with the HRP-labelled JDC10 anti-IgG 

MoAb (1 : 3000).
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Then, an equally strong correlation was observed between
the IgG1-AhFibA titres and the AhFibA-ELISA titres
(

 

r =

 

 0·94, 

 

P

 

 

 

<

 

 0·001).
The IgG2-, IgG3- and IgG4-AhFibA titres were also sig-

nificantly, although more weakly, correlated with those of the

AhFibA-ELISA (

 

r =

 

 0·76, 0·66 and 0·70, respectively, with

 

P

 

 

 

<

 

 0·001 for each coefficient). When compared pairwise, no
significant differences were found between these three cor-
relation coefficients. However, each of these correlations was
significantly weaker not only than the correlation between

 

Fig. 2.

 

Distributions of titres obtained with the reference AhFibA-ELISA and those obtained with the IgG-, IgG1-, IgG2-, IgG3- and IgG4-ELISAs on 

the whole population of patients. For each serum, titres obtained in the (a) IgG-, (b) IgG1-, (c) IgG2-, (d) IgG3- and (e) IgG4-ELISAs were plotted 

against the titre obtained in the original AhFibA-ELISA.
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the IgG-ELISA and the AhFibA-ELISA, but also than that
between the IgG1-ELISA and the AhFibA-ELISA (

 

P

 

 

 

<

 

 0·001
in each case).

As expected, as the IgG-ELISA and AhFibA-ELISA titres
were correlated perfectly, similar results were observed when
comparing the IgG1- to IgG4-AhFibA titres to the IgG-
AhFibA titres (

 

r =

 

 0·98, 0·78, 0·70, 0·75 for the correlation
between IgG-ELISA and IgG1- to four ELISA titres,
respectively).

 

Titre distributions in the IgG- and IgG1- to IgG4-ELISA

 

The box-and-whisker representation in Fig. 3 shows that
IgG1-AhFibA titres covered the entire range of measurable
ODs (median 0·727, range 0·008–3·028), reaching values
almost as high as those reached by the IgG-AhFibA titres
(median, 1·473, range 0·020–3·456). In addition, for a few
sera, IgG4-AhFibA also reached high titres (range from

 

-

 

0·011 to 2·846), but their median was only 0·020. IgG3-
AhFibA titres ranged from 

 

-

 

0·050 to 1·448 (median 0·024)
and IgG2-AhFibA titres from –0·018 to 0·695 (median 0·019).

As expected, given their range and median values, the
IgG1-AhFibA titres were significantly higher than the titres
of IgG2-, IgG3- and even IgG4-AhFibA (

 

P

 

 

 

<

 

 10

 

-

 

6

 

). In addi-
tion, the IgG4-AhFibA titres were significantly higher than
the titres of IgG2- and IgG3-AhFibA (

 

P

 

 

 

<

 

 10

 

-

 

3

 

), whereas no
significant difference was observed between the IgG2- and
the IgG3-AhFibA titres (

 

P =

 

 0·90).

 

Subclass profiles of AhFibA

 

Among the 186 RA sera tested, 141 were positive in the
AhFibA-ELISA [28]. For each of them, the titration curves

established in preliminary experiments allowed us to calcu-
late, from the titres obtained in the IgG1- to 4-ELISAs, the
proportion of each AhFibA subclass (see Fig. 1 and Meth-
ods). IgG1-AhFibA accounted for more than 80% of AhFibA
in 73% (103/141) of the sera. Moreover, in all sera but one,
IgG1-AhFibA accounted for more than 40% of AhFibA. A
similarly high proportion of the total AhFibA was never
reached for IgG2-AhFibA. It was reached only once for IgG3-
AhFibA (one serum with 67% of IgG3 and 31% of IgG1) and
three times for IgG4-AhFibA, but the three corresponding
sera contained an equal proportion of IgG1- and IgG4-
AhFibA (IgG1-AhFibA: 53%, 41%, 47% and IgG4-AhFibA:
44%, 47%, 43%, respectively).

To establish the IgG subclass profile of each patient, we
considered that a subclass was represented when it reached at
least 10% of the total AhFibA. As shown in Fig. 4, all profiles
contained IgG1-AhFibA. Among the 55/141 (39%) in which
another subclass was present, IgG4-AhFibA were the most
frequently associated subclass (35/55, 63·6%), much more
frequent than IgG3-, found in 15/55 sera (27·3%) and IgG2-
AhFibA, found in 11/55 sera (20%).

Two main profiles emerged from this analysis, IgG1-
AhFibA alone or IgG1-AhFibA in combination with IgG4-
AhFibA, observed for 61% (86/141) and 21·3% (30/141) of
the sera, respectively. Therefore, taken together, these two
profiles accounted for more than 80% of the observed
AhFibA subclass distributions. IgG3- and IgG2-AhFibA were
far less associated to IgG1-AhFibA than IgG4-AhFibA and
the combination of several subclasses to IgG1-AhFibA is
exceptional (Fig. 4).

In conclusion, AhFibA are mainly IgG1, this subclass
being highly represented in all sera, and IgG4, found in
roughly one-quarter of the sera (24·8%, 35/141).

 

Discussion

 

To analyse the subclass distribution of IgG autoantibodies to
citrullinated (deiminated) proteins, we developed ELISAs
using 

 

in vitro

 

 deiminated human fibrinogen as immunosor-
bent. As all the tests were quantitative and adjusted to be
comparative for each serum, we could establish the propor-
tion of each AhFibA subclass. In 1990, our group deter-
mined, by indirect immunofluorescence, the subclass
distribution of AKA in a short series of 31 AKA-positive RA
sera [31]. In this initial work, IgG1-, 2-, 3- and 4-AKA were
detected in 27 (87%), 6 (19%), 4 (13%) and 11 (35%) of the
sera, respectively. Two predominant profiles were distin-
guished, IgG1-AKA alone (31·3%) and IgG(1 + 4)-AKA
(25·8%). In the present study, using convenient ELISAs
which allowed the investigation of a much larger series of
samples, we confirmed our previous results as we distin-
guished the same two predominant profiles: IgG1-AhFibA
alone (61%) and IgG(1 + 4)-AhFibA (21·3%). We detected
IgG1 in 100% of the AhFibA-positive sera 

 

versus

 

 86% in the
previous study, a difference that can be explained by the

 

Fig. 3.

 

Box-plot of the titre distributions in the IgG-, IgG1-, IgG2-, 

IgG3- and IgG4-ELISAs. Boxes contain 90% of the OD values obtained, 

bars extend to the extreme values. The median is indicated by a square.
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higher sensitivity of the ELISA compared to indirect immu-
nofluorescence, allowing the measurement of AhFibA sub-
classes even in sera with very low AhFibA-titres. Moreover,
although chosen arbitrarily, the 10% threshold used to con-
sider a subclass as represented in a serum appeared to pro-
vide a good picture of the subclass profiles. When the 20%
threshold was chosen, the two main profiles remained: IgG1
(87%) and IgG(1 + 4) (8·5%).

In RA, concentrations of total IgG and of each IgG sub-
class were shown to be in a normal range in spite of some dif-
ferences between treated and untreated patients [31,32]. In
particular, IgG1 is the most represented subclass (7·2–12 g/l
depending on the cohorts), whereas IgG4 concentration is
very low (0·3–0·6 g/l) [31,32]. Thus, if one cannot exclude
that IgG1-AhFibA preponderance reflects the high level of
total IgG1, one can exclude that the augmentation of IgG4-
AhFibA reflects only an increase of the total IgG4. Consis-
tently, Cohen 

 

et al

 

. demonstrated the absence, in RA sera, of
an IgG4 increase for antibodies to exogenous antigens such
as tetanus toxoid [33].

The mechanisms underlying IgG production influence
their subclass distribution. Indeed, class switch recombina-
tion is regulated by several factors, including the biochemical
properties of the target antigen or cytokines in the B cell
environment. The predominance of IgG1-AhFibA is consis-
tent with the protein nature of the antigen. In addition, even
though T cells specific for deiminated fibrin have not yet
been described, AhFibA subclasses may, at least in part, be
determined by the cytokines released from antigen-specific T
helper (Th) lymphocytes, in the environment of B cells. Two
Th cell subsets are classically defined. Whereas IgG1 is the
main subclass associated to the Th1 response, IgG4 synthesis
requires IL4, and is therefore observed rather in a Th2 con-

text. In RA, very low levels of cytokines are detected in syn-
ovial fluid or on cultures of unstimulated synovial T cells.
However, on 

 

in vitro

 

 stimulated T cells an increase of inter-
feron (IFN)-

 

g

 

 and decrease of IL4 were observed in synovial
fluid 

 

versus

 

 peripheral blood [34,35]. IFN-

 

g

 

 was also found
increased in the peripheral blood, synovial fluid and synovial
tissue compared to other arthritides [36,37]. Thus a Th1/
Th2 imbalance may exist in the rheumatoid synovium in
favour of Th1. The presence of IgG1-AhFibA in all the sera,
where they account for almost all AhFibA, is consistent with
the generally accepted Th1 status of RA.

IgG4 was the second most frequently observed subclass,
sometimes at high titres. This is unexpected in a strict Th1
context. Gerli 

 

et al

 

. suggested that IL4 synthesis may be prev-
alent in early RA [38] but, because our series of patients is
constituted of well-established RA, this cannot explain our
observation. On the other hand, some treatments reported
to increase the Th2/Th1 ratio [32,39] may have influenced
the generation of IgG4-AhFibA in those patients.

IL4 not originating from T cells could also account for the
presence of IgG4-AhFibA. Indeed, other cells (mast cells, NK
cells, etc.) are able to secrete IL4 that, if produced in the
vicinity of B cells, may induce class switch to IgG4. Interest-
ingly, besides AhFibA producing B cells [6], mast cells were
described in RA synovium [40]. Consistently, in a mouse
model of polarized Th1 immunity, IL4 production by mast
cells could promote the switch to IgG1 (human IgG4 coun-
terpart) characteristic of a Th2 response [41]. Thus,
bystander IL4 stimulation of B cells, independently of T cells,
may explain the switch to IgG4.

Rheumatoid factors (RF) are not only found in the serum
of most patients with RA but also in the synovial fluid and
tissue. Interestingly, Cohen 

 

et al

 

. [33] observed the same

 

Fig. 4.

 

IgG subclass profiles of AhFibA. For each 

of the 141 AhFibA-ELISA positive sera, subclass 

proportions were calculated using titration 

curves established as described in the Patients 

and methods section. The histogram bars repre-

sent the proportion and number of patients with 

the subclass profiles described below. (+): sub-

class accounting for more than 10% of total 

AhFibA; (–): subclass accounting for less than 

10% of total AhFibA.
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unexpected profile for RF of the IgG class, its major sub-
classes being IgG1 and, to a lesser extent, IgG4. Such results
give weight to the cytokinic environnement of B cells. More-
over, the effector mechanisms activated by both autoanti-
bodies will very probably co-operate to amplify the
inflammation.

Whatever the mechanisms responsible for their synthesis
may be, activation of AhFibA effector functions may be
responsible for the synovial self-maintenance of inflamma-
tion. Because IgG effector functions differ according to the
IgG subclass, the subclass profile of AhFibA is important in
the role they may play in RA pathophysiology. Consistently,
subclass specificity was shown to be crucial for inflammation
or protection against pathogens. For example, in a Crypto-
coccus neoformans infection model, the protection efficacy of
MoAb of identical specificity via IgG receptors that is Fcg
receptors (FcgR) was shown to depend on their subclass
[42,43].

In the FcgR family, each type of receptor (FcgRI, II and
III) has a restricted binding potential and can display over-
lapping but also distinct roles in immune functions. Inter-
action between both partners (FcgR and Ig) which depends
on IgG subclasses and on FcgR types and expression levels
will thus influence the in vivo immune response. Concerning
the receptor FcgRIIIa (CD16), it has been shown that the
FcgRIIIa-158 V allele of the FcgRIIIa gene, which encodes a
receptor with a higher affinity for IgG compared to the
FcgRIIIa-158F allele [44], was associated to an increased sus-
ceptibility for RA in some Caucasian populations [45,46].
The predominance of AhFibA-IgG1 in RA sera is perfectly
consistent with a downstream involvement of FcgRIIIa as
IgG1 binds to this receptor with the highest affinity [47].

In addition to the interaction of IgG with FcgR, their
interaction with complement and thus activation of the
complement cascade constitutes another potential effector
mechanism of the IgG1-AhFibA. Indeed, several comple-
ment fractions (including C1 which efficiently binds IgG1,
C3, C5b-9) are expressed in the rheumatoid synovial tissue
[48,49].

Finally, animal models support the hypothesis of the
involvement of both effector functions (complement and
FcgR) in RA. For example, in antigen-induced arthritis in
mice, the degree of expression of the FcRg chain, common to
Fcg-RI and -RIIIa, is related to arthritis severity [50]. In the
K/B¥N mouse model of arthritis, disease induction by
autoantibodies to glucose 6-phosphate isomerase [51]
requires both functional complement and FcgRIII pathways,
recipient strains lacking either FcgRIII or C5 being resistant
[52].

Concerning IgG4, the second most observed AhFibA sub-
class, their effector mechanisms are less understood. How-
ever, their role in RA is not excluded. Indeed, the pathogenic
role of autoreactive IgG4 is suspected in several autoimmune
diseases, particularly dermatological bullous diseases. IgG4
towards the major autoantigens of such diseases were

reported to be associated to clinical features: to disease pro-
gression and severity in Pemphigus vulgaris [53,54], to pro-
gression from a preclinical to a clinical form in P. foliaceus
[55], and to a long disease duration in bullous pemphigoid
[56]. Finally, IgG1 in mice (the human IgG4 counterpart)
may trigger immune effector functions via FcgRIII [42], sup-
porting our hypothesis that a particular interaction between
AhFibA subclasse(s) and particular type(s) of IgG receptors
may be critical in the self-maintenance of inflammation.

In conclusion, the major AhFibA subclass is IgG1, IgG4
being the second most represented isotype. This result could
contribute to the understanding of the pathophysiological
role played by AhFibA via the immunological conflict with
deiminated fibrin that takes place specifically in the rheuma-
toid synovium. Further unravelling of the involvement of
specific AhFibA–FcgR interaction in RA is essential.
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