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Autoantibodies recognizing citrullinated rat filaggrin in an ELISA using
citrullinated and non-citrullinated recombinant proteins as antigens are highly
diagnostic for rheumatoid arthritis

O. VITTECOQ*t, B. INCAURGARATH, F. JOUEN-BEADES#*, J. LEGOEDEC*, O. LETOURNEUR#, D. ROLLANDY,

G. GERVASI:, J.E. MENARDS, A. GAYET(, . FARDELLONE** A. DARAGON*f, M. JOLIVET#, X. LE LOET*+ & F. TRON*
*INSERM unité 519 and Institut Fédératif de Recherche Multidisciplinaire sur les Peptides (IFR 23), Faculté Mixte de Médecine et de
Pharmacie, tDepartment of Rheumatology, Centre Hospitalier Universitaire de Rouen, § Department of Biostatistics, Centre Hospitalier
Universitaire de Rouen, and Collége des Rhumatologues de Haute-Normandie, Rouen, zbioMérieux, Marcy I’Etoile and ** Department

of Rheumatology, Centre Hospitalier Universitaire d’Amiens, Amiens, France

(Accepted for publication 28 October 2003)

SUMMARY

The objective of the study was to determine the diagnostic value for rheumatoid arthritis (RA) of anti-
filaggrin autoantibodies (autoAb) recognizing citrullinated recombinant rat filaggrin (ACRF) in com-
munity cases of very early arthritis. To evaluate the diagnostic value of ACRF, were studied sera from
patients with different classified rheumatic diseases and healthy subjects (group 1, n = 422) and 314 com-
munity cases of very early arthritis (group 2) that were classified as RA (n = 176),non-RA (n = 63) and
undifferentiated (n =75) arthritides after 1 years of follow-up. ACRF were measured using a new
ELISA, with results expressed as the difference between the OD value obtained on citrullinated minus
that on noncitrullinated rat filaggrin (differential ACRF; dACRF). For both groups, rheumatoid factors
(RF), anti-keratin autoAb (AKA) and anti-perinuclear factor (APF) were tested; for group 2, anti-CCP
autoAb were also tested. Different reactivity patterns against citrullinated and noncitrullinated filaggrin
were observed. Almost all sera reacting with citrullinated but not noncitrullinated filaggrin were from
RA patients. Among RA and non-RA sera that recognized both forms of filaggrin, a positive result was
obtained only with RA sera. For groups 1 and 2, dACREF sensitivity was 58-4% and 30-7%, and spec-
ificity for RA was 99-5% and 98-4%, respectively. In group 2, dACREF specificity for RA was better than
that of RF (92:1%), APF (952%), AKA (96:8%) and anti-CCP (95-2%). dACRF positive predictive
value was high (98-2) and close to that given by the concomitant positivity of RF and anti-CCP autoAb.
Despite a high positive correlation between AKA, APF, anti-CCP and dACRF test results, they were
complementary since some sera were positive for only one test. Thus, in a community setting, anti-
citrullinated rat filaggrin reactivity detected by a new ELISA, whose originality is based on the
difference between serum’s reactivities on the citrullinated and native forms of filaggrin, had a higher
diagnostic value for RA than other autoAb.
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INTRODUCTION

Several autoantibody (autoAb) populations are associated with
rheumatoid arthritis (RA). Although rheumatoid factor (RF) is
classically considered to lack RA specificity, certain studies
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conducted on population-based recruitments of recent-onset
arthritis, have shown that RF may contribute to an early diagnosis
of RA with a specificity around 90% [1,2]. However, since
approximately half of RA patients are RF positive during the first
year of the disease, this marker is not able to diagnose all very
early RA, and seems to have prognostic rather than diagnostic
value [3]. Two other autoAb populations, i.e. anti-Sa and anti-
filaggrin (AFA), are markers highly specific to RA [4,5]. The
latter autoAb population is particularly relevant because of its
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target antigens. AFA, which include anti-keratin Ab (AKA) and
the anti-perinuclear factor (APF), recognize human epidermal fil-
aggrin and other profilaggrin-related proteins of various epithelial
tissues [6]. The tests used to detect AKA and APF have several
technical disadvantages and have not yet been validated [7,8]
Because of these technical difficulties, a more simple, rapid, spe-
cific and standardizable assay is needed to detect AFA. Recently,
AFA were shown to bind to antigenic determinants partly formed
by the amino-acid citrulline, generated by post-translational mod-
ification of arginine residues by the enzyme peptidyl arginine
deiminase [9,10]. In light of those observations, ELISAs were
developed using purified or recombinant human filaggrin or cit-
rullinated filaggrin-derived synthetic peptides, that bear major
immunogenic AFA epitopes [10-14]. Using different antigens,
these ELISAs were shown to have sensitivities and specificities at
least comparable to those of indirect immunofluorescence assays
and, for one of them that used a modified peptide variant (cyclic
citrullinated peptide (CCP)) [11], a higher sensitivity. However,
their specificity does not reach 100% since anti-CCP autoAb have
been detected in certain connective tissue diseases (CTD), with
specificities ranging from 91% to 96% depending on the patients
studied. More recently, a new ELISA based on a recombinant rat
filaggrin deiminated in vitro was developed and assessed with 711
sera from patients with well-characterized rheumatic diseases.
This test would provide the better diagnostic accuracy among
those available for the detection of AFA, including anti-CCP
autoAb [15].

In the present study, we determined the diagnostic value of
autoAb recognizing citrullinated rat filaggrin (ACRF) using cit-
rullinated and noncitrullinated recombinant rat filaggrin as the
antigen in a solid-phase ELISA, especially in a cohort of commu-
nity cases of very early arthritis.

MATERIALS AND METHODS

Patients

Group 1: patients studied to determine the specificity for RA
of the citrullinated rat filaggrin ELISA. From 1989 to 2002, sera
from patients with classified rheumatic diseases referred to the
Departments of Rheumatology and Immunology were collected
and stored at -80°C. A total of 422 disease-associated and control
sera were tested. This group of patients was divided into 3 sub-
groups (Table 1): (1) 101 with established RA (median duration:
10 years) fulfilling the 1987 ACR criteria [16] (subgroup 1a); (2)
225 patients with non-RA rheumatic diseases defined according
to international criteria [17-22](subgroup 1b); (3) 96 blood
donors as the healthy control group (subgroup 1c). This entire
group was used to determine the characteristics of the citrulli-
nated rat filaggrin ELISA.

Group 2: community cases of very early arthritis (VErA
cohort) to evaluate the diagnostic value of dACRF for RA. This
cohort included 314 patients (mean age: 51-7 + 14-5 years, range:
19-84; F/M ratio = 2:17) recruited prospectively in two French
regions, i.e. entire province of Upper Normandy (1 800 000 peo-
ple) and metropolitan area of Amiens (300 000 people). They are
primarily european Caucasians. New cases of inflammatory
arthritis were recruited by general practitioners, private and hos-
pital rheumatologists of these areas. Moreover, the entire popu-
lation has been regularly informed of this study by medias.
Patients were required to have swelling of at least 2 joints persist-
ing >4 weeks, evolving for <6 months (median disease duration:

4-2 £1-75 months, range 0-9-6 months), and no local or sys-
temic corticotherapy or disease-modifying anti-rheumatic drugs
(DMARD:S) before inclusion. Exclusion criteria were: inflamma-
tory back pain, pregnant or nursing woman. At the end of follow-
up, i.e. 1years after the first symptoms, the diagnoses were
established by a committee of 5 expert rheumatologists: RA
(n =176),non-RA (n = 63) and undifferentiated (n = 75) arthritis
(Table 2). At entry into the study, the following markers were

Table 1. Frequencies of autoantibodies recognizing citrullinated minus
noncitrullinated recombinant rat filaggrin, expressed as differential ACRF
(dACRF), in patients with various rheumatic diseases and healthy controls

(group 1)
dACRF
Patients
Disease n n %
Rheumatoid arthritis (subgroup 1a) 101 59 584
Non-RA rheumatic diseases (subgroup 1b) 225 1 04
Systemic lupus erythematosus 32 0 0
Primary Sjogren’s syndrome 26 1 38
CREST syndrome; progressive systemic sclerosis 18 0 0
Mixed connective tissue disease 10 0 0
Dermatopolymyositis 14 0 0
Adult-onset Still’s disease 16 0 0
Spondylarthropathies 69 0 0
Ankylosing spondylitis 31 0 0
Psoriatic arthritis/reactive arthritis 38 0 0
Osteoarthritis 20 0 0
Crystal-induced arthritis 20 0 0
Healthy controls (subgroup 1c) 96 0 0

Table 2. Frequencies of autoantibodies recognizing citrullinated minus
noncitrullinated recombinant rat filaggrin, expressed as differential ACRF
(dACRF) and anti-CCP antibodies in the VErA cohort (group 2)

Anti-CCP  dACRF
Patients
Disease n n % n %
RA 176 69 392 54 307
Non-RA rheumatic diseases 63 3 4-8 1 1-6
Spondylarthropathies 22 2 9 1 4-5
Psoriatic arthritis 12 1 83 0 0
Others 10 1 10 1 10
Osteoarthritis 15 0 0 0 0
Crystal-induced arthritis 6 0 0 0 0
Paramalignant arhtritis 3 0 0 0 0
Parvovirus B19 arthritis 3 0 0 0 0
Sarcoidosis 2 0 0 0 0
Connective tissue disease 12 1 83 0 0
Primary Sjogren’s syndrome 4 1 25 0 0
Systemic lupus erythematosus 1 0 0 0 0
Mixed connective tissue disease 2 0 0 0 0
Behget’s disease 1 0 0 0 0
Wegener’s granulomatosis 1 0 0 0 o0
Unclassified 3 0 0 0 0
Undifferentiated arthritis 75 2 27 3 4
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tested: RF, AKA, APF and anti-CCP. These early arthritis patients
were used to determine the diagnostic value of dACREF for very
early RA and to compare their frequency to those of AKA, APF
and anti-CCP autoAb.

The local Ethics Committee approved the studies to be con-
ducted. Prior to entry into the protocol, each patient was
informed of the nature, duration and purpose of the study and
gave his/her written consent.

Cloning, expression, protein purification and citrullination
Based on published data [23], selected oligonucleotides were syn-
thesized and used to amplify by PCR a sequence encoding a com-
plete filaggrin subunit from a Wistar rat genomic DNA. The PCR
product was ligated to a pCAPS vector (Roche Diagnostics, Mey-
lan, France) according to the manufacturer’s instructions, and the
sequence of the resulting construct was verified. For expression of
recombinant filaggrin in Escherichia coli, the plasmid pMR78
[24], which contains a hexa-histidine box upstream from the
multiple cloning site, was used. The recombinant protein was
expressed in E. coli strain DH5a. Transfected bacteria were
grown at 37°C until the ODgy i, reached 1 and then incubated for
a further 3 h prior to harvesting. Bacteria were lysed with 100 mM
sodium phosphate-300 mM NaCl (pH 7-5) containing 1 mg/ml of
lysozyme and protease inhibitors and sonicated on ice (4 x 30 s).
After centrifugation of the lysate, the recombinant protein was
purified under native conditions by metal-chelate chromatogra-
phy, as previously described [25] followed by gel filtration. The
recombinant rat filaggrin was citrullinated using peptidylarginine
deiminase (PAD) (P1584, Sigma Inc, St Louis, MO, USA) as
described [26]. PAD (4 U/mg) was added and after 4 h of incuba-
tion at 37°C, the reaction was stopped by addition of EDTA. The
purified protein was analysed by SDS-PAGE, Western-blotting
with an anti-penta-histidine antibody (Qiagen, Courtaboeutf,
France), amino-acid analysis and mass spectrometry. Quantifica-
tion of citrulline in the recombinant rat filaggrin was made by an
amino-acid analysis of the hydrolysed filaggrin after the enzy-
matic reaction of citrullination. Hydrolysis was carried out by
heating the protein in contact of HCI at 150°C for 1 h. Then, the
hydrolysed protein was derivatized on an automatic analyser Abl
420 A and eluted on a RP-HPLC. Amino-acids were quantified by
UV detection. Each hydrolysed protein was analysed 3 times and
the final results were an average of these triplicated with a good
reproducibility (<5%). The proportion of the arginine residues
converted into citrulline by the deimination process was 40%.

ELISA for detection of autoAb recognizing citrullinated rat
filaggrin (dACRF)

Microtitre plates (96-wells, Nunc Maxisorp, Polylabo, Strasbourg,
France) were coated with noncitrullinated or citrullinated rat fil-
aggrin at 0-25 ug/well for 2 h at 37°C. Free sites were blocked with
PBS containing 1% (w/v) BSA for 1 h at 37°C. After 3 washes
with PBS containing 0-05% Tween 20 (PBST), 100 ul of human
serum samples diluted 1:100 in Tris-NaCl containing 1% (w/v)
BSA (Tris-BSA) were added to each well. The plates were incu-
bated for 1 h at 37°C and then washed 3 times with PBST. Bound
human IgG were detected by using an anti-human IgG horserad-
ish peroxidase-labelled conjugate (814407, Roche Diagnostics)
diluted 1 :20 000 in Tris-BSA. After a 1-h incubation at 37°C, the
plates were washed 3 times with PBST. The enzymatic reaction
was detected with the o-phenylenediamine dihydrochloride
colour-development reagent (bioMérieux, Marcy [I’Etoile,

France) for 10 min at room temperature. The reaction was
stopped by adding 100 ul of 0-9 M sulphuric acid/well and optical
density (OD) was read at 492 nm. Each serum sample was
assayed in duplicate on citrullinated and noncitrullinated filag-
grin-coated plates; OD were averaged. A positive sample was
tested on each plate in order to validate the procedure. For each
sample, the difference between OD obtained on citrullinated and
noncitrullinated filaggrin-coated plates was calculated, defining
differential ACRF (dACRF). The threshold of positivity was an
OD difference >0-2.

Indirect immunofluorescence detection of AKA/APF

APF was tested as previously described [8]. Briefly, buccal
mucosa cells from a positive donor were used as the substrate.
Sera were deposited on fresh buccal cell smears for 90 min. A
fluorescein isothiocyanate-conjugated anti-human IgG serum
(Dakopatts, Copenhagen, Denmark) was then added for 30 min
The test was considered positive when serum diluted 1 : 80 bound
to at least 10% of the cells giving rise to the typical perinuclear
immunofluorescence pattern. AKA were detected using a semi-
quantitative indirect immunofluorescence assay on sections of the
middle third of a rat oesophagus, as previously described [27].
Sera were incubated at a dilution of 1 : 10. Only sera that gave an
intense, regular, linear, laminated labelling restricted to the stra-
tum corneum were considered positive for RA. Labeling intensity
was estimated on a semiquantitative scale from 0 to 4 and were
considered positive when >2.

ELISA detection of anti-CCP antibodies

Anti-CCP autoAb were detected using a commercial kit
(Euroimmun, Grof Grénau, Germany), according to the recom-
mendations of the manufacturer. A titre >5 arbitrary units (AU)
was considered positive.

ELISA detection of rheumatoid factors

RF of the IgM isotype were detected using an in-house ELISA as
already described (1). Briefly, flat-bottomed 96-well microtiter
plates (Virion, Roche, France) were coated with a 10-ug/ml solu-
tion of purified rabbit IgG (Jackson Immunoresearch Laborato-
ries, Westgrove, USA) in 0-1 M carbonate-bicarbonate, pH 9-6, at
4°C overnight. After coating, the plates were incubated for 2 h at
37°C with test serum samples and with a serial dilution of a stan-
dard serum for each isotype. Bound RF were detected with
F(ab)’, goat anti-human IgM conjugated to alkaline-phosphatase
(Sigma Immunochemicals, Munich, Germany). Finally, a 1-mg/ml
solution of p-nitrophenol phosphate was added to the wells and
the OD generated by the enzymatic reaction was read at 405 nm
in a microplate reader. The upper limit of normal Ab values was
considered to be 3 SD above the mean level in serum samples
from 105 healthy blood donors. This threshold of positivity was
previously determined by using receiver operating characteristic
(ROC) curve to discriminate RA from other rheumatic diseases
as described elsewhere [28]. The RF titre (16 IU/ml) at which the
accuracy of this test was greatest in terms of sensitivity and spec-
ificity was chosen as optimal cut-off titre. The frequency of posi-
tive results among healthy blood donors was 1% (1/105).

Statistics

To assess the diagnostic value of dACRF and other tests, sensi-
tivity, specificity and positive- and negative- predictive values
were calculated from results obtained for cohort I. Potential
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relationship between two autoAb populations were examined
using Fischer’s exact test and the kappa reliability test. The Mac
Nemar test was used to compare frequencies of 2 autoAb popu-
lations. A P < 0-05 was considered significant.

RESULTS

Characteristics of the noncitrullinated/citrullinated rat filaggrin
ELISA

Sera from patients with classified rheumatic diseases and
healthy blood donors (group 1) were tested on citrullinated- and
noncitrullinated rat filaggrin-coated plates. Four different reac-
tivity patterns, whose distributions differed dramatically among
RA and non-RA patients or controls, were observed as shown
in Table 3. Among sera reacting with citrullinated but not non-
citrullinated filaggrin, almost all were from RA patients. Indeed,
only 1 serum from a patient with primary Sjogren’s syndrome
had such reactivity. A second pattern was obtained with sera
that recognized both forms of filaggrin. For these sera, when the
OD measured in noncitrullinated filaggrin-coated wells was sub-
tracted from that observed in citrullinated filaggrin-coated wells
(dACRF), a positive result was obtained only with RA sera. The
other two patterns were obtained with sera that did not bind to
citrullinated rat filaggrin and reacted or not with noncitrulli-
nated filaggrin. Table 3 and Fig. 1 show that many sera obtained
from patients and controls could bind to noncitrullinated
filaggrin.

To determine the reproducibility of the assay, we selected sev-
eral RA sera with low (n=10), mild (n=5) and high (n=75)
dACREF reactivities and retested them at least 10 times, in the
same microplates and at different times. The intra-assay variation
coefficient was consistently <5%, regardless of the degree of reac-
tivity. The interassay variation coefficient was <10%; mean
(range) = 6:4% (2-10%).

Although only RA sera and one non-RA patient serum gave
a positive OD difference in our assay, an OD difference >0-2
was considered as the positive threshold. Using this cut-off
value, the sensitivity of dACRF in well established RA was
58:4%; compared to normal controls and non-RA rheumatic
diseases, the specificity of dACRF for RA was 100% and 99-5%,
respectively.

O. Vittecoq et al.

To verify that the rat-filaggrin ELISA was specific to filaggrin,
we ran several tests. First, we conducted inhibition experiments.
The anti-citrullinated filaggrin specificity of 4 sera, 2 from RA
patients that reacted exclusively with citrullinated filaggrin and 2
from non-RA patients that bound to both citrullinated-and non-
citrullinated filaggrin, was studied on citrullinated rat filaggrin-
coated microplates by preincubating these sera with increasing
concentrations of citrullinated- or noncitrullinated filaggrin (v/v)
and then were tested on citrullinated- rat filaggrin coated-plates.
As shown in Fig.2, preincubation of the non-RA sera with
increasing concentrations of citrullinated- or noncitrullinated-rat
filaggrin was able to inhibit its binding to citrullinated-filaggrin-
coated plates whereas the anti-citrullinated filaggrin activity of
the RA sera was inhibited only by citrullinated filaggrin. Second,
the anti-filaggrin reactivity detected in our ELISA was confirmed
in an immunoblotting assay using noncitrullinated and citrulli-
nated recombinant rat filaggrin as the substrates (data not
shown).

Finally, we have observed that dACREF reactivities were not
influenced by the potential interference of RF in this assay (data
not shown).

Comparison of rat filaggrin ELISA to indirect
immunofiluorescence assays for AKA and APF and to ELISA
for anti-CCP

AKA, APF, anti-CCP and dACRF were sought in sera from the
314 patients comprising the VErA cohort (Tables 4 and 5). First,
we compared the prevalence of the different anti-filaggrin
autoAb. The frequency of dACRF was significantly higher than
that of AKA (P =0:02) but significantly lower than that of APF
(P =0-003) and anti-CCP (P =0-0025) Second, the relationship
between the different autoAb populations was studied. Despite a
significant positive correlation between results of dACRF and
those of AKA, APF and anti-CCP (P < 10°®), we also confirmed
the inconsistencies between detection methods cited above, as
some sera positive in dACRF ELISA were negative in AKA/APF
indirect immunofluorescence assays and/or anti-CCP ELISA and
vice versa (Table 4). Nevertheless, the tests exhibiting the greatest
concordance were dACRF and anti-CCP autoAb with a kappa
value of 0-75. Finally, because of those inconsistencies, we won-
dered whether combinations of the 4 different assays would

Table 3. Patterns of reactivity with citrullinated and/or noncitrullinated rat filaggrin of sera obtained from patients with different rheumatic diseases and
healthy individuals (group 1)

ACRF* ACRF- ACRF* and ANCRF*

Group 1 Subgroup ANCRF~ ANCRF* ANCRF~ ACNRF* ANCRF < ACRF* ANCRF = ACRF* ANCRF > ACRF*
la:

RA (n=101) 51 (50-4) 13 (129) 35 (34-6) 2(2) 10 (9-9) 1(1) 2(2)
1b:

SLE (n=32) 0 12 (37-5) 14 (43-8) 6 (18-8) 0 0 12 (375)

SS (n=26) 1(3-8) 13 (50) 10 (38-5) 2(77) 0 2(77) 11 (42-3)

SPA (n=69) 0 34 (49-3) 29 (42) 6 (87) 0 15 (21-7) 19 (27-5)
lc:

Controls (n =96) 0 18 (18-8) 63 (65-6) 15 (15-6) 0 4(42) 14 (14-6)

Results are expressed in number of patients (%). ACRF, anti-citrullinated rat filaggrin, ANCRF, anti-non-citrullinated rat filaggrin; RA, rheumatoid
arthritis; SLE, systemic lupus erythematosus; SS, primary Sjogren’s syndrome; SPA, spondylarthropathy. *OD comparisons.
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Fig. 1. Scattergrams showing OD values to native (ANCRF) and deiminated (ACRF) filaggrin, and the OD difference (dACRF) given
by sera from RA patients (subgroup 1a) and controls (subgroup 1b) in the rat filaggrin ELISA. RA, rheumatoid arthritis; ANCRF, anti-
non-citrullinated rat filaggrin; ACRE, anti-citrullinated rat filaggrin; dACRF, autoAb recognizing citrullinated minus noncitrullinated rat

filaggrin; OD, optical density.

Table 4. Comparison of ELISA detection of autoantibodies recognizing

citrullinated minus noncitrullinated recombinant rat filaggrin, expressed

as differential ACRF (dACRF) to indirect immunofluorescence assays for

AKA and APF detection and ELISA detection of anti-CCP antibodies in
sera from 314 patients with very early arthritis (group 2)

dACRF
positive negative
Autoantibody (n=58) (n=256) Kappa-value
AKA 0-66
positive (n = 45) 37 (63-8) 8 (31)
negative (n =269) 21 (362) 248 (96-9)
APF 0-63
positive (n =77) 48 (82:7) 89 (11-3)
negative (n =237) 10 (17-3) 227 (88-7)
anti-CCP 075
positive (n =74) 53 (91-4) 21 (82)
negative (n = 240) 5 (8:6) 235 (91-8)

Results are expressed in numbers of patients (% of dACRF-positive
or -negative patients). AKA, anti-keratin antibodies; APF, anti-
perinuclear factor; dACRF, autoAb recognizing citrullinated minus non-
citrullinated rat filaggrin; anti-CCP, anti-cyclic-citrullinated peptides.

significantly improve the detection rate of AFA. As reported in
Table 5, the concomitant determination of the 4 tests significantly
increased the frequency of AFA (48-9%) as compared to dACRF
alone (30-7%).

% inhibition

0 10 20 30 40 50
Inhibitor (ug/ml)

Fig. 2. Inhibition of anti-citrullinated rat filaggrin activity in an ELISA of
sera from one RA ( ) and one non-RA (-----) patients by increasing
concentrations of citrullinated (®) or noncitrullinated ([J) filaggrin.
Diluted sera were incubated with soluble citrullinated- or non citrullinated
filaggrin for 2 h at 37°C and then tested on citrullinated-rat filaggrin coated
plates.

Contribution of dACRF to the diagnosis of very early RA

The diagnostic value of dACRF has not yet been assessed in com-
munity cases of very early arthritis (group 2). Consequently, the
diagnostic values of this marker, alone or in combination with RF-
IgM, AKA, APF and anti-CCP, were analysed in 239 patients with
arthritis evolving for <6 months, for which the diagnosis was
definitively established after a 1-year follow-up (Table 5). The

© 2004 Blackwell Publishing Ltd, Clinical and Experimental Immunology, 135:173-180
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Table 5. Diagnostic value of anti-filaggrin autoantibodies and rheumatoid factors for RA in the cohort of very early arthritis patients (group 2)

Autoantibody Sensitivity Specificity PPV NPV Odds ratio [95% CI]
RF-IgM 352 92-1 925 337 5-8 [2:3-14-6]
AKA 227 96-8 952 309 7-3 [2-27-1]
APF 381 952 957 355 10-6 [3-5-32-6]
dACRF 307 98-4 982 337 185 [3:5-96-5]
Anti-CCP 392 952 95-8 356 11-1 [3-6-34-2]
AKA or APF 398 921 933 353 7.0 [2-8-17-7]
dACRF or anti-CCP 409 952 96 365 12.0 [3-9-367]
AKA or APF or dACRF 42:6 90-5 926 36 6:6 [2-7-15-6]
AKA or APF or anti-CCP 477 873 913 374 6.0 [27-13]
AKA or APF or anti-CCP or dACRF 489 873 915 379 6-2 [2-9-13-6]
(AKA or APF) and RF-IgM 261 98-4 97-6 323 14-8 [2-8-77-6]
dACRF and RF-IgM 261 100 100 326 45.0 [2-7-746]
anti-CCP and RF-IgM 295 100 100 336 53:5 [3-2-882]

PPV, positive predictive value; NPV, negative predictive value; CI, confidence interval; RF, rheumatoid factor; AKA, anti-keratin antibodies; APF,

anti-perinuclear factor; dACRF, autoAb recognizing citrullinated minus noncitrullinated rat filaggrin; anti-CCP, anticyclic citrullinated peptides.

sensitivity of dACRF (30-7%) in the RA subgroup (n = 176) was
slightly lower than that of RF (352%). Among the 114 RF-
negative RA patients, 9 (7-9%) were positive for dACRF and 18
(15-8%) for anti-CCP autoAb. dACRF specificity for RA (98:4%)
was higher than that of RF (92:1%), APF (95-2%), AKA (96-:8%)
and anti-CCP (95-2%). These latter were detected at high levels
(>100 AU) in 3 patients with non-RA well-characterized rheu-
matic diseases including 2 spondylarthropathies and 1 primary
Sjogren syndrome while dACRF were only observed in one
patient having a spondylarthropathy, with a low titre close to the
threshold of positivity. Consequently, the positive predictive value
of dACRF was higher than that of the other tests considered inde-
pendently (Table 5). Finally, the concomitant positivity of RF-
IgM and either anti-CCP autoAb or dACRF led to the better
diagnostic performances.

DISCUSSION

In the present study, we used a new ELISA to detect AFA. The
major characteristics of this assay are the use of a recombinant rat
filaggrin as the antigen and to base results on the difference
between OD obtained with the same serum tested on citrullinated
and noncitrullinated filaggrin. With this approach, we showed that
autoAb binding predominantly or exclusively to citrullinated
recombinant rat filaggrin are almost exclusively present in RA
sera with a frequency similar to that of AKA/APF. Indeed, sera
from patients with various CTD and inflammatory arthritis that
may contain autoAb reacting with epitopes present on both the
citrullinated and the noncitrullinated recombinant protein consis-
tently gave a higher OD on non citrullinated antigen-coated
plates than on citrullinated antigen-coated plates. This observa-
tion indicates that an ELISA that uses only a citrullinated form of
the protein can provide positive results with non-RA sera,
thereby limiting the specificity and the diagnostic value of anti-cit-
rullinated filaggrin reactivity. In this regard, previous studies have
shown that some sera from patients with CTD like SLE, progres-
sive systemic sclerosis, polymyositis/dermatomyositis, and partic-
ularly primary Sjogren’s syndrome, reacted with citrullinated
peptide variants in solid phase ELISAs [2,9,11]. Thus, in light of

the different profiles of reactivity we described herein, testing
sera at the same time on both the native and citrullinated forms of
recombinant rat filaggrin, appears particularly pertinent to differ-
entiate RA from other rheumatic diseases. The autoAb detected
by this ELISA were called differential anti-citrullinated recombi-
nant rat filaggrin ({ACRF).

So far, the diagnostic performances of such an ELISA have
been evaluated exclusively in patients with well-characterized
rheumatic diseases [15]. In our group of well-defined rheumatic
diseases, the specificity of dACRF for RA was near 100%.
Indeed, in non-RA patients, dACRF were only detected in one
patient with primary Sjogren’s syndrome. At the same specificity
threshold (99-100%), their sensitivity (58%) was comparable
with that (55-65%) observed by Vincent et al. [15] using a similar
procedure. However, this group did not determine the sensitivity
of its assay in very early RA, which prompted us to assess the
diagnostic accuracy of dACREF in a cohort of 314 patients with
very early arthritides, as well as that of anti-CCP autoAb which
has rarely been evaluated in such a population. In this cohort,
which is highly representative of daily clinical practice [29],
the sensitivity of dACRF was 30-7%. This value is lower than
those obtained with ELISAs using citrullinated peptides as the
antigen in the present study (39-2%) and in previous reported
series in which the sensitivities were 41-66% for early RA
[2,11,13,14,30,31]. However, dACRF were shown to have a higher
specificity since only 1 patient with spondylarthropathy was
dACRF-positive while the presence of anti-CCP autoAb did not
allow to exclude the diagnosis of non-RA rheumatic diseases such
as spondylarthropathies and primary Sjogren syndrome, in accor-
dance with previous reports [9,32]. In addition, dACRF displayed
a higher positive-predictive value for RA than AFA identified by
previous tests. In this regard, many groups have demonstrated
that only the presence of RF in conjunction with another reactiv-
ity like anti-CCP or anti-Sa autoAb reached a specificity for RA
near 100% [2,11]. Those data are confirmed by the present study
but dACREF alone, with a positive- predictive value of 98-2%, had
a diagnostic value similar to those combinations of tests. It is not
excluded that the characteristics of our assay are due to the dif-
ferential procedure which, by subtracting the noncitrullinated
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filaggrin reactivity frequently observed in normal and non-RA
sera, decreased the sensitivity but gave high specificity and posi-
tive predictive values. Thus, in light of these findings, one may
conclude that AFA detected with the citrullinated-noncitrulli-
nated recombinant rat filaggrin ELISA have a high diagnostic
value for very early RA.

When the frequency of dACRF was compared to those of
AKA, APF and anti-CCP autoAb in the VErA cohort, we found
a dACREF frequency significantly lower than that of APF and anti-
CCP and significantly higher than that of AKA. In addition,
despite a strong positive correlation between AKA, APF, dACRF
and anti-CCP autoAb, several RA sera were positive for only one
of these 4 autoAb populations. Thus, the 4 tests gave complemen-
tary information since the positivity rate for at least one of them
reached 48-:9% (vs. 30-7% for dACRF ELISA alone). Therefore,
each test does not seem to identify exactly the same autoAb spec-
trum, which confirms similar findings previously observed by
others and the interindividual heterogeneity of AFA specificity
[1,9,10,15,33].

In conclusion, our data further demonstrate that dACRF are
highly specific for RA. In particular, their diagnostic accuracy in
very early arthritides was shown to be comparable to that
obtained by the concomitant positivity of RF and of anti-filaggrin
autoAb detected by usual assays. Further study is currently
underway in our VErA cohort to determine whether this autoAb
population may also constitute a predictive marker of severity in
patients with very early arthritis.
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