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Objective: We investigated the rheumatoid arthritis (RA) diagnostic performances of anti-cyclic citrullinated
peptide antibody (anti-CCP) and antifilaggrin antibody (AFA) in comparison with RF and matrix
metalloproteinase-3 (MMP-3).

Methods: We used a second generation enzyme-linked immunosorbent assay (ELISA) kit for the detection of
anti-CCP. We constructed recombinant human filaggrin, which was citrullinated in vitro by human
peptidylarginine deiminase, and subsequently used it as the coating antigen for AFA-ELISA. A total of 549
RA patients and 208 other rheumatic disease patients were included in the study.

Results: The specificities of anti-CCP (88.9%) and AFA (94.7%) were superior to those of RF (81.7%) and
MMP-3 (49.5%). The sensitivity of anti-CCP (87.6%) was superior to all others. However, the sensitivity of
AFA (68.7%) was inferior to those of RF (69.8%) and MMP-3 (75.7%). Furthermore, receiver operating
characteristic curves of anti-CCP and AFA passed closer to the upper left corner than those of RF and MMP-
3, and the areas under the curves (AUC) of AFA and anti-CCP were significantly larger. In addition, the AUC
of anti-CCP was significantly larger than that of AFA.

Conclusion: ELISA detection of antibodies to citrullinated antigens, especially a second generation anti-CCP,

showed higher discriminative ability than other assays, including RF, and would be useful to aid the diagnosis

of RA in clinical practice.
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RA is a systemic autoimmune disease of unknown
aetiology, characterized by chronic inflammation of
Joints resulting in tissue degradation and joint deforma-
tion. Rheumatoid factor (RF) has been widely used to
diagnose RA in clinical practice since its initial
description by Waaler in 1940 and Rose et al in 1948.
RF can be detected in 60-80% of RA patients.
“However, its specificity is limited, since RF is also
detected in other diseases, such as autoimmune and
infectious diseases, as well as in healthy individuals —
especially the elderly. Nevertheless, there have been no
substitute assays that are reproducible, easy-to-use, and
highly efficient for the diagnosis of RA.

Two highly RA-specific autoantibodies, antiperi-
nuclear factor (APF) (1) and antikeratin antibody
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(AKA) (2), as detected by indirect immunofiuores-
cent methods, were discovered in 1964 and 1979,
respectively. Their specificities were reported to be
close to 100%. Since the target antigens of APF and
AKA were revealed as filaggrin and related proteins
(3-5), they were designated as antifilaggrin antibody
(AFA). The identification of filaggrin as their target
antigen led to the development of an AFA assay,
based on immunoblotting (6, 7), in addition to
ELISA using purified natural filaggrin (8- 10).
Although they were demonstrated to be as specific
as APF and AKA, their sensitivities were lower than
that of RF.

Recently, it was reported that citrulline, which
is created through post-translational modification
of arginine residue by peptidylarginine deiminase

. (PAD), is the essential constituent of the epitope

recognized by APF and AKA (11, 12), and two
ELISA systems using citrullinated antigens were
developed. One is anti-cyclic citrullinated peptide
antibody (anti-CCP) ELISA using artificial cyclic
citrullinated peptide, whose sequence is derived from
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human filaggrin (13). The other is AFA-ELISA
using recombinant filaggrin as the coating antigen,
which is citrullinated (deiminated) in vitro by rabbit
PAD (14). When the RA diagnostic performance of
anti-CCP was compared with that of RF, anti-CCP
presented higher specificity but lower sensitivity than
RF (13, 15-18). Although AFA-ELISA using
recombinant filaggrin was demonstrated to be as
specific as AKA, the RA diagnostic performance of
AFA was not compared with that of RF in previous
studies (14, 19). Therefore, although the two ELISA
systems are quantitative, reproducible, easy-to-use,
and thus suitable for routine use in clinical practice,
it remains unclear whether ELISA detection of anti-
bodies to citrullinated antigens, i.e. anti-CCP and
AFA, are superior to RF in terms of RA diagnostics.

In the present study, we measured anti-CCP using
a commercially available second-generation ELISA
kit. We also developed an in-house AFA-ELISA
system using recombinant human filaggrin, which
was citrullinated in vitro by human PAD. The RA
diagnostic performances of these two assays were
compared with that of RF. Serum matrix metallo-
proteinase 3 (MMP-3, stromelysin-1), which has
been shown to be elevated in inflammatory diseases,
including RA, and to be correlated with disease
activities of RA (20-23), was also measured for
comparison. Based on the findings obtained, we dis-
cuss the usefulness of measurement of autoanti-
bodies to citrullinated antigens for the diagnosis of
RA.

Patients and methods
Patients
Serum samples of patients with RA and other rheu-

matic diseases were obtained from the following five

Table 1. Characteristics of patients.
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hospitals in Japan: Juntendo University Hospital,
Kyoto University Hospital, National Sagamihara
Hospital, Niigata Prefectural Senami Hospital, and
University of Tokyo Hospital. A total of 549 serum
samples were obtained from RA patients diagnosed
according to the revised criteria of the American
College of Rheumatology (24) (Table 1). The median
disease duration of RA patients was 9.4 years (range:
6 weeks to 56 years). A total of 208 serum samples
were obtained from patients with other rheumatic
diseases (Table 1).

Serum samples were also collected from normal
individuals, to examine their titers of anti-CCP and
AFA. A total of 320 serum samples were obtained
from normal individuals who underwent a medical
check-up. Beforehand, subjects were excluded whose
blood chemistry findings of alanine aminotransferase
or aspartate aminotransferase or blood urea nitrogen
were beyond the reference ranges. Forty-one percent
of subjects were male. The median age of the normal
individuals was 48 years (range 19-79). The appro-
priate ethics committee approved this study, and all
patients gave their written informed consent.

AFA ELISA

Subunits of human profilaggrin were amplified by
reverse transcriptase-PCR (RT-PCR), using human
skin cDNA as the template. The primer sequences
utilized for RT-PCR were as follows: sense primer;
5'-“CCCCATATGCAGGTGAGCACTCATGAAC-
AGTCTG-3' (the Nde I site is underlined) and
antisense primer; 5'-CCCCTCGAGTCCCTGTGA-
CCGGCCGCGTGTGGACT-3' (the Xho I site is
underlined). The amplified human filaggrin frag-
ments were digested with Nde I/ Xho I and cloned
into the Nde 1 - Xho I site of pET22b(+) vector, and
the construct was introduced into Escherichia coli

Total Male Age

n n % Median Range

RA 549 99 18 60 19-83
Other rheumatic diseases 208 22 1 53 20-87
SLE 56 3 5 43 20-79
Systemic sclerosis 35 2 6 58 32-87
Siégren's syndrome 30 0 0 575 24-80
Polymyositis/dermatomyositis 24 8 33 54 28-85
Mixed connective tissue diseases 16 0 0 46 25-69
Vasculitis 15 5 33 60 37-86
- Osteoarthritis 15 0 0 75 67-82
Other diseases* 17 4 24 59 25-82

*Behget's disease (n=5); Polyrhyalgia rheumatica {n=4); adult onset Still's disease (n=2}; anti-phospholipid syndrome, CREST syndrome

(calcinosis, Raynaud's phenomenon, oesophageal dysmotility, sclerodact

plantaris, ulcerative colitis, and Weber-Christian disease (n=1).

yly, and telangiectasias), overlap syndrome, pustulosis palmaris et
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- BL2I(DE3), and the expression of recombinant

_ filaggrin was induced by addition of isopropyl
* B-D-thiogalactopyranoside (IPTG). The expressed

- recombinant protein was purified using a cobalt-
- chelate column, and the purified recombinant filag-

grin was subsequently citrullinated by recombinant
human PAD type III (25).

The citrullinated recombinant human filaggrin was
coupled covalently to 96-well CovaLink-NH plates
for ELISA detection of antibodies (Nunc, Rocester,
NY). Coupling was performed at 4°C for 16 hours.
The wells were washed with phosphate-buffered
saline (PBS), and the plates were blocked with 1%
BSA for 1 hour at room temperature.

Patient and normal sera were diluted 1:100 with
PBS containing 0.15% Tween-20 and 1% casein
enzymatic hydrolysate. One hundred microliters of
the diluted sera, positive standard containing AFA,
or negative standard without AFA were added to
each well. After incubation for 1 hour at room
temperature, the wells were washed three times with
PBS containing 0.05% Tween-20 (PBS-Tween).
Then, 100 puL of horseradish peroxidase-conjugated
goat antibody to human y-globulins (Medical and
Biological Laboratories, Nagoya, Japan) diluted at
1:5000 in 20 mM HEPES pH 7.4, 135 mM NacCl,
0.1% p-hydroxyphenylacetic acid was added to
each well and incubated for 1 hour at room tem-
perature. After washing four times with PBS-Tween,
the bound antibodies were detected with 3,3,5,5'-
tetramethylbenzidine as a substrate. The reaction
(30 min) was stopped by addition of 100 pL of IN
sulphuric acid per well.

Plates were read at absorbance of wavelength
450 nm (A450). The AFA titer was expressed by
means of an index calculated as ([A450 of measured
sample serum — A450 of negative standard] divided
by [A450 of positive standard — A450 of negative
standard]) x 100. Intra-assay and inter-assay varia-
tions were <10%. The optimal cut-off value for
AFA-ELISA was determined from the receiver
operating characteristic (ROC) curve.

Other serum analyses

The second generation anti-CCP ELISA kit (DIA-
STAT Anti-CCP) was purchased from Axis-Shield,
Dundee, UK. The assay was conducted according to
the manufacturer’s instructions. The optimal cut-off
value for anti-CCP ELISA was determined from the
ROC curve. RF was measured by latex-enhanced
immunonephelometric assay (Dede Behring, Marburg,
Germany). The cut-off value for RF was 15 IU/ml.
MMP-3 was measured by ELISA (The Binding Site
Limited, Birmingham, UK). Cut-off values for
MMP-3 were 45.3 ng/ml for males and 21.0 ng/mi
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for females. C-reactive protein (CRP) measured
by latex turbidimetric immunoassay (Medical and
Biological Laboratories, Nagoya, Japan), and ery-
throcyte sedimentation rate (ESR) were examined as
inflammatory markers for RA. '

Statistical analyses

For the construction of ROC curves, relations bet-
ween sensitivity (ordinate) and 1-specificity (abscissa)
for various cut-off points were plotted. In general, a
closer location of the ROC plot to the upper left
corner indicates a higher diagnostic performance of
the assay. The area under the ROC curve (AUC)
provides an index of the overall discriminative ability
of the test (26). Computation and comparison of
AUC were performed using The Statistical Package
for the Biosciences (COMWORKS, Saitama, Japan).

Comparison of the titer distributions between RA
and other rheumatic diseases was made using the
Manon - Whitney U test. Comparisons of sensitivity
and specificity were made using McNemar’s test.
Differences in AUC were analyzed using the z-test.
Spearman’s rank correlation coefficient was used
to assess the importance of the different variables.
Differences were considered significant where p<0.05.

Results
Serum levels of anti-CCP and AFA in normal individuals

We first examined the distributions of anti-CCP and
AFA in normal individuals; these values were cur-
rently unknown for Japanese people. The values of
anti-CCP and AFA were distributed in a non-
Gaussian fashion. The median values of anti-CCP
and AFA in normal individuals were 0.6 U/ml
(range 0.3-118.3) and 3.4 (range 1.2~81.9), respec-
tively. There were no significant associations between
the titer of anti-CCP or AFA and patient gender or
age (data not shown). To calculate the upper
reference limit, defined here as the value located
two standard deviations above the mean, we loga-
rithmically transformed the data and subsequently
transformed them back to the original data-scale.
The upper reference limit of anti-CCP was thus
determined to be 2.3 U/ml, and that of AFA was
9.9.

Serum levels of AFA, anti-CCP, RF, and MMP-3, in RA and
other rheumatic diseases

We examined the titers of anti-CCP, AFA, RF, and
MMP-3 in patients with RA and other rheumatic
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Figure 1. Serum levels of anti-CCP, AFA, RF, and MMP-3 in RA patients and in other rheumatic disease patients. Distributions of
anti-CCP (A), AFA (B), RF (C), and MMP-3 (D) in sera from 549 RA patients in addition to 208 patients with other rheumatic

diseases are shown. Comparisons of the titers

of an assay between two patient groups were made using the Mann~Whitney U test.

Lines in the boxes: median points, edges of the boxes show the lower and upper quartile points. Error bars=10% and 90% points,
small circles show outlying data below the 10% and above the 90% points. ’

diseases. As shown in Fig. 1, anti-CRP seperated the
two distributions most, followed by AFA seperation.

The titers of anti-CCP and AFA in RA patients were
significantly higher than those in normal individuals
(p<0.0001 and p <0.0001, respectively), and anti-CCP
and AFA in other rheumatic disease patients were also.
significantly higher than those in normal individuals
(p=0.0007 and p <0.0001, respectively).

Sensitivity and specificity of AFA, anti-CCP, RF, and MMP-3

From ROC curves we determined the optimal cut-off
values for anti-CCP as 4.5 U/ml and for AFA as 12.
We used predetermined cut-off values for RF and
MMP-3, and calculated the sensitivity and specificity
of each assay (Figure 2). Apparently, the RA diag-
nostic performance of anti-CCP was superior to
those of RF and MMP-3, in terms of its significantly
higher sensitivity and specificity. However, it was
not clear whether anti-CCP was superior to AFA
because of its significantly higher sensitivity and
lower specificity. It was also difficult to clarify the
differences between AFA and RF, and between AFA
and MMP-3 from the comparisons of sensitivities
and specificities.

When we examined the sensitivities of the tests in
the population of 91 patients with early RA, which
was defined here as being disease duration of <1
year, anti-CCP still had the highest sensitivity value
(83.5%) among AFA (70.3%), RF (78.0%), and
MMP-3 (72.5%). However, only the difference
.between anti-CCP and AFA was statistically sig-
nificant in this population (p <0.005).

Among the 166 RF-negative RA patients, 69.3%
were positive for anti-CCP, and 45.8% were positive
for AFA.
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Figure 2. The sensitivity (A) and specificity (B) of anti-CCP,

AFA, RF, and MMP-3. Comparison of the sensitivity and spe- .
cificity data between assays was made using McNemar’s test.

Numbers shown within each bar are the values of sensitivity or

specificity of respective assays, expressed as a percentage. n.s.=

not significant.
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'ROC analyses

For further comparison of the diagnostic utilities
of each assay, we constructed ROC curves and
calculated the AUC (Figure 3). The ROC curves of
anti-CCP and AFA passed closer to the upper left
corner than those of RF and MMP-3. This means
that when the sensitivities of each assay are com-
‘pared at the same specificity value, the sensitivities of
anti-CCP and AFA are higher than those of RF and
MMP-3. As to the relative superiority between anti-
CCP and AFA, the ROC curve of anti-CCP
generally passed above that of AFA. Therefore, it
appears that anti-CCP has a higher diagnostic
performance than AFA. The superiority of anti-
CCP to AFA was confirmed by comparing AUC,
since AUC of anti-CCP was significantly larger than
that of AFA (p=0.001). Furthermore, the super-
iority of anti-CCP and AFA to RF was also con-
firmed by AUC, since AUC of anti-CCP or AFA was
significantly larger than that of RF (r<0.001 and
p=0.03, respectively).

We could easily compare the sensitivity values of
each assay at fixed specificity levels from the ROC
curves. For example, when the specificity value was
fixed to 90%, sensitivity values of anti-CCP, AFA,
and RF were 84.2%, 72.5%, and 54.5%, respectively.
Sensitivity of anti-CCP was significantly greater than
that of AFA or RF (p <0.00001) and sensitivity of
AFA was significantly greater than that of RF
{p <0.00001).

It was previously demonstrated that the distribu- -

tion of MMP-3 in normal individuals is different in
males and females (20). Therefore, we constructed
separate ROC curves of MMP-3 for male and female
populations. As shown in Figure 3, the ROC curve
of MMP-3 in female patients was generally below
those of anti-CCP, AFA, and RF. Furthermore,
the AUC of MMP-3 was significantly smaller than
those of anti-CCP (0.902, p<0.001), AFA (0.843,
p<0.001), and RF (0.782, p=0.002) in female
patients, clearly indicating that anti-CCP, AFA,

and RF are superior to MMP-3 for the diagnosis
of RA.

Correlations of the titers of assays with inflammatory
markers in RA

As shown in Table 2, the titers of anti-CCP, AFA, -

RF, and MMP-3 in RA patients were all signifi-
cantly correlated with inflammatory markers, includ-
ing CRP and ESR. The degrees of correlation of
anti-CCP and AFA with inflammatory markers were
similar to that of RF, and much weaker than that of
MMP-3. '
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Figure 3. ROC curves of anti-CCP, AFA, RF, and MMP-3.
ROC curves of anti-CCP, AFA, and RF were constructed,
based on the data obtained from patients with RA (n=549)
and other rheumatic diseases (n=208). Since the distribution of
MMP-3 in normal individuals differs between female and male
populations, the ROC curves of MMP-3 were constructed sepa-
rately. The ROC curve of MMP-3 based on the data from
female patients with RA (n=450) and other rheumatic disease
patients (n=186) is shown. Numbers shown within the window
at the lower right are the values of areas under the ROC
curves.

Discussion

ELISA detection of antibodies to citrullinated antigens,
anti-CCP, and AFA was previously demonstrated to
be highly specific for RA. However, it remains
unclear whether ELISA provides better RA diag-
nostic performance than RF assay. In the present
study, we used a commercially available second-
generation anti-CCP ELISA kit. For measuring
AFA, we developed AFA-ELISA using recombinant
human filaggrin citrullinated by human PAD. In
addition, we examined RF and MMP-3, and
compared the four assays in terms of RA diagnostic

Table 2. Spearman's rank correlation coefficients between each
assay and inflammatory marker in RA patients,

CRP ESR
r p r p
Anti-CCP 0.25 <0.0001 0.27 <0.0001
AFA 0.21 <0.0001 0.26 <0.0001
RF 0.27 <0.0001 0.28 <0.0001
MMP-3 (male) 0.58 <0.0001 0.54 <0.0001
MMP-3 (female) 0.61 <0.0001 0.48 <0.0001
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performance. We demonstrated that ELISA detec-
tion of antibodies to citrullinated antigens shows
better RA diagnostic performance than RF and
MMP-3, based on the analyses of sensitivity and
specificity, ROC curves, and AUC.

With regard to superiority of either anti-CCP or
RF, previous studies have yielded conflicting results,
suggesting that the specificity of anti-CCP was
higher than RF but its sensitivity was lower (13,
15-18). Schellekens et al constructed ROC curves of
anti-CCP and IgM-RF: however, the two curves
appeared to be similar and the AUC were not
calculated (13). Accordingly, previous studies failed
to demonstrate which method is superior for the
diagnosis of RA. We have clearly demonstrated the
superiority of anti-CCP ELISA to RF in the present
study.” It should be noted that there exists a dif-
ference in anti-CCP assays.

Vossenaar et al, the developers of anti-CCP
ELISA, recently reported that selection from their
peptide libraries allowed the production of a second-
generation anti-CCP kit (27). The sensitivity of the
anti-CCP assay could be increased from 60-68% to
75-80%, whilst retaining its specificity of >98%,

The anti-CCP ELISA utilized in the present study

was a second-generation kit: the generation of anti-
CCP was not described in previous studies in which
the diagnostic performances of anti-CCP and RF
were compared. Judging from the relatively low
sensitivities of anti-CCP assays, the anti-CCP used in
previous studies would probably be considered to be
first generation. Therefore, it is suggested that
discrepancy, in terms of the superiority of anti-
CCP to RF, derives from generation differences of
anti-CCP assay between the present and previous
studies.

Another possibility for the superiority of anti-CCP
shown in the present study could arise from racial
differences. So far as we have investigated, previous
studies were performed in Europe and the USA. We

could not find any other studies examining the

prevalence of antibodies to citrullinated antigens in
Asian patients with RA. The role of racial dif-
ferences in the production of antibodies to citrul-
linated antigens remains to be clarified.

There have been no head-to-head comparisons
between AFA and RF in terms of RA diagnostic
ability, but we compared them directly with each
other in the present study. From the viewpoint of
sensitivity and specificity, it was difficult to deter-
mine which was superior because AFA presented
“lower sensitivity but higher specificity than RF. Such
a discrepancy can occur when the diagnostic per-
formances of two assays are compared in terms of
sensitivity and specificity. In such a situation, a
comparison of sensitivity at the same specificity level
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is often attempted. We therefore constructed ROC
curves for comparison. The ROC curve of AFA
entirely passed through the upper left side compared
with that of RF. Accordingly, in a comparison of the
sensitivities of AFA and RF at the same specificity
value, the sensitivity of AFA is always higher.
Comparison of each AUC significantly showed the
superiority of AFA. Collectively, these findings sug-
gest that AFA has a more efficient discriminative
ability for the diagnosis of RA than RF.

In this study, the diagnostic value of anti-CCP
was significantly superior to that of AFA. However,
Vincent et al recently reported a contrasting result,
demonstrating that the RA diagnostic performance
of their in-house AFA assay based on recombinant
rat filaggrin was superior to that of anti-CCP (19).
One possibility for this discrepancy is that rat filag-
grin is more suitable than human filaggrin for
detecting autoantibodies, since AFA-ELISA based
on recombinant human filaggrin, which they eva-
luated simultaneously, was inferior to not only anti-
CCP assay (the same as our results), but also
AFA-ELISA using recombinant rat filaggrin.

It is also possible that a species difference in PAD
might influence the performance of AFA assays. The
degree of citrullination of recombinant human filag-
grin performed by human PAD type III was equal to
that performed by human PAD type I or rabbit
PAD type II, reaching approximately 40% (data not
shown) in our preliminary experiments. Although
this citrullination degree was similar to that of recom-
binant rat filaggrin performed by rabbit PAD type II
reported in the study of Vincent et al, we cannot spe-
cify the differences with regard to the citrullination of
particular arginine residues between human and rat
filaggrin. The difference in the patient populations
between these studies might have influenced the
results.

Along with these factors, there appears to be
another explanation for the discrepancy: the genera-
tion difference of anti-CCP. As mentioned above, we
used a second-generation kit, however, the genera-
tion of anti-CCP used in Vincent et al’s study was
not described. Judging from the sensitivity data of
anti-CCP, the assay used by them would be
considered to be first generation. In our preliminary
study consisting of 177 RA patients and 173 other
rheumatic disease patients, sensitivities of the first-
generation anti-CCP and AFA were 59% and 74%,
and their specificities were 95% and 97%, respec-
tively. These findings suggest that our in-house AFA
assay was superior to the first-generation anti-CCP
assay for the diagnosis of RA. In the present study,
however, our assay was inferior to the second-
generation anti-CCP: this situation may also have
occurred in the case of the AFA assay used by
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" Vincent et al. To confirm this, a head-to-head
_comparison would be necessary between their AFA
and the second-generation anti-CCP.

~ With regard to comparisons with MMP-3, ELISA
detection of antibodies to citrullinated, antigens
showed superior diagnostic performance, which was
clearly demonstrated by the comparisons of ROC

* curves and the AUC. Serum MMP-3 level was reported
to beelevated, not only in RA patients but also in other
diseases, especially in systemic lupus erythematosus
(SLE) (22, 28). Indeed, 73% of SLE patients were
positive for MMP-3 in the present study. It is suggested
that relatively high positivity in other disease patients
resulted in low specificity and, consequently, inferior
RA diagnostic performance of MMP-3.

In addition, we examined whether titers of anti-
bodies to citrullinated antigens correlated with inflam-
matory markers, including ESR and CRP. Although
there were significant correlations of the titers with
inflammatory markers, the correlation values were

much weaker than those of MMP-3 with inflamma--

tory markers. Therefore, it is suggested that, for the
purpose of monitoring the disease activities of RA,
ELISA detection of antibodies to citrullinated
antigens may not be as efficient as MMP-3. Further
studies examining the relation of the titers of
antibodies to citrullinated antigens with disease
activities of RA in detail, preferably in a prospective
way, would be necessary to corroborate their
usefulness as disease markers of RA.

Although filaggrin proteins are not expressed in
the synovium, it has been demonstrated that B cells
in the synovial tissue (10) and synovial fluid 29)
from patients with RA can spontaneously produce
antibodies to citrullinated filaggrin. It is reasonable,
therefore, to assume that citrullinated antigens, other
than citrullinated filaggrin, exist in the synovium,
and that the reactivity of antibodies to citrullinated
filaggrin is a cross-reaction, Recently, Masson-
Bessiere et al demonstrated that citrullinated forms
of fibrin are one of the targets of AFA in the syno-
vium (30). They postulated that the use of citrulli-
nated fibrin or peptide derived from fibrin would
probably display a higher diagnostic value than
those using filaggrin or filaggrin-related peptides.

We present here the superiority of ELISA detec-
tion of antibodies to citrullinated antigens, especially
second-generation anti-CCP, for the diagnosis of
RA. Some other citrullinated proteins have been
suggested as targets of antibody present in RA
patients’ sera (31). The detection of autoantibodies
to citrullinated antigens described in the present
study, or developed in the near future, may become a
major criterion for the diagnosis of RA, in addition
to clinical and radiographic findings.
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