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Abstract
Objectives

To determine if anti-cyclic citrullinated peptide (anti-CCP) antibody titers can distinguish the overlap syndrome of 
systemic sclerosis and rheumatoid arthritis (SSc-RA) in patients with systemic sclerosis (SSc) and to investigate the clinical 

signifi cance of anti-CCP antibodies in SSc.

Methods
Serum levels of anti-CCP antibodies were measured by enzyme-linked immunosorbent assay in 159 outpatients: 114 with 
SSc, 14 with rheumatoid arthritis, 7 with SSc-RA overlap syndrome, and 24 with Sjögren’s syndrome. In patients with SSc 

and SSc-RA, we also measured serum levels of matrix metalloproteinase-3 and anti-agalactosyl IgG antibody.

Results
Elevated serum levels of anti-CCP antibodies were observed in 3 of 114 patients (2.6%) with SSc, 9 of 14 patients (64%) 

with RA, 6 of 7 patients (86%) with SSc-RA, and only 1 of 24 patients (4.2%) with SjS. In patients with SSc-RA, serum anti-
CCP antibody levels were signifi cantly higher than those seen in SSc (p<0.001). The sensitivity, specifi city, and predictive 

values of elevated anti-CCP titers for SSc-RA were higher than either matrix metalloproteinase-3 and anti-agalactosyl IgG 
antibodies as markers. In addition, almost all SSc-RA and SSc patients with elevated serum levels of anti-CCP antibodies 

exhibited arthralgias and interstitial pneumonia.

Conclusions
Anti-CCP antibody titers are a reliable marker of SSc-RA facilitating its distinction from SSc alone.
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Introduction
Systemic sclerosis (SSc) is character-
ized by thickening of the skin, fi brotic 
changes in the joints, muscles, and 
visceral organs, abnormalities in the 
microcirculation, and autoimmunity. 
Patients with SSc display a variety of 
clinical courses with a broad spectrum 
of severity of organ involvement. Mus-
culoskeletal involvement is frequent in 
patients with SSc, clinically manifest-
ing as arthralgias and/or arthritis, my-
algias, muscle atrophy. Radiologically, 
these changes are seen as osteopenia, 
joint space narrowing, erosions, and 
subluxation (1-3). Montagna et al. de-
termined that arthritis was present in 
approximately 13% (10/76) of SSc pa-
tients, with juxta-articular osteoporosis, 
joint space narrowing, and fl exion con-
tractures of the fi ngers frequently devel-
oping in the patient’s hands (4). Patients 
with SSc often exhibit additional clini-
cal features characteristic of rheuma-
toid arthritis (RA), defi ning the clinical 
condition of SSc-RA overlap syndrome. 
Horiki et al. reported that patients with 
SSc-RA display generalized skin scle-
rosis, severe seropositive polyarthritis, 
and pulmonary fi brosis, suggesting that 
SSc-RA may be a distinct entity from 
SSc alone (5). The majority of cases de-
veloped seropositive arthritis after onset 
of SSc. In the daily examination of SSc 
patients, it is important to identify those 
patients with overlapping RA who have 
greater functional impairment. 
The diagnosis of RA primarily depends 
on the clinical manifestations of the dis-
ease. Although rheumatoid factor (RF) 
is detected in 60-80% of RA patients, 
the specifi city of elevated RF is limited 
(48-92%), because RF is also detected 
in multiple non-RA rheumatic dis-
eases, infectious diseases, and healthy 
individuals, particularly the elderly. 
Recent studies have utilized matrix 
metalloproteinase-3 (MMP3) and anti-
agalactosyl IgG antibodies (AG-IgG) 
as markers of RA (6-8). Multiple au-
toantibodies in RA have emerged as 
useful markers for diagnosis and prog-
nosis (9). Several studies revealed the 
clinical signifi cance of autoantibod-
ies against cyclic citrullinated peptide 
(CCP) in the diagnosis of RA (10-12). 
Elevated anti-CCP antibody titers are 

moderately sensitive (76%), but highly 
specifi c (96%) for RA (13). Anti-CCP 
antibodies are detectable in both sero-
positive and seronegative RA patients. 
Anti-CCP antibody levels also serve as 
a predictor of joint destruction (14-16). 
Thus, anti-CCP antibodies have become 
the most highly specifi c and predictive 
marker for the diagnosis of RA (17). In 
patients with SLE, erosive arthritis was 
strongly associated with the presence 
of anti-CCP antibodies (18).
This study sought to determine if anti-
CCP antibody titers can distinguish 
SSc-RA from SSc alone. We also in-
vestigated the clinical signifi cance of 
anti-CCP antibodies in these diseases. 

Materials and methods
Patient selection
All patients were followed by the De-
partment of Dermatology at Nagoya 
University School of Medicine. This 
study was comprised of 159 outpatients, 
114 with systemic sclerosis (SSc), 14 
with rheumatoid arthritis (RA), 7 with 
SSc-RA overlap syndrome (SSc-RA), 
and 24 with Sjögren’s syndrome (SS). 
These 114 patients with SSc did not 
overlap with RA at the time of regis-
tration into the study. They were 144 
females and 15 males, with ages rang-
ing from 18 to 83 years and a mean age 
of 56 years (Table I). Patients with RA 
fulfi lled the criteria proposed by the 
American College of Rheumatology 
(ACR) (19). All SSc patients fulfi lled 
a new Japanese criterion, which was 
modifi ed from the ACR criteria (20). 
The new criterion proposed a diagnosis 
of SSc in the presence of either the ma-
jor criterion of proximal scleroderma or 
the minor criteria of sclerodactyly with 
one or more of the following criteria: 
1) digital pitting scars on the fi ngertips 
or loss of substance of the distal fi nger 
pads, 2) bilateral basilar pulmonary fi -
brosis, or 3) a positive fi nding of anti-
Scl-70 or anti-centromere antibody. 
The patients with SSc-RA were de-
fi ned as those who fulfi lled the criteria 
of both diseases. The sera were drawn 
from 1994 to 2006, after diagnosis of 
each disease. Especially, the sera of the 
patients with SSc-RA were all drawn 
after diagnosis of both diseases. 
Patients diagnosed with SSc and SSc-
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RA were subcategorized into two sub-
sets according to the classifi cation sys-
tem proposed by Leroy et al. (21); 34 
exhibited diffuse cutaneous SSc (dSSc), 
while 87 had limited cutaneous SSc 
(lSSc). Patients with dSSc had a higher 
frequency of overlapping RA disease 
(4/34) than those with lSSc (3/87). 
Interstitial pneumonia was assessed by 
chest CT scanning. Written informed 
consent was obtained from each sub-
ject, and this study was approved by 
the local Ethical Committee.

Antinuclear antibodies
Antinuclear antibodies (ANA) were de-
tected by indirect immunofl uorescence 
using HEp-2 cells (Fluoro HEPANA 
Test; MBL Co. Ltd., Nagoya, Japan) as 
previously described (22). 

Rheumatoid factor 
The latex agglutination test was used 
to detect RF with an RA-E kit (MBL 
Co. Ltd., Nagoya, Japan) (23). Briefl y, 
a drop of latex reagent was added to se-
rum samples on a slide and stirred with 
an applicator. The extent of agglutina-
tion was assessed after gently shaking 
the slide for one minute. 

Anti-CCP autoantibodies
Serum antibodies directed against CCP 
were assessed by commercial enzyme-
linked immunosorbent assay (ELISA) 
[DIASTATTM Anti-CCP (Axis-Shield 
Diagnostics)] according to the manu-
facturer’s instructions. In brief, 100 μl 
of anti-CCP standards (0, 2, 8, 30, and 
100 U/ml) and pre-diluted (1:100) se-
rum samples were distributed into indi-
vidual wells. After a 60-minute incuba-
tion, wells were washed three times be-
fore incubation for 30 minutes with 100 
μl of alkaline phosphatase-conjugated 
murine monoclonal antibody specifi c 

for human IgG. After three washes, 100 
μl of chromogenic substrate solution 
was added to each well. The reaction 
was stopped after 30 minutes by the 
addition of sodium hydroxide-EDTA-
carbonate buffer; the absorbance at 550 
nm was then read using an ELISA plate 
reader (Multiskan JX, Thermo Electron 
Co. Ltd., USA). Serum samples were 
evaluated in duplicate. The above pro-
cedures were performed at room tem-
perature. A cut-off value of 5.0 U/ml 
was recommended by ROC analysis 
performed at the manufacturer. 

MMP-3
Serum levels of MMP-3 in patients with 
SSc and SSc-RA were measured using 
a commercial ELISA kit (Daiichi Fine 
Chemical, Toyama, Japan) according to 
the manufacturer’s instructions. After 
pre-adsorbing anti-MMP-3 monoclonal 
antibody onto microtiter wells, 120 μl 
of peroxidase-conjugated anti-MMP-3 
antibody was added to each well, fol-
lowed by serum samples (40 μl) dilut-
ed to 1:4. After a 90-minute incubation 
followed by four washes, color was 
developed with hydrogen peroxide and 
tetramethylbenzidine peroxidase. The 
reaction was stopped with vitriolic acid 
after a 30-minute incubation; the ab-
sorbance at 450 nm was then measured. 
The concentration of MMP-3 in each 
sample was determined by comparison 
to a standard curve. Values greater than 
the 95% confi dence interval for normal 
control subjects were designated as el-
evated. The normal ranges for MMP-
3 were 36.9~121 ng/ml for males and 
17.3~59.7 ng/ml for females, accord-
ing to the manufacturer’s data. 

Anti-agalactosyl IgG antibodies 
Serum levels of anti-agalactosyl IgG an-
tibodies (AG-IgG) in patients with SSc 

and SSc-RA were measured using a com-
mercial lectin-enzyme immunoassay kit 
(Eitest CARF; Eisai Co. Ltd., Tokyo, Ja-
pan) (24). Briefl y, serum samples (100 
μl) diluted 201-fold were added to wells 
coated with agalactosyl IgG. After a 
one-hour incubation, wells were washed 
three times. Next, 100 μl biotinylated 
lectin (Ricinus communis agglutinin) 
was added. After a one-hour incubation, 
wells were washed three times before 
the addition of 100 μl of streptavidin-
peroxidase conjugate solution. After a 
one-hour incubation followed by three 
washes, 100 μl chromogen substrate 
solution was added. The reaction was 
stopped by the addition of 2 mM sodi-
um azide after a 30-minute incubation; 
the absorbance at 405 nm was then read 
using an ELISA plate reader. The upper 
limit of the reference range was set at 
6.0AU/ml by ROC analysis performed 
at the manufacturer. 

Statistical analysis
Statistical analysis utilized the Mann-
Whitney U-test for comparison of 
means. Fisher’s exact probability test 
was used to analyze frequencies. Statis-
tical procedures were performed using 
SPSS Ver.13 statistical software from 
SPSS Japan, Inc. A p-value less than 
0.05 was considered to be statistically 
signifi cant.

Results
Serum levels of anti-CCP antibodies
Figure 1 displays the serum levels of 
anti-CCP antibodies in patients with SSc, 
RA, SSc-RA, and SS. Antibody levels in 
patients with SSc-RA were signifi cantly 
elevated in comparison with those seen 
in SSc patients (mean ± SD: 50.81±67.40 
vs. 2.10±12.50U/ml, p<0.001). Patients 
with RA had signifi cantly higher anti-
body titers than those with SSc (mean ± 
SD: 64.58±90.34 vs. 2.10±12.50U/ml, 
p<0.001). There were no signifi cant dif-
ferences between antibody levels in pa-
tients with RA and SSc-RA (ptients with RA and SSc-RA (ptients with RA and SSc-RA ( =0.628). 
All SS patients exhibited low antibody 
titers, with a mean of 0.89±3.01 U/ml 
(mean ± SD). When the cut-off value was 
set at 5U/ml, elevated antibody levels 
were only observed in 3 of 114 patients 
(2.6%) with SSc, 9 of 14 patients (64%) 
with RA, 6 of 7 patients (86%) with SSc-

Table I. Patient profi les.        
     
Disease Number Sex                                     Age
  male : female yrs mean ± standard 
    deviation

SSc 114 9 : 105 19 - 83 58 ± 12
RA 14 2 : 12 35 - 76 56 ± 11
SSc-RA overlap 7 0 : 7 39 - 63 55 ± 8.0
SS 24 4 : 20 18 - 81 51 ± 17

SSc: systemic sclerosis; RA: rheumatoid arthritis; SS: Sjögren’s syndrome.
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RA, and 1 of 24 patients (4.2%) with SS. 
Six patients with SSc-RA, who demon-
strated elevated serum levels of anti-CCP 
antibodies, also possessed RF, while an-
other patient with SSc-RA lacked both 
anti-CCP antibody and RF. 

Clinical features in SSc and SSc-RA 
patients with elevated serum levels of 
anti-CCP antibodies
The clinical and laboratory features 
of the SSc and SSc-RA patients with 

elevated serum levels of anti-CCP an-
tibodies are shown in Table II. Six pa-
tients had dSSc and three had lSSc. All 
nine of these patients had arthralgias 
and positive ANA titers. Eight patients 
had evidence of interstitial pneumonia 
confi rmed by computed tomography and 
exhibited positive RF titers and eleva-
tions of AG-IgG. Their pattern on chest 
CT demonstrated predominantly dor-
sal and lower zone honeycombing on a 
background of ground-glass attenuation. 

Seven patients were positive for MMP-
3. Notably, one patient with SSc (No. 
3 in Table II) developed RA nine years    
after serum examination.
In patients with normal anti-CCP anti-
body levels, 21% (23/107) and 36% 
(38/107) developed arthralgias and inter-
stitial pneumonia, respectively. Fisher’s 
exact probability test revealed a statisti-
cally signifi cant association of elevated 
serum levels of the anti-CCP antibodies 
with arthralgias (pwith arthralgias (pwith arthralgias ( <0.001) and intersti-
tial pneumonia (ptial pneumonia (ptial pneumonia ( <0.005).

Serum levels of MMP-3 and 
anti-agalactosyl IgG antibodies 
Elevated serum MMP-3 levels were 
observed in 20 of 114 patients (18%) 
with SSc and 5 of 7 patients (71%) with 
SSc-RA when cut-off levels were set at 
36.9-121 ng/ml and 17.3-59.7 ng/ml for 
males and females, respectively. Twen-
ty-two females and three males were 
seropositive for MMP-3, with ages 
ranging from 39 to 83 years and a mean 
of 60 years.
In addition, 23 out of 114 patients 
(20%) with SSc and 5 out of 7 patients 
(71%) with SSc-RA were positive for 
AG-IgG when the upper limit of the 
reference range was set to 6.0 AU/ml. 
Twenty-six females and two males 
were seropositive for AG-IgG; the ages 

Fig. 1. Serum levels of anti-CCP antibodies. Bars indicate medians of the data. The horizontal dotted 
line shows the cut-off value (5U/ml). Comparisons between diseases were made using the Mann-Whitney
U test. P-values less than 0.05 were considered to be signifi cant.

P<0.001

P<0.001 P=0.628

Table II. Clinical and laboratory features in nine patients with SSc and SSc-RA overlap syndrome with elevated serum levels for anti-  
cyclic citrullinated peptide antibodies.

No. Age Sex Disease Preceding Interval Usage of arthralgia IP CRP RF ANA CCP MMP3 AG IgG
    disease  (years)* PSL   (mg/dl)   (U/ml) (ng/ml) (AU/ml)
      (mg/day)

1 50 M dSSc   17.5 + + 0 + SS-A 31 195 240
2 75 F dSSc   7.5 + + 0.44 - Topo-1 15 290 8
3 68 F dSSc#   0 + + 0 + Topo-1 130 9 6.2
4 52 F lSSc, RA SSc 8 5 + + 3.4 2+ ACA 22 155 370
5 39 F dSSc, RA SSc 5 4 + + 0.1 2+ Topo-1 18 245 120
6 63 F lSSc, RA SSc 9 5 + - 2.9 2+ ACA 200 480 4.3
7 58 F dSSc, RA RA 14 6 + + 8.5 2+ Topo-1 30 82 200
8 56 F lSSc, RA SSc 11 10 + + 2.91 + Topo-1 40 110 26
9 62 F dSSc, RA SSc 2 10 + + 0.72 + Nuclear 45 35 25.5
           speckled 
           and 
           cytoplasmic

SSc: systemic sclerosis; lSSc: limited cutaneous SSc; dSSc: diffuse cutaneous SSc; RA: rheumatoid arthritis; PSL: prednisolone; IP: interstitial pneumonia; 
CRP: C-reactive protein; RF: rheumatoid factor; ANA: antinuclear antibodies; SS-A: anti-SS-A antibody; Topo-1: anti-topoisomerase 1 antibody; ACA: 
anti-centromere antibody; CCP: serum levels of anti-cyclic citrullinated peptide antibody; MMP-3: serum levels of matrix metalloproteinase-3; AG-IgG: 
serum levels of anti-agalactosyl IgG antibodies.
*Interval between diagnoses with the two diseases
#This patient developed RA nine years after serum examination.
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of these patients ranged from 39 to 83 
years with a mean of 60 years. 

Diagnostic characteristics for SSc-RA
The diagnostic characteristics for SSc-
RA are detailed in Table III. The sen-
sitivity, specifi city, positive predictive 
value (PPV), and negative predictive 
value (NPV) for SSc-RA of elevated 
anti-CCP antibodies were 86%, 97%, 
67%, and 99%, respectively. In com-
parison to elevated titers of MMP-3 
and/or AG-IgG as diagnostic param-
eters, elevated titers of anti-CCP anti-
bodies demonstrated better perform-
ance for the diagnosis of SSc-RA.

Discussion
Patients with SSc frequently demon-
strate musculoskeletal involvement, 
which manifests as arthralgias, arthritis, 
myalgias, and muscle atrophy. A subset 
of SSc cases, however, exhibits the clin-
ical characteristics of RA, dubbed over-
lap syndrome (25-26); these patients ex-
hibit more severe arthralgias and func-
tional impairment than patients with 
SSc alone (5). In their description of 15 
SSc-RA patients, Horiki et al. reported 
that all patients had erosive polyarthri-
tis and RF seropositivity, 87% (13/15) 
exhibited pulmonary fi brosis, and 80% 
(12/15) had proximal scleroderma. 
Doran et al. also described four patients 
with SSc-RA, all of whom had erosive 
lesions on hand radiographs (27). All of 
the patients had pulmonary fi brosis.
A previous investigation utilizing the 
Health Assessment Questionnaire 
(HAQ) clarifi ed that patients suffering 
from SSc-RA exhibited greater func-
tional impairments than patients with 
SSc alone, as evidenced by a higher 
HAQ-disability index for patients with 
SSc-RA than that determined for pa-
tients with SSc (28, our unpublished 

observations). To distinguish those pa-
tients with SSc-RA from the entirety of 
SSc patients, identifi cation of reliable 
disease markers for SSc-RA is neces-
sary, which could allow the early detec-
tion and rapid treatment of the disease. 
In this study, we evaluated the utility of 
elevated anti-CCP antibody titers in the 
distinction of SSc-RA from SSc alone. 
We also investigated the utility of anti-
CCP antibody measurement in the 
evaluation of patients with SSc in com-
parison to MMP-3 and AG-IgG, two 
accepted serological markers for RA.
Our results demonstrated that the sero-
prevalence of anti-CCP antibodies was 
signifi cantly higher (86%) in patients 
with SSc-RA than that seen in patients 
with SSc alone (2.6%). Ingegnoli et al.
observed anti-CCP antibodies in 10.6% 
(8/75) of SSc patients (29), which was a 
higher proportion than seen in our data 
set. As they mentioned, the population 
of SSc patients that they examined may 
have included SSc-RA patients. Thus, 
the seroprevalence of antibodies in pa-
tients with SSc alone may be signifi cant-
ly lower than 10.6%. Anti-CCP antibod-
ies are a superior serological marker to 
MMP-3 and AG-IgG, allowing for more 
accurate diagnosis of SSc-RA; the sen-
sitivity, specifi city, PPV, and NPV of el-
evated anti-CCP antibodies for SSc-RA 
diagnosis were higher than those seen 
for MMP-3 and AG-IgG (Table III). 
Recently, Szücs et al. published a report 
detailing SSc-RA overlap syndrome. 
They detected anti-CCP antibodies in 
18/22 patients (82%) with SSc-RA (30). 
In this study, we confi rmed high posi-
tivity for anti-CCP antibody in Japanese 
patients with SSc-RA.
Our data might imply that anti-CCP 
antibodies also correlate with joint 
involvement and interstitial pneumo-
nia in SSc. In most SSc patients with        

elevated serum levels of anti-CCP an-
tibodies, they overlapped with RA and 
were classifi ed into dSSc rather than 
lSSc. As patients with RA have arthral-
gias and patients with dSSc often have 
interstitial pneumonia, the relationship 
between anti-CCP antibody titers and 
arthralgias/interstitial pneumonia may 
be result from overlapping with RA 
and/or subset of SSc. To clarify the as-
sociation between anti-CCP antibodies 
and both pulmonary disease and joint 
involvement, it will be necessary to 
examine larger cohorts; this study in-
cluded too few patients to discuss the 
correlations.
In conclusion, anti-CCP antibody tit-
ers distinguish SSc-RA from SSc alone 
with a high specifi city. We recommend 
measuring anti-CCP antibody titers 
when examining SSc patients suffering 
from joint involvement to facilitate the 
early detection and intervention of SSc-
RA. In fi ve of the six patients with SSc-
RA who were positive for anti-CCP 
antibodies, SSc preceded RA. One SSc 
patient with high anti-CCP antibody tit-
ers developed RA nine years after se-
rum testing. We are currently following 
the remaining two anti-CCP-positive 
patients with SSc alone for the develop-
ment of RA.

References
  1. MEDSGER TA: Progressive systemic sclero-

sis: skeletal muscle involvement. Clin Rheum 
Dis 1979; 5: 103-13.

  2. BLOCKA K: Systemic sclerosis. Philadelphia, 
Penn: Williams & Wilkins; 1996.

  3. SEIBOLD JR: Kelley’s textbook of rheumatol-’s textbook of rheumatol-’
ogy, 6th ed. Philadelphia, Penn: WB Saun-
ders; 2001.

  4.  LA MONTAGNA G, SODANO A, CAPURRO V, 
MALESCI D, VALENTINI G: The arthropathy 
of systemic sclerosis: a 12 month prospective 
clinical and imaging study. Skeletal Radiol
2005; 34: 35-41.

  5.  HORIKI T, MORIUCHI J, TAKAYA M et al.: The 
coexistence of systemic sclerosis and rheu-
matoid arthritis in fi ve patients. Clinical and 
immunogenetic features suggest a distinct 
entity. Arthritis Rheum 1996; 39: 152-6.

  6. YOSHIHARA Y, OBATA K, FUJIMOTO N,      
YAMASHITA K, HAYAKAWA T, SHIMMEI M: 
Increased levels of stromelysin-1 and tissue 
inhibitor of metalloproteinases-1 in sera from 
patients with rheumatoid arthritis. Arthritis 
Rheum 1995; 38: 969-75.

  7. PAREKH R, ISENBERG D, ROOK G, ROITT I, 
DWEK R, RADEMACHER T: A comparative 
analysis of disease-associated changes in the 
galactosylation of serum IgG. J Autoimmun
1989; 2: 101-14.

Table III. Diagnostic characteristics for SSc-RA overlap syndrome.

Seropositive to CCP MMP-3 AG-IgG MMP-3 and/or CCP and/or CCP and/or
     AG-IgG  MMP-3 AG-IgG

Sensitivity (%) 86 71 71 86 86 86
Specifi city (%) 97 82 80 68 82 80
    PPV (%) 67 20 18 14 22 21
    NPV (%) 99 98 98 99 99 99

CCP: anti- cyclic citrullinated peptide antibody; MMP-3: matrix metalloproteinase-3; AG-IgG: anti-
agalactosyl IgG antibodies; PPV: positive predictive value; NPV: negative predictive value.



547

Anti-cyclic citrullinated peptide antibody in SSc / Y. Morita et al.

  8. SUMAR N, BODMAN KB, RADEMACHER TW
et al.: Analysis of glycosylation changes in 
IgG using lectins. J Immunol Methods 1990; 
131: 127-36.

  9. VAN BOEKEL MAM, VOSSENAAR ER, VAN
DEN HOOGEN FHJ, VAN VENROOIJ WJ:
Autoantibody systems in rheumatoid arthri-
tis: specifi city, sensitivity and diagnostic 
value. Arthritis Res 2002; 4: 87-93. 

10. JANSEN AMA, VAN DER HORST-BRUINSA-
MA IE, VAN SCHAARDENBURG D, VAN DE
STADT RJ, DE KONING MHMT, DIJKMANS 
BAC: Rheumatoid factor and autoantibodies 
to cyclic citrullinated peptide differentiate 
rheumatoid arthritis from undifferentiated 
polyarthritis in patients with early arthritis.   
J Rheumatol 2002; 29: 2074-76.J Rheumatol 2002; 29: 2074-76.J Rheumatol

11. BAS S, PERNEGER TV, SEITZ M, TIERCY JM, 
ROUX-LOMBARD P, GUERNE PA: Diagnostic 
tests for rheumatoid arthritis: comparison of 
anti-cyclic citrullinated peptide antibodies, 
anti-keratin antibodies and IgM rheumatoid 
factors. Rheumatology 2002; 41: 809-14.

12. BIZZARO N, MAZZANTI G, TONUTTI E, VIL-
LALTA D, TOZZOLI R: Diagnostic accuracy of 
the anti-citrulline antibody assay for rheuma-
toid arthritis. Clin Chem 2001; 47: 1089-93.

13. SCHELLEKENS GA, DE JONG BAW, VAN 
DEN HOOGEN FHJ, VAN DE PUTTE LBA, VAN
VENROOIJ WJ: Citrulline is an essential con-
stituent of antigenic determinants recognized 
by rheumatoid arthritis-specifi c autoantibod-
ies. J Clin Invest 1998; 101: 273-81.J Clin Invest 1998; 101: 273-81.J Clin Invest

14. MEYER O, LABARRE C, DOUGADOS M et al.: 
Anticitrullinated protein/peptide antibody 
assays in early rheumatoid arthritis for pre-
dicting fi ve year radiographic damage. Ann 
Rheum Dis 2003; 62: 120-6.

15. FORSLIND K, AHLMEN M, EBERHARDT K, 
HAFSTROM I, SVENSSON B, FOR THE BARFOT 
STUDY GROUP: Prediction of radiological out-
come in early rheumatoid arthritis in clinical 

practice: role of antibodies to citrullinated 
peptides (anti-CCP). Ann Rheum Dis 2004; 
63: 1090-95.

16. DEL VAL DEL AMO N, IBANEZ BOSCH R, FITO 
MANTECA C, GUTIERREZ POLO R, LOZA 
CORTINA ECORTINA ECORTINA : Anti-cyclic citrullinated peptide 
antibody in rheumatoid arthritis: relation 
with disease aggressiveness. Clin Exp Rheu-
matol 2006; 24: 281-86.matol 2006; 24: 281-86.matol

17. VAN GAALEN FA, LINN-RASKER SP, VAN
VENROOIJ WJ et al.: Autoantibodies to cyclic 
citrullinated peptides predict progression to 
rheumatoid arthritis in patients with undiffer-
entiated arthritis: a prospective cohort study. 
Arthritis Rheum 2004; 50: 709-15.

18. MARTINEZ JB, VALERO JS, BAUTISTA AJ, 
RESTREPO JF et al.: Erosive arthropathy: 
clinical variance in lupus erythematosus and 
association with anti-CCP case series and 
review of the literature. Clin Exp Rheumatol
2007; 25: 47-53.

19. ARNETT FC, EDWORTHY SM, BLOCH DA et 
al.: The American Rheumatism Association 
1987 revised criteria for the classifi cation of 
rheumatoid arthritis. Arthritis Rheum 1988; 
31: 315-24.

20. SUBCOMMITTEE FOR SCLERODERMA CRITERIA 
OF THE AMERICAN RHEUMATISM ASSOCIATION 
DIAGNOSTIC AND THERAPEUTIC CRITERIA COM-
MITTEE: Preliminary criteria for the classifi -
cation of systemic sclerosis (scleroderma). 
Arthritis Rheum 1980; 23: 581-90.

21. LEROY EC, BLACK C, FLEISHMAJER R et al.: 
Scleroderma (systemic sclerosis): classifi ca-
tion, subsets and pathogenesis. J Rheumatol
1988; 15: 202-5.

22. WATANABE A, KODERA M, SUGIURA K et al.:
Anti-DFS70 antibodies in 597 healthy hospi-
tal workers. Arthritis Rheum. 2004; 50: 892-
900.

23. AILUS K, MELAMIES L, TUOMI T, PALOSUO 
T, AHO K: Measuring rheumatoid factor in 

nonrheumatoid subjects: immunoturbidimet-
ric assay, latex slide test, and enzyme-linked 
immunosorbent assay compared. Clin Chem
1991; 37: 1766-69.

24. ICHIKAWA Y, YAMADA C, HORIKI T et al.: 
Anti-agalactosyl IgG antibodies and isotype 
profi les of rheumatoid factors in Sjögren’s 
syndrome and rheumatoid arthritis. Clin Exp 
Rheumatol 1998; 16: 709-15.Rheumatol 1998; 16: 709-15.Rheumatol

25. ZIMMERMANN C, STEINER G, SKRINER K, 
HASSFELD W, PETERA P, SMOLEN JS: The 
concurrence of rheumatoid arthritis and 
limited systemic sclerosis: clinical and sero-
logic characteristics of an overlap syndrome.      
Arthritis Rheum 1998; 41: 1938-45.

26. TUFFANELLI DL, WINKELMANN RK: Sys-
temic scleroderma: a clinical study of 727 
cases. Arch Dermatol 1961; 84: 359-71.Arch Dermatol 1961; 84: 359-71.Arch Dermatol

27. DORAN M, WORDSWORTH P, BRESNIHAN B, 
FITZQERALD O: A distinct syndrome includ-
ing features of systemic sclerosis, erosive 
rheumatoid arthritis, anti-topoisomerase an-
tibody, and rheumatoid factor. J Rheumatol
2001; 28: 921-22.

28. MORITA Y, MURO Y, SUGIURA K, TOMITA 
Y, TAMAKOSHI K: Results of the health as-
sessment questionnaire for Japanese pa-
tients with systemic sclerosis - measuring 
functional impairment in systemic sclerosis 
versus other connective tissue diseases. Clin 
Exp Rheumatol 2007; 25: 367-72.Exp Rheumatol 2007; 25: 367-72.Exp Rheumatol

29. INGEGNOLI F, GALBIATI V, ZENI S et al.: Use 
of antibodies recognizing cyclic citrullinated 
peptide in the differential diagnosis of joint 
involvement in systemic scler-osis. Clin 
Rheumatol 2007; 26: 510-14.Rheumatol 2007; 26: 510-14.Rheumatol

30. G. SZÜCS, Z. SZEKANECZ, E. ZILAHI et al.: 
Systemic sclerosis-rheumatoid arthritis over-
lap syndrome: a unique combination of fea-
tures suggests a distinct genetic, serological 
and clinical entity. Rheumatology 2007; 46: 
989-93.


