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ABSTRACT. Objective. To compare the diagnostic value of anti-cyclic citrullinated peptide (anti-CCP) and anti-Sa
antibodies in serum for prediction of rheumatoid arthritis (RA) in an outpatient clinic for connective tis-
sue diseases and spondyloarthritides.

Methods. A cross-sectional study was carried out to analyze the presence or absence of anti-CCP and
anti-Sa antibodies in the sera of 250 randomly selected patients. The disease distribution in the study
was as follows: 87 patients had RA (34.8%); 90 (36%) had other connective tissue diseases (CTD); 50
(20%) spondyloarthritis; 19 (7.6%) polymyalgia rheumatica; and 4 (1.6%) juvenile idiopathic arthritis.
Results. Anti-CCP antibodies were detected in 63 patients with RA and in 9 patients with other illness-
es [sensitivity 72.4%), specificity 94.4%, positive predictive value (PPV) 87.5%]. Anti-Sa antibodies
were detected in 38 patients with RA and in 6 patients with other illnesses (sensitivity 43.6%, speci-
ficity 96.3%, PPV 86.3%). Anti-CCP and anti-Sa results were discordant in up to 47 of 87 RA patients.
No relation between the presence of anti-Sa and higher or lower titers of anti-CCP antibodies was
observed.

Conclusion. The diagnostic value in RA is similar for both antibodies. However, the sensitivity of anti-
CCP detection is higher than that of anti-Sa. Our results suggest that presence of anti-Sa antibodies in
serum may be useful as a complementary assay when anti-CCP antibodies are negative and RA is sus-

pected. (J Rheumatol 2006;33:1476-81)
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Rheumatoid arthritis (RA) is a chronic systemic autoimmune
disease of unknown etiology that primarily affects the joints,
afflicting about 1% of the population. Autoantibodies in sera
of patients with RA have been described; these can be divid-
ed, according to van Boekel, et al! into the antibodies that are
also present in other diseases and antibodies that are more spe-
cific to RA, and thus more relevant to clinical practice.
Several studies have shown that antibodies targeting the cit-
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ANTI-Sa ANTIBODIES
RHEUMATOID ARTHRITIS

rullinated antigens anti-Sa and anti-cyclic citrullinated peptide
(anti-CCP) are very specific for RA diagnosis>, occurring at
very early stages of the disease.

Detection of anti-CCP is currently performed by ELISA.
Antiperinuclear factors (APF) and antikeratin antibodies
(AKA) usually appear simultaneously in patients with RA and
target filaggrin modified by posttranslational deimination of
peptidylarginine into peptidylcitrulline. Antibodies from sera
containing APF and AKA recognize citrullinated peptides
derived from filaggrin in a first-generation ELISA (anti-
CCP1). Further modification of the citrullinated peptides,
including their cyclization to ensure that the citrulline residue
will be exposed after binding of the peptide to ELISA plates,
led to a better performing second generation anti-CCP assay,
anti-CCP23:68,

Other antibodies specific for RA are anti-Sa antibodies,
which react by immunoblotting with a protein of molecular
weight of about 48-50 kDa’!!. Studies have demonstrated
that these autoantibodies occur in patients with recent onset
RA, and seem to be related to more rapid and severe joint
damage'?!3. Recently, some authors have shown that the Sa
antigen is a citrullinated vimentin'*!3. Therefore, there is a
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need to compare anti-CCP and anti-Sa antibodies for purpos-
es of diagnosis of RA. We investigated the usefulness of both
autoantibodies in a specialized outpatient clinic for connective
tissue diseases (CTD) and spondyloarthritides.

MATERIALS AND METHODS

Study population. Two-hundred fifty patients were randomly recruited from a
cohort of 2072 patients diagnosed with either RA or another CTD or spondy-
loarthritis by the Rheumatology Service at the Gregorio Marafién University
Hospital, Madrid, between 1988 and 2004. The serum samples collected
showed the following disease distribution: 87 patients who fulfilled the 1987
American College of Rheumatology criteria for RA'0; 27 patients with sys-
temic lupus erythematosus'”; 19 with polymyalgia rheumatica (PMR)'8; 18
with primary Sjogren’s syndrome!%; 18 with undifferentiated connective tis-
sue disease (CTD); 18 with ankylosing spondylitis?’; 17 with psoriatic arthri-
tis20; 10 with undefined spondyloarthritis?'; 8 with polymyositis?%; 7 with
progressive systemic sclerosis??; 5 with mixed connective tissue disease*; 5
with reactive arthritis (arthritis, conjunctivitis, and urethritis); 4 with juvenile
idiopathic arthritis (JTA)2 (2 polyarticular, 1 pauciarticular, 1 systemic); 4
with palindromic rheumatism?9; and 3 patients with Behget’s disease?’. The
study fulfilled the requirements from the Gregorio Marafién University
Hospital Ethics Committee.

Methods. The anti-CCP assay was carried out using the RA-96RT second-
generation kit (Euro-Diagnostica Inmunoscan RA, Medeon, Sweden),
according to the manufacturer’s instructions. Briefly, serum samples (dilution
1:50) were incubated with a citrullinated synthetic peptide in an ELISA (incu-
bation for 1 h at room temperature). A secondary anti-IgG antibody was then
added and incubated for 1 h at room temperature. After washing, the substrate
was added to each well in the microplate and the reaction was photometrical-
ly visualized (450 nm). The optical density (OD) results are given in U/ml
units. The kit also provided calibrator samples and control samples to evalu-
ate the quality of the results. The standard curve was found to be close to lin-
earity within the range 25-1600 U/ml. A cutoff value of 25 U/ml was deter-
mined by receiver-operating characteristic (ROC) curves to be the best cutoff
level for our population, in perfect agreement with that recommended by the
manufacturer.

The anti-Sa assay was performed as reported?®. Briefly, human placenta
extracts were prepared using the method described by Clark, ez a2 with some
modifications®3", The sample was electrophoresed (12% sodium dodecyl sul-
fate-polyacrylamide gel) and semidry electrotransferred onto nitrocellulose
membrane, as described?8-31-33. Membranes were blocked (3% bovine serum

albumin in Tris-saline buffer solution) and incubated with patient sera (dilu-
tion 1:5; incubation for 1 h at room temperature). After extensive washing,
membranes were incubated with an anti-IgG/peroxidase conjugated antibody
(dilution 1:1000; incubation for 2 h at room temperature; Nordic). Antibodies
bound to the membrane were visualized using a substrate solution containing
4-Cl-1-naphtol (0.05%) and H,0, (0.04%). The presence of a triplet band in
membranes at about 48/50 kDa was indicative of anti-Sa antibodies in patient
serum.

Statistical methods. Data were analyzed using the nonparametric Mann-
Whitney U test (p < 0.05). Contingency tables were used to calculate the sen-
sitivity, specificity, and positive and negative predictive values (PPV, NPV)
and the likelihood ratios of both assays for the diagnosis of RA3*.

RESULTS

Each of the assays described above was performed by blind
operators. The patients with RA represented 34.8% of the
study group (87 of 250). The frequency of antibodies for each
diagnosis is shown in Table 1.

Table 2 shows the sensitivity, specificity, PPV, NPV, and
positive and negative likelihood ratios of the assays. As shown
in Table 1, the specificity and predictive values were similar
in both assays. However, the sensitivity of anti-Sa antibodies
was lower than that of anti-CCP antibodies. The likelihood
ratio for positive findings was 12.92 and 11.78 for the anti-
CCP and anti-Sa antibodies, respectively (Table 2). The sensi-
tivity of prediction of RA was higher if both assays were con-
sidered together.

The results of the anti-CCP assay showed that 72 out of
250 sera had positive anti-CCP antibodies, from which 87.5%
were diagnosed with RA and 12.5% with other diseases. The
OD (mean = standard error) values were 403 + 53 and 21 + 11
U/ml (OD range 0-1600 U/ml) in patients with RA and with
other illnesses, respectively. When we considered only the OD
values of positive anti-CCP (OD range 25-1600 U/ml), the
OD values were 557 + 63 and 379 + 175 U/ml in patients with
RA and with other illnesses, respectively. The results of the
anti-Sa assay showed that 44 out of 250 sera had anti-Sa anti-

Table 1. Frequency of anti-cyclic citrullinated peptide (anti-CCP) and anti-Sa antibodies in systemic connective

tissue diseases.

N Anti-CPP Antibodies, Anti-Sa Antibodies,

no. (%) no. (%)
Rheumatoid arthritis 87 63 (72.4) 38 (43.6)
Systemic lupus erythematosus 27 1(3.7) 0(0)
Polymyalgia rheumatica 19 3(15.7) 0 (0)
Primary Sjogren’s syndrome 18 0(0) 1(5.5)
Undifferentiated connective tissue disease 18 1(5.5) 2 (11.1)
Ankylosing spondylitis 18 1(5.5) 1(5.5)
Psoriatic arthritis 17 0 (0) 0 (0)
Undefined spondyloarthritides 10 1 (10) 0 (0)
Polymyositis 8 0 (0) 0(0)
Progressive systemic sclerosis 7 0 (0) 0 (0)
Mixed connective tissue disease 5 0 (0) 0 (0)
Reactive arthritis 5 0 (0) 0 (0)
Palindromic rheumatism 4 2 (50.0) 1(25.0)
Juvenile idiopathic arthritis 4 0 (0) 1(25.0)
Behget’s disease 3 0 (0) 0 (0)
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Table 2. Sensitivity, specificity, predictive values, and likelihood ratios of anti-cyclic citrullinated peptide (anti-
CCP) and anti-Sa antibodies for the diagnosis of rheumatoid arthritis.

Anti-CCP Anti-Sa Anti-CCP or

Antibodies Antibodies Anti-Sa Antibodies
Sensitivity, % 724 43.6 85.0
Specificity, % 94 .4 96.3 90.8
Positive predictive value, % 87.5 86.3 83.1
Negative predictive value, % 86.5 76.2 91.9
Positive likelihood ratio 12.9 11.7 94
Negative likelihood ratio 0.29 0.58 0.1

bodies, from which 86.4% were diagnosed with RA and
13.6% with other diseases.

The dissociation between these 2 tests is illustrated in
Table 3. Thirty-one percent of patients with RA presented
simultaneously with positive anti-CCP and anti-Sa antibodies
(27 out of 87). By contrast, 15% of patients with RA showed
neither anti-CCP nor anti-Sa antibodies (13 out of 87).
Agreement of the 2 different assays was thus 46%. Anti-CCP
antibodies were exclusively detected in 41.3% of patients,
whereas 12.6% of sera samples showed only positive anti-Sa
antibodies. Differences between anti-CCP and anti-Sa results
were found in up to 47 out of 87 patients with RA.

Only one non-RA patient, diagnosed with undifferentiated
connective tissue disease (disease duration 6 yrs), presented
simultaneously with anti-Sa and anti-CCP (OD value 185.25
U/ml) antibodies. On the other hand, anti-CCP antibodies were
detected in the sera of 8 non-RA patients (OD mean value
403.25 U/ml, range 26.9—1600); none of these patients had
positive anti-Sa antibodies. These 8 patients had been diag-
nosed as follows: 3 PMR (mean disease duration 1.6 yrs); 2
palindromic rheumatism (mean disease duration 7 yrs);
1 systemic lupus erythematosus (disease duration 10 yrs); 1
with ankylosing spondylitis (disease duration 6 yrs); and 1
with undifferentiated spondyloarthritis (disease duration 3 yrs).

Anti-Sa antibodies were detected in the sera of 5 non-RA
patients, none of whom were positive for anti-CCP antibodies.
These 5 patients had the following diagnoses: 1 polyarticular
JIA (disease duration 4 yrs); 1 primary Sjogren’s syndrome
(disease duration 1 yr); 1 undifferentiated connective tissue
disease (disease duration 12 yrs); 1 palindromic rheumatism
(disease duration 2 yrs); and 1 with ankylosing spondylitis
(disease duration 20 yrs). Interestingly, 4 of the non-RA
patients who were positive for either anti-CCP or anti-Sa anti-
bodies presented with persistently positive rheumatoid factor

and chronic oligoarthritis (2 patients with palindromic
rheumatism and anti-CCP; 1 patient with PMR and anti-CCP;
and 1 patient with undifferentiated connective tissue disease
and anti-Sa antibodies).

The Mann-Whitney U test disclosed no statistical differ-
ences (p = 0.39) between the titer of anti-CCP antibodies in
sera with anti-CCP positive/anti-Sa positive antibodies (OD
453 + 90 U/ml, range 38.25-1600) and the titer of anti-CCP in
sera with anti-CCP positive/anti-Sa negative antibodies (OD
536 + 79 U/ml, range 26.9—-1600). Similarly, the titer of anti-
CCP antibodies in anti-CCP positive/anti-Sa positive sera (OD
463 + 92 U/ml, 38.25-1600) and in anti-CCP positive/anti-Sa
negative sera (OD 517 + 86 U/ml, range 36.53—1600) showed
no differences in patients diagnosed with RA (p = 0.21). In
contrast, the titers of anti-CCP antibodies (OD range 0—1600)
in sera with anti-Sa positive (OD 288 + 65 U/ml) and with
anti-Sa negative antibodies (OD 125 + 24 U/ml) were statisti-
cally different (p < 0.0001). However, these differences were
not observed when analysis was restricted to patients with RA
(Figure 1).

DISCUSSION
Previous studies have shown that the assay based on detection
of serum anti-CCP antibodies by ELISA is useful in the diag-
nosis of RA. The reported sensitivity and specificity of anti-
CCP antibodies varies between 42% and 80% and 85% and
99%, respectively, depending on the progression of the dis-
ease and on the use of first (anti-CCP-1) or second (anti-CCP-
2) generation antibody tests!#6-33-3_On the other hand, sev-
eral authors have proposed the usefulness of anti-Sa antibody
detection by immunoblotting in the diagnosis of RA. The sen-
sitivity and specificity of this assay varied between 31% and
43% and 94% and 99%, respectively”-12.

We conclude that detection of anti-CCP antibodies is much

Table 3. Differences between anti-cyclic citrullinated peptide-2 (anti-CCP) and anti-Sa antibodies in patients

with rheumatoid arthritis.

Positive Anti-CCP  Negative Anti-CCP

Total No. (%)

Positive anti-Sa, no. (%) 27 (31.0)
Negative anti-Sa, no. (%) 36 (41.3)
Total 63 (72.4)

11 (12.6) 38 (43.6)
13 (14.9) 49 (56.3)
24 (27.5) 87
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Figure 1. Comparison of anti-CCP titers in Sa positive and Sa negative sera from various groups of patients. A. Anti-
CCP positive and negative groups. B. Anti-CCP positive group. C. Anti-CCP positive and negative in patients with RA.

D. Anti-CCP positive in patients with RA.

more sensitive than detection of anti-Sa antibodies for the
diagnosis of RA. The agreement between the anti-CCP and
anti-Sa antibodies in patients with RA was only about 46%.
Moreover, 12% of RA patients presented anti-Sa antibodies
without anti-CCP antibodies.

There may be several possible explanations for the discor-
dances between anti-Sa and anti-CCP in our study: (1) The
source of the antigen in the anti-Sa assay is unfortunately not
yet perfectly optimized. Moreover, the CCP test uses a single
citrullinated epitope, while the Sa antigen may contain many
different citrulline residues and thus many different citrulli-
nated epitopes. (2) Although anti-CCP and anti-Sa are both
specifically reactive with citrullinated epitopes'®, they are
detected by different assays that may have a different sensi-
tivity for RA. Our data suggest that the ELISA technique is
more sensitive than the present immunoblotting technique for
anti-Sa detection. (3) The antigen in the ELISA technique is a
synthetic peptide, which could result in a lower antibody/anti-
gen affinity compared to the true antigen.

The statistical values obtained in this study are similar to
those previously described in the literature. However,
Vossenaar, et al'*37 obtained a much higher sensitivity for
anti-Sa (about 76%) than that obtained in our study (43.6%).
The discrepancy may be due to a random selection of patients
in our study. It could be also ascribed to a higher sensitivity in
the reaction developed in the immunoblotting membrane,
since Vossenaar, et al'* used chemiluminescence methodolo-
gy, whereas we have employed a chromogenic reagent. On the
other hand, we did not find a higher titer of anti-CCP antibod-
ies in anti-CCP positive/anti-Sa positive sera versus in anti-
CCP positive/anti-Sa negative sera; however, as previously
reported, both anti-CCP and anti-Sa antibodies are very spe-
cific to RA. Both assays had a likelihood ratio above 10,
which indicates a strong effect on pre- and post-test likeli-
hood32. From these results it can be concluded that patients
with anti-CCP antibodies have a 12.9-fold higher probability
for presenting RA than patients with negative anti-CCP anti-
bodies. The likelihood of having RA when anti-Sa antibodies
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are detected was 11.7. Considering some recent reports that
have pointed to the presence of anti-CCP antibodies in some
patients many years before clinical diagnosis of RA3®, some
patients not currently fulfilling RA criteria but with anti-CCP
or anti-Sa antibodies may develop RA features later on. This
could be the case in patients with palindromic rheumatism,
seropositive polyarticular JIA, PMR, or other atypical-onset
forms of RA. Indeed, anti-CCP antibodies have been detected
in patients with palindromic rheumatism3°, Nevertheless, pos-
sible false-positive results in both autoantibodies cannot be
completely ruled out.

It is currently accepted that the detection of anti-CCP anti-
bodies is the best diagnostic test for RA and that the ELISA
technique is simple and reproducible. However, up to 12% of
patients with RA have anti-Sa antibodies, while they are neg-
ative for anti-CCP antibodies. We suggest that in cases with
negative anti-CCP antibodies by ELISA, anti-Sa by
immunoblotting could be of great use.
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