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Citrulline Dependence of Anti-Cyclic Citrullinated
Peptide Antibodies in Systemic Lupus Erythematosus
as a Marker of Deforming/Erosive Arthritis
PRASANTHI KAKUMANU, ERIC S. SOBEL, SONALI NARAIN, YI LI, JUN AKAOGI, YOSHIOKI YAMASAKI,
MARK S. SEGAL, PAULETTE C. HAHN, EDWARD K.L. CHAN, WESTLEY H. REEVES, and MINORU SATOH

ABSTRACT. Objective.Anti-cyclic citrullinated peptide (CCP) antibodies are a serological marker for rheumatoid
arthritis (RA); up to 10%–15% of patients with systemic lupus erythematosus (SLE) are also posi-
tive. While anti-CCP in RA is citrulline-dependent, anti-CCP in some other diseases is citrulline-
independent and reacts with both CCP and the unmodified (arginine-containing) cyclic arginine pep-
tide (CAP). We investigated the citrulline dependence of anti-CCP and its significance in the arthri-
tis of SLE.
Methods. IgG anti-CCP was compared by ELISA to anti-CAP in sera from patients with SLE (n =
335) and RA (n = 47) and healthy controls (n = 35). SLE patients were divided into 5 groups based
on their joint involvement: subset I: deforming/erosive arthritis (n = 20); II: arthritis fulfilling (or
likely fulfilling) American College of Rheumatology criteria for RA but without erosions (n = 18);
III: joint swelling but not fulfilling RA criteria (n = 39); IV: arthritis without documented joint
swelling (n = 194); and V: no arthritis (n = 58).
Results.Anti-CCP (> 1.7 units) was found in 68% (32/47) of patients with RA and 17% (55/329) of
those with SLE. It was more common in SLE patients with deforming/erosive arthritis (38%). High
anti-CCP (> 10 units) was found in RA (26%) and deforming/erosive SLE (12%). High
anti-CCP/CAP ratios (> 2, indicating a selectivity to CCP) were found in 91% of anti-CCP-positive
RA and 50% of anti-CCP-positive SLE patients with deforming/erosive arthritis. Patients from sub-
set II did not have high anti-CCP/CAP.
Conclusion. Citrulline dependence or high levels (> 10) of anti-CCP were common in SLE patients
with deforming/erosive arthritis, while most anti-CCP in SLE patients was citrulline-independent.
This may be useful in identifying a subset of SLE patients with high risk for development of deform-
ing/erosive arthritis. (First Release Nov 1 2009; J Rheumatol 2009;36:2682–90; doi:10.3899/
jrheum.090338)
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Arthritis is one of the most common symptoms in systemic
lupus erythematosus (SLE), seen in 60%–90% of patients1.

In the majority of cases of SLE, arthritis is nondeforming
and nonerosive and thus will not directly cause irreversible
functional impairment. However, 4%–13% of patients with
SLE develop a nonerosive but deforming arthritis known as
Jaccoud’s-type arthritis2-6. Patients with severe erosive
arthritis that is indistinguishable from that of rheumatoid
arthritis (RA) have also been reported but this is less com-
mon1,7. These cases may be considered true SLE-RA over-
lap8, sometimes called “rhupus”9.

An ELISA-based test to detect autoantibodies to cyclic
citrullinated peptide (CCP) using a peptide sequence
derived from filaggrin has been used extensively as a new
serological marker of RA10,11. Many studies have confirmed
that the anti-CCP ELISA is as sensitive as rheumatoid factor
(RF) and much more specific for RAwhen tested in various
systemic rheumatic diseases11. In contrast to RF, which is
positive in 20%–60% of cases of SLE and is not useful in
differentiating arthritis patients with RA from those with
SLE, anti-CCP is much less frequent in SLE11. Never-
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theless, several studies have reported a 10%–15% preva-
lence of anti-CCP in patients with SLE12-15.

Early studies on anti-CCP emphasized the citrulline
dependence of anti-CCP antibodies in RA sera10. That is, the
autoantibodies reacted with the citrullinated peptide but
were unreactive to the unmodified peptide containing argi-
nine. However, virtually all studies that have reported posi-
tive anti-CCP in SLE simply used the commercial anti-CCP
ELISA kit, without verifying the citrulline dependence of
the anti-CCP antibodies. Anti-CCP in SLE may therefore be
due to a citrulline-independent reactivity of anti-CCP, simi-
lar to the ones reported in autoimmune hepatitis16 and pul-
monary tuberculosis17. One recent study16 partially
addressed this issue, reporting that, in contrast to the cit-
rulline independence of anti-CCP in autoimmune hepatitis,
67% of anti-CCP positivity in their SLE population was cit-
rulline-dependent. However, a detailed description of the
arthritis seen in these patients was not given16. Conversely,
those studies that have described an association of deform-
ing or erosive arthropathy in SLE with anti-CCP positivity
did not verify the citrulline dependence of anti-CCP in these
patients13,18-22. SLE in this subset may have a pathogenesis
similar to RA and thus have citrulline-dependent anti-CCP
antibodies, whereas anti-CCP in other subsets of SLE may
be citrulline-independent.

In our study, patients with SLE were classified into sub-
sets based on the clinical characteristics of the joint involve-
ment. The citrulline dependence of their anti-CCP antibod-
ies was examined by comparing the reactivity of antibodies
to CCP to an unmodified peptide containing arginine (CAP,
cyclic arginine peptide), and its association with different
subsets of arthritis in SLE was analyzed.

MATERIALS AND METHODS
Patients. Sera were from patients enrolled in the University of Florida
Center for Autoimmune Disease between February 2000 and July 2006. A
total of 329 SLE and 47 RA patients were identified based on American
College of Rheumatology (ACR) criteria23. Thirty-five healthy controls
were also tested. An additional 6 Japanese patients with SLE, 3 with
Jaccoud’s arthropathy and 3 with erosive arthritis typical of RA [one case
as described24], were also studied. Jaccoud’s arthropathy was defined as
described6. Ulnar deviation (> 20°), swan-neck deformity, boutonniere
deformity, and Z-deformity were recorded for each patient; the score
exceeding 5 points was considered Jaccoud’s arthropathy. The medical
records were reviewed retrospectively, and patients with SLE were classi-
fied as described below based on their joint disease characteristics. The
study protocol was approved by the institutional review board.
Anti-CCP, CAP, and P peptide ELISA. Current anti-CCP ELISA kits are in
their second or third generation25,26, and the sequence of the CCP peptides
is proprietary and not available for synthesis. However, the sequence of the
first-generation peptide is published10 and was used to examine the cit-
rulline dependence of anti-CCP reactivity17. CCP (cfc1-cyc, amino acid
306–324 of filaggrin, where Arg312 is replaced with citrulline) and CAP
(cf0-cyc, amino acid 306–324 of filaggrin) peptides were synthesized and
cycled with Tl(CF3CO2)3 in DMF/anisole (19:1) at the ICBR Protein Core
Facility of the University of Florida17. The carboxyl-terminal 22 amino-
acid peptide of human ribosomal P0 protein, which carries a major human
autoimmune epitope and has been used for screening of anti-ribosomal P

antibodies, was also synthesized27. ELISAwas performed as described17,28.
Briefly, half the microtiter plate (Immobilizer Amino, Nunc, Naperville, IL,
USA) wells were coated with 2 µg/ml CCP and the other half with 2 µg/ml
CAP. Wells were then incubated with 1:500 diluted sera. A high-titer (up to
1:312,500) anti-CCP-positive serum was diluted 1:5 serially starting from
1:500 and run as a standard. Alkaline phosphatase-conjugated goat
anti-human IgG (1:1000, γ-chain-specific; Southern Biotech, Birmingham,
AB, USA) was used as a secondary antibody. The optical density (OD) 405
of each sample was converted into units using the SoftMax Pro 4.7 program
(Molecular Devices, Sunnyvale, CA, USA) with 4-parameter analysis. The
standard curve was established by defining the OD from a 1:312,500 dilu-
tion of the standard serum as 1 unit and applying units to each dilution as
follows so that the units correlated with the amount of antibodies — 1:500
dilution, 625 units; 1:2500, 125 units; 1:12,500, 25 units; 1:62,500, 5 units;
1:312,500, 1 unit; 1:1,562,500, 0.2 units. Both anti-CCP and anti-CAP units
were interpolated from the same standard curve. IgG anti-CCP units,
anti-CAP units, and anti-CCP/anti-CAP ratios were analyzed. The cutoff
values for anti-CCP positivity (1.7 units) and anti-CCP/anti-CAP ratio (2.0)
were determined based on the mean and SD of controls and receiver-oper-
ating characteristic curves. For anti-CAP units, the same cutoff value as for
anti-CCP was used.
Inhibition of ELISA reactivity using CCP or CAP peptide and effects of dif-
ferent concentrations of NaCl on antibody binding. Inhibition of ELISA
reactivity with CCP or CAP was evaluated by incubating diluted serum
with CCP or CAP peptide prior to applying to wells coated with CCP or
CAP, as described17. To provide a sensitive measure of inhibition, each
serum was diluted (1:125 to 2500, final concentration 1:250 to 1:5000) so
that the reactivity was at the low linear range of the standard curve (10–50
units). Serially diluted CCP or CAP peptide (serial 1:10 dilutions from
5000 ng/ml to 0.5 ng/ml, final concentration after mixing with sera is 2500
ng/ml to 0.25 ng/ml) in 0.5% bovine serum albumin NET/NP40 or buffer
alone was incubated with appropriately diluted sera prior to adding to the
wells coated with CCP or CAP. OD 405 was converted into anti-CCP or
anti-CAP units. The percentage inhibition of each sample was calculated as
100 × (units of the serum incubated with buffer – units of the serum incu-
bated with an inhibitor)/units of the serum incubated with buffer.

In other experiments, the effects of different concentrations of NaCl on
antibody binding to CCP or CAP were evaluated. Following incubation
with serum samples and washing, wells were incubated 30 min with
NET/NP40 that contained 0.15 M, 0.375 M, or 0.5 M NaCl, prior to an
additional washing step. Wells were incubated with secondary antibodies
and developed as before.

RESULTS
We hypothesized that anti-CCP in the majority of
anti-CCP-positive cases of SLE would not be specific for
CCP but would also react with CAP, in contrast to the cit-
rullinated peptide-specific reactivity seen in sera from
patients with RA10,16,17. We predicted that SLE patients
with deforming/erosive arthritis would have citrulline-
dependent anti-CCP similar to RA, and SLE with persistent
arthritis fulfilling the RAcriteria may also have similar reac-
tivity.
Classification of SLE into subsets based on the characteris-
tics of joint involvement. The medical records and research
database were reviewed retrospectively. SLE patients were
classified into 5 subsets, according to the characteristic of
their joint involvement, and the data were compared
between subsets (Figure 1).

Out of a total of 329 SLE cases selected based on having
4 or more SLE criteria, 271 had arthritis that was consistent
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with the SLE classification criteria29. The remaining 58
patients, without arthritis but meeting the ACR criteria for
the diagnosis of SLE, comprised subset V. Out of the 271
cases with arthritis, 19 had deforming (Jaccoud’s) arthritis,
some with radiographic changes. One patient with SLE,
who had radiographic changes consistent with RA but with-
out typical Jaccoud’s-type deformity, was also included in
this group (total of 20, subset I). In this group, 2 fulfilled the
RA criteria and 18 did not. Among the 251 cases with arthri-
tis but without deformity or documented radiographic
changes, 57 had one or more swollen joints confirmed by a
rheumatologist on at least one occasion. The medical
records of these 57 cases were reviewed in detail by 2
rheumatologists to judge whether they had arthritis meeting
the ACR criteria for RA. Six cases met the RA criteria, and
an additional 12 cases were considered likely to fulfill the
criteria. The latter included cases with multiple swollen

joints consistent with RA, but the 6-week persistence
required under theACR criteria for RAwas not directly con-
firmed, as the intervals of visits were either too short or too
long. These 18 cases (subset II) were considered as a subset
of patients who were likely to have chronic arthritis similar
to RA. The remaining 39 cases (subset III) either never had
joint swelling in a way that appeared likely to fulfill the RA
criteria, even if the swelling persisted for 6 weeks (e.g., a
single knee joint) or had transient joint swelling that was
observed at only one visit. They were considered highly
unlikely to have persistent arthritis consistent with RA. The
remaining 194 cases (subset IV) had joint tenderness that
was consistent with the ACR classification criteria for SLE
but were without joint swelling confirmed at our institution.
Anti-CCP and anti-CAP antibodies and anti-CCP/CAP
ratios. Anti-CCP and anti-CAP antibodies in sera from
patients with SLE and RA and healthy controls were tested
by ELISA. The OD were converted into units. Individual
data (Figure 2A) and a summary (Table 1) are shown.
Anti-CCP (> 1.7 units) were frequently positive in RA (68%)
and very high levels (> 10 units) of anti-CCP were found
almost exclusively in RA (26%, 12/47 cases) and a few SLE
patients with deforming/erosive arthritis [1/20 in University
of Florida patients (subset I) and 2/6 in the Japanese patients]
but were rare in the rest of the SLE cohort (1%, 3/309; RAvs
SLE, p < 0.001, Fisher exact test). One case of a high
anti-CCP in subset III had typical SLE but also had persist-
ent right elbow monoarthritis with joint swelling for years.

Anti-CCP antibodies in RA patients preferentially react
with CCP and react poorly with unmodified CAP10. Thus,
reactivity against CCP versus CAP was compared between
RA and subsets of SLE to examine whether this measure
could be used diagnostically to distinguish between the cit-
rulline-dependent anti-CCP seen in RA and the citrul-
line-independent anti-CCP seen in SLE (Figure 2B, Table
1). Anti-CAP was found in 18% of SLE patients, a
frequency similar to that of anti-CCP (17%). While 68% of
RA patients were anti-CCP-positive, only 9% were
anti-CAP-positive (p < 0.0001, Fisher test), consistent
with the citrulline dependence of anti-CCP in RA.
Anti-CCP/anti-CAP ratios were frequently high (> 2.0) in
RA (77%) versus SLE (6%) (p < 0.0001, Fisher test).
Among anti-CCP-positive (> 1.7) patients, anti-CCP/
anti-CAP ratios were high in 91% of RA versus only 18% of
SLE (p < 0.0001, Fisher test). However, 50% (5/10; 2/6 UF
cases and 3/4 Japanese) of SLE patients with deforming
arthropathy had high anti-CCP/anti-CAP ratios (p < 0.05 vs
SLE with nondeforming arthropathy, Fisher test). Although
SLE with arthritis (subset IV) that fulfilled RA criteria may
have had a slightly higher frequency of anti-CCP, it was not
associated with high anti-CCP/anti-CAP ratios (0%). Thus,
a subset of SLE patients with deforming arthritis appeared
to have high levels of anti-CCP and high anti-CCP/anti-CAP
ratios, consistent with their citrulline dependence, and simi-

Figure 1. Classification of SLE patients into subsets based on characteris-
tics of joint involvement. Subset I: Deforming/destructive arthropathy; II:
Arthritis that fulfilled (n = 6) or possibly fulfilled (n = 12) criteria for RA;
III: SLE with joint swelling, but did not appear to fulfill RA criteria; IV:
SLE with joint tenderness as defined byACR criteria for arthritis of SLE29,
but with no joint swelling observed by a physician; V: No arthritis.
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lar to RA. However, anti-CCP was negative in 70% of
American patients and 33% of Japanese patients with
deforming arthritis (subset I), indicating that the serological
characteristics of this subset of SLE are more heterogeneous
than the RA patients with joint deformities.

Reactivity of SLE sera with CCP, CAP, and ribosomal P
peptide by ELISA. Data shown in Figure 2 suggest that
anti-CCP in sera from RA is citrulline-dependent (preferen-
tially or dominantly reactive with CCP vs CAP), whereas
anti-CCP-positive SLE sera also react with CAP. The reac-

Figure 2.A. Anti-CCP antibodies in sera from patients with SLE (total 329), RA (n = 49), and healthy con-
trols (NHS; n = 35) were tested by ELISA. Six additional Japanese SLE patients with deforming/destruc-
tive arthropathy were included. OD were converted into units. Cutoff value of anti-CCP and anti-CAP is
1.7 units (shaded area). B. Anti-CCP/anti-CAP ratios in anti-CCP-positive sera (> 1.7 units) from SLE or
RA cases or healthy controls (NHS). Data for 4 Japanese patients are shown. The ratios were high (> 2.0)
in 91% of RAwith anti-CCP, but was high only in SLE cases with deforming/destructive arthritis or a case
with joint swelling not fulfilling RA criteria. Cutoff value of anti-CCP/anti-CAP ratio is 2.0 (shaded area).

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2009. All rights reserved.

 www.jrheum.orgDownloaded on April 10, 2024 from 

http://www.jrheum.org/


2686 The Journal of Rheumatology 2009; 36:12; doi:10.3899/jrheum.090338

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2009. All rights reserved.

tivity of each serum with CCP versus CAP is shown clearly
in Figure 3. Consistent with previous data10,16,17, sera from
RA patients predominantly reacted with CCP, as indicated
by distribution of data points almost exclusively in the left
upper area (Figure 3A). In contrast, the majority of SLE sera
were along the diagonal line, indicating that these sera react-
ed with both CCP and CAP at similar levels (Figure 3B).
Anti-CCP and anti-CAP had a significant correlation (R2 =
0.02186, p = 0.0072). The few sera with high anti-CCP and
citrulline-dependent reactivity were mainly from patients
with deforming arthropathy (subset I, Figure 3C; R2 =
0.00174, p not significant). Although the majority of sera
from SLE patients reacted to CCP and CAP at similar levels,
this was not simply the result of nonspecific binding as indi-
cated by a lack of significant correlation of antibodies to
CCP versus control ribosomal P peptide (Figure 3D; R2 =
0.00050, p not significant). The distribution pattern also was
apparently quite different from that of anti-CCP versus
anti-CAP (compare Figure 3B and 3D).
Specificity of anti-CCP and anti-CAP by inhibition assay
and sensitivity to NaCl. The question whether soluble CCP
or CAP peptides could inhibit antibody binding to
solid-phase CCP or CAP coating the wells was examined
using sera from 3 SLE cases with deforming arthritis (2
cases are illustrated in Figure 4A, 4B), 4 SLE cases without
deforming/erosive arthritis (3 cases shown in Figure 4C, 4D,
4E), and 7 RA sera (one case; Figure 4F). In the 3 sera from
SLE with deforming arthritis (all were positive for anti-CCP
and negative for anti-CAP), antibody binding to CCP was
nearly completely inhibited by CCP in a dose-dependent
manner (80.4%–97.4% at 2500 ng/ml CCP; Figure 4A, 4B).
CAP had no clear effects on anti-CCP binding in these cases,
similarly to many RA sera. In 3 SLE cases without deform-

ing arthritis and with anti-CCP and anti-CAP positivity,
inhibition of anti-CCP or anti-CAP by either CCP or CAP
was less than 10% (Figure 4C, 4D). A case of SLE with per-
sistent synovitis only in the right elbow had high levels of
anti-CCP and weak anti-CAP reactivity, and here soluble
CCP inhibited binding to plate-bound CCP by 83% (Figure
4E). Inhibition of anti-CAP by CCP or CAP was not clear in
all cases tested (Figure 4C-4E). CAP had no clear effects on
anti-CCP binding in some cases, whereas it appeared to
inhibit anti-CCP by up to ~25% in others (Figure 4C-4F).

Unlike certain low affinity antibodies found in other con-
ditions30, neither anti-CCP nor anti-CAP reactivity was
affected significantly (< 5%) by incubation of wells with
higher concentrations of NaCl (buffer containing 0.375 M or
0.5 M NaCl, data not shown), suggesting that these inter-
actions are of relatively high affinity.

DISCUSSION
The anti-CCP antibody ELISA has quickly become a stan-
dard serological test for the diagnosis of RA. Although early
studies emphasized the citrulline dependence of anti-CCP
seen in RA10, most clinical studies have used a commercial
anti-CCP ELISA kit and thus have not established the cit-
rulline dependence of the antibody reactivity. Only a few
studies examined the citrulline dependence of anti-CCP in
SLE or its relationship with a subset of SLE16.

One recent study examined the citrulline dependence of
anti-CCP antibodies in autoimmune hepatitis, other liver
diseases, RA, and various rheumatic diseases16. The authors
reported that anti-CCP in autoimmune hepatitis and other
liver diseases is non-citrulline-dependent and needs to be
interpreted with care. In contrast, all 41 anti-CCP-positive
RA sera contained citrulline-preferred anti-CCP reactivity,

Table 1. Anti-CCP, anti-CAP, and anti-CCP/anti-CAP ratios in patients with SLE, RA, and controls.

Diagnosis/Subset n Anti-CCP Anti-CCP Anti-CAP Anti-CCP/anti-CAP Anti-CCP/anti-CAP
> 1.7, % > 10, % > 1.7, % > 2.0, % > 2.0

(CCP > 1.7), %

Total SLE 329 17 (55/329) 1 (4/329) 18 (59/329) 6 (21/329) 18 (10/55)
Arthritis (SLE criteria) 271 17 (47/271) 1 (3/271) 18 (49/251) 7 (19/271) 19 (9/47)
I. Deforming arthropathy 20 30 (6/20) 5 (1/20) 30 (6/20) 10 (2/20) 33 (2/6)
(Jaccoud’s)

Nondeforming/nonerosive 251 16 (41/251) 1 (2/251) 17 (43/251) 7 (17/251) 17 (7/41)
arthritis

II. RA criteria 18 33 (6/18) 0 (0/18) 39 (7/18) 0 (0/18) 0 (0/6)
III. Joint swelling (+), 39 10 (4/39) 3 (1/39) 3 (1/39) 3 (1/39) 25 (1/4)
no RA criteria

IV. Arthritis but no 194 16 (31/194) 1 (1/194) 18 (35/194) 8 (16/194) 19 (6/31)
joint swelling

V. No arthritis 58 14 (8/58) 2 (1/58) 17 (10/58) 3 (2/58) 13 (1/8)
Japanese with SLE with 6 67 (4/6) 33 (2/6) 17 (1/6) 50 (3/6) 75 (3/4)
deforming/erosive arthritis

RA 47 68 26 93 77 91
Control 35 9 0 11 17 67

CCP: citric citrullinated peptide; CAP: cyclic arginine peptide.
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consistent with the previous study10 and our present report
(Figure 2B, Figure 3A). In addition, a majority of
anti-CCP-positives in non-RA rheumatic diseases, including
6 out 9 patients with SLE, were citrulline-dependent16.
However, the clinical characteristics of these patients were
not described in detail. In one report, a high prevalence of
anti-CCP antibodies was seen in patients with pulmonary
tuberculosis31. Our recent study17 examining the citrulline
dependence of anti-CCP in patients with tuberculosis sug-
gested that they are citrulline-independent, similar to find-
ings in liver diseases16.

Publications on anti-CCP and deforming/erosive
arthropathy in SLE are summarized in Table 2. The criteria
used to select subjects were quite different among the stud-
ies; deforming or erosive arthropathy was used in

some18,20-22, while others were based on ACR criteria for
RA13,19, suggesting that variability in patient selection crite-
ria may be partly responsible for the inconsistent results.
Two studies that used deformity or erosion as selection cri-
teria18,22 showed low frequencies (13% and 7%, respective-
ly) of anti-CCP, similar to our present study, whereas others
that primarily used erosion20,21 reported a high prevalence
(80% and 50%, respectively; Table 1). However, erosion
itself does not appear to be a significant factor because the
majority of cases in the former studies also had erosions
(10/16 and 11/14, respectively)18,22. Anti-CCP among ero-
sive cases was 20% in one study18. Cases of SLE selected
based on also fulfilling the RA criteria appear to have a high
prevalence of anti-CCP in general (44%–100%)13,19,22,32.
However, this was not the case in our present study (Table 1).

Figure 3. Correlations among antibodies to CCP, CAP, and ribosomal P peptide by ELISA. A. RA sera (n =
47) were tested for anti-CCP versus anti-CAP. B. Anti-CCP versus anti-CAP in SLE sera (329 Americans, 6
Japanese). C. Anti-CCP versus anti-CAP in SLE cases with deforming/destructive arthropathy (subset I: 20
Americans, 6 Japanese). D. Anti-CCP versus anti-ribosomal P peptide antibodies in SLE sera (n = 329
Americans).
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Table 2. Deforming/erosive arthropathy and anti-CCP antibodies in SLE.

Report Selection Anti-CCP in Anti-CCP in Deforming/Erosive
Deforming/Erosive Nonerosive Arthropathy in
Arthropathy, % Arthropathy, % Anti-CCP, %

Mediwake18 2001 Deformity or 13 (2/16) 2 (1/50) 67 (2/3)
erosion Erosive 20 (2/10)

Nonerosive 0 (0/6)
Takasaki13 2004 RA criteria 44 (4/9) NA 50 (4/8) deformity
(MCTD, 7/8 had SLE) or anti-CCP 63 (5/8) erosion
Amezcua-Guerra19 2006 RA criteria 57 (4/7) 0 100 (4/4)
Rothfield32 2007 RA criteria? 67 (2/3) NA NA
Martinez20 2007 Erosion 80 (4/5) NA NA
Chan21 2008 Erosion 50 (6/12) 3 (2/59) 88 (7/8)
Damian-Abrego22 2008 Deformity 7 (1/14) 5 (1/20) 90 (10/11)

(11/14 had erosion)
RA criteria 100 (9/9)

Kakumanu 2009 American, deformity 30 (6/20) 16 (41/251) 13 (6/47)
or erosion

2009 Japanese, deformity 67 (4/6) NA NA
or erosion

NA: not applicable.

Figure 4. Inhibition of antibodies to CCP or CAP by preincubation with CCP or CAP peptide. Sera from anti-CCP-positive
SLE (A, B: subset I) and anti-CCP and anti-CAP-positive SLE (C to E; C and D: subset IV, E: subset III) or RA (F) were incu-
bated with serially diluted CCP or CAP peptide, before addition to wells coated with CCP or CAP. The OD 405 of each sam-
ple was converted into units. % Inhibition = 100 × (units of serum incubated with buffer – units of serum incubated with
inhibitor)/units of serum incubated with buffer.

 www.jrheum.orgDownloaded on April 10, 2024 from 

http://www.jrheum.org/


2689Kakumanu, et al: Anti-CCP in SLE

The published reports are inconsistent, even considering the
difference in selection criteria. Some have suggested that
anti-CCP is not common even in cases of SLE with erosive
arthropathy18,22, and that anti-CCP may be used to differen-
tiate SLE and RA. In contrast, other studies reported that ero-
sive arthropathy20 or “rhupus”19 that has overlapping fea-
tures of SLE and RA9 is associated with positive anti-CCP.

Our data showed very good correlation of anti-CCP and
anti-CAP in SLE in general (Figure 3B), in striking contrast
to the CCP-dominant reactivity in RA (Figure 3A). Only a
few exceptional cases of SLE with deforming arthropathy
had citrulline-dependent reactivity similar to that of RA.
This is also shown by the low anti-CCP/anti-CAP ratios in
SLE (Figure 2B). A different cutoff leading to different
selection of anti-CCP-positive patients in SLE is likely to be
a main reason for the differences from some studies16. In our
study, if SLE patients with anti-CCP > 10 units were ana-
lyzed for citrulline dependence, 67% (4/6) of them prefer-
entially reacted with CCP (see data points with anti-CCP >
10, Figure 3B), similar to the citrulline-preferred reactivity
in 67% (6/9) of anti-CCP-positive SLE cases in the study by
Vannini, et al16. Also, 3 of 5 high anti-CCP-positive patients
had deforming/erosive arthropathy, consistent with other
studies. However, it is apparent that the majority of SLE
sera react with CCP and CAP at similar levels, and some
even react preferentially with CAP (Figure 3B, data points
on the x-axis). This is in striking contrast to the pattern of
RA patients (Figure 3A vs 3B). It was surprising that none
(0/4) of the SLE patients with severe erosive arthropathy
typical of RAhad very high (> 10) anti-CCP. The 3 sera with
the highest anti-CCP were all patients with typical
Jaccoud’s-type arthropathy (Figure 2B, 3B) rather than typ-
ical erosive RA. It has been emphasized that the pathogene-
sis of deformity in SLE cases with Jaccoud’s-type arthropa-
thy is different from that of RA — loosened ligaments and
joint capsule in the former compared to synovitis causing
bone and cartilage destruction in the latter2. However, the
presence of high levels of citrulline-dependent anti-CCP
suggests a common pathogenic mechanism between
RA-type synovitis and certain Jaccoud’s-type arthropathy in
SLE. Increased C-reactive protein in SLE patients with
Jaccoud’s arthritis5 may be consistent with this. The patho-
genic mechanisms and degree of inflammation in Jaccoud’s
arthropathy may be heterogeneous, and only a subset of
Jaccoud’s may have factors similar to RA and develop
anti-CCP. It has been suggested that citrullination occurs
regardless of the diagnosis or location of inflammation33.
Thus, what determines the production of citrulline-depend-
ent anti-CCP antibodies may be the degree of citrullination,
along with additional unknown genetic and environmental
factors.

The characteristics of the antibody reactivity with CAP
peptide remain to be clarified, because it was not clearly
inhibited with either CAP or CCP peptide, in contrast to

nearly complete inhibition of anti-CCP reactivity by CCP
peptide (Figure 4). One possible explanation for this is a dif-
ference in anti-CAP recognition of solid-phase peptide epi-
tope on the plate compared to the liquid-phase peptide used
for the inhibition assay. Resistance of anti-CCP and anti-
CAP reactivity to 0.5 M NaCl buffer suggests that antibody
reactivity is of relatively high affinity; however, it is possi-
ble that the affinity of CCP-specific reactivity is higher than
that of CAP reactivity, thus the anti-CCP is more readily
inhibited. The concentration of the peptide used appeared to
be high enough to significantly inhibit anti-CCP reactivity,
but might not be enough to inhibit anti-CAP reactivity.

It has been proposed that the definition of “SLE-RA
overlap” should be based on typical radiographic changes of
RA, rather than merely fulfilling RA criteria, because radio-
graphic change is the unique characteristic separating RA
from other forms of arthritis, and certain patients with other
diagnoses can fulfill RA criteria8. This idea has been sup-
ported by others20,34,35. Although the number is small, none
of the 4 patients in our study with features consistent with
typical SLE-RA overlap had high levels (> 10) of anti-CCP
comparable to that of RA. This was unexpected, but similar
to a report showing that only 1 of 8 SLE patients who had
severe erosive arthropathy was anti-CCP-positive18.

Arthritis is one of the most common symptoms in SLE,
seen in 60%–90% of patients6,18. In the majority of cases,
the arthritis in SLE is nondeforming and nonerosive. Thus,
it will not directly cause irreversible functional impairment.
However, 4%–13% of SLE patients develop nonerosive
deforming arthritis known as Jaccoud’s arthritis2-6, in which
the deformity is characterized by reversible ulnar deviation,
and the extent of erosions is minimal compared with the
degree of deformity. The development of severe chronic
erosive arthritis that is indistinguishable from that of RA
may indicate a true coexistence of SLE and RA8. It appears
to be less common and is seen in 1%–3% of patients1,6,9,18.

It would be clinically useful to identify a subset of
patients at an early stage of the disease process who have a
high risk of developing deforming/erosive arthropathy. If
these individuals could be identified prior to the onset of
irreversible damage, they could be monitored more careful-
ly for arthritis activity, and if necessary, receive aggressive
treatment. High levels of anti-CCP appear to be one impor-
tant marker, and combined with elevated anti-CCP/CAP
ratios, may have additional specificity. Anti-CCP/anti-CAP
ratios > 2.0 identified 38% (5/13) of those with deforming
arthritis, and if anti-CCP/anti-CAP > 3.0 was used as the
cutoff, 83% (5/6) had deforming arthropathy. This certainly
appears to be a more promising marker to predict deform-
ing/erosive arthropathy than merely fulfilling the RA crite-
ria. However, the sensitivity is rather low. Additional bio-
markers to identify a subset of SLE patients who are likely
to develop deforming/erosive arthropathy would likely pro-
vide for better management and thus a better quality of life.
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