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Abstract

Introduction: Anti-centromere antibodies (ACA) are useful biomarkers in the diagnosis of systemic sclerosis (SSc). ACA
are found in 20 to 40% of SSc patients and, albeit with lower prevalence, in patients with other systemic autoimmune
rheumatic diseases. Historically, ACA were detected by indirect immunofluorescence (lIF) on HEp-2 cells and confirmed
by immunoassays using recombinant CENP-B. The objective of this study was to evaluate a novel CENP-A peptide
ELISA.

Methods: Sera collected from SSc patients (n = 334) and various other diseases (n = 619) and from healthy controls (n
= 175) were tested for anti-CENP-A antibodies by the novel CENP-A enzyme linked immunosorbent assay (ELISA).
Furthermore, ACA were determined in the disease cohorts by IIF (ImmunoConcepts, Sacramento, CA, USA), CENP-B
ELISA (Dr. Fooke), EliA° CENP (Phadia, Freiburg, Germany) and line-immunoassay (LIA, Mikrogen, Neuried, Germany).
Serological and clinical associations of anti-CENP-A with other autoantibodies were conducted in one participating
centre. Inhibition experiments with either the CENP-A peptide or recombinant CENP-B were carried out to analyse the
specificity of anti-CENP-A and -B antibodies.

Results: The CENP-A ELISA results were in good agreement with other ACA detection methods. According to the
kappa method, the qualitative agreements were: 0.73 (vs. IIF), 0.81 (vs. LIA), 0.86 (vs. CENP-B ELISA) and 0.97 (vs. EliA°®
CENP). The quantitative comparison between CENP-A and CENP-B ELISA using 265 samples revealed a correlation
value of rho = 0.5 (by Spearman equation). The receiver operating characteristic analysis indicated that the
discrimination between SSc patients (n = 131) and various controls (n = 134) was significantly better using the CENP-A
as compared to CENP-B ELISA (P < 0.0001). Modified Rodnan skin score was significantly lower in the CENP-A negative
group compared to the positive patients (P=0.013). Inhibition experiments revealed no significant cross reactivity of
anti-CENP-A and anti-CENP-B antibodies. Statistically relevant differences for gender ratio (P = 0.0103), specific joint
involvement (Jaccoud) (P =0.0006) and anti-phospholipid syndrome (P = 0.0157) between ACA positive SLE patients
and the entire SLE cohort were observed.

Conclusions: Anti-CENP-A antibodies as determined by peptide ELISA represent a sensitive, specific and independent
marker for the detection of ACA and are useful biomarkers for the diagnosis of SSc. Our data suggest that anti-CENP-A
antibodies are a more specific biomarker for SSc than antibodies to CENP-B. Furthers studies are required to verify these
findings.

Introduction

Anti-centromere antibodies (ACA) have been repeatedly
demonstrated to be useful biomarkers in the diagnosis of
systemic sclerosis (SSc) in that they occur in 20 to 40% of
these patients and are most commonly associated with
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the limited cutaneous subset (1SSc) of the disease, also
known as the CREST (calcinosis, Raynaud's phenome-
non, esophageal dysmotility, sclerodactyly, and telangi-
ectasia) syndrome [1]. Although ACA are relatively
specific for SSc, they have also been reported in systemic
lupus erythematosus (SLE), primary biliary cirrhosis
(PBC), rheumatoid arthritis (RA), Sjogren Syndrome
(5jS), Raynaud's phenomenon and in subjects with no
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apparent connective tissue disease [2-11]. Although a
number of CENP proteins, CENP-A, -B, -C, -D,-E, -F, -G,
-H -O, have been described [1,12-14], CENP-A, -B and -
C are thought to be the major targets of the anti-CENP
immune response [1,2,15,16].

Historically, ACA were detected by indirect immuno-
fluorescence (IIF) on HEp-2 cells and then confirmed by
immunoassays that utilized recombinant CENP-B [17-
19]. This protein, cloned in 1987 by Earnshaw et al., was
eventually expressed as a eukaryotic recombinant protein
and then adapted in an ELISA for autoantibody (aab)
detection [18-22]. Similarly, the CENP-A protein was also
cloned and a recombinant protein used for the detection
of ACA by ELISA [23,24]. Despite these advances, only a
few commercial diagnostic kits used the recombinant
CENP-A protein because it has been assumed that
CENP-B was the major autoantigen reactive with SSc sera
[18]. Furthermore, while IIF is widely used as a screening
test for ACA, it was reported that only sera with anti-
CENP-B reactivity showed the typical CENP IIF staining
pattern on HEp-2 cells [6,7]. This raised the question of
the potential clinical value of alternate methods to screen
for ACA in SSc and other conditions. In a recent study, it
was found that the anti-CENP immune response differed
between patients with SSc and SjS: 7/10 (70%) of SjS
patients with CENP aabs recognized CENP-C alone com-
pared to 1/18 (6%) SSc patients (P = 0.003). CENP-H anti-
bodies have also been described as a biomarker for §jS as
evidenced by their reactivity in 17/62 patients [14]. Con-
sequently, these and related studies suggest that it may be
clinically important to test for the individual CENP com-
ponents as a diagnostic approach to differentiate between
different diseases [6,7].

CENP-A is a 17 kDa protein that shares high sequence
identity and homology with histone H3. In this context, it
has been speculated that IgM aabs from a subset of
patients with undifferentiated rheumatic disease syn-
dromes staining mouse kidney nuclei with a distinctive
variable large-speckled (VLS) IIF pattern recognized an
epitope on histone H3 and a (H3-H4)2 tetramer, and
since these sera also stained centromeric heterochroma-
tin, it was suggested that they bound CENP-A [25]. Only
a few groups have published studies on CENP epitopes
[26-29]. In 2000, two groups independently analysed the
epitope distribution on CENP-A which associated with
active centromeres and has an important role in mediat-
ing the formation of specialized nucleosomes [27,30].
Using recombinant protein fragments as well as soluble
and solid phase peptides, the anti-CENP-A immune
response was shown to be directed against two domains
in the N-terminus [26,27,30]. Within the two antigenic
domains of CENP-A, a linear autoantigenic motif G/A-P-
R/S-R-R that is repeated three times, was identified as the
primary target of anti-CENP-A aabs. Of note, the epitope
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motif GPRRR is also present on CENP-B and CENP-C,
which has been regarded as evidence for intra- and inter-
molecular epitope spreading that characterizes many
other aab responses in systemic autoimmune rheumatic
diseases [26-28]. Mimotopes of this motif were found in a
number of other autoantigens and in the Epstein-Barr
nuclear antigen 1 (EBNA-1) [28]. Using a similar
approach, it was shown that some of the identified mimo-
topes cross-react with each other [28]. The observation
that these mimotopes are cryptic epitopes may explain in
part the obvious challenge of why CENP-A aabs retain
high specificity. In a longitudinal study of a SSc patient, it
was shown by ELISA that aab reactivity to CENP-A can
be induced by intra- and inter-molecular epitope spread-
ing from histone H3 and that antibodies to CENP-A pep-
tides can temporally precede autoreactivity to
recombinant CENP-B [31]. CENP-A derived peptides
thus represent interesting tools for the diagnosis of early
SSc. The potential of CENP-A peptides as diagnostic ana-
lytes was recently demonstrated in a study of ACA posi-
tive SSc patients [29]. The aim of the present study was
the development and clinical characterization of a CENP-
A peptide based ELISA in an international multi-centre
study.

Materials and methods
Sera
Clinically defined sera were collected from SSc patients
and various controls including SLE, RA, mixed connec-
tive tissue disease (MCTD), other disease conditions and
healthy donors (HD) (for details see below). Patients with
SSc were diagnosed according to criteria as described
previously [32]. All other patients with autoimmune dis-
orders were classified according to the published criteria
for each disease as also applied in a recent investigation
[33]. Patient data were anonymously used under consid-
eration of the latest version of the Helsinki Declaration of
human research ethics. Collection of patient samples was
carried out according to local ethics committee regula-
tions and where required written approval was obtained
from the respective Institutional Review Board. The
study was carried out according to the Directive 98/79/
EC of the European Parliament and of the Council and
the German law for medical devices (Medizinproduk-
tegesetz). Due to the retrospective study design using
stored samples only, patient consent was not required.
Samples derived from four different clinical centres
including Charité University of Medicine, Department of
Rheumatology and Clinical Immunology (Berlin, Ger-
many), Rheumatology Clinic Dr. Giirtler (Neuss, Ger-
many) and Laboratory Medicine, Immunology,
University Hospitals Leuven (Leuven, Belgium) and the
University of Calgary (Calgary, Canada) were tested for
anti-CENP-A aabs by ELISA (Dr. Fooke Laboratorien). In
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addition, the Centers for Disease Control and Prevention
(CDC) anti-nuclear antibody (ANA) reference sera [34]
were analysed. Sera were stored at -20°C until use.

Patients at Charité University of Medicine, Department
of Rheumatology and Clinical Immunology were diag-
nosed and characterized as recently described [35] and
this cohort was used for the evaluation of serology-clini-
cal associations. Autoantibodies to CENP-B, Scl-70
(topoisomerase I; topo-I), Ul-RNP, SS-A/Ro, SS-B/La
and Sm were determined using the EliA" System on the
UniCAP100" (Phadia, Freiburg, Germany). Anti-Ro52 and
anti-Ro60 antibodies were measured using the EURO-
LINE-Westernblot (ANA-Profil 3, Euroimmun AG,
Libeck) by automated incubation (EUROBlotMaster,
Euroimmun AG) and computer based interpretation of
results (EUROLineScan, Euroimmun AG). For the evalu-
ation of fibrotic skin changes, the modified Rodnan Skin
Score (mRSS) was used [36]. Anti-PM/Scl antibodies
were detected by PM1-Alpha ELISA (Dr. Fooke, Labora-
torien GmbH, Neuss, Germany).

Peptides and protein antigens

The N-terminal sequence of human CENP-A was used as
the template for the commercial synthesis of synthetic
peptides (Peptides & Elephants, Berlin, Germany). The
quality and purity of the peptide were assessed by mass
spectrometry and analytical high-performance liquid
chromatography. Recombinant CENP-A and CENP-B
expressed in insect cells were obtained from a commer-
cial supplier (Diarect AG, Freiburg, Germany).

Autoantibody assays

IIF was performed on HEp-2 substrate kits (HEp-2000;
ImmunoConcepts, Sacramento, CA, USA) that included
fluorescein-conjugated goat antibodies to human IgG
(H+L) in Calgary (Mitogen Advanced Diagnostics Labo-
ratory, Calgary, AB, Canada). IIF patterns were read at
serum dilutions of 1:160 and 1:640 on a Zeiss Axioskop 2
plus (Carl Zeiss, Jena, Germany) fitted with a 100-watt
USHIO super-high-pressure mercury lamp (Ushio, Stein-
horing, Germany) by two experienced technologists with
more than five years of experience but who had no
knowledge of the CENP-A ELISA results. CENP-B ELISA
(REF: 25004, Dr. Fooke Laboratorien GmbH) with recom-
binant full-length CENP-B expressed in insect cells was
used and performed according to manufacturer's instruc-
tions.

ELISA with recombinant CENP-A and synthetic CENP-A
peptide

Recombinant CENP-A antigen expressed in insect cells
was purchased from a commercial supplier (Diarect AG)
and coated at different concentrations ranging from 0.2
pg/mL and 0.4 pg/mL and in different buffers onto mirco-
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titer plates (Maxisorb, Nunc, Denmark). The best dis-
crimination between positive and negative controls was
observed at a coating concentration of 0.2 pg/mL. This
setup was used for further experiments. The CENP-A
ELISA (Dr. Fooke Laboratorien GmbH), a CE-certified
peptide based assay, was performed according to the
manufacturer's Al-Line instructions for use. Briefly, the
ELISA plates were prepared by determining the optimal
CENP-A peptide concentration, followed by coating
ELISA plates (Maxisorb; Nunc) overnight with 0.4 pg/
well of the peptide in phosphate-buffered solution (pH
7.6). Non-specific binding sites were blocked by incubat-
ing in 0.5% bovine serum albumin in phosphate-buffered
saline for 30 minutes. Calibration of the test was achieved
using a positive control sample. The relative units were
calculated by dividing the mean value of the optical den-
sities (OD) of each patient by the mean OD value of the
calibrator and multiplied by a conversion factor. All of the
serum samples, the positive and negative controls, were
tested in duplicate. In assay applications, sera were
diluted 1:100 in Sample Buffer and then incubated for 30
minutes at room temperature. Following a washing step,
anti-human IgG horseradish peroxidase was added and
incubated for an additional 30 minutes. TMB Substrate
was added after another washing step and the reaction
was stopped.

Two different line immunoassays (LIAs) were used to
test ANA reference sera (CDC) for their aab profiles. The
first LIA (recomLine ENA/ANA IgG, Mikrogen GmbH,
Neuried, Germany) contained the autoantigens: RNP68,
RNP-A, RNP-C, SmB, SmD, SSA/Ro60, Ro52, La/SSB,
Rib-P, PCNA, CENP-B, Scl-70, Jo-1, histone and dsDNA.
The second LIA, the INNO-LIA™ ANA (Innogenetics,
Gent, Belgium) contained the autoantigens: SmB, SmD,
RNP-70k, RNP-A, RNP-C, Ro52, SS-A/Ro60, SS-B/La,
CENP-B, topo-1/Scl-70, Jo-1, ribosomal P, histones.

Inhibition assays

Serum samples were selected that showed comparable
results in CENP-A and CENP-B ELISA and diluted in
Dilution Buffer to obtain a reactivity of approximately 1.0
OD under standard assay conditions. Increasing concen-
trations of CENP-A derived peptide or recombinant
CENP-B were added to the diluted sera and incubated for
two hours at room temperature. Specimens were then
assayed in CENP-A and CENP-B ELISA.

Statistical evaluation

The data were statistically evaluated using the Analyse-it
software (Version 2.03; Analyse-it Software, Ltd., Leeds,
UK). A Wilcoxon-Mann-Whitney-U test was performed
to analyze the differences between portions and Fisher
exact test was used to analyze serology-clinical associa-
tions and associations of aabs. P values < 0.05 were con-
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sidered as significant. Kappa (inter-rater agreement) and
rank correlation (Spearmen correlation coefficient rho)
were used to analyze putative agreement and correlation
between groups. The strength of agreement with a kappa
higher than 0.8 was considered as very good. Receiver-
operating characteristic (ROC) analysis with area under
the curve (AUC) evaluation was used to analyze the dis-
crimination between different patient cohorts. Confi-
dence interval (CI) was provided where appropriate.

Results

Anti-CENP-A antibodies measured by recombinant CENP-A
and synthetic CENP-A peptides

Sera from patients with SSc and controls were tested for
ACA using recombinant CENP-A, recombinant CENP-B
or a synthetic CENP-A derived peptide. The ROC analy-
sis indicated that the discrimination between SSc patients
(n = 22) and various controls (n = 84) was significantly
better using the CENP-A peptide ELISA than the CENP-
B, or the recombinant CENP-A ELISA (data not shown).
Although the differences between the AUC were statisti-
cally not significant (synthetic vs. recombinant P = 0.89),
significant differences were observed in the sensitivity
and specificity. At a cut-off value that corresponded to a
specificity of 96.5%, 54.7% of the SSc patients were posi-
tive for anti-CENP-B and anti-CENP-A peptide antibod-
ies, but only 22.7% for anti-CENP-A (recombinant
protein). Based on this finding, the CENP-A peptide was
used to detect CENP-A antibodies in further experi-
ments.

Qualitative comparison between CENP-A peptide ELISA
and other methods for ACA detection

A total of 23/99 (23.2%) of the samples from SSc patients
(Calgary cohort), tested for ANA by IIF, showed an ACA
staining pattern on HEp-2 cells. The ROC analysis
showed a good discrimination between IIF ACA positive
and negative samples using the CENP-A ELISA (AUC =
0.86). The ELISA titre in the IIF positive group (mean =
7.9 relative units (RU)) was significantly higher than the
IIF negative group (mean = 0.7 RU; P < 0.0001). The
agreement according to the kappa calculation was 0.73 (P
< 0.0001). One serum showed strong reactivity to CENP-
A by ELISA and to CENP-B by LIA but did not have the
classical ACA discrete speckled IIF staining pattern on
interphase nuclei and metaphase chromatin. However,
the serum did demonstrate speckled staining of inter-
phase nuclei while staining of metaphase chromatin was
absent, a pattern consistent with the previously described
nuclear speckled pattern 1 (NSP-1) [17]. Another sample
with weak reactivity for anti-CENP-A antibodies was
negative by LIA (CENP-B) and also did not show the IIF
ACA pattern. Very good agreement between the anti-
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CENP-A ELISA, CENP-B ELISA (kappa = 0.86) and LIA
(kappa = 0.81) was found (Table 1).

Association between anti-CENP-A and anti-CENP-B
reactivity by ELISA

The anti-CENP-A and anti-CENP-B titres of SSc samples
(n = 131) and controls (n = 134) as measured by ELISA
showed a clear correlation according to the Spearman
analysis (rho = 0.5, CI 0.41 to 0.59, P < 0.0001). However,
individual samples showed strong reactivity in only one
assay. For example, one sample that was clearly positive
by the CENP-A ELISA (7.0 RU) was negative by the
CENP-B ELISA (0.5 RU). Vice versa, another serum
clearly positive by the CENP-B ELISA (8.7 RU) was nega-
tive by the CENP-A ELISA (1.0 RU). The AUC calculated
for the CENP-A ELISA in this cohort was significantly
higher than for the CENP-B ELISA (0.81, CI1 0.76 to 0.86
vs. 0.47, CI 0.39 to 0.55; difference 0.34, P < 0.0001). At a
cut-off of 1.5 RU, the sensitivity and specificity was
36.6%/97.0% for CENP-A and 37.4%/94.8% for CENP-B
(Table 2). The highest positive likelihood ratio was 49.1 at
a cut-off of 1.75 RU for CENP-A and 44.0 at a cut-off of
3.5 RU for CENP-B (data not shown). When the two
markers, namely anti-CENP-A and anti-CENP-B anti-
bodies, were combined (CENP-A or CENP-B positive),
the sensitivity increased to 38.2% at the expense of speci-
ficity which decreased to 93.1%. In contrast, when anti-
CENP was defined as anti-CENP-A and anti-CENP-B
positive, the sensitivity decreased to 35.9%, but the speci-
ficity increased to 99.3%.

Inhibition assays have shown that anti-CENP-A, but
not anti-CENP-B reactivity can be blocked by pre-incu-
bation of sera with soluble CENP-A derived peptide. As
measured by ELISA, at a concentration of 20 pg/mL of
the CENP-A peptide, the anti-CENP-A reactivity was
reduced to <36% of the corresponding non-inhibited
probe. Similar findings were observed vice versa, using
CENP-B as inhibitor (see Figure 1c, d).

Clinical sensitivity and specificity of the novel CENP-A
peptide ELISA

Sera from 334 SSc patients and 794 controls from the
participating centres were assayed for anti-CENP-A reac-
tivity by ELISA (Table 3). By ROC analysis, a clear dis-
crimination between SSc patients and controls was
observed. The AUC value was found at 0.67 (CI 0.63 to
0.70, P < 0.0001) and at a cut-off of 1.5 RU the sensitivity
was 33.5% and the specificity 96.9% (see Figure 2). The
anti-CENP-A reactivity was significantly higher in SSc
patients compared to the control group (P < 0.0001).
When individual disease controls were compared to
healthy donors, higher titres were found in most disease
groups. No significant difference was observed between
the individual disease control groups (see Figure 3).
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Table 1: Qualitative agreement between CENP-A ELISA and other methods

n = 994, kappa = 0.73 I
CENP-A ELISA pos (%) neg (%) Total
pos (%) 19(19.2) 6(6.1) 25(25.3)
neg (%) 4(4.0) 70(70.7) 74 (74.8)
Total 23(23.2) 76 (76.8) 99 (100.0)
n = 265% kappa = 0.865 CENP-A ELISA
CENP-B ELISA pos (%) neg (%) Total
neg (%) 4(1.5) 205 (77.4) 209 (78.9)
Total 52(19.6) 213 (80.4) 265 (100.0)
n = 100* kappa=0.815 LIA (CENP-B)
CENP-A ELISA pos (%) neg (%) Total
pos (%) 20 (20.0) 5(5.0) 25(25.0)
neg (%) 2(2.0) 73 (73.0) 75 (75.0)
Total 22 (22.0) 78 (78.0) 100 (100.0)
n = 100* kappa = 0.885 IIF
LIA CENP-B pos (%) neg (%) Total
pos (%) 19 (19.0) 3(3.0) 22(22.0)
neg (%) 1(1.0) 77 (77.0) 78(78.0)
Total 20 (20.0) 80.0 100 (100.0)
n = 82% kappa = 0.97% EliA® CENP-B
CENP-A ELISA pos (%) neg (%) Total
pos (%) 32(39.0) 1(1.2) 33(40.2)
neg (%) 0(0.0) 49 (59.8) 78 (59.8)
Total 32(39.0) 50(61.0) 100 (100.0)

* SSc patients and controls; # SSc patients only; Svery good agreement
CENP: centromere protein; ELISA: enzyme linked immunoassay; IIF: indirect immunofluorescence; LIA: line-immunoassay

In the entire SLE cohort, 9/214 (4.2%) tested positive
for anti-CENP-A aabs. In a reduced SLE cohort tested for
both anti-CENP-A and anti-CENP-B antibodies, 4/109
(3.7%) and 6/109 (5.5%) were positive, respectively.
Although the reactivity to CENP-A and CENP-B was
highly correlated (Spearman's rho = 0.84, P < 0.0001;
kappa = 0.86), individual samples were either positive for
anti-CENP-A or anti-CENP-B antibodies. Comparison of
ACA (CENP-A or CENP-B) positive SLE patients with
the entire SLE cohort revealed a statistically relevant
increased prevalence of affected males (P = 0.0103), joint
involvement (Jaccoud deformity) (P = 0.0006) and anti-
phospholipid syndrome (P = 0.0157). When anti-CENP-B
results were considered, a relevant difference was also
found for liver involvement (P = 0.0313). The clinical fea-

tures of ACA positive SLE patients are summarized in
Table 4. No significant difference in the anti-CENP-A
reactivity was observed in the SSc cohorts from the indi-
vidual centres. The prevalence of anti-CENP-A antibod-
ies in SSc was: 35.7% in Belgium, 35.7% in Germany
(Berlin) and 25.7% in Canada and in good agreement with
other methods for ACA detection used in the respective
centres (Table 3). The clinical centre in Neuss, Germany
was excluded from this analysis based on the limited
number of SSc patients and the relatively high prevalence
of patients with the limited skin form of SSc. Clinical data
on skin involvement were available from 136 patients. In
those, anti-CENP-A reactivity was significantly more
prevalent in patients with limited cutaneous SSc com-
pared to diffuse cutaneous SSc (P < 0.0001).
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Table 2: Prevalence of anti-CENP-A and anti-CENP-B autoantibodies by ELISA in different disease cohorts

CENP-A CENP-B
No.(%)>1.0 No.(%)>1.5 Mean/ Min/MaxRU No.(%)>1.0 No.(%)>1.5 Mean/ Min/Max RU t-test CENP-
RU RU Median RU RU RU Median RU Bvs.A

SSc(n=131) 64 (48.9) 48 (36.6) 2.37/0.98 0.1/7.9 53 (40.5) 49 (37.4) 2.77/0.47 0.2/9.6 P=0.27
SLE (n=109) 18(16.5) 4(3.7) 0.62/0.46 0.1/5.2 21(19.3) 6 (5.5) 0.81/0.66 0.2/6.3 P=0.027*
RA (n=15) 0(0.0) 0(0.0) 0.29/0.26 0.1/0.5 0(0.0) 0(0.0) 0.51/0.49 0.3/0.9 P =0.0002*
Other SARD 0(0.0) 0(0.0) 0.34/0.26 0.1/0.8 1(10.0) 1(10.0) 0.71/0.61 0.3/1.6 P=0.024*%
(n=10)
Controls all 18(13.4) 4(3.0) 0.56/0.43 0.1/5.2 22 (16.4) 7(5.2) 0.76/0.61 0.2/6.3 P=0.0047*
(n=134)

CENP: centromere protein; RA: rheumatoid arthritis; RU: relative units; SARD: systemic autoimmune rheumatic disease; SLE: systemic lupus

erythematosus; SSc: systemic sclerosis

Association of anti-CENP-A reactivity with other
autoantibodies and clinical features

The mean age of anti-CENP-A positive group (n = 57)
was 56.1 years (SD 12.5 years, maximum 82 years, mini-
mum 27 years) and therefore not significantly different (P
= 0.21) from the mean age of the anti-CENP-A negative
group (n = 33) 52.7 years (SD 13.2 years, maximum 78
years, minimum 18 vyears). 35/38 (92.1%) of the anti-
CENP-A negative group and 53/62 (85.5%) of anti-CENP-
A positive group were female, with no significant differ-
ence between the groups. Rodnan skin score (RSS) was
available for 90 SSc patients. The mean RSS was 5.5 (
5.7; 95% CI 3.4 to 7.5) in the anti-CENP-A positive group
(n = 33) and 8.9 (*+ 6.4; 95% CI 7.2 to 10.6) in the anti-
CENP-A negative group (n = 57; P = 0.0090). Using the
CENP-B ELISA, the mean RSS was 5.9 (+ 5.6; 95% CI 3.9
to 8.0) in the anti-CENP-B positive group (n = 31) and 8.5
(+ 6.6; 95% CI 6.8 to 10.2) in the anti-CENP-B negative
group (n = 59; P = 0.0679).

Eighty-two sera from SSc patients were further analy-
sed for co-occurrence of anti-CENP-A and other aabs
(anti-Scl 70, -CENP, -U1-RNP, -SS-A/Ro60, -Ro52, -Ro60,
-SS-B/La, -Sm). 33/82 (40.2%) samples were anti-CENP-
A, 23/82 (39.0%) anti-Scl-70, 11/82 (13.4%) anti-U1-RNP
and 9/82 (11.0%) anti-SS-A/Ro aab positive. None of the
patients showed dual reactivity to CENP-A and Scl-70 or
SS-A/Ro60. A significant difference between the CENP-
A positive and negative group was found for anti-Scl-70
(P <0.0001), anti-U1-RNP (P = 0.0429) and anti-SS-A/Ro
(P = 0.0140), but not for anti-Ro52, anti-SS-A/Ro060, anti-
SS-B/La, anti-Sm and anti-PM1-Alpha aabs (summarized
in Table 5).

Anti-CENP-A peptide reactivity in CDC ANA reference sera

As expected, only one of the 12 CDC reference sera (CDC
8, 1S2134) was clearly positive for anti-CENP-A antibod-
ies (2.7 RU). All other samples showed values < 0.4 RU.

These findings are in good agreement with the results of
the CDC reference laboratories [33] and with the LIA
results (INNO-LIA™ ANA, recomLine ENA/ANA IgG:
Mikrogen GmbH, Neuried, Germany).

Discussion

ACAs are known to be reliable biomarkers and a clini-
cally valuable adjunct in the prediction and diagnosis of
SSc [37-39]. During the last two decades, recombinant
CENP-B expressed in E. coli or insect cells had become
the antigen of choice in immunoassays that were
intended to confirm the presence of ACA reactivity ini-
tially identified by an IIF screening test on HEp-2 cells
[1,17,22]. A controversy arose when individual studies
reported ACA in diseases other than SSc such as SLE, SjS
and PBC [2-4,6-10]. Although the prevalence of ACAs is
20 to 40% in SSc and only 3 to 5% in SLE, it has been sug-
gested that numerically more patients with ACAs would
actually suffer from SLE than from SSc because SLE is a
much more prevalent condition than SSc. Further, it is
well known that it is important to follow patients longitu-
dinally for many years because one autoimmune condi-
tion can evolve to another [40] and several studies have
reported overlap syndromes of SSc and other diseases
such as SLE and RA [41]. Perhaps of more clinical impor-
tance, ACA have been reported to precede the diagnosis
of SSc and have therefore been proposed as a biomarker
to predict the onset of SSc [42,43]. Last but not least, the
possibility of physician-based diagnostic error is also a
potential complicating factor.

In our study, in some control groups the prevalence of
anti-CENP-A aabs was lower than anti-CENP-B aabs, a
finding in keeping with those of previous investigations
[9]. Only 3/51 (5.9%) of PBC patients tested positive for
anti-CENP-A, all of them exhibiting low antibody titres
(<2 RU). Of note, previous studies have reported ACA
reactivity in up to 60% of PBC patients by IIF (44%) and
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Figure 1 Comparison between anti-CENP-A and anti-CENP-B reactivity. Correlation diagram is shown in a) Comparative receiver operating char-
acteristic analysis for the discrimination between SSc patients (n = 131) and controls (n = 134) is shown in b). The area under the curve was significantly
higher for CENP-A (0.81 vs. 0.47, P < 0.0001). Serum samples were selected that showed comparable results in CENP-A and CENP-B ELISA and diluted
in Dilution Buffer to obtain a reactivity of approximately 1.0 OD. Increasing concentrations of CENP-A derived peptide and recombinant CENP-B were
added to the diluted sera and incubated for two hours at room temperature. Specimens were then assayed in CENP-A and CENP-B ELISA. Inhibition
was observed for anti-CENP-A reactivity with the CENP-A peptide ¢) and for anti-CENP-B reactivity with the recombinant CENP-B protein d), but not

with the respective other antigen.

ELISA with recombinant CENP-B (60%) [2-4]. Remark-
ably, ACA were recently reported in 100% of SSc patients
with co-morbid PBC [5]. Based on the data of the present
study, one might speculate that ACA in diseases other
than SSc are directed against CENP-B and perhaps other
CENP antigens, rather than against CENP-A derived
peptides. Further studies are needed to verify this obser-
vation.

It has been reported that antibodies affinity-purified
from CENP-B are cross-reactive with CENP-A and vice
versa [14]. In the cases where such cross-reactivity was
not detected, N-terminally truncated CENP-B proteins
were used, excluding the N-terminal GPKRR epitope
[15]. In our study, antibody binding to CENP-B could not
be blocked by absorption with the CENP-A derived pep-
tide indicating that either the patients had anti-CENP-B
antibodies that do not cross-react or that the cross-reac-

tive aabs represents a minority of the polyclonal immune
response to the CENP-B antigen. In addition, cross-reac-
tivity cannot be excluded by the use of only one peptide
for inhibition studies. However, CENP-A aabs seem to be
independently expressed, but are closely related to the
CENP-B aab system.

Correlation with other methods

The results obtained with the novel CENP-A peptide
ELISA exhibited good qualitative correlation with other
methods for the detection of ACA, namely IIF on HEp-2
cells, LIA, ELISA and EliA™ CEND, the later three all
using recombinant CENP-B. Further, the quantitative
correlation between the ELISA results obtained with
recombinant CENP-B and CENP-A peptide was moder-
ate (rho = 0.5; P < 0.0001). These differences might be
attributed to different epitopes recognized by anti-
CENP-A and CENP-B antibodies. The observed agree-
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Figure 3 Anti-CENP-A reactivity in different disease groups by comparative descriptive analysis. The prevalence and titre of anti-CENP-A mea-
sured by CENP-A peptide ELISA was significantly higher in SSc patients compared to controls. Except for rheumatoid arthritis, the anti-CENP-A titres
were significantly higher in all disease groups compared to the healthy donors.

ments are in keeping with previous results. In a study by
Sun et al., 95% of ACA positive samples (n = 38) reacted
with recombinant CENP-A by ELISA and only 2/100 of
ACA negative controls were anti-CENP-A positive [23].
In another study, the immune reactivity to CENP-A and
CENP-B was analysed in detail [29]. ACA were identified
by IIF on HEp-2 cells using a serum dilution of 1:360 as
the cut-off. Sera showing an atypical centromere pattern,
multiple IIF patterns, anti-dsDNA antibodies and/or
detectable precipitating aabs to selected nuclear antigens
(SS-A/Ro60, La, Sm, nRNP, Jo-1 and P) were excluded
from the analysis. Of the 263 samples identified, 251/263
(95.4%) were positive on a commercial CENP-B ELISA
(previously, Helix Diagnostics, Sacramento, CA, USA;
now Bio-Rad, Hercules, CA, USA). A total of 246/263
(94%) of ACA positive samples targeted recombinant
CENP-A in immunoblot and of these 7/263 (2.7%)
reacted with CENP-A exclusively as detected by a CENP-
A ELISA and immunoblot. Of those CENP-A positive
samples, 197 (80%) reacted with multiple antigen peptide
(MAP) peptide 2 (7 SRKPEAPRRRSPSP 20) and 219

(89%) with MAP peptide 3 (17 SPSPTPTPGPSRRG 30).
Thus, 219/263 (83.3%) ACA positive samples reacted
with MAP peptide 3. Moreover, the sensitivity of the
MAP peptide ELISA described by Akbarali et al. was sig-
nificantly lower than for the CENP-B ELISA (83.3% vs.
95.4%) [29]. The study by Akbarali et al. did not include
an unselected cohort of SSc patients. Therefore, no infor-
mation was obtained for the clinical sensitivity of the
peptide based assays. Another limitation of the study was
the lack of disease controls to prove the specificity of the
peptide based ELISA assays [29]. Although we found no
big difference between anti-CENP-A and anti-CENP-B
aabs, the exclusive use of anti-CENP-B aab determination
should not be the guideline for this autoantibody specific-
ity. When anti-CENP-A and anti-CENP-B was combined
the specificity significantly increased and the sensitivity
remained almost unchanged. Therefore, combined or
multiplexed testing for anti-CENP-A and anti-CENP-B
or even for other ACA might further increase the diag-
nostic efficiency of autoantibody assays for ACA in the
future.
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Berlin Leuven Calgary Neuss All
SSc 45/126 (35.7%) 30/84 (35.7%) 29/113 (25.7%) 8/11(72.2%) 112/334 (33.5%)
ISSc 26/52 (50.0%) 26/29 (89.7%) n.d. n.d. 52/81 (64.2%)
dSSc 3/26 (11.5%) 3/29(10.3%) n.d. n.d. 6/55 (10.9%)
Controls all 4/120 (3.3%) 9/226 (4.0%) 7/127 (5.5%) 5/321 (1.6%) 25/794 (3.1%)
SLE 4/109 (3.7%) 4/69 (5.8%) n.d. 1/36 (2.8%) 9/214 (4.2%)
RA n.d. 0/25 (0.0%) n.d. 0/15 (0.0%) 0/40 (0%)
SjS 0/2 (0.0%) 2/35 (5.7%) nd. 0/7 (0.0%) 2/44 (4.6%)
MCTD 0/3 (0.0%) 0/12(0.0%) n.d. 0/3 (0.0%) 0/18 (0.0%)
Overlaps 0/4 (0.0%) 0/3 (0.0%) n.d. 0/9 (0.0%) 0/16 (0.0%)
PM n.d. 1/14 (7.1%) 4/28 (8.3%) 0/1 (0.0%) 5/43 (11.6%)
DM n.d. 1/23 (4.4%) n.d. n.d. 1/23 (4.4%)
PBC n.d. n.d. 3/51 (5.9%) 0/3 (0.0%) 3/54 (5.6%)
WG nd. n.d. n.d. 0/3 (0.0%) 0/3 (0.0%)
Others 0/2 (0.0%) n.d. n.d. 3/78 (3.9%) 3/80 (4.6%)
CFS n.d. 0/36 (0.0%) n.d. n.d. 0/36 (0.0%)
CcD n.d. n.d. 0/48 (0.0%) n.d. 0/48 (0.0%)
HD n.d. 1/9 (11.1%) n.d. 0/166 (0.0%) 1/175 (0.6%)
Sensitivity 35.7% 35.7% 25.7% n.d. 33.5%
Specificity 96.7% 96.0% 94.5% 98.1 96.9%.
AUC 0.80 0.68 0.42 n.d. 0.67

AUC: area under the curve; CD: Crohn's disease; CFS: chronic fatigue syndrome; DM: dermatomyositis; dSSc: diffuse cutaneous systemic
sclerosis; HD: healthy donors, ISSc: limited cutaneous systemic sclerosis; MCTD: mixed connective tissue disease; n.d.: not determined; PBC:
primary biliary cirrhosis; PM: polymyositis; RA: rheumatoid arthritis; SjS: Sjogren's syndrome; SLE: systemic lupus erythematosus; SSc: systemic

sclerosis; WG: Wegener granulomatosis

Once a synthetic peptide has been identified as the tar-
get of aabs contained in sera of a defined cohort of
patients suffering from a certain autoimmune disease, it
represents an ideal antigen because it can easily be pro-
duced in high quality and quantity with minimal lot to lot
quality variation (reviewed in [44]). Several studies have
reported a higher sensitivity and/or specificity of peptide
based immunoassays compared to assay systems with the
respective native or recombinant antigen [44]. Examples
of such peptides antigens are cyclic citrullinated peptides
(CCP), a ribosomal P peptide called C22, the PM/Scl
major epitope peptide PM1-Alpha and SmD derived pep-
tides [44,45]. Whether CENP-A peptides will become
widely used antigens for the detection of ACA need fur-
ther investigation.

Association of anti-CENP-A peptide reactivity with other
autoantibodies and clinical features

Using newer diagnostic platforms, namely multiplex
assay systems that provide a more detailed representation
of the B cell response in an individual patient, it is very

important to know which aabs coexist with ACA. This
will hopefully lead to a clearer and more meaningful clin-
ical understanding of concurrent or future comorbid
autoimmune conditions in individual patients. As an
example, it is well known that a proportion of patients
with 1cSSc may have or will eventually develop the auto-
immune liver disease, primary biliary cirrhosis [46]. In
that context, the presence of anti-CENP aabs coexisting
with anti-mitochondrial aabs can help raise the aware-
ness of the attending physician. Therefore, anti-CENP-A
reactivity was considered in the context of other aabs.
Antibodies targeting topoisomerase I (ATA or Scl-70)
and ACA have historically been considered to be mutu-
ally exclusive. However, in a metanalysis of published
studies, 28 cases of the coexistence of ACA and ATA were
identified in 5,423 patients (0.52%) with SSc or SSc asso-
ciated symptoms [46]. Therefore, the expression of ATA
and ACA does not appear to be entirely mutually exclu-
sive, although coincidence is rare (<1% of patients with
SSc). Patients with both aabs often have diffuse SSc and
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Patient ID 1 2 3 4 5 6 7 8 CENP pos  SLE cohort
CENP-A pos (n=105)
CENP-B pos
CENP-A/CENP-B[RU] 0.3/34 13/16 12/1.8 52/63 15/1.3 15/24 15/0.7 0.8/1.5 8/8(100.0%) 8/105 (7.6%)
CENP-A neg neg neg pos pos pos pos neg 4/8 (50.0%) 4/105 (3.8%)
CENP-B pos pos pos pos neg pos neg pos 6/8(75.0%) 6/105(5.7%
SLEDAI-2K 6 2 2 28 1 2 16 na 6 8
Renalinvolvement  typeV  no yes* typelV  typell typeV  no typeV  6/8(75.0%) 70/105 ns
3/4(75.0%) (66.6%)
5/6 (83.3%)
Skin involvement yes no no no no no yes yes 3/8(37.5%) 69/105 ns
1/4(25.0%) (65.7%)
2/6 (33.3%)
CNS involvement no no no no no no no yes 1/8(12.5%) 13/105 ns
0/4 (0.0%) (12.4%)
1/6 (16.7%)
Specific joint no yes yes no no no no yes 3/8(37.5%) 3/105(2.9%) p=0.0006
involvement 0/4 (0.0%) ns
(Jaccoud arthritis or 3/6 (50.0%) p=0.0002
deformity)
Lung/heart no no yes yes no no yes no 3/8(37.5%) 37/105 ns
involvement 2/4 (50.0%) (35.2%)
2/6 (33.3%)
Liver involvement yes no no no no no no yes 2/8(25.0%) 4/105(3.8%) p=0.0568
0/4 (0.0%) ns
2/6 (33.3%) p=0.0313
Anti-phospholipid yes yes yes yes yes yes no no 6/8(75.0%) 31/105 p=0.0157
syndrome 3/4(75.0%) (29.5%) p=0.1523
5/6 (83.3%) p=0.0165
Raynaud's Syndrome yes no no no no yes yes yes 4/8 (50.0%) 54/105 ns
2/4 (50.0%) (51.4%)
3/6 (50.0%)

* Specific disease type not known
CENP: centromere protein; CNS: central nervous system; na: not available; ns: not statistically significant; SLEDAI: Systemic Lupus Erythematosus

Disease Activity Index

Note: Age and gender not included to protect anonymity of patients

Disease duration: mean, SLEDAI 2K: median

Table 5: Anti-CENP-A antibodies and other autoantibodies

Aab CENP-A pos (n=33) CENP-A neg (n = 49) All (n=82) Fisher's exact test P
Scl-70 0 (0.0%) 23 (46.9%) 23 (28.1%) P <0.0001
U1-RNP 1 (3.0%) 10 (20.4%) 11(13.4%) P=0.0429
SS-A/Ro 0 (0.0%) 9 (18.4%) 9(11.0%) P=0.0140
Ro 52 8 (24.2%) 5(10.2%) 13 (15.9%) P=0.1641
Ro 60 1(3.0%) 0(0.0%) 1(1.2%) P=0.8049
SS-B/La 1(3.0%) 4(8.2%) 5(6.1%) P=0.6523
Sm 0 (0.0%) 1(2.0%) 1(1.2%) P =1.0000
PM1-Alpha 1(3.0%) 4(8.2%) 5(6.1%) P=0.6523

Aab: autoantibody; RNP: ribonucleoprotein
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show immunogenetic features of both aab defined sub-
sets of SSc. In our smaller cohort, 0/23 ATA positive
patients had ACA and did not react with CENP-B nor
with CENP-A (P < 0.0001). It is important to revaluate
such coincidences by using more modern and conven-
tional technologies that are widely used in diagnostic lab-
oratories today.

Of high interest, there was a significant association
between ACA and the combined anti-SS-A analytes
(Ro52 + SS-A/Ro60) but not when anti-Ro52 or anti-SS-
A/Ro60 was tested as separate analytes. This finding,
together with the observation that anti-Ro52 was more
frequently detected as anti-SS-A (Ro52 + Ro60) and anti-
Ro60, is consistent with the data published recently by
Schulte-Pelkum et al. [47] where it was reported that
anti-SS-A reactivity can be missed when Ro52 and SS-A/
Ro60 antigens are combined in a single blended immuno-
assay.

Clinical sensitivity and specificity of the novel CENP-A
peptide ELISA

The sensitivity of 33.5% and specificity of 96.9% of the
novel CENP-A peptide based ELISA is comparable to the
characteristics published for ACA assays [1,2,5]. When
CENP-A ELISA was directly compared to CENP-B
ELISA, the former exhibited a better discrimination
between SSc patients and controls as shown by ROC
analysis (AUC = 0.81 vs 0.47; difference 0.34, P < 0.0001).
Of note, a significant portion of the irrelevant AUC, at
cut-off values below 1 RU, contributed to the difference in
the AUC. However, at a cut-off of 1.5 RU, the sensitivity
was almost equal (36.6% and 37.4%), but the specificity
was higher for the ELISA CENP-A (97.0% vs. 94.8%).

Of interest, we found statistically relevant differences
between ACA positive SLE patients and the entire SLE
cohort. These included differences in the gender (for
CENP-A or -B and for CENP-B), specific joint involve-
ment (Jaccoud, for CENP-A or -B and for CENP-B), liver
involvement (CENP-B) and anti-phospholipid syndrome
(for CENP-A or -B and for CENP-B). In a previous study,
cutaneous vasculitis, nodular vasculitis and Raynaud's
phenomenon were associated with differences between
ACA positive SLE patients [9], findings that were not
found in our present study. The authors concluded that
ACA can be detected in patients with genuine SLE with-
out concurrent SSc, but that these patients do not repre-
sent a different clinical subgroup. However, a systematic
approach in a large cohort of SLE patients is still required
to analyse the clinical associations of ACA in SLE.

Although previous studies have demonstrated the
applicability of recombinant CENP-A protein or CENP-A
derived peptides for the detection of ACA [23,29], the
present study is the first to describe putative advantages
of an anti-CENP-A immunoassay, namely improved dis-
crimination between SSc patients and controls. Since this
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is the first study to identify these differences, indepen-
dent confirmation is important to clearly define the clini-
cal usefulness of CENP-A based immunoassays.

Conclusions

Anti-CENP-A antibodies measured by peptide ELISA are
highly specific for SSc. Furthermore, the discrimination
between SSc and patients and controls might be
improved by the CENP-A ELISA compared to conven-
tional methods for the detection of anti-CENP antibod-
ies. In the serial steps of evaluation, different groups of
SSc patients and control subjects were used, therefore a
selection bias in our study cannot be completely
excluded. Therefore, further studies are needed to verify
these preliminary results.

Abbreviations

Aab: autoantibody; ACA: anti-centromere antibodies; AUC: area under the
curve; CCP: cyclic citrullinated peptides; CD: Chron's disease; CDC: center of
disease control and prevention; CFS: chronic fatigue syndrome; Cl: confidence
interval; CREST: syndrome, calcinosis, Raynaud's phenomenon, esophageal
dysmotility, sclerodactyly, and telangiectasia syndrome; DM: dermatomyositis;
EBNA-1: Epstein-Barr nuclear antigen 1; HD: healthy donors; lIF: indirect immu-
nofluorescence; LIA: line immunoassay; MAP: multiple antigen peptide; MCTD:
mixed connective tissue disease; mRSS: modified Rodnan Skin Score; OD: opti-
cal densities; PM: polymyositits; PBC: primary billary cirrhosis; RA: rheumatoid
arthritis; ROC: receiver-operating characteristic; RU: relative units; SARD: sys-
temic autoimmune rheumatic disease; SSc: systemic sclerosis; SjS: Sjégren's
syndrome; SLE: systemic lupus erythematosus; VLS: variable large-speckled;
WG, Wegener granulomatosis.

Competing interests

MM was employed at Dr. Fooke Laboratorien GmbH and is now employed at
INOVA Diagnostics, Inc. MF is owner of Dr. Fooke Laboratorien GmbH selling
the CENP-A ELISA. A patent application was submitted on the novel CENP-A
ELISA. MJF is the Director of Mitogen Advanced Diagnostics Laboratory, Cal-
gary, Alberta, Canada which provides diagnostic testing services and is paid an
honorarium for consulting services to ImmunoConcepts Inc., Sacramento, CA,
USA and INOVA, San Diego, CA, USA. All other authors declare that they have
no competing interests.

Authors' contributions

MM and MJF take responsibility for the study design, analysis and interpreta-
tion of data, and manuscript preparation. MM and MJF had full access to all of
the data in the study and take responsibility for the integrity of the data and
the accuracy of the data analysis. Data acquisition was courtesy of MM, LM, RW,
DB, XB, GR, KE, SS, FH, AS, IG and MJF. Statistical analysis was performed by MM.

Acknowledgements

We thank Melanie Petschinka (Dr. Fooke Laboratories), Mark Fritzler and Jane
Yang (University of Calgary) for technical assistance. MJF holds the Arthritis
Society Chair at the University of Calgary. This research was supported by a
grant (MOP-38034) from the Canadian Institutes of Health Research.

Author Details

'Dr. Fooke Laboratorien, Mainstrasse 85, 41469 Neuss, Germany, 2Current
address: Department of Immunopathology, INOVA Diagnostics, San Diego, CA
92131-1638, USA, 3Laboratory Medicine, General internal medicine,
Rheumatology, University Hospitals Leuven, Binkomstraat 2 3210 Lubbeek,
Belgium, “Charité University Hospital, German Rheumatism Research Centre, a
Leibniz institute, Dept Rheumatology and Clinical Immunology Charitéplatz 1,
10117 Berlin, Germany, "Rheumatology Clinical Neuss, Neuss 41460, Germany,
bInterdisziplindres Autoimmun-Speziallabor, Charité University hospital,
Campus Virchow-Klinikum, Augustenburger Platz 1, 13353 Berlin, Germany
and 7Faculty of Medicine, University of Calgary, 3330 Hospital Dr NW, Calgary,
Alberta, T2N 4N1, Canada



Mabhler et al. Arthritis Research & Therapy 2010, 12:R99
http://arthritis-research.com/content/12/3/R99

Received: 18 October 2009 Revised: 11 February 2010
Accepted: 20 May 2010 Published: 20 May 2010

References

1.

2.

20.

Ho KT, Reveille JD: The clinical relevance of autoantibodies in
scleroderma. Arthritis Res Ther 2003, 5:80-93.

Miyawaki S, Asanuma H, Nishiyama S, Yoshinaga Y: Clinical and
serological heterogeneity in patients with anticentromere antibodies.
JRheumatol 2005, 32:1488-1494.

Parveen S, Morshed SA, Nishioka M: High prevalence of antibodies to
recombinant CENP-B in primary biliary cirrhosis: nuclear
immunofluorescence patterns and ELISA reactivities. J Gastroenterol
Hepatol 1995, 10:438-45.

Tojo J, Ohira H, Suzuki T, Takeda |, Shoji I, Kojima T, Takagi T, Kuroda M,
Miyata M, Nishimaki T, Ohnami K, Kanno T, Mukai S, Kasukawa R:
Clinicolaboratory characteristics of patients with primary biliary
cirrhosis associated with CREST symptoms. Hepatol Res 2002,
22:187-195.

Assassi S, Fritzler MJ, Arnett FC, Norman GL, Shah KR, Gourh P, Manek N,
Perry M, Ganesh D, Rahbar MH, Mayes MD: Primary biliary cirrhosis (PBC),
PBC autoantibodies, and hepatic parameter abnormalities in a large
population of systemic sclerosis patients. JRheumatol 2009,
36:2250-2256.

Gelber AC, Pillemer SR, Baum BJ, Wigley FM, Hummers LK, Morris S, Rosen
A, Casciola-Rosen L: Distinct recognition of antibodies to centromere
proteins in primary Sjogren's syndrome compared with limited
scleroderma. Ann Rheum Dis 2006, 65:1028-1032.

Pillemer SR, Casciola-Rosen L, Baum BJ, Rosen A, Gelber AC: Centromere
protein C is a target of autoantibodies in Sjogren's syndrome and is
uniformly associated with antibodies to Ro and La. JRheumatol 2004,
31:1121-1125.

Russo K, Hoch S, Dima C, Varga J, Teodorescu M: Circulating
anticentromere CENP-A and CENP-B antibodies in patients with diffuse
and limited systemic sclerosis, systemic lupus erythematosus, and
rheumatoid arthritis. JRheumatol 2000, 27:142-148.

Respaldiza N, Wichmann |, Ocafna C, Garcia-Hernandez FJ, Castillo MJ,
Magarifio MI, Magarifio R, Torres A, Sanchez-Roman J, Nufiez-Roldan A:
Anti-centromere antibodies in patients with systemic lupus
erythematosus. Scand J Rheumatol 2006, 35:290-294.

Nakano M, Ohuchi Y, Hasegawa H, Kuroda T, Ito S, Gejyo F: Clinical
significance of anticentromere antibodies in patients with systemic
lupus erythematosus. JRheumatol 2000, 27:1403-1407.

Lee SL, Tsay GJ, Tsai RT: Anticentromere antibodies in subjects with no
apparent connective tissue disease. Ann Rheum Dis 1993, 52:586-589.
Rattner JB, Rees J, Arnett FC, Reveille JD, Goldstein R, Fritzler MJ: The
centromere kinesin-like protein, CENP-E. An autoantigen in systemic
sclerosis. Arthritis Rheum 1996, 39:1355-1361.

Saito A, Muro Y, Sugiura K, lkeno M, Yoda K, Tomita Y: CENP-O, a protein
localized at the centromere throughout the cell cycle, is a novel target
antigen in systemic sclerosis. JRheumatol 2009, 36:781-786.

Hsu TC, Chang CH, Lin MC, Liu ST, Yen TJ, Tsay GJ: Anti-CENP-H antibodies
in patients with Sjogren's syndrome. Rheumatol Int 2006, 26:298-303.
Tan EM, Rodnan GP, Garcia |, Moroi Y, Fritzler MJ, Peebles C: Diversity of
antinuclear antibodies in progressive systemic sclerosis. Anti-
centromere antibody and its relationship to CREST syndrome. Arthritis
Rheum 1980, 23:617-625.

Kremer L, Alvaro-Gracia JM, Ossorio C, Avila J: Proteins responsible for
anticentromere activity found in the sera of patients with CREST-

associated Raynaud's phenomenon. Clin Exp Immunol 1988, 72:465-469.

Fritzler MJ, Valencia DW, McCarty GA: Speckled pattern antinuclear
antibodies resembling anticentromere antibodies. Arthritis Rheum
1984, 27:92-96.

Earnshaw WC, Sullivan KF, Machlin PS, Cooke CA, Kaiser DA, Pollard TD,
Rothfield NF, Cleveland DW: Molecular cloning of cDNA for CENP-B, the
major human centromere autoantigen. JCell Biol 1987, 104:817-829.
Earnshaw WC, Machlin PS, Bordwell BJ, Rothfield NF, Cleveland DW:
Analysis of anticentromere autoantibodies using cloned autoantigen
CENP-B. Proc Natl Acad Sci USA 1987, 84:4979-4983.

Rothfield N, Whitaker D, Bordwell B, Weiner E, Senecal JL, Earnshaw W:
Detection of anticentromere antibodies using cloned autoantigen
CENP-B. Arthritis Rheum 1987,30:1416-1419.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

Page 13 of 14

Verheijen R, de Jong BA, Oberyé EH, van Venrooij WJ: Molecular cloning
of a major CENP-B epitope and its use for the detection of
anticentromere autoantibodies. Mol Biol Rep 1992, 16:49-59.

Stahnke G, Meier E, Scanarini M, Northemann W: Eukaryotic expression
of recombinant human centromere autoantigen and its use in a novel
ELISA for diagnosis of CREST syndrome. JAutoimmun 1994, 7:107-118.
Sun D, Martinez A, Sullivan KF, Sharp GC, Hoch SO: Detection of
anticentromere antibodies using recombinant human CENP-A protein.
Arthritis Rheum 1996, 39:863-867.

Martinez A, Sun D, Billings PB, Swiderek KM, Sullivan KF, Hoch SO:
Isolation and comparison of natural and recombinant human CENP-A
autoantigen. JAutoimmun 1998, 11:611-619.

Burlingame RW, Rubin RL: Anti-histone autoantibodies recognize
centromeric heterochromatin in metaphase chromosomes and hidden
epitopes in interphase cells. Hum Antibodies Hybridomas 1992, 3:40-47.
Mahler M, Blithner M, Pollard KM: Advances in B-cell epitope analysis of
autoantigens in connective tissue diseases. ClinImmunol 2003,
107:65-79.

Mahler M, Mierau R, Blithner M: Fine-specificity of the anti-CENP-A B-
cell autoimmune response. J Mol Med 2000, 78:460-467.

Mahler M, Mierau R, Schlumberger W, Bliithner M: A population of
autoantibodies against a centromere-associated protein A major
epitope motif cross-reacts with related cryptic epitopes on other
nuclear autoantigens and on the Epstein-Barr nuclear antigen 1. J Mo/
Med 2001, 79:722-731.

Akbarali Y, Matousek-Ronck J, Hunt L, Staudt L, Reichlin M, Guthridge JM,
James JA: Fine specificity mapping of autoantigens targeted by anti-
centromere autoantibodies. JAutoimmun 2006, 27:272-280.

Muro Y, Azuma N, Onouchi H, Kunimatsu M, Tomita Y, Sasaki M, Sugimoto
K: Autoepitopes on autoantigen centromere protein-A (CENP-A) are
restricted to the N-terminal region, which has no homology with
histone H3. Clin Exp Immunol 2000, 120:218-223.

Mahler M, Mierau R, Genth E, Blithner M: Development of a CENP-A/
CENP-B-specificimmune response in a patient with systemic sclerosis.
Arthritis Rheum 2002, 46:1866-1872.

Mahler M, Raijmakers R, Dahnrich C, Blithner M, Fritzler MJ: Clinical
evaluation of autoantibodies to a novel PM/Scl peptide antigen.
Arthritis Res. Ther. 2005, 7:R704-R713.

Mahler M, Fritzler MJ, Bluthner M: Identification of a SmD3 epitope with
a single symmetrical dimethylation of an arginine residue as a specific
target of a subpopulation of anti-Sm antibodies. Arthritis Res Ther 2005,
7:R19-R29.

Smolen JS, Butcher B, Fritzler MJ, Gordon T, Hardin J, Kalden JR, Lahita R,
Maini RN, Reeves W, Reichlin M, Rothfield N, Takasaki Y, van Venrooij WJ,
Tan EM: Reference sera for antinuclear antibodies. Il. Further definition
of antibody specificities in international antinuclear antibody
reference sera by immunofluorescence and western blotting. Arthritis
Rheum 1997, 40:413-418.

Hanke K, Brickner CS, Dahnrich C, Huscher D, Komorowski L, Meyer W,
Janssen A, Backhaus M, Becker M, Kill A, Egerer K, Burmester GR, Hiepe F,
Schlumberger W, Riemekasten G: Antibodies against PM/Scl-75 and PM/
Scl-100 are independent markers for different subsets of systemic
sclerosis patients. Arthritis Res Ther 2009, 11:R22.

Furst DE, Clements PJ, Steen VD, Medsger TA Jr, Masi AT, D'Angelo WA,
Lachenbruch PA, Grau RG, Seibold JR: The modified Rodnan skin score is
an accurate reflection of skin biopsy thickness in systemic sclerosis. J
Rheumatol 1998, 25:184-188.

Steen VD: Autoantibodies in systemic sclerosis. Semin Arthritis Rheum
2005, 35:35-42.

Walker JG, Fritzler MJ: Update on autoantibodies in systemic sclerosis.
Curr Opin Rheumatol 2007, 19:580-591.

Ford AL, Kurien BT, Harley JB, Scofield RH: Anti-centromere autoantibody
in a patient evolving from a lupus/sjogren's overlap to the CREST
variant of scleroderma. JRheumatol 1998, 25:1419-1424.

Zimmermann C, Steiner G, Skriner K, Hassfeld W, Petera P, Smolen JS: The
concurrence of rheumatoid arthritis and limited systemic sclerosis:
clinical and serologic characteristics of an overlap syndrome. Arthritis
Rheum 1998, 41:1938-1945.

Koenig M, Joyal F, Fritzler MJ, Roussin A, Abrahamowicz M, Boire G, Goulet
JR, Rich E, Grodzicky T, Raymond Y, Senécal JL: Autoantibodies and
microvascular damage are independent predictive factors for the
progression of Raynaud's phenomenon to systemic sclerosis: a twenty-


http://arthritis-research.com/content/12/3/R99
http://creativecommons.org/licenses/by/2.0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12718748
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16078324
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8527711
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11882415
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19723904
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16414973
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15170924
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10648030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16882593
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10852261
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8215621
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8702444
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19286853
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15700116
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6155920
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3048807
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6197978
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2435739
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2440036
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3435569
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1545784
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8198697
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8639184
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9878083
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1374273
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12763475
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11097115
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11862315
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17210244
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10759786
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12124871
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15899056
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15642139
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9082926
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19220911
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16084222
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17917539
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9676778
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9811047

Mahler et al. Arthritis Research & Therapy 2010, 12:R99
http://arthritis-research.com/content/12/3/R99

year prospective study of 586 patients, with validation of proposed
criteria for early systemic sclerosis. Arthritis Rheum 2008, 58:3902-3912.

42. Koenig M, Dieudé M, Senécal JL: Predictive value of antinuclear
autoantibodies: the lessons of the systemic sclerosis autoantibodies.
Autoimmun Rev 2008, 7:588-593.

43. Kessenbrock K, Raijmakers R, Fritzler MJ, Mahler M: Synthetic peptides:
the future of patient management in systemic rheumatic diseases?
Curr Med Chem 2007, 14:2831-2838.

44. Mahler M, Raijmakers R, Fritzler MJ: Challenges and controversies in
autoantibodies associated with systemic rheumatic diseases. Curr
Rheumatol Rev 2007, 3:67-78.

45. Makinen M, Fritzler MJ, Davis P, Sherlock S: Anticentromere antibodies in
primary biliary cirrhosis. Arthritis Rheun 1983, 26:914-917.

46. Dick T, Mierau R, Bartz-Bazzanella P, Alavi M, Stoyanova-Scholz M, Kindler
J, Genth E: Coexistence of antitopoisomerase | and anticentromere
antibodies in patients with systemic sclerosis. Ann Rheum Dis 2002,
61:121-127.

47. Schulte-Pelkum J, Fritzler M, Mahler M: Latest update on the Ro/SS-A
autoantibody system. Autoimmun Rev 2009, 8:632-637.

doi: 10.1186/ar3029
Cite this article as: Mahler et al,, Clinical and serological evaluation of a
novel CENP-A peptide based ELISA Arthritis Research & Therapy 2010, 12:R99

Page 14 of 14

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

www.biomedcentral.com/submit

Submit your manuscript at ( BioMed Central



http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19035499
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18617021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18045129
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6409126
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11796397
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19393201

	Abstract
	Introduction
	Methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Sera
	Peptides and protein antigens
	Autoantibody assays
	ELISA with recombinant CENP-A and synthetic CENP-A peptide
	Inhibition assays
	Statistical evaluation

	Results
	Anti-CENP-A antibodies measured by recombinant CENP-A and synthetic CENP-A peptides
	Qualitative comparison between CENP-A peptide ELISA and other methods for ACA detection
	Association between anti-CENP-A and anti-CENP-B reactivity by ELISA
	Clinical sensitivity and specificity of the novel CENP-A peptide ELISA
	Association of anti-CENP-A reactivity with other autoantibodies and clinical features
	Anti-CENP-A peptide reactivity in CDC ANA reference sera

	Discussion
	Correlation with other methods
	Association of anti-CENP-A peptide reactivity with other autoantibodies and clinical features
	Clinical sensitivity and specificity of the novel CENP-A peptide ELISA

	Conclusions
	Abbreviations
	Competing interests
	Authors' contributions
	Acknowledgements
	Author Details
	References

