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ABSTRACT
Objectives Anti- centromere antibodies (ACAs) are 
detected in patients with various autoimmune diseases 
such as Sjögren’s syndrome (SS), systemic sclerosis 
(SSc) and primary biliary cholangitis (PBC). However, 
the targeted antigens of ACAs are not fully elucidated 
despite the accumulating understanding of the molecular 
structure of the centromere. The aim of this study was 
to comprehensively reveal the autoantigenicity of 
centromere proteins.
Methods A centromere antigen library including 16 
principal subcomplexes composed of 41 centromere 
proteins was constructed. Centromere protein/complex 
binding beads were used to detect serum ACAs in 
patients with SS, SSc and PBC. ACA- secreting cells 
in salivary glands obtained from patients with SS 
were detected with green fluorescent protein- fusion 
centromere antigens and semiquantified with confocal 
microscopy.
Results A total of 241 individuals with SS, SSc or PBC 
and healthy controls were recruited for serum ACA 
profiling. A broad spectrum of serum autoantibodies was 
observed, and some of them had comparative frequency 
as anti- CENP- B antibody, which is the known major ACA. 
The prevalence of each antibody was shared across the 
three diseases. Immunostaining of SS salivary glands 
showed the accumulation of antibody- secreting cells 
(ASCs) specific for kinetochore, which is a part of the 
centromere, whereas little reactivity against CENP- B was 
seen.
Conclusions We demonstrated that serum 
autoantibodies target the centromere–kinetochore 
macrocomplex in patients with SS, SSc and PBC. The 
specificity of ASCs in SS salivary glands suggests 
kinetochore complex- driven autoantibody selection, 
providing insight into the underlying mechanism of ACA 
acquisition.

INTRODUCTION
Anti- centromere antibodies (ACAs) are well- 
known autoantibodies detected in various auto-
immune diseases. Although serum ACAs are 
frequently detected in patients with systemic scle-
rosis (SSc), they are also detected in other autoim-
mune diseases such as Sjögren’s syndrome (SS) and 
primary biliary cholangitis (PBC), and the presence 
of ACAs is associated with the overlap of these 
three diseases.1–3

In the anti- nuclear antibody (ANA) test, ACAs 
show a characteristic staining pattern called the 
discrete- speckled pattern, which reflects the local-
isation of the centromere.4 Recently, the molec-
ular structure of the centromere has been rapidly 
clarified. Its framework structure is understood as 
a combination of specific centromeric chromatin, 
characterised by the replacement of histone H3 by 
CENP- A and the macromolecular complex ‘kine-
tochore’, which is assembled on the centromere- 
specific nucleosome.5 The centromere binds to 
microtubules via inner and outer kinetochore struc-
ture during cell division. Schematic illustration of 

Key messages

What is already known about this subject?
 ► Anti- centromere antibodies (ACAs) are detected 
in various autoimmune diseases such as 
Sjögren’s syndrome (SS), systemic sclerosis 
(SSc) and primary biliary cholangitis (PBC) and 
correlate with characteristic symptoms such as 
Raynaud’s phenomenon and sclerodactyly.

What does this study add?
 ► Comprehensive serum ACA profiling revealed 
broad specificity for the centromere–
kinetochore macrocomplex, and the specificity 
of autoantibodies was not different in patients 
with SS, SSc and PBC.

 ► Antibody- secreting cells in the salivary glands 
of ACA- positive SS patients were specific to 
the part of the centromeric structure, termed 
the ‘kinetochore’ rather than CENP- B, which is 
known as the major autoantigen corresponding 
to ACA.

How might this impact on clinical practice or 
future developments?

 ► This study conducted a detailed analysis of the 
specificity of ACAs, providing further insights 
into pathognomonic autoantibodies common to 
multiple autoimmune diseases.

 ► The combination of multiple conformational 
centromere antigens could detect serum ACAs 
with higher sensitivity than conventional ACA 
detection methods.
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centromere–kinetochore–microtubule interface is described in 
figure 1 based on the cited references.6–11

Among a number of component molecules, CENP- A, CENP- B, 
CENP- C and CBX5 are known targets of ACAs.12 13 In particular, 
CENP- B is thought to be the main autoantigen because the pres-
ence of anti- CENP- B antibody is highly consistent with the ACAs 

detected by the ANA test.14 Some other centromere proteins 
were also identified as autoantigens in the sera of ACA- positive 
patients: CENP- D, -E, -G, -H, -I, -J, -M, -T, -O, -P and -Q12 15; 
however, the spatial relationship of these antigens has not been 
taken into account, and the autoantigenicity of newly identi-
fied centromere proteins remains unclear. In addition, although 

Figure 1 Schematic illustration of the centromere- kinetochore- microtubule interface. CENP- A replaces histone H3 and forms centromere- specific 
nucleosome. CBX5 and CENP- B bind to H3 nucleosome and centromeric DNA, respectively. The kinetochore complex is constructed on the CENP- A 
nucleosome and interacts with microtubules. The key kinetochore subcomplexes are the constitutive centromere- associated network (CCAN; divided 
into CENP- C, CENP- HIKM, CENP- TWSX, CENP- LN, and CENP- OPQUR) and the KMN- network (divided into the KNL1 complex, the MIS12 complex, and 
the NDC80 complex). The Astrin- SKAP complex and the Ska1 complex stabilise the kinetochore- microtubule binding. CENP- E, CENP- F, and the RZZ 
complex associate in kinetochore- microtubule binding and chromosome transportation. *Known autoantigens in autoimmune diseases.12 15 17

Table 1 Clinical characteristics of the patients who underwent serum analysis

Disease type HC n=68 SS n=86 SSc n=35 PBC n=10 Overlap n=42

Female % 82 97 86 100 100

Age (y), median (IQR) 44 (31–50) 61 (47–72) 59 (50–71) 60 (56–72) 64 (55–74)

ANA discrete- speckled % NA 10 34 30 69

Anti- CENP- B antibody positive % 1.5 10 37 30 71

Disease specific antibody positive % Anti- SSA 83
Anti- SSB 42

Anti- Topo 1 31
Anti- RNAPIII 6

AMA 80

Disease type/ complicated disease % Primary SS 85
Secondary SS 15

lcSSc 71
dcSSc 29

SS+SSc 27
SS+PBC 17
SSc+PBC 29
SS +SSc+ PBC 29

ACA, anti- centromere antibody; AMA, anti- mitochondrial antibody; dcSSc, diffuse cutaneous systemic sclerosis; HC, healthy controls; lcSSc, limited cutaneous systemic sclerosis; 
NA, not assessed; PBC, primary biliary cholangitis; RNAPIII, RNA polymerase III; SS, Sjögren’s syndrome; SSc, systemic sclerosis; Topo 1, topoisomerase 1.
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several studies have focused on the distinct epitope specificity of 
major antigens (ie, CENP- A, -B and -C), comparing patients with 
SS and SSc,13 16 few studies have been performed on the preva-
lence of antibodies against other centromere proteins.

Our recent study of autoantibodies produced in salivary 
glands demonstrated that many autoantibodies recognise native 
conformational epitopes. We developed an antigen- binding bead 
assay by using mammalian cell line- derived proteins as antigens, 

Figure 2 Profiling of serum IgG ACAs. The serum IgG autoantibody titres against each centromere antigen were analysed by the antigen- binding 
bead assay with the sera of patients with SS (n=86), SSc (n=35), PBC (n=10), overlap disease (n=42), and healthy controls (HC; n=68). (A) Each 
symbol represents the antibody level in an individual’s serum and the dotted line indicates the cut- off value, which was determined by the median 
plus 5IQR of MFI in HC. (B) Bar graphs show the prevalence of autoantibodies against centromere antigens measured as MFI in each disease group. 
The prevalence of the discrete- speckled pattern by the ANA test and anti- CENP- B antibody by ELISA are shown in the top. *p<0.05 between each 
disease group and the HC group; †novel autoantigen as a form of complex, at least one component molecule is known as an autoantigen; ‡novel 
autoantigen identified in this assay. The data of CBX5, CENP- A, CENP- B, CENP- C, and the MIS12 complex were obtained from our previous study.17 
ANA, anti- nuclear antibody; ELISA, enzyme- linked immunosorbent assay; MFI, mean fluorescence intensity.
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which provided higher sensitivity for the detection of autoanti-
bodies than conventional ELISA.17

In this study, we constructed a centromere antigen library 
including 41 centromere proteins, which were selected based on 
the latest information about the centromere structure. To clarify 
the true target of ACAs and to identify differences by disease, 
we examined serum autoantibodies against this library using an 
antigen- binding bead assay and investigated the spatial relation-
ship of antibody- secreting cells (ASCs) in salivary gland tissue.

METHODS
Clinical samples
Serum samples were obtained from patients with SS, SSc or 
PBC, and salivary gland samples were collected from patients 
with clinically suspected SS who underwent a lip biopsy at Keio 
University Hospital. The diagnosis was made according to the 
2016 American College of Rheumatology/European League 
Against Rheumatism (ACR/EULAR) classification criteria for 
primary SS,18 the 2013 ACR/EULAR classification criteria for 
SSc19 and the clinical practice guidelines for PBC established in 
2017.20 Sera of healthy controls (HCs) were used as controls.

Preparation of the centromere antigen library
A total of 41 centromere proteins were cloned into pEFs vector 
or pcDNA3.4 vector as a centromere protein library, combined 
with the streptavidin- binding peptide tag and green fluorescent 
protein (GFP) at the N- terminus and expressed by 293T cells. 
Most of them were cotransfected to construct subcomplexes 
according to the molecular structure of the centromere.8 9 21–23 
Antigens were purified by streptavidin beads and electrophoresed 
by sodium dodecyl sulfate- polyacrylamide gel electrophoresis, 
followed by silver staining (Aproscience, Tokushima, Japan) 
and western blotting with anti- human GFP antibody (unconju-
gated, 1GFP63, BioLegend, California, USA) and horseradish 
peroxidase- conjugated sheep anti- mouse IgG antibody (GE 
Healthcare, Buckinghamshire, UK) (see online supplemental 
figure S1). Nucleic acid of CENP- E was purchased from Kazusa 
DNA Research Institute (Chiba, Japan). Other detailed methods 
were described previously.17

Serum autoantibody detection by antigen-binding bead assay
The protocols for bead coupling and measurements of serum 
antibody titres were described previously.17 In short, antigens 
expressed by 293T cells were attached to Dynabeads M-280 
Streptavidin (Thermo Fisher Scientific, Massachusetts, USA). 
Antigen- binding beads were incubated with sera of subjects, 
washed and then stained with anti- human IgG- Fc antibody (APC, 
goat- F(ab’)2 fragment, Jackson ImmunoResearch, Pennsylvania, 
USA) and anti- human IgA- Fc antibody (DL405, goat- F(ab’)2 frag-
ment, Jackson ImmunoResearch). The titres of antibodies were 
analysed by FACSVerse and FlowJo software (BD Biosciences, 
California, USA). Anti- CENP- B antibody was measured by anti- 
CENP- B ELISA (ORGENTEC, Mainz, Germany) according to 
the manufacturer’s instructions.

Monoclonal antibodies against newly identified centromere 
autoantigens
We previously examined lesion antibody specificity by cloning 
antibodies from human salivary glands and analysed their reac-
tivity to recombinant centromere antigens.17 In this study, these 
cloned antibodies were comprehensively analysed with a newly 
developed centromere antigen library. The detailed method is 
described in online supplemental information.

Direct detection of antibody-producing cells in salivary 
glands
Fresh- frozen sections of labial salivary gland samples were incu-
bated with GFP fusion antigens and anti- CD138 antibody and 
anti- mouse IgG1 antibody. ASCs were semiquantified using 
confocal microscopy. The detailed method is provided in online 
supplemental information.

Statistics
The cut- off value of a serum antibody against a specific antigen 
was determined by the median plus 5IQR of the mean fluores-
cent intensity in 68 HCs. A doubling of the difference between 
the third quartile and the median (Q3−Q2) was substituted 
for IQR when the skewness of a distribution in HCs was over 

Figure 3 Clustering analysis of the centromere antigens and individuals. The sera of patients with SS (n=86), SSc (n=35), PBC (n=10), or overlap 
disease (n=42), and HC (n=68) were analysed by the antigen- binding bead assay. The serum antibody positivity for each target antigen (rows) 
in each individual (columns) is indicated by the appropriate colour. Hierarchical clustering produced a dendrogram among target antigens (left) 
and individuals (bottom). Coloured lines below the matrix indicate the disease status of the individuals. HC,healthy controls; PBC, primary biliary 
cholangitis; SS, Sjögren’s syndrome;SSc, systemic sclerosis.
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1.24 Exceptionally, the cut- off value of anti- CENP- B IgG anti-
body was determined by receiver operating characteristic anal-
ysis, in which patients with positive anti- CENP- B antibody by 
ELISA were defined as positive. The Wilcoxon rank sum test 
was applied to compare continuous variables, and two- sided 
Fisher’s exact test was applied to compare categorical variables. 
P values <0.05 were considered statistically significant. Unsu-
pervised hierarchical clustering by Ward’s method and principal 
component analysis (PCA) were performed to analyse the serum 
autoantibody profile. GraphPad Prism 8 (GraphPad Software, 
California, USA) and JMP V.13 (SAS Institute, North Carolina, 
USA) were used to perform the analyses.

RESULTS
Serum anti-centromere antibody analysis
We recruited a total of 241 individuals with SS (n=86), SSc 
(n=35), PBC (n=10) or two or more diseases above (overlap; 
n=42) and HC (n=68) for serum antibody analysis. The clinical 
characteristics of the subjects are shown in table 1.

The IgG reactivity of each individual sera against centromere 
antigens is shown in figure 2A. The reactivity against CENP- 
HIKM, CENP- TWSX, CENP- OPQUR and CENP- LN was 
observed with a similar tendency to those against previously 
known autoantigens: CBX5, CENP- A, CENP- B, CENP- C and 
the MIS12 complex (MIS12C). Reactivity against the NDC80 
complex (NDC80C), the KNL1 complex (KNL1C), the 

Astrin–SKAP complex, CENP- E and CENP- F was also seen with 
relatively low frequency. The Rod- Zw10- Zwilch (RZZ) complex 
and the Ska1 complex showed negligibly low reactivity in the 
sera. Although we also performed the same analysis with IgA 
antibodies, the titres and antibody positivity were low, and the 
differences between the HC group and each disease group were 
less apparent than those of IgG antibodies (online supplemental 
figure S2).

As shown in figure 2B, the positive rates of antibodies 
against CENP- HIKM, CENP- TWSX, CENP- OPQUR, CENP- 
LN, NDC80C, KNL1C and the Astrin–SKAP complex were 
significantly higher in at least one disease group than in the HC 
group. CENP- LN, NDC80C, KNL1C, and the Astrin- SKAP 
complex were newly identified as centromere autoantigens. In 
CENP- HIKM, CENP- TWSX, and CENP- OPQUR, at least one 
component molecule was previously reported as an autoantigen; 
however, this is the first study to examine in complex form.

Clustering of autoantigens and individuals
Next, we performed clustering analysis to visualise the serum 
autoantibody profile of each individual and analysed the correla-
tions among antigens. Unsupervised hierarchical clustering iden-
tified two antigen clusters (figure 3). We refer to the first cluster, 
including CBX5, CENP- A, CENP- B, CENP- C, CENP- HIKM, 
CENP- TWSX, CENP- OPQUR, CENP- LN, and MIS12C, as the 
‘major antigen’ cluster and the second cluster, including the 

Figure 4 Comparison between the antigen- binding bead assay and conventional methods; ANA test and anti- CENP- B antibody by ELISA. (A) 
The numbers of antibodies with positivity in sera were plotted against the titres of anti- CENP- B antibody. Linear regression lines, the correlation 
coefficient, and p value of the regression line are shown. The dotted line indicates cut- off value by ELISA. (B) Number of individuals with and without 
bead assay positivity depending on various cut- off values. (C) Pie charts show positive rates for anti- CENP- B antibody by ELISA and the centromere 
antigen- binding bead assay. Having two or more antibodies against centromere antigens was considered as positive. Individuals who were 
additionally identified as ACA positive by the bead assay are shown by blue. ANA, anti- nuclear antibody; ELISA, enzyme- linked immunosorbent assay; 
HC, healthy controls.
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others, as the ‘minor antigen’ cluster. In the major autoantigen 
cluster, the titre of each antibody was mutually correlated in 
addition to the prevalence (online supplemental figure S3A).

When we focused on the disease status, the participants 
seemed to be classified into three groups. A total of 54 indi-
viduals in cluster A showed a broad spectrum of autoantibodies 
against the major antigens. For the remaining participants, 
cluster B, with 50 individuals, had 1–7 antibodies against major 
or minor antigens, whereas cluster C, with 137 individuals, had 
few or none. Although patients with overlapping diseases tended 
to be classified as cluster A and most HCs were in cluster C, 
the result of clustering based on the antibody profile was not 
consistent with disease specificity. We further performed PCA 
of serum IgG antibody reactivity and revealed overlapping 
95% confidence ellipses across patients in the SS, SSc, PBC and 
overlap groups, suggesting similar patterns of antibody speci-
ficity in these diseases (online supplemental figure S3B). These 
results indicated that the specificity of ACAs is generally shared 
across disease phenotypes.

Antigen bead assay identified potential ACA-positive patients
Next, we analysed the clinical significance of comprehensive 
bead- based autoantibody detection compared with standard 
ACA detection methods, ANA tests and anti- CENP- B antibodies 
by ELISA. As shown in figure 4A, the numbers of autoantibodies 
against centromere proteins were well correlated with their titres 
of anti- CENP- B antibody by ELISA (r2=0.6190, p<0.0001). 

The presence of a discrete- speckled pattern by the ANA test was 
remarkably consistent with the positivity of the anti- CENP- B 
antibody by ELISA.

Although most HCs have no more than one antibody, some 
patients without ACA by standard ACA detection methods 
have two or more antibodies. Defining the bead assay posi-
tivity as having two or more antibodies, the bead assay clearly 
distinguished patients with SS, SSc or PBC with high speci-
ficity (figure 4B, online supplemental table S1). As shown in 
figure 4C, the bead assay identified 14%–23% of additional 
patients as ACA positive compared with standard methods in 
each disease group (15% in SS, 23% in SSc, 20% in PBC and 
14% in overlap).

To confirm the clinical significance of additionally identi-
fied ACAs, we compared the characteristics of patients with or 
without anti- CENP- B antibody. The clinical characteristics of 
bead assay- positive SS patients with or without anti- CENP- B 
antibody by ELISA were comparable between the two groups 
(online supplemental table S2). For patients with SSc, the clinical 
characteristics differed in the two groups (online supplemental 
table S3). Although all anti- CENP- B antibody- positive patients 
presented limited cutaneous SSc, half of the bead assay- positive 
and ELISA- negative patients showed diffuse cutaneous SSc with 
anti- topoisomerase 1 antibody (ATA). The number of patients 
with PBC was too small to compare clinical characteristics 
(online supplemental table S4).

Table 2 Clinical characteristics and antibody specificity of lesion antibody- secreting cells in salivary glands
Patient ID S3 S10 LB32 LB73 LB90 LB117 LB101 LB93 LB17 LB25 LB46 LB19 LB23 LB47 LB48

Age, sex 51, F 71, F 31, F 29, F 70, F 70, F 65, F 65, F 47, F 86, F 50, F 54, F 60, F 38, F 47, F

Disease sSS, PBC,
MCTD

pSS pSS sSS, SSc pSS pSS sSS, PMR pSS pSS pSS pSS pSS pSS nonSS nonSS

Anti- CENP- B antibody + + + + + + + + NA NA NA NA – – NA

ANA discrete- speckled - ＊ + + + + + + + – – – – – – –

ANA >2560 Sp+C 640 H+D 640 H+D+N 2560 D 320 H+D 160 D 320 D 160 D 40 Sp 80 H+Sp 80 Sp <40 <40 40 H+Sp 80 H+Sp

Anti- SSA antibody + + – – – + – – + + + – – – –

Anti- SSB antibody + – – – – – – – + + – – – – –

Rheumatoid factor + + – + NA + – – – – + + – – –

Greenspan grade 3 3 4 4 4 4 4 1 3 4 4 3 4 2 1

Medication ＋ † – – – – – – – – – – – – – –

Extraglandular symptom PH – Erythema – – – – – – – – – – – –

Antibody- secreting cell

CBX5 – – – – – – – – – – – – – – –

CENP- A ± ± – – ± ± – – – – – – – – –

CENP- B – ± – ± – ± – – – – – – – – –

CENP- C +++ +++ ++ +++ ++ + – – – – – – – – –

CENP- HIKM +++ – ++ ± +++ +++ – – – – – – – – –

CENP- TWSX – – – – – ± – – ± ± – – – – –

CENP- OPQUR ++ – – – – + – – – – – – – – –

CENP- LN – – – – – – – – – – – – – – –

MIS12 complex +++ ++ +++ +++ +++ +++ – – – – – – – – –

NDC80 complex + + – ++ – – – – – – – – – – –

KNL1 complex – – – – – – – – – – – – – – –

Astrin- SKAP complex – – – – – – – – – – – – – – –

CENP- E – – – – – ± – – – – – – – – –

CENP- F – – – ± – – – – – – – – – – –

RZZ complex – – – – – – – – – – – – – – –

Ska1 complex – – – ± – – – – – – – – – – –

Slides were examined at a magnification of ×200. –, undetectable; ±, one cell in multiple fields; +, 1–3 cells in one field; ++, 4–8 cells in one field; +++,>8 cells in one field
The patient IDs correspond to those in our previous study.17

*ACA converted to positive after 1 year of immunosuppressive therapy.
†Treated with prednisolone 10 mg/day.
C, cytosol; D, discrete- speckled; F, female; H, homogeneous; LB, lip biopsy; MCTD, mixed connective tissue disease; N, nucleolar; NA, not assessed; PH, pulmonary hypertension; PMR, polymyalgia rheumatica; pSS, primary 
Sjögren’s syndrome; RZZ, Rod- Zw10- Zwilch; S, salivary gland; Sp, speckled; SS, Sjögren’s syndrome; ; sSS, secondary Sjögren’s syndrome.
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Monoclonal antibodies from SS salivary glands recognised 
the newly identified centromere antigens
In a previous study, we produced 256 antibodies from the ASCs 
of SS salivary glands, some of which were reacted against known 
centromere autoantigens.17 In this study, we searched for anti-
bodies that recognise new centromere autoantigens. The results 
are shown in online supplemental table S5. We identified two 
antibodies against CENP- HIKM, one against CENP- OPQUR 
and one against NDC80C in addition to the previously identi-
fied ACAs.

Antigen specificity of ASCs in salivary glands
Next, we comprehensively analysed the specificity of ASCs in 
target organs using a centromere antigen library. Due to limita-
tions in sample collection, the study was limited to salivary 

glands in patients with SS. Fresh- frozen sections of labial salivary 
glands were stained with GFP- fusion centromere antigens and 
CD138 as a cell surface marker of ASCs. Representative images 
are shown in online supplemental figure S4.

The results are summarised in table 2. Among ACA- positive 
patients (n=8), 6 patients had lesion ASCs targeting centromere 
antigens. The most frequent target antigens were CENP- C (n=6) 
and MIS12C (n=6), followed by CENP- HIKM (n=4), NDC80C 
(n=3) and CENP- OPQUR (n=2). ASCs targeting other major 
antigens were scarce or not identified in salivary glands. ASCs 
in patients with ACA- negative SS (n=5) and patients with sicca 
symptoms without fulfilling SS diagnosis (n=2) showed negative 
results. These results were consistent with the results of the spec-
ificity of monoclonal antibodies from ACA- positive SS salivary 
glands.

In addition, an analysis of serial sections demonstrated the 
distribution of ASCs against various antigens (CENP- C, CENP- 
HIKM, CENP- OPQUR and MIS12C) in the same area (figure 5). 
This result suggested that the centromere complex, particularly 
the kinetochore protein complex, was processed and presented 
to ASCs in SS salivary glands.

Finally, we illustrated a schematic figure of the centromere–
kinetochore complex and its autoantigenicity in the sera of 
patients with various autoimmune diseases and in SS salivary 
glands (figure 6). Serum antibodies target centromeric chromatin 
(CENP- A, CENP- B and CBX5), the constitutive centromere- 
associated network (CCAN; consisting of CENP- C, CENP- 
HIKM, CENP- TWSX, CENP- LN and CENP- OPQUR) and 
MIS12C, whereas target antigens of lesion ASCs were dominant 
in the kinetochore complex.

DISCUSSION
We provided the comprehensive mapping of ACAs targets within 
autoimmune diseases. We demonstrated that the CCAN was 
the major target of serum autoantibodies as well as the previ-
ously known autoantigens CBX5, CENP- A, CENP- B, CENP- C 
and MIS12C in patients with SS, SSc and PBC. These results 

Figure 5 The distribution of ASCs against various kinetochore 
antigens observed in serial salivary gland sections despite a lack of ASCs 
against CENP- B (magnification, ×200). Serial sections of salivary gland 
samples obtained from a serum ACA- positive patient (LB117) were 
stained with GFP- centromere antigens (yellow), CD138 (magenta), and 
DAPI (cyan). Arrowheads indicate ASCs against centromere antigens. 
Antibodies against CENP- C, CENP- HIKM, CENP- OPQUR, and the 
MIS12 complex were secreted in the same area of salivary glands from 
distinct ASCs. Scale bar: 100 µm. ASCs, antibody- secreting cells; DAPI, 
4',6- diamidino-2- phenylindole; GFP, green fluorescent protein.

Figure 6 Schematic summary of autoantigenicity of centromere- 
kinetochore macrocomplex. Centromeric antigens, CCAN (CENP- C, 
CENP- HIKM, CENP- TWSX, CENP- LN, and CENP- OPQUR), and the 
MIS12 complex were the main targets of serum antibodies in patients 
with SS, SSc, and PBC. By contrast, antibody- secreting cells in salivary 
glands in patients with SS were specific to kinetochore antigens. CCAN, 
constitutive centromere- associated network; PBC, primary biliary 
cholangitis; SS, Sjögren’s syndrome; SSc, systemic sclerosis.
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indicated that the centromere–kinetochore macrocomplex is the 
main target of serum ACAs. In addition, the autoantigenicity of 
centromere antigens was shared among patients with SS, SSc and 
PBC. With regards to the ASCs in SS salivary glands, kinetochore 
antigens, rather than centromeric proteins such as CENP- B, were 
the dominant targets of ASCs as opposed to serum ACAs.

Several studies indicated that ACA may cross- react with some 
non- centromere proteins.25 26 Although we could not rule out 
cross- reactivity with non- centromere proteins, however, we 
found that when an autoantibody is acquired against at least 
one major centromere antigen, it is likely to be accompanied by 
multiple ACAs as shown in figure 3. These results could not be 
explained by molecular mimicry alone and suggest that ACAs 
would recognise the structure of the centromere complex, rather 
than a single epitope.

Although a previous study showed that serum ACAs had rela-
tively low or no reactivity against centromere proteins other 
than CENP- A, CENP- B and CENP- C,12 their reactivity might be 
underestimated due to the usage of non- mammalian cell- derived 
individual proteins regardless of their intermolecular associa-
tion. We previously reported that using human cell- derived anti-
gens and coexpression of the complexed proteins enables highly 
sensitive detection of autoantibody. Accumulating evidence 
about the molecular structure of the centromere6 21 enabled 
us to build a centromere antigen library in which the intermo-
lecular conformation was taken into account. In this study, we 
identified multiple novel targets of ACAs, such as CENP- HIKM, 
CENP- TWSX, CENP- OPQUR, CENP- LN, NDC80C, KNL1C 
and the Astrin–SKAP complex. We believe that this concept, 
using conformational antigens for antibody detection, could be 
applicable to identify novel autoantibodies in other autoimmune 
conditions.

Although several studies have focused on the distinct epitope 
specificity comparing patients with SS and SSc, demonstrating 
that antibodies against CBX5 and CENP- C are frequently seen 
in SS compared with SSc,13 16 our present study clarified the 
similarity in serum autoantibodies against nine major autoan-
tigens. Several reports demonstrated the frequent concurrence 
of SS/SSc, SS/PBC and SSc/PBC in the presence of ACAs.27 28 
Moreover, the presence of ACAs is associated with characteristic 
symptoms such as Raynaud’s phenomenon, sclerodactyly and 
sicca syndrome regardless of whether classification criteria are 
fulfilled.29 30 Taken together, these results indicate that patients 
with ACA- positive SS, SSc and PBC have common clinical and 
immunological characteristics, strengthening our idea that novel 
disease classification, ‘ACA- related disease’, could be added to 
the disease category.

We further demonstrated the potential for the clinical appli-
cation of the assay with multiple centromere antigens. Previous 
studies showed that the ELISA results of the anti- CENP- B anti-
body highly corresponded with the discrete- speckled pattern 
by the ANA test31; hence, these principal 2 methods could only 
detect the common population. Our data demonstrated that 
14%–23% of the patients with SS, SSc or PBC had autoanti-
bodies against multiple centromere antigens but not CENP- B. 
Furthermore, these antibodies were highly specific to autoim-
mune diseases. Additionally identified ACA positivity might 
have comparable clinical significance to anti- CENP- B antibody 
in patients with SS because the clinical characteristics were 
similar regardless of the presence of anti- CENP- B antibody. 
In SSc patients, although the clinical characteristics of ACA- 
positive patients with or without anti- CENP- B antibody were 
different in accordance with the prevalence of ATA, this result 
was consistent with that of previous reports that ATA and ACA 

were not mutually exclusive, and the clinical manifestations of 
ATA and ACA double- positive patients were similar to those of 
ATA single- positive patients.32 33

ASCs in the salivary glands of ACA- positive patients with SS 
showed reactivity to various centromere antigens and charac-
terised by specificity to kinetochore antigens. There is accumu-
lating evidence of local antibody production in target organs of 
systemic autoimmune diseases.34 In SS, several studies described 
the antigen- driven immune response and autoantibody produc-
tion from B cells within salivary glands.35 36 In our study, the 
observed diversity of ASCs against kinetochore proteins corrob-
orated the presence of serum various ACAs in autoimmune 
diseases. Although serum autoantibodies showed similar reac-
tivity against major autoantigens, including both centromeric 
chromatin and kinetochore proteins, ASCs in the salivary glands 
showed specificity to kinetochore proteins. In addition, immu-
nostaining of serial sections with various kinetochore antigens 
showed the local accumulation of distinct anti- kinetochore 
ASCs. These results suggested that the kinetochore complex 
is presented to B cells and causes kinetochore- driven antibody 
selection within sialadenitis in SS.

We note that this study has several limitations. The diagnostic 
potential of our method should be verified in a large cohort of 
seronegative autoimmune disease patients because many of the 
patients in our cohort were already diagnosed with conventional 
disease- specific autoantibodies. In addition, our result might 
not reflect the serology in early stage of each disease because 
the patients, especially in SSc group, had relatively long disease 
duration. Moreover, the result from ASCs of SS salivary glands 
could show the indirect evidence of kinetochore- driven anti-
body selection, however, further research is needed to clarify the 
precise mechanism of ACA acquisition. The specificity of ASCs 
in affected organs other than SS salivary glands remains a chal-
lenge due to the limitation of sample collection.

In conclusion, our study presented the precise mapping of 
ACA targets, indicating that the centromere–kinetochore macro-
complex is the main target of serum ACAs and that patients with 
ACA- positive SS, SSc and PBC form distinct subgroups in terms 
of the similarity of antibody specificity. The acquisition of ACAs 
might be the result of kinetochore complex- driven antibody 
selection in affected organs.
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Supplementary file 1 

Supplementary methods 

 

Monoclonal antibodies against newly identified centromere autoantigens 

The antigen-binding beads were incubated with a monoclonal antibody, which were cloned 

from antibody secreting cells in human salivary glands, at 1 µg/ml in staining buffer 

(phosphate-buffered saline with 2 mM ethylenediaminetetraacetic acid and 0.5% bovine 

serum albumin). After washing with staining buffer, the beads were stained with APC-

conjugated anti-human IgG-Fc antibody. After washing, the beads were analysed by 

FACSVerse and FlowJo software. 

 

Direct detection of antibody-producing cells in salivary glands 

SBP-GFP fusion antigens were expressed by 293T cells and purified with Streptavidin 

Sepharose High Performance (Cytiva Japan, Tokyo, Japan). The purity of the antigens was 

assessed by Coomassie Brilliant Blue staining, and the concentration was measured by the 

Quick Start Bradford Protein Assay (Bio-Rad, CA, USA). Fresh-frozen sections of labial 

salivary gland samples were incubated with GFP fusion antigens and anti-CD138 antibody 

(unconjugated, MI15, BioLegend). After washing, the samples were stained with anti-

mouse IgG1 antibody (Alexa Fluor 594, goat, Thermo Fisher Scientific). ASCs were 

semiquantified using an LSM 710 microscope and ZEN 3.0 software (ZEISS, Oberkochen, 

Germany). The detailed methods were previously described.[17]   
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Supplementary Table S1. Diagnostic performance of antigen-binding bead assay 

with various cut off values 

 

 Cut off values of identified ACAs 

 ≦ 1 antibody ≦ 2 antibodies ≦ 3 antibodies 

Sensitivity 0.69 0.49 0.41 

Specificity 0.82 0.97 0.97 

Positive likelihood ratio 3.9 17 14 
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Supplementary Table S2. Comparison of the clinical characteristics of SS patients 

with 2 or more ACAs by antigen-binding bead assay with or without anti-CENP-B 

antibody by ELISA 
 

Anti-CENP-B antibody 

 

 
Negative 

n=13 

Positive 

n=11 
p value 

Age (y), median (IQR) 63 (41-71) 68 (55-74) 0.21 

Female % 92 100 1.00 

Disease duration (m), median (IQR) 192 (12-246) 108 (48-144) 0.087 

Dry eye % 69 91 0.33 

Dry mouth % 100 91 0.46 

Extraglandular symptom % 23 0 0.22 

sSS % 7.7 36 0.14 

Anti-SSA antibody % 92 72 0.30 

Anti-SSB antibody % 46 18 0.21 

IgG (mg/dL), median (IQR) 2171 (1599-2561) 1582 (1363-1744) 0.13 

IgA (mg/dL), median (IQR) 308 (215-713) 219 (196-313) 0.24 

IgM (mg/dL), median (IQR) 91 (33-159) 88 (67-167) 1.00 

RF (IU/mL), median (IQR) 59 (21-355) 16 (10-32) 0.082 

 

RF, rheumatoid factor; sSS, secondary SS. 
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Supplementary Table S3. Comparison of the clinical characteristics of SSc patients 

with 2 or more ACAs by antigen-binding bead assay with or without anti-CENP-B 

antibody by ELISA 
 

Anti-CENP-B antibody 

 

  Negative Positive 

 

  n=8 n=13 p value 

Age (y), median (IQR) 59 (42-76) 59 (50-70) 0.97 

Female % 75 100 0.13 

Disease type 

   

    dcSSc % 62.5 0 <0.01 

    lcSSc % 37.5 100 <0.01 

Disease duration (y), median (IQR) 15 (8.0-22) 9.3 (6.3-14) 0.22 

Anti-Topo 1 % 50 8 0.11 

Anti-U1RNP % 0 0 1.00 

Anti-RNAPIII % 0 0 1.00 

IgG (mg/dL), median (IQR) 1544 (1248-1689) 1362 (1016-1490) 0.22 

CRP (mg/dL), median (IQR) 0.17 (0.038-0.36) 0.04 (0.015-0.16) 0.18 

mRSS, median (IQR) 9 (3-18) 3 (2-4) 0.018 

Digital ulcer % 25 8 0.53 

Pulmonary hypertension % 0 0 1.00 

Interstitial lung disease % 75 31 0.081 

Cardiac involvement % 13 8 1.00 

Upper GI symptom % 50 38 0.67 

Lower GI symptom % 25 0 0.13 

Joint involvement % 0 8 1.00 

 

GI, gastrointestinal; mRSS, modified Rodnan total skin thickness score.    
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Supplementary Table S4. Comparison of the clinical characteristics of PBC patients 

with 2 or more ACAs by antigen-binding bead assay with or without anti-CENP-B 

antibody by ELISA 

 

 
Anti-CENP-B antibody 

 

 
Negative Positive p value 

  n=2 n=3 
 

Age (y) 59(55-63) 57(57-77) 0.55 

Female % 100 100 1.00 

Ursodeoxycholic acid dose (mg/day), 

median (IQR) 
150(0-300) 600(0-600) 0.36 

Anti-mitochondrial antibody % 100 100 1.00 

IgG (mg/dL), median (IQR) 1902 (1841-1964) 945 (934-958) 0.083 

Total bilirubin (mg/dL), median (IQR) 0.6 (0.6-0.6) 0.7 (0.7-0.7) 0.046 

Aspartate aminotransferase (U/mL), 

median (IQR) 
34 (20-47) 19 (16-25) 0.25 

Alanine aminotransferase (U/mL), 

median (IQR) 
32 (10-54) 13 (9-18) 0.56 

Alkaline phosphatase (U/mL),  

median (IQR) 
230 (179-281) 312 (215-344) 0.25 

γ-glutamyl transferase (U/mL), 

median (IQR) 
95 (95-95) 23 (20-26) 0.18 

Albumin (g/dL), median (IQR) 4.0 (3.8-4.1) 4.1 (4.1-4.5) 0.20 

Platelet count (103/μL), median (IQR) 21 (20-23) 28 (25-29) 0.083 
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Supplementary Table S5. Lesion antibody specificity against centromere antigens 

Patient ID LB32 LB02 LB01 LB23 LB11 LB25 LB12 LB24 LB20 

Serum ANA discrete speckled pattern + - - - - - - - - 

Serum anti-CENP-B antibody + - - - - - - - - 

Antibody produced, n 39 29 16 16 30 37 21 19 54 

Previousｌy identified 

anti-centromere antibodies＊, n 
15 8 1 0 0 0 0 0 0 

Anti-CENP-HIKM, n 2 0 0 0 0 0 0 0 0 

Anti-CENP-TWSX, n 0 0 0 0 0 0 0 0 0 

Anti-CENP-OPQUR, n 0 1 0 0 0 0 0 0 0 

Anti-CENP-LN, n 0 0 0 0 0 0 0 0 0 

Anti-NDC80 complex, n 0 1 0 0 0 0 0 0 0 

Anti-KNL1 complex, n 0 0 0 0 0 0 0 0 0 

Anti-Astrin-SKAP complex, n 0 0 0 0 0 0 0 0 0 

Anti-CENP-E, n 0 0 0 0 0 0 0 0 0 

Anti-CENP-F, n 0 0 0 0 0 0 0 0 0 

Anti-RZZ complex, n 0 0 0 0 0 0 0 0 0 

Anti-Ska1 complex, n 0 0 0 0 0 0 0 0 0 

Total anti-centromere antibodies, n (%) 17 (44) 10 (34) 1 (6.3) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 

＊Anti-CBX5, anti-CENP-A, anti-CENP-B, anti-CENP-C, and anti-MIS12 complex antibodies 
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Supplementary Figure S2. Profiling of serum IgA ACAs. Serum IgG autoantibody titers 

against each centromere antigen were analysed by the antigen-binding bead assay with the 

sera of patients with SS (n=86), SSc (n=35), PBC (n=10), or overlap disease (n=42), and 

healthy controls (HC; n=68). (A) Each symbol represents an antibody level in an individual’s 

serum, and the dotted line indicates cut-off value, which was determined by the median plus 

5IQR of MFI in HC. (B)  Bar graphs show the prevalence of autoantibodies against 

centromere antigens, measured as the MFI in each disease group. The prevalence of anti-

CENP-B antibody by ELISA is shown at the top. *p<0.05 between each disease group and 

the HC group; † Novel autoantigen as a form of a complex, at least 1 component molecule is 

known as an autoantigen; ‡ novel autoantigen identified in this assay; ANA, anti-nuclear 

antibody; ELISA, enzyme-linked immunosorbent assay; MFI, mean fluorescence intensity. 

The data of CBX5, CENP-A, CENP-B, CENP-C, and MIS12 complex were obtained from our 

previous study. [17] 
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