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Background: Anti-CENP-B antibodies (anti-CENP-B), directed against
centromere protein B, are a serological hallmark of limited cutaneous systemic
sclerosis (lcSSc) but are only occasionally encountered in systemic lupus
erythematosus (SLE). When detected in SLE they may create diagnostic
ambiguity. Since autoantibody-defined SLE subsets exhibit distinct phenotypes,
delineating the clinical and immunological features of anti-CENP-B-positive
disease is essential for precise management.

Methods: We retrospectively collected demographic, clinical, laboratory and
therapeutic data from 310 SLE patients including 73 anti-CENP-B-positive
patients and 237 anti-CENP-B-negative patients. Inter-group differences,
correlations, and multivariable logistic regression were performed.

Results: Compared with the anti-CENP-B-negative patients, the anti-CENP-B-
positive patients were older, less frequently had lupus nephritis (LN), but more
often exhibited Raynaud’'s phenomenon, cardiac, or pleuropulmonary
involvement. Serologically, they displayed lower anti-dsDNA, anti-nucleosome
and anti-histone antibody levels, reduced C4, yet higher IgA, IgM, and IgG
concentrations and expanded CD19" B-cell numbers; accordingly, SLEDAI-2K
scores and 24-h urinary protein (24h-UTP) were lower. C4 inversely correlated
with disease activity indices and IgG in the positive group, whereas in the negative
group it also correlated with B-cell counts and IgM levels. Multivariate logistic
regression identified age, Raynaud's phenomenon, CD19" B-cell count, and IgG
level as factors independently associated with anti-CENP-B positivity. Compared
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with their anti-CENP-B—-negative patients, anti-CENP-B—positive SLE patients
displayed a markedly divergent therapeutic response.

Conclusions: Anti-CENP-B positivity defines a distinct SLE subset characterized
by older age at onset, milder renal involvement, Raynaud's phenomenon, and
specific humoral alterations; importantly, these patients also show a treatment
response that differs significantly from that of the anti-CENP-B-negative group,
underscoring the imperative for personalized, precision therapy.

KEYWORDS

anti-CENP, immune cell, limited cutaneous systemic sclerosis, multivariate regression,
systemic lupus erythematosus (SLE), therapeutic response

1 Introduction

Systemic lupus erythematosus (SLE) is a prototypic autoimmune
disease characterized by aberrant activation of autoreactive T and B
cells, resulting in diverse clinical manifestations and the production of
a wide array of autoantibodies (1, 2). These autoantibodies serve as
biomarkers that not only help identify individuals at risk of
developing SLE, predict disease progression, organ damage,
prognosis, and treatment response, but also elucidate the
relationship between specific antibodies and the heterogeneity of
clinical manifestations (3). The presence of antinuclear antibodies
(ANA) at diagnosis is nearly universal, with very few exceptions (4).
Importantly, a positive ANA test is a prerequisite for classifying a
patient as having SLE according to the 2019 classification criteria
established by the American College of Rheumatology (ACR) and the
European League Against Rheumatism (EULAR) (5).

In clinical testing, the extractable nuclear antigen (ENA)
antibody profile is a crucial component of ANA testing. The most
commonly targeted antigens in ENA panels include dsDNA, Ul-
nRNP/Sm, Sm, SSA/R060, Ro52, SSB/La, Scl-70, Jo-1, Centromere-
B, histones, nucleosomes, and Ribosomal P (6). Among these, anti-
Sm and anti-dsDNA antibodies are well-established hallmarks of
SLE and are included in the ACR classification criteria for SLE (5, 7,
8). In addition to these classic autoantibodies, SLE patients often
present with other autoantibodies. Recent studies suggest that
different autoantibodies may be associated with distinct clinical
manifestations of the disease (9).

Anti-centromere antibodies (ACA) primarily target three
centromere proteins: CENP-A, B, and C, with CENP-B serving as
the predominant target. CENP-B is an 80-kDa protein that binds
DNA via its N-terminal domain (10). This was reflected in the
uniformly high CENP-B band intensity observed across multiple
patient sera, in contrast to the variable intensities seen for CENP-A
and CENP-C. Furthermore, no anti-CENP-B autoantibodies were
detected in ACA-negative patients (11). Historically, ACA has been
a serological hallmark of the limited cutaneous form of systemic
sclerosis (1cSSc), previously termed CREST syndrome (calcinosis,
Raynaud’s phenomenon, esophageal dysmotility, sclerodactyly, and
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telangiectasias) (12). More recently, a high prevalence of anti-
CENP-B antibodies has been reported in primary biliary
cholangitis (PBC) and primary Sjogren’s syndrome (pSS), with
associations also noted in lymphoma (13, 14). In contrast, data
on ACA or anti-CENP-B in SLE remain limited. Studies indicate an
ACA prevalence of approximately 2% to 11% in SLE cohorts (15-
17). While some autoantibodies bind directly to DNA or
nucleosome proteins, others target RNA-binding proteins (RBPs),
forming pathogenic immune complexes via tissue deposition or
cytokine induction (18). The specific role of anti-CENP-B in SLE
remains largely unexplored, warranting further investigation to
determine whether anti-CENP-B-positive SLE patients exhibit
features overlapping with other autoimmune diseases, particularly
systemic sclerosis. While anti-CENP-B has been extensively
characterized as a key autoantibody in several other autoimmune
diseases, its role in SLE continues to be debated and insufficiently
explored, owing largely to inconsistencies in study design,
variability in patient stratification criteria, and a lack of
longitudinal data linking this autoantibody to specific SLE clinical
phenotypes or outcomes.

Therefore, this study aims to delineate the associations of
specific clinical manifestations, immune cell profiles, biochemical
markers, treatment response and risk factors with anti-CENP-B
seropositivity in SLE. The findings are expected to enable a more
precise subclassification of SLE and ultimately inform improved
diagnostic and clinical management strategies.

2 Materials and methods
2.1 Patients’ inclusion and exclusion criteria

This retrospective analysis was conducted on consecutive cases
of systemic lupus erythematosus (SLE) diagnosed at Henan
Provincial People’s Hospital, Zhengzhou, China, between March
2023 and May 2025. The study protocol was approved by the
hospital’s Ethics Committee (approval no. 2024-96), and all
procedures were performed in accordance with the Declaration of
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Helsinki. A total of 687 patients who met either the 2019 EULAR/
ACR classification criteria for SLE (5) or the 2012 SLICC criteria
(19) were included. To mitigate potential confounding effects on
SLE-related clinical and immunologic indices, we sequentially
excluded (Figure 1): (1) 168 individuals with co-existing acute
infection, chronic infection, other connective tissue diseases (RA,
pSS, et al) or malignancy; (2) 56 pregnant women, in whom
gestation-associated immune modulation could bias results; and
(3) 153 subjects whose primary-endpoint data or key grouping
variables were incomplete. After these exclusions, 310 eligible SLE
patients remained and were stratified by anti-CENP-B antibody
status into seropositive (anti-CENP-B positive) and seronegative
(anti-CENP-B negative) cohorts for all subsequent analyses. All
patients included in this study were newly diagnosed with SLE and
had no prior history of SLE-specific treatment. The follow-up
timeline was defined as follows: MO represented the baseline
assessment at the initiation of treatment, and M6 indicated the
follow-up assessment at 6 months after treatment initiation.

2.2 Demographic and clinical data
collection

Demographic characteristics, including gender and age, as well as
clinical manifestations—such as constitutional, mucocutaneous,
musculoskeletal, renal, hematologic, neuropsychiatric,
gastrointestinal, cardiac, and pleuropulmonary involvement, along
with Raynaud’s phenomenon—were retrospectively extracted from
patients’ electronic medical records. All of organ involvements were
defined according to the corresponding items in the SLICC-2012
classification criteria and the EULAR/ACR-2019 criteria (5, 19),
supplemented by standard clinical investigations. All assessments

A total of 687 patients initially
diagnosed with SLE

Patients excluded : n=377
1. individuals with co-existing acute infection, chronic

10.3389/fimmu.2026.1762899

were independently reviewed by two rheumatologists; disagreements
were resolved by a senior third reviewer. Lupus nephritis (LN) is a
common and severe manifestation of SLE. To examine the relationship
between LN subtypes and anti-CENP-B status, data on LN occurrence
were collected. LN subtypes were classified according to the WHO/ISN
criteria (20). Renal involvement was established either by renal
biopsy or, in the absence of histological confirmation, by the
presence of overt renal manifestations (proteinuria >0.5g/L or active
urinary sediment) documented during a lupus flare (21). Treatment
modalities included standard of care (SOC) alone, or SOC
combined with biological agents (belimumab, telitacicept, or
rituximab). SOC consisted of corticosteroids and hydroxychloroquine
or chloroquine, with or without additional immunosuppressants such
as azathioprine, methotrexate, cyclosporine A, mycophenolate mofetil,
cyclophosphamide, or sulfasalazine. All treatment regimens were
selected in accordance with 2020 Chinese Guidelines for the
Diagnosis and Treatment of Systemic Lupus Erythematosus (22) or
2025 Chinese guidelines for the diagnosis and treatment of systemic
lupus erythematosus (23).

2.3 Laboratory indices

Disease activity was evaluated using the Systemic Lupus
Erythematosus Disease Activity Index 2000 (SLEDAI-2K) (24).
Serum anti-double-stranded DNA (anti-dsDNA) antibody levels
were quantified using enzyme-linked immunosorbent assay
(ELISA; Euroimmun AG, Liibeck, Germany). Serum was deemed
ANA-positive when characteristic indirect immunofluorescence
(IIF) staining was present at an initial dilution of 1:100. Antibody
titers were scored semi-quantitatively (1+ - 4+) according to
endpoint reactivity at dilutions of 1:100, 1:320, 1:1,000

310 SLE patients (included)

v v

infection, other connective tissue diseases (RA, pSS, et
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and >1:3,200. Autoantibodies to extractable nuclear antigens (anti-
U1-nRNP/Sm, anti-Sm, anti-Ro52, anti-SSA, anti-SSB, anti-
nucleosome, anti-histone, anti-ribosomal P, anti-Scl-70, anti-Jo-1
and anti-CENP-B) were determined by line-blot immunoassay
(EUROLINE kits: EUROLINE ANA Profilel, Euroimmun AG,
Liibeck, Germany). Interpretation of the specific autoantibody
profile was performed with EUROLineScan software
(EUROIMMUN). Each nitrocellulose strip incorporates an
internal control band; intense chromogenic reactivity at this locus
validates technical proficiency. Antigen-coated positions exhibiting
absence of staining (i.e., a white band) were classified as negative. In
accordance with the manufacturer’s specifications, a grey-scale
optical density > 11 arbitrary units at any antigen-coated site was
defined as the threshold for positivity, contingent upon concurrent
demonstration of a clearly discernible control band. Positive and
negative calibrators supplied with the assay were analyzed in
parallel with every sample batch to ensure run integrity. Serum
IgG, IgM, IgA, C3 and C4 were quantified by immunoturbidimetry
on a Roche Cobas 6000 E501 analyzer. 24-hour urinary total protein
(24h-UTP) was measured with the pyrogallol red-molybdate
method on an Abbott ARCHITECT c8000 analyzer. All assays
were performed according to standard laboratory protocols.

2.4 Flow cytometry analysis

Peripheral blood was collected into EDTA tubes from all enrolled
patients, and T-cell subsets (CD3*, CD4", CD8"), CD19" B cells and
CD16"CD56" NK cells were analyzed on a Wmini5268 flow cytometer
(Guangzhou Weimi Bio-Tech Co., Ltd.) following the manufacturer’s
instructions. After gating on live cells with FSC/SSC to exclude debris,
lymphocytes were defined as CD45" events with low SSC and
intermediate FSC; CD3* T cells were then identified and subdivided
into CD4" and CD8" subsets, while B cells were gated as CD3"CD19*
and NK cells as CD3'CD16"CD56". Fluorescence-minus-one (FMO)
and isotype controls were used to set gates and avoid false signals. The
antibody panel consisted of APC-Cy7-CD45-Ab, FITC-CD3-Ab,
APC-CD4-Ab, PerCP-CD8-Ab, APC-CD19-Ab and PE-CD16/
CD56-Ab. Lymphocyte subsets were compared between anti-CENP-
B-positive and anti-CENP-B-negative SLE patients.

Peripheral lymphocyte subsets, immunoglobulin and
complement levels, and disease-activity indices including SLEDAI-
2K anti-dsDNA antibodies, and 24-hour urinary total protein (24h-
UTP) were assessed in 310 SLE patients at baseline (MO0) and after six
months of therapy (M6). Each group was further subdivided by
treatment regimen: standard of care (SOC) or SOC plus biologics.

2.5 Statistical analysis

This study focused on contrasting the baseline (MO)
characteristics between the anti-CENP-B-negative and anti-
CENP-B-positive groups. To evaluate the impact of anti-CENP-B
positivity on therapy, we also compared the treatment responses
(M6 vs. M0) achieved in these two cohorts. Statistical analyses were
performed with SPSS 23.0 (IBM Corp., Armonk, NY, USA). Figures
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were prepared in GraphPad Prism 10.1.2 (GraphPad Software, San
Diego, CA, USA). Logistic-regression models and associated
visualizations were constructed in R 4.3.1 (R Foundation for
Statistical Computing, Vienna, Austria). The Continuous variables
were compared between groups with the Mann-Whitney U test or
Wilcoxon test. Categorical data are reported as counts (percentages)
and were analyzed with the Chi-square test or Fisher’s exact test, as
appropriate. Correlations between two continuous variables were
quantified with Spearman’s rank correlation coefficient. Two-tailed
p<0.05 were considered statistically significant. Variables associated
with anti-CENP-B positivity at p<0.05 in univariate logistic
regression were entered into a multivariable logistic-regression
model to identify independent predictors among patients with
anti-CENP-B positive SLE. A nomogram based on the final
multivariable model was developed to provide a graphical
representation of the predictors of anti-CENP-B positivity.

3 Results

3.1 Distinct clinical characteristics of SLE
patients with different anti-CENP-B
antibody status

Table 1 summarizes the baseline characteristics and clinical
outcomes of the 310 patients with SLE included in the analyses.

TABLE 1 Clinical and demographic characteristics of SLE patients.

Anti-CENP- Anti-CENP-
Variable B-N B-P
N=237 (76%) N=73 (24%)
Gender 0.798
Female 213 (89.87%) 67 (91.78%)
Male 24 (10.13%) 7 (8.22%)
Age (median, IQR) 33.00 [24.00, 44.00] :Z:gg][sﬁ.oo, <0.001
Clinical manifestations
Constitutional 65 (27.43%) 20 (27.40%) >0.999
Mucocutaneous 79 (33.33%) 29 (39.73%) 0.316
Musculoskeletal 76 (32.07%) 28 (38.36%) 0.32
Renal involvement | 122 (51.47%) 27 (36.98%) <0.001
Hematological 26 (10.97%) 5 (6.85%) 0.305
Eﬁiﬁiﬁnm 11 (4.64%) 15 (20.55%) <0.001
Neuropsychiatric 20 (8.44%) 4 (5.48%) 0.408
Digestive 20 (8.44%) 6 (8.22%) 0.953
Cardiac 1 (0.42%) 4(5.48%) 0.003
Pleuropulmonary 11 (4.64%) 8 (10.96%) 0.049

Age was compared with the Mann-Whitney U test, others were compared with the ) test or
Fisher’s exact test.
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Among them, 73 patients (23.54%) were anti-CENP-B-positive and
237 (76.46%) were anti-CENP-B-negative. Both groups were
predominantly female (91.78% vs 89.87%, p > 0.05). Anti-CENP-B-
positive patients were significantly older than anti-CENP-B-negative
patients (median 49 years vs. 33 years, p<0.05). With respect to
clinical manifestations, Raynaud’s phenomenon (20.55% vs 4.64%,
p<0.01), cardiac involvement (5.48% vs 0.42%, p<0.01) and
pleuropulmonary involvement (10.96% vs 4.64%, p<0.05) occurred
more frequently in the anti-CENP-B-positive cohort. In contrast,
renal involvement was less common in this group (36.98% vs 51.47%,
p<0.001). No statistically significant differences were observed for
constitutional, mucocutaneous, musculoskeletal, hematological,
neuropsychiatric or gastrointestinal manifestations (all p > 0.05).

3.2 Lupus nephritis and anti-CENP-B
antibody status

Renal biopsy was performed at clinical onset in 84 of 115 anti-
CENP-B-N LN cases and in 14 of 17 anti-CENP-B-P LN cases. LN
incidence was significantly lower in anti-CENP-B-positive (anti-
CENP-B-P) patients than in anti-CENP-B-negative (anti-CENP-B-
N) patients (23.29% vs. 48.52%, p<0.01). Among anti-CENP-B-N
biopsies, the most common WHO/ISN classes were class IV
(42.86%), class V+IV (17.86%) and class V (13.10%) (Figure 2).
In contrast, anti-CENP-B-P biopsies most frequently exhibited class
III (35.71%), followed by class IV (21.43%) and class II (14.29%)
(Figure 2). Fisher’s exact test demonstrated a significant difference
in histological class distribution between the two groups (p=0.031),
indicating that anti-CENP-B seropositivity is associated with a shift
toward less advanced proliferative lesions (class III) and away from
mixed/proliferative patterns (V + IV) in LN.

10.3389/fimmu.2026.1762899

3.3 Differential autoantibody profiles
between anti-CENP-B-positive and anti-
CENP-B-negative SLE patients

All 310 patients were ANA-positive. ANA titers differed
significantly between the anti-CENP-B-P and anti-CENP-B-N
cohorts (Supplementary Figure SI). High-titer ANA (= 1:1,000)
was present in 72.15% of anti-CENP-B-N patients, whereas the
majority of anti-CENP-B-P subjects displayed intermediate titers
(1:320-1:1,000). Distinct autoantibody reactivities were also
observed. anti-dsDNA levels were significantly elevated in the
anti-CENP-B-N group (Figure 3A). Likewise, positivity for AnuA
(43.9% vs. 17.8%, p<0.05) and AHA (28.7% vs. 13.7%, p<0.05)
antibodies was more frequent in anti-CENP-B-N patients
(Figures 3B, C). In contrast, the prevalence of ENA specificities—
including anti-SSB, anti-U1-RNP/Sm, anti-Sm, anti-Ro52, anti-
SSA, anti-P, anti-Scl-70, and anti-Jo-1—did not differ significantly
between the two groups (Figures 3D-K).

3.4 Differential laboratory markers between
anti-CENP-B-positive and anti-CENP-B-
negative SLE cases

In line with the higher prevalence of LN among anti-CENP-
B-negative patients, 24h-UTP and SLEDAI-2K scores were
significantly elevated in this group (Figures 4A, B). Conversely,
serum immunoglobulin levels (IgA, IgG and IgM) were markedly
higher in anti-CENP-B-positive patients (Figures 4C-E),
whereas complement C4 was significantly reduced (Figure 4F).
No inter-group difference was detected for complement
C3 (Figure 4G).

v
V+IV
v
V+II
m

I
m+1v
V+1I

42.86%
17.86%
13.10%
10.71%
8.33%
3.57%
2.38%
1.19%

Anti-CENP-B-N group
( n=84)

FIGURE 2

Fisher’s exact test, p=0.031

Lupus nephritis distribution with different anti-CENP-B antibody status. Bar heights indicate the percentage of each class; combined classes are
denoted as “primary + secondary” (e.g., V+IV, V+llI, V4+II). Fisher's exact test was used and p<0.05 was considered statistically significant.

B 2143% IV
m 7.14% WV
B 7.14% V
B 7.14% V+II
= 3571% IO
Hl 1429% I
m 7.14% I

Anti-CENP-B-P group
( n=14)
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FIGURE 3
The comparisons of the autoantibody levels between anti-CENP-B -negative and anti-CENP-B -positive groups. (A) The comparisons of anti-dsDNA
levels between the two SLE groups. (B—K) The comparisons the occurrences of AnuA, AHA, anti-SSB, anti-U1-nRNP/Sm, anti-Sm, anti-Ro52, anti-
SSA, anti-P, anti-Jo-1 and anti-Scl-70 between the two SLE groups. *, p<0.05; **, p<0.01; ns, no significance. Mann—Whitney U test (A) and Chi-
square test (B—K) were used for analyses and p<0.05 was considered to be statistically significant.

3.5 Differential lymphocytes profiles
between anti-CENP-B-negative and anti-
CENP-B-positive patients

As illustrated in Figure 5, absolute numbers of CD3" T, CD4" T,
CD8" T and CD16"CD56" NK cells did not differ between anti-
CENP-B-negative and anti-CENP-B-positive patients (Figures 5A-
D). In contrast, both the absolute count and the proportion of
CD19" B cells were significantly elevated in the anti-CENP-B-
positive group (Figures 5E, F), whereas the percentage of CD8" T
cells was reduced (Figure 5G). No significant inter-group
differences were observed in the relative proportions of CD3" T,
CD4" T or CD16"CD56" NK cells (Figures 5H-]).

3.6 Correlations of CD19"B cell and CD8™
T cell with clinical-biological parameters

To elucidate the clinical significance of B cells and T cell subgroups,
we examined their correlations with key clinical parameters, including
age, SLEDAI-2K, 24h-UTP, anti-dsDNA, IgA, IgG, IgM, and C4 levels.
Figure 6 summarizes pairwise correlations. In both cohorts, SLEDAI-
2K scores presented low to moderate positive correlations with
24h-UTP and anti-dsDNA (anti-CENP-B-N: r=0.241 and 0.566;
anti-CENP-B-P: r=0.341 and 0.357; all p<0.05). A moderate
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correlation was also observed between 24h-UTP and anti-dsDNA in
anti-CENP-B-positive patients (r=0.419, p<0.01), whereas no such
correlation was detected in the negative group. C4 showed moderate
negative correlations with SLEDAI-2K scores, anti-dsDNA, and IgG in
anti-CENP-B-positive patients (r=-0.377 to -0.498, p<0.01), whereas
in anti-CENP-B-negative patients, it additionally presented a low
negative correlation with CD19" B-cell counts (r=-0.133, p<0.05)
and a moderate negative correlation with IgM (r=-0.396, p<0.05).
CD19" B-cell abundance was inversely correlated with CD8" T-cell
percentage in both groups. Age exhibited no significant correlations
with the other measured parameters; instead, it was only correlated
with IgA and C4 in anti-CENP-B-negative patients, with both
associations representing low positive correlations (IgA: r=0.222,
p<0.05; C4: r=0.185, p<0.05). These divergent correlation matrices
underscore distinct immunological phenotypes, whereas shared IgG-
IgM covariation reflects expected immunoglobulin collinearity.

3.7 Logistic regression analysis of
independent indicators of anti-CENP-B-
positive SLE patients

Univariate logistic regression was performed on all variables that
differed between groups (p<0.05) to identify potential confounders.
After exclusion of pleuropulmonary involvement (p > 0.05), the
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FIGURE 4
Comparisons of activity index (SLEDAI-2k) and laboratory markers between anti-CENP-B-negative and anti-CENP-B-positive SLE patients. (A-B) The
significant difference of 24h-UTP and SLEDAI-2k between SLE subgroups. (C—G) The comparisons of immunoglobulin (IgA, IgG, and IgM) and
complement (C4 and C3) between anti-CENP-B-negative group and anti-CENP-B-positive group. *, p<0.05; **, p<0.01; ns, no significant difference.
The Mann-Whitney U test was used and p<0.05was considered significant.

remaining factors retained a significant association with anti-CENP-
B positivity (p<0.05, Figure 7A). Renal involvement, SLEDAI-2K
score, 24-h UTP, anti-dsDNA, AnuA, AHA, CD8" T-cell percentage
and C4 were inversely related (OR<1), whereas age, cardiac
involvement, Raynaud’s phenomenon, CD19" B-cell count, IgA,
IgG and IgM showed positive associations (OR > 1). Variables
retaining significance in the univariate screen (p<0.05) were
entered into a multivariate logistic regression model, and a
nomogram was derived (Figure 7B). Age, Raynaud’s phenomenon,
absolute CD19* B-cell count and IgG concentration remained
independently associated with anti-CENP-B positivity (all OR > 1,
<0.05). The model’s performance was good, with an AUC of 0.896
(95%CI: 0.854-0.938, p<0.001; Supplementary Figure S2).
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3.8 Anti-CENP-B-positive SLE patients
exhibit a distinct clinical treatment
response

Regardless of whether the SLE patients were anti-CENP-B-
positive or —negative, and regardless of whether they received the
SOC regimen or the SOC + biologics (belimumab, telitacicept and
rituximab) regimen, all disease-activity indices—SLEDAI-2K score,
anti-dsDNA antibody level and 24h-UTP declined significantly (all
p<0.05, Tables 2, 3). However, at the immunomodulatory-molecule
level (lymphocyte subsets, immunoglobulins and complement), the
two treatment strategies and the different disease groups exhibited
clearly divergent responses. After 6 months of SOC therapy, the
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FIGURE 5

Differences in lymphocyte subset distributions between anti-CENP-B-negative and anti-CENP-B-positive patients. (A-D) Comparisons of the
distributions of CD3*T cells, CD4*T cells, CD8"T cells, and CD16"CD56"NK cells between the two groups. (E-G) Significant differences in the
absolute counts of CD19" B cells, the percentage of CD19" B cells, and the percentage of CD8*T cells between the two groups. (H-J) Comparisons
of the percentages of CD3*T cells, CD4™T cells, and CD16*56*"NK cells between the two groups. *p<0.05; ns, no significant difference. The Mann-
Whitney U test was used and p<0.05 was considered statistically significant.

FIGURE 6
Spearman correlations between clinical parameters in anti-CENP-B-negative (A) and anti-CENP-B-positive SLE patients (B). Red and blue colors
represent positive and negative correlations, respectively. The color intensity reflects the strength of the correlation (-1 to 1), as indicated by the
scale bar. P<0.05 was considered statistically significant.
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FIGURE 7
Univariate and Multivariate logistic regression analysis of differential variables with anti-CENP-B status in SLE patients. *, p<0.05; **, p<0.01;
*** p<0.001. Odds Ratio >1 and Odds Ratio <1 represent positive and negative correlations, respectively, and p<0.05 was considered statistically
significant.

absolute counts of CD3"T, CD3*CD4"T, CD3*CD8"T, CD19"B and
CD3 CD16"CD56" cells remained stable in anti-CENP-B-negative
SLE patients (Table 2), whereas the percentage of CD19" B cells fell
significantly (p=0.005). By contrast, in the anti-CENP-B-positive
cohort, the absolute number and proportion of CD19* B cells fell
sharply after therapy (p<0.001). In contrast, the absolute counts and
percentages of CD3" T cells and CD3'CD16"CD56" NK cells,
together with the absolute counts of CD3"CD4" and CD3"CD8" T
cells, all rebounded markedly (all p<0.05). Yet the proportions of
CD3"CD4" and CD3"CD8" T cells, though numerically higher,
remained statistically similar to baseline (p > 0.05). Humoral
indices improved modestly in the anti-CENP-B-negative subgroup,
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with only C3 increasing (p=0.004), whereas the anti-CENP-B-
positive group showed significant recovery of both C3 and C4
(p<0.05) and a pronounced decrease in IgG (p=0.001) and
IgM (p=0.049).

In the SOC + biologics (belimumab, telitacicept, or rituximab)
arm (Table 3), the anti-CENP-B-negative group showed clear
increase in T-cell subsets (CD3*, CD3"CD4", CD3*CD8") and
CD3°CD16"CD56" NK cells, together with a reduction in CD19"
B-cell numbers and percentages. In contrast, the anti-CENP-B-
positive group exhibited only a significant decrease in CD19" B-cell
percentage (p=0.012), whereas both the percentage and absolute
count of CD3'CD16"CD56" NK cells increased markedly (p=0.024
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TABLE 2 Detailed characteristics of anti-CENP-B-positive and anti-CENP-B-negative SLE patients under SOC treatment.

Anti-CENP-B-Negative

Anti-CENP-B-Positive

Feattie MO (median, IQR) M6 (median, IQR) M6-MO0 (median, IQR) MO (median, IQR) M6 (median, IQR) M6-MO0 (median, IQR)
SLEDAI-2K 12 (9.5-12) 8 (6-10) -4 (-4-2) <0.001 | 8 (5-10) 4.5 (4-6) -2 (-4-2) <0.001
24h-UTP 023 (0.06-1.72) 0.07 (0.03-0.97) -0.04 (-0.68-0) 0.008 | 0.16 (0.08-0.4) 0.06 (0.03-0.14) -0.07 (-0.23-0.04) <0.001
dsDNA (1U/ml) 139.14 (48.75-300) 24.37 (7.56-53.88) -82.8 (-219.06-22.51) <0.001 | 15.8 (7.82-98) 10 (5.2-39.59) -6.25 (-48.44-1.95) <0.001
CD16 + 56+NK 85 (49-135.5) 102 (54.5-173.5) 15 (-17.5-44.5) 0.064 | 82 (49.25-132) 136.5 (86.75-243.5) 45 (4.25-99.25) <0.001
CD16 + 56+NK% 7.76 (5.09-12.38) 8.34 (4.18-11.18) 022 (-2.31-2.43) 0740 | 6.59 (3.26-11.51) 10.87 (6.79-15.22) 2.69 (0.16-6.02) <0.001
CD19+B 104 (57.5-225.5) 124 (53.5-184.5) 6 (-71-55.5) 0.648 | 147 (76.65-234) 96.5 (48.5-137) -47.65 (-116.35-0.28) <0.001
CD19+B% 9.56 (5.89-18.71) 7.94 (3.84-14.45) 167 (-7.12-1.29) 0.005 | 11.56 (7.24-18.63) 6.16 (3.36-9.84) -4.15 (-10.49-1.52) <0.001
CD3+CD4+T 358 (230.5-492.5) 454 (307-675.5) 38 (-65-228) 0.080 | 480.5 (296.5-756) 558 (405.75-747) 89.5 (-21.25-210) 0.004
CD3+CD4+T% 33.9 (26.9-39.34) 35.57 (28.88-40.14) 1.84 (-3.63-4.94) 0305 | 36.74 (31.72-43.88) 38.12 (32.6-46.99) 0.71 (-4.91-6.88) 0.679
CD3+CD8+T 389 (285-694) 531 (342.5-771.5) 55 (-143.5-240) 0219 | 468 (300.75-591.5) 529.5 (397.25-683) 78.5 (-58.5-200) 0.019
CD3+CD8+T% 36.9 (30.93-45.73) 42.05 (32.44-49.4) 0.46 (-3.48-7.39) 0.153 | 34.88 (28.52-43.04) 37.06 (32.02-42.32) 1.62 (-3.17-6.77) 0.059
CD3+T 867 (549.5-1252.5) 1011 (750.5-1477.5) 121 (-175-548) 0.081 | 974 (681.25-1411.75) 1150 (839-1510.5) 123 (-57.25-373) 0.007
CD3+T% 77.05 (70.75-83.01) 78.92 (72.05-86.5) 1.39 (-4.14-8.21) 0.107 | 76.76 (70.74-81.62) 79.16 (72.34-84.27) 1.63 (-3-8.09) 0.037
IgA(g/L) 252 (1.77-3.09) 2.52 (1.64-3.16) -0.14 (-0.42-0.22) 0.195 | 3.15 (2.37-3.86) 2.8 (2.12-3.76) 0.3 (-0.9-0.3) 0.068
1gG(g/L) 12.26 (8.9-14.5) 12.07 (9.23-14.8) -0.13 (-3.33-2.03) 0531 | 15.36 (12.82-21.88) 13.56 (11.22-15.45) -2.68 (-8.34-0.31) <0.001
IgM(g/L) 0.96 (0.5-1.27) 0.88 (0.54-1.25) -0.03 (-0.23-0.09) 0132 | 1.39 (0.92-1.75) 1.21 (0.8-1.74) -0.16 (-0.58-0.22) 0.049
C3(g/L) 0.77 (0.56-0.88) 0.85 (0.66-1.17) 0.17 (-0.06-0.28) 0.004 | 0.85 (0.56-1.17) 1.08 (0.88-1.29) 023 (-0.04-0.51) <0.001
C4(g/L) 0.14 (0.1-0.24) 0.19 (0.11-0.25) 0.03 (-0.03-0.08) 0.060 | 0.13 (0.05-0.2) 021 (0.16-0.27) 0.08 (0.02-0.16) <0.001

For the variables, the median values with interquartile range (IQR) were provided. SOC, standard of care; MO0, baseline (pre-treatment); M6, six-month post-treatment. Paired Wilcoxon test was used for comparison and p<0.05 was considered statistically significant.
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TABLE 3 Detailed characteristics of anti-CENP-B-positive and anti-CENP-B-negative SLE patients under SOC + biologics treatment.

Anti-CENP-B-Negative

Anti-CENP-B-Positive

Feattie MO (median, IQR) M6 (median, IQR) M6-MO (median, IQR) MO (median, IQR) M6 (median, IQR) M6-MO (median, IQR)

SLEDAI-2K 12 (10-12) 8 (6-10) -3 (-4-2) <0.001 | 12,5 (10.25-15) 6.5 (4.5-9.75) -5 (-7.5-4) 0.001
24h-UTP(g/24h) 0.34 (0.07-2.98) 0.08 (0.02-0.78) -0.09 (-1.73-0.02) <0.001 | 0.74 (0.4-2.39) 0.1 (0.04-0.22) -0.62 (-2.34-0.19) 0.008
dsDNA (IU/ml) 186.18 (54.54-300) 33.4 (10.79-107.38) -93.32 (-199.09-9.33) <0.001 | 192.65 (85.28-300) 14 (5.62-31.49) -150.1 (-269.72-68.56) 0.001
CD16 + 56+NK(n/uL) | 80 (46.25-124.75) 107.5 (68-189.75) 23.5 (-10.75-76.75) <0.001 | 73.5 (58-91.25) 157 (96.22-216.25) 66.65 (6.98-108.25) 0.024
CD16 + 56+NK% 5.93 (3.81-9.83) 7.86 (4.26-11.43) 1.03 (-1.29-4.45) <0.001 | 4.76 (3.12-7.93) 11.24 (7.36-12.84) 3.47 (1.96-7.52) 0.005
CD19+B(n/uL) 131 (73-257) 85 (43-181) 22 (-113-19) <0.001 | 259 (81.35-485) 86.5 (41-214) -207.5 (-415.82-36.5) 0.069
CD19+B% 11.16 (6.02-18.3) 6.05 (3.11-10.72) -2.53 (-8.9-0.14) <0.001 | 16.45 (8.24-29.04) 6.71 (4.03-13.4) -10.01 (-19.5-1.21) 0.028
CD3+CD4+T(n/uL) 486 (359.25-681.75) 578.5 (444-794) 73.5 (-73.75-223) <0.001 | 4915 (339.25-677.75) 516.5 (354.25-604) -36 (-128.5-273) 0.754
CD3+CD4+T% 36.66 (29.61-42.33) 37.89 (30.88-45.08) 2.11 (-2.81-6.34) <0.001 | 35.18 (25.52-44.18) 39.69 (36.5-43.28) 2.2 (-0.34-9.55) 0.209
CD3+CD8+T(n/uL) 483 (323-719.5) 573.5 (397.25-793.75) 76 (-98-213.75) <0.001 | 5005 (275.5-662) 476 (414.75-634.5) 101 (-87.75-197) 0.414
CD3+CD8+T% 37.37 (29.18-43.65) 37.88 (32.33-46.86) 059 (-3.47-5.7) 0.092 | 38.94 (23.91-41.65) 40.03 (36.32-43.02) 224 (-2.71-7.34) 0.346
CD3+T(n/uL) 1034 (742.75-1460.25) 1220.5 (952.75-1615.25) 153 (-138.5-507.75) <0.001 | 988 (739.5-1338.5) 1041.5 (748.75-1339.75) 148 (-239.25-359.25) 0.490
CD3+T% 78.33 (69.85-83.83) 81.93 (76.11-86.02) 228 (-1.37-9.49) <0.001 | 79.38 (64.78-84.5) 80.99 (75.91-85.32) 4.6 (-2.27-9.76) 0.187
IgA(g/L) 2.19 (1.53-2.96) 2.05 (1.32-2.56) -0.16 (-0.6-0.19) <0.001 | 2.68 (2.34-4.08) 2.04 (1.47-3.55) -0.65 (-1.09-0.27) 0.060
1gG(g/L) 11.23 (8.34-14.31) 10.53 (7.73-12.95) -0.45 (-4.28-1.06) <0.001 | 17.38 (13.84-18.95) 12.68 (10.01-14.82) -5.57 (-9.1-1.28) 0.012
IgM(g/L) 0.75 (0.41-1.22) 0.62 (0.45-1.02) -0.05 (-0.29-0.12) 0.004 | 1.26 (0.8-1.96) 0.64 (0.43-0.96) -0.62 (-1.19-0.07) 0.014
C3(g/L) 0.72 (0.55-0.88) 0.99 (0.81-1.15) 0.23 (0.06-0.45) <0.001 | 0.62 (0.41-0.72) 0.97 (0.9-1.12) 0.44 (0.24-0.69) 0.001
C4(g/L) 0.14 (0.08-0.21) 0.19 (0.13-0.27) 0.05 (0-0.1) <0.001 | 0.07 (0.06-0.13) 0.26 (0.21-0.33) 0.17 (0.05-0.26) 0.001

For the variables, the median values with interquartile range (IQR) were provided. SOC, standard of care; MO0, baseline (pre-treatment); M6, six-month post-treatment. Paired Wilcoxon test was used for comparison and p<0.05 was considered statistically significant.
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and 0.005, respectively). Humoral indices (C3 and C4) increased in
both groups; additionally, IgA, IgG and IgM fell significantly in the
anti-CENP-B-negative group, while IgG and IgM declined
noticeably in the anti-CENP-B-positive group.

Among the 73 anti-CENP-B-positive SLE patients, after a
follow-up duration of six months, none of these individuals
evolved into diffuse cutaneous SSc, limited cutaneous SSc, or
fulfilled the 2013 ACR/EULAR classification criteria for SSc
during the study period. Specifically, no patient developed
calcinosis, Raynaud’s phenomenon not previously attributed to
SLE, esophageal dysmotility, sclerodactyly, or telangiectasia
(CREST spectrum).

Statistical analyses were performed to compare the relative
reduction in SLEDAI-2K scores ((M0-M6)/MO0) between anti-
CENP-B-positive and -negative patients within each treatment
arm (Supplementary Figures S3A, B). Although the decrease was
similar for both serostatus groups receiving SOC alone, the
reduction appeared more pronounced when SOC was combined
with biologics. However, when treatment modalities were compared
within each serostatus group (Supplementary Figures S3C, D), no
statistically significant difference in SLEDAI-2K reduction was
observed between SOC monotherapy and SOC plus biologics,
regardless of anti-CENP-B status. Taken together, these findings
indicate that, although anti-CENP-B-positive patients exhibited a
numerically greater decline in disease activity with combination
therapy, the observed immunological differences in NK/T cell
frequencies did not translate into a statistically significant
differential clinical response between the two serostatus groups.

4 Discussion

SLE is defined by disease-specific autoantibodies, among which
ANA is the universal hallmark (25). Anti-Sm and anti-dsDNA are
highly specific for SLE, whereas anti-Ro/SSA, anti-La/SSB, anti-
U1RNP, anti-nucleosome, anti-histone, anti-Rib-P, anti-PCNA and
anti-cardiolipin are less specific and may overlap with other
autoimmune disorders (26). Anti-CENP-B, a marker typically
linked to limited cutaneous systemic sclerosis (IcSSc), is rarely
encountered in SLE; reported frequencies range from 2-11% (16,
17). In our regional cohort of 687 SLE patients, 73 (10.6%) were
anti-CENP-B-positive, mirroring previous estimates. Whether this
antibody shapes the clinical or immunological phenotype of SLE
remains contentious; by mapping the full spectrum of features
associated with anti-CENP-B positivity, our study furnishes a
refined framework for understanding disease heterogeneity and
for identifying patients who may benefit from tailored
therapeutic strategies.

In this study, anti-CENP-B-positive SLE patients exhibited a
distinct phenotypic profile characterized by significantly higher
frequencies of Raynaud’s phenomenon, cardiac involvement
(predominantly pericarditis), and pleuropulmonary manifestations
(mainly pleuritis) relative to their anti-CENB-negative counterparts,
whereas the incidence of LN was comparatively lower. Raynaud’s
phenomenon is a well-recognized feature of systemic autoimmune
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diseases, documented in 30-40% of SLE, 15%-25% of primary
Sjogren’s syndrome, and > 95% of systemic sclerosis (SSc) cohorts
(27). Importantly, none of our anti-CENP-B-positive SLE patients
fulfilled criteria for CREST (calcinosis, Raynaud’s, esophageal
dysmotility, sclerodactyly, telangiectasia) or developed other
scleroderma-specific cutaneous or vascular changes, underscoring
that Raynaud’s phenomenon, although shared, is insufficient to
confer an SSc classification under current criteria (5, 28). Likewise,
neither diffuse nor limited cutaneous SSc evolved in any of the 73
anti-CENP-B-positive individuals during follow-up, a finding
consistent with prior reports (17). Collectively, these data indicate
that anti-CENP-B positivity in SLE identifies a subset with
heightened serosal and vasospastic features but does not presage
progression to systemic sclerosis.

SLE presents with highly heterogeneous clinical and laboratory
features, and a subset of autoantibodies has proven diagnostic and
prognostic value (29). Here, anti-CENP-B-positive patients
displayed a distinct serological signature: ANA, anti-dsDNA,
AnuA and AHA titers were all significantly lower than in the
anti-CENP-B-negative group. Anti-dsDNA, AnuA and AHA are
prototypical SLE autoantibodies, each reported in 60-80% of
patients (26); their relative paucity in the anti-CENP-B-positive
cohort therefore indicates an atypical serological cluster. Both anti-
dsDNA and AnuA are implicated in lupus nephritis (LN) through
direct or indirect binding to renal antigens and correlate positively
with SLEDAI-2K scores (30, 31). Consistent with these data, anti-
CENP-B-negative patients exhibited more frequent LN, higher
levels of these antibodies and greater disease activity. Collectively,
the findings underscore marked serological heterogeneity within
SLE and suggest that anti-CENP-B positivity identifies a subgroup
with a less “classic” autoantibody repertoire.

Immunoglobulins, complement fractions, and lymphocyte
subsets are consistently perturbed in SLE (32-34). We now show
that anti-CENP-B-positive patients are distinguished by lower
serum C4 and higher IgA, IgG, and IgM levels, together with an
expanded CD19" B-cell compartment and a contracted CD8" T-cell
pool. Although B-cell lymphopenia is typical of SLE, the
accumulation of autoreactive clones is thought to drive
progressive disease (34, 35); the parallel rise in immunoglobulins
observed here supports this scenario in the anti-CENP-B-positive
subset. T-cell dysregulation further amplifies autoimmunity and
infection risk (36-38), and the inverse correlation between CD8" T-
cell and CD19" B-cell frequencies across our cohort suggests a
reciprocal relationship that may aggravate immune imbalance.
Finally, the lower C4 values characteristic of anti-CENP-B
positivity showed moderate negative correlations with 24h-UTP,
SLEDAI-2K, anti-dsDNA titers, and IgG, implicating that C4 is
excessively consumed or genetically determined deficiency——in
both disease activity and susceptibility among these patients (39,
40). In anti-CENP-B-positive individuals, CD19" B-cell abundance
exhibited a weak-to-moderate inverse correlation with CD8" T-cell
percentage, indicating mild subset complementarity or a shift in
immune balance between these two lymphocyte subsets. Reduced
CD8" T-cell levels impair the cytotoxic clearance of autoreactive B
cells, thereby promoting their expansion and autoantibody
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production (41); this mechanism partly explains the elevated
immunoglobulin (IgA, IgG, and IgM) levels observed in CENP-B-
positive SLE patients.

SLE patients positive for anti-CENP-B differ markedly from
seronegative cases in clinical phenotype, serology and immune
profile. To dissect this heterogeneity, we first screened variables by
univariate logistic regression and then entered them into a
multivariate model; the resulting coefficients were used to build a
nomogram that estimates the probability of anti-CENP-B positivity.
Age, Raynaud’s phenomenon, CD19" B-cell count and IgG level
emerged as independent predictors. The association with older age
agrees with previous data (15). Expanded CD19" B-cell pools likely
reflect autoreactive plasma-cell overgrowth, consistent with their
documented role in autoimmunity and inflammation (35). Here,
we show that IgA, IgG and IgM are simultaneously elevated in anti-
CENP-B-positive SLE, implying heightened plasma-cell activity in
these patients. The same synchronized hypergammaglobulinaemia
has been described in anti-CENP-B-positive primary Sjogren’s
syndrome, supporting the concept that this antibody marks a
shared genetic endotype that spans systemic autoimmune diseases.
Earlier pSS studies have reported variable immunoglobulin levels (42,
43); whether this discrepancy stems from ethnic background,
concomitant therapy or analytical methods awaits clarification.
Raynaud’s phenomenon, although common in the general
population (5-15%) (44, 45), is an early hallmark of 1cSSc, a
disorder defined by anti-CENP-B reactivity (46). Its identification
as an independent risk factor therefore mandates long-term
surveillance for 1cSSc development in anti-CENP-B-positive
SLE patients.

A notable and seemingly paradoxical observation emerged from
our analyses: the anti-CENP-B-positive cohort exhibited a
significant expansion of CD19+ B cells alongside elevated levels of
IgA, 1IgG, and IgM, yet concurrently displayed lower SLEDAI-2K
scores, a reduced prevalence of severe organ involvement (LN), and
decreased levels of pathogenic autoantibodies (anti-dsDNA, AnuA,
AHA) compared to the anti-CENP-B-negative cohort. This finding
stands in contrast to the conventional paradigm linking immune
activation—characterized by B cell expansion and increased
immunoglobulin production—to more severe disease activity in
SLE. To reconcile this apparent contradiction, it is critical to revisit
the complex and context-dependent roles of B cells in SLE
pathogenesis. SLE is a canonical B cell-driven disease, yet the
therapeutic efficacy of B cell depletion therapies (BCDTs) in SLE
remains limited, even though BCDTs are effective in other
autoimmune conditions such as rheumatoid arthritis and multiple
sclerosis. This discrepancy is likely attributable to the heterogeneity,
specificity, and complexity of SLE (47, 48). A key mechanistic
distinction lies in the subset of B cells driving pathology: in SLE,
the extrafollicular generation of class-switched B cells, rather than
the predominantly non-class-switched IgM™ B cells residing in B
cell follicles or germinal centers, plays the pivotal pathogenic role
(47, 49). Beyond this subset-specific effect, the simplistic view that
plasma cells and antibodies are uniformly “pathogenic” has evolved
into a more nuanced understanding that B cell functions are highly
context-dependent, encompassing both pathogenic and protective
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roles (47). Thus, the seemingly paradoxical findings in the anti-
CENP-B-positive cohort may be explained by adopting a holistic
perspective on the microenvironment in which anti-CENP-B
antibodies are generated, where the expanded B cell population
and elevated immunoglobulins may reflect a protective, rather than
pathogenic, B cell response.

Treatment patterns differed sharply between anti-CENP-B-
positive and -negative patients: 80.8% (59/73) received standard-
of-care (SOC) alone, and only 19.2% (14/73) were escalated to SOC
plus biologics (belimumab, telitacicept, or rituximab) in accordance
with the 2020 Chinese SLE guidelines (22). In anti-CENP-B-
positive SLE patients, intensification with SOC plus biologics
(belimumab, telitacicept or rituximab) conferred no additional
benefit. Both regimens demonstrated similar changes from
baseline: CD3'CD16"CD56" NK-cell numbers and percentages
increased, CD19" B-cell percentages decreased, yet no T-cell
subset improved significantly; In the SOC-alone arm, the CENP-
B-positive subgroup showed a pronounced rebound in T-cell
counts, a decrease in IgG and IgM, and an increase in C3 and C4
after treatment; SLEDAI-2K scores, anti-dsDNA titers, and 24h-
UTP all declined. These indices changed concordantly across the
treatment groups, indicating that the SOC + Biologics regimen
conferred no additional benefit to CENP-B-positive patients. These
results accord with previous reports that SOC plus biologics adds no
measurable value in a defined subset of SLE patients (50-52).

The limited therapeutic benefit of biologics in anti-CENP-B-
positive SLE patients may be attributed to the unique immunological
and genetic characteristics of this subgroup, which aligns with the
marked heterogeneity of SLE and the targeted nature of biologic
therapies. A key contributing factor could be the activation of
alternative inflammatory pathways not effectively targeted by current
biologics: for instance, microRNA-152-3p-regulated DNMT1/MyD88
signaling, which modulates Toll-like receptor (TLR)-mediated
inflammation critical to SLE pathogenesis (53), may drive persistent
immune activation independent of the cytokine or immune pathways
targeted by most biologics. Additionally, the distinct functional state of
NK cells and their interactions with other immune components in anti-
CENP-B-positive patients could influence treatment efficacy, as
existing biologics may not adequately modulate NK cell activity
linked to immune regulation and chronic inflammation (54).
Furthermore, specific genetic markers such as HLA-DRBI alleles,
which have been associated with variable SLE disease severity and
treatment responses (55), may predispose this subgroup to an
immunological profile—including a distinct cytokine milieu or
immune cell activation pattern—that is not addressed by biologics
designed for the broader SLE population. Collectively, these unique
features of anti-CENP-B-positive SLE patients may explain the
observed differential response to biologic therapies.

In contrast, anti-CENP-B-negative patients treated with SOC
plus biologics (belimumab, telitacicept or rituximab) derived a clear
therapeutic advantage: all T-cell subsets and CD3"CD16"CD56" NK
cells increased markedly, whereas CD19" B cells declined. Humoral
immunity improved, as evidenced by falls in IgA and IgG and
restoration of C3 and C4. Disease-activity indices (SLEDAI-2K
scores, anti-dsDNA titers and 24h-UTP) decreased significantly,
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producing substantially greater benefit than SOC alone. These
findings probably reflect the high prevalence of LN in this group
(48.5%, 115/237), because published data show that SOC plus
biologics confer definite renal protection in LN (35). Collectively,
the present findings suggest that SLE patients positive for anti-
CENP-B antibodies may constitute a distinct subtype of SLE.

Although the study delineates a distinct subtype of SLE defined
by anti-CENP-B positivity and integrates clinical, biochemical,
immunologic and therapeutic-outcome data, several limitations
merit consideration. First, the number of anti-CENP-B-positive
patients was modest and the cohort was confined to central China;
we are therefore establishing a multi-province consortium to
validate the generalizability of our findings. Second, the follow-up
interval was limited to six months; longer-term observation is
required to determine the durability of treatment responses and
the propensity of these patients to evolve systemic sclerosis, primary
Sjogren’s syndrome, primary biliary cholangitis or other
overlapping autoimmune diseases. Such studies will refine the
characterization of the anti-CENP-B-positive SLE subtype and
facilitate more precise clinical management.

5 Conclusion

In this study, our results indicate that anti-CENP-B positivity
may delineate a distinct SLE subset characterized by unique clinical
and serological features, warranting individualized treatment plans
and judicious use of biologic agents. Ongoing surveillance for
potential progression to systemic sclerosis is also advised, given
the well-documented serologic overlap between these conditions.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material. Further inquiries can be
directed to the corresponding authors.

Ethics statement

This study was approved by the Ethics Committee of the Henan
Provincial People’s Hospital (2024-96). The studies were conducted
in accordance with the local legislation and institutional
requirements. The participants provided their written informed
consent to participate in this study.

Author contributions

XL: Conceptualization, Formal Analysis, Visualization, Writing
- original draft. ZX: Conceptualization, Methodology, Writing —

Frontiers in Immunology

14

10.3389/fimmu.2026.1762899

original draft. YXY: Formal Analysis, Writing — original draft. YHY:
Methodology, Writing — original draft. XZ: Data curation, Formal
Analysis, Writing - original draft. JL: Conceptualization,
Supervision, Writing — review & editing. XZZ: Conceptualization,
Formal Analysis, Methodology, Software, Writing - review &
editing. XT: Conceptualization, Resources, Writing - review &
editing. LA: Conceptualization, Funding acquisition, Investigation,
Writing - review & editing.

Funding

The author(s) declared that financial support was received for
this work and/or its publication. The study was funded by National
Natural Science Foundation of China (82402292)and Henan
Provincial Medical Science and Technology Research
Project (SBGJ202303006).

Conflict of interest

The author(s) declared that this work was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declared that Generative AI was not used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fimmu.2026.
1762899/full#supplementary-material

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2026.1762899/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2026.1762899/full#supplementary-material
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Liu et al.

References

1. Kiriakidou M, Ching CL. Systemic lupus erythematosus. Ann Internal Med.
(2020) 172:Itc81-itc96. doi: 10.7326/aitc202006020

2. Kosatka-Wegiel ], Dziedzic R, Siwiec-Kozlik A, Spatkowska M, Milewski M, Zuk-
Kuwik J, et al. Clinical and laboratory characteristics of early-onset and delayed-onset
lupus nephritis patients: A single-center retrospective study. Rheumatol Int. (2024)
44:1283-94. doi: 10.1007/s00296-024-05579-4

3. Gomez-Bafiuelos E, Fava A, Andrade F. An update on autoantibodies in systemic
lupus erythematosus. Curr Opin Rheumatol. (2023) 35:61-7. doi: 10.1097/
bor.0000000000000922

4. Frodlund M, Dahlstrom O, Kastbom A, Skogh T, Sjéwall C. Associations between
antinuclear antibody staining patterns and clinical features of systemic lupus
erythematosus: analysis of a regional Swedish register. BMJ Open. (2013) 3:¢003608.
doi: 10.1136/bmjopen-2013-003608

5. Aringer M, Costenbader K, Daikh D, Brinks R, Mosca M, Ramsey-Goldman R,
et al. 2019 European league against rheumatism/American college of rheumatology
classification criteria for systemic lupus erythematosus. Arthritis Rheumatol. (2019)
71:1400-12. doi: 10.1002/art.40930

6. Tesija Kuna A, Perek L, Drvar V, Kozmar A, Gugo K. Assessment of antinuclear
antibodies (Ana): national recommendations on behalf of the Croatian society of
medical biochemistry and laboratory medicine. Biochemia Med. (2021) 31:20502.
doi: 10.11613/bm.2021.020502

7. Shiboski SC, Shiboski CH, Criswell L, Baer A, Challacombe S, Lanfranchi H, et al.
American college of rheumatology classification criteria for sjogren’s syndrome: A
data-driven, expert consensus approach in the sjogren’s international collaborative
clinical alliance cohort. Arthritis Care Res. (2012) 64:475-87. doi: 10.1002/acr.21591

8. Hochberg MC. Updating the American college of rheumatology revised criteria
for the classification of systemic lupus erythematosus. Arthritis rheumatism. (1997)
40:1725. doi: 10.1002/art.1780400928

9. Nicola S, Borrelli R, Corradi F, Lo Sardo L, Badiu I, Romito A, et al. Relationship
between clinical manifestations and serological profile in patients affected by systemic lupus
erythematosus. Front Immunol. (2024) 15:1390642. doi: 10.3389/fimmu.2024.1390642

10. Earnshaw WC, Machlin PS, Bordwell B], Rothfield NF, Cleveland DW. Analysis
of anticentromere autoantibodies using cloned autoantigen cenp-B. Proc Natl Acad Sci
U.S.A. (1987) 84:4979-83. doi: 10.1073/pnas.84.14.4979

11. Prasad RM, Bellacosa A, Yen TJ. Clinical and molecular features of anti-cenp-B
autoantibodies. ] Mol Pathol. (2021) 2:281-95. doi: 10.3390/jmp2040024

12. Cavazzana I, Vojinovic T, Airo’ P, Fredi M, Ceribelli A, Pedretti E, et al. Systemic
sclerosis-specific antibodies: novel and classical biomarkers. Clin Rev Allergy Immunol.
(2022) 64:412-30. doi: 10.1007/s12016-022-08946-w

13. Baer AN, Medrano L, McAdams-DeMarco M, Gniadek TJ. Association of
anticentromere antibodies with more severe exocrine glandular dysfunction in
sjogren’s syndrome: analysis of the sjogren’s international collaborative clinical
alliance cohort. Arthritis Care Res. (2016) 68:1554-9. doi: 10.1002/acr.22859

14. Kajio N, Takeshita M, Suzuki K, Kaneda Y, Yamane H, Ikeura K, et al. Anti-
centromere antibodies target centromere-kinetochore macrocomplex: A
comprehensive autoantigen profiling. Ann rheumatic Dis. (2021) 80:651-9.
doi: 10.1136/annrheumdis-2020-218881

15. Nakano M, Ohuchi Y, Hasegawa H, Kuroda T, Ito S, Gejyo F. Clinical
significance of anticentromere antibodies in patients with systemic lupus
erythematosus. J Rheumatol. (2000) 27:1403-7.

16. 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. J Rheumatol. (2000) 27:142-8.

17. Respaldiza N, Wichmann I, Ocafia C, Garcia-Hernandez FJ, Castillo MJ, Magarifio
M]I, et al. Anti-centromere antibodies in patients with systemic lupus erythematosus.
Scandinavian ] Rheumatol. (2006) 35:290-4. doi: 10.1080/03009740600588376

18. Pisetsky DS, Lipsky PE. New insights into the role of antinuclear antibodies in
systemic lupus erythematosus. Nat Rev Rheumatol. (2020) 16:565-79. doi: 10.1038/
541584-020-0480-7

19. Petri M, Orbai AM, Alarcon GS, Gordon C, Merrill JT, Fortin PR, et al.
Derivation and validation of the systemic lupus international collaborating clinics
classification criteria for systemic lupus erythematosus. Arthritis rheumatism. (2012)
64:2677-86. doi: 10.1002/art.34473

20. Bajema IM, Wilhelmus S, Alpers CE, Bruijn JA, Colvin RB, Cook HT, et al.
Revision of the international society of nephrology/renal pathology society
classification for lupus nephritis: clarification of definitions, and modified national
institutes of health activity and chronicity indices. Kidney Int. (2018) 93:789-96.
doi: 10.1016/j.kint.2017.11.023

21. Kosalka-Wegiel J, Dziedzic R, Siwiec-Kozlik A, Spatkowska M, Milewski M,
Wach A, et al. Comparison of clinical and laboratory characteristics in lupus nephritis
vs. Non-lupus nephritis patients-a comprehensive retrospective analysis based on 921
patients. J Clin Med. (2024) 13(15):4486. doi: 10.3390/jcm13154486

Frontiers in Immunology

15

10.3389/fimmu.2026.1762899

22. LiM, Zhao Y, Zhang Z, Huang C, Liu Y, Gu J, et al. 2020 Chinese guidelines for
the diagnosis and treatment of systemic lupus erythematosus. Rheumatol Immunol Res.
(2020) 1:5-23. doi: 10.2478/rir-2020-0009

23. Zhao ], Zhang S, Wang Q, Tian X, Chen Y, Li M, et al. 2025 Chinese guidelines
for the diagnosis and treatment of systemic lupus erythematosus. Rheumatol Immunol
Res. (2025) 6:120-48. doi: 10.1515/rir-2025-0017

24. Gladman DD, Ibanez D, Urowitz MB. Systemic lupus erythematosus disease
activity index 2000. ] Rheumatol. (2002) 29:288-91.

25. Pisetsky DS, Bossuyt X, Meroni PL. Ana as an entry criterion for the
classification of sle. Autoimmun Rev. (2019) 18:102400. doi: 10.1016/
j.-autrev.2019.102400

26. Hoi A, Igel T, Mok CC, Arnaud L. Systemic lupus erythematosus. Lancet. (2024)
403:2326-38. doi: 10.1016/s0140-6736(24)00398-2

27. Andraos R, Ahmad A, Eriksson P, Dahlstrém O, Wirestam L, Dahle C, et al.
Autoantibodies associated with systemic sclerosis in three autoimmune diseases
imprinted by type I interferon gene dysregulation: A comparison across sle, primary
sjogren’s syndrome and systemic sclerosis. Lupus Sci Med. (2022) 9(1):e000732.
doi: 10.1136/lupus-2022-000732

28. van den Hoogen F, Khanna D, Fransen ], Johnson SR, Baron M, Tyndall A, et al.
2013 Classification criteria for systemic sclerosis: an american college of rheumatology/
European league against rheumatism collaborative initiative. Arthritis rheumatism.
(2013) 65:2737-47. doi: 10.1002/art.38098

29. Jacob N, Stohl W. Autoantibody-dependent and autoantibody-independent
roles for B cells in systemic lupus erythematosus: past, present, and future.
Autoimmunity. (2010) 43:84-97. doi: 10.3109/08916930903374600

30. Zeng Y, Xjao Y, Zeng F, Jiang L, Yan S, Wang X, et al. Assessment of anti-
nucleosome antibody (Anua) isotypes for the diagnosis and prediction of systemic
lupus erythematosus and lupus nephritis activity. Clin Exp Med. (2023) 23:1677-89.
doi: 10.1007/s10238-022-00942-w

31. Wang X, Xia Y. Anti-double stranded DNA antibodies: origin, pathogenicity,
and targeted therapies. Front Immunol. (2019) 10:1667. doi: 10.3389/
fimmu.2019.01667

32. Conley ME, Koopman W]J. Serum igal and iga2 in normal adults and patients
with systemic lupus erythematosus and hepatic disease. Clin Immunol immunopathol.
(1983) 26:390-7. doi: 10.1016/0090-1229(83)90123-x

33. Fine DM, Ziegenbein M, Petri M, Han EC, McKinley AM, Chellini JW, et al. A
prospective study of protein excretion using short-interval timed urine collections in
patients with lupus nephritis. Kidney Int. (2009) 76:1284-8. doi: 10.1038/ki.2009.344

34. Joo H, Coquery C, Xue Y, Gayet I, Dillon SR, Punaro M, et al. Serum from
patients with sle instructs monocytes to promote igg and iga plasmablast
differentiation. J Exp Med. (2012) 209:1335-48. doi: 10.1084/jem.20111644

35. Canny SP, Jackson SW. B cells in systemic lupus erythematosus: from disease
mechanisms to targeted therapies. Rheum Dis Clin North Am. (2021) 47:395-413.
doi: 10.1016/j.rdc.2021.04.006

36. Chen PM, Tsokos GC. T cell abnormalities in the pathogenesis of systemic lupus
erythematosus: an update. Curr Rheumatol Rep. (2021) 23:12. doi: 10.1007/s11926-020-
00978-5

37. Li H, Boulougoura A, Endo Y, Tsokos GC. Abnormalities of T cells in systemic
lupus erythematosus: new insights in pathogenesis and therapeutic strategies. J
Autoimmun. (2022) 132:102870. doi: 10.1016/j.jaut.2022.102870

38. Chen P-M, Tsokos GC. The role of cd8+ T-cell systemic lupus erythematosus
pathogenesis: an update. Curr Opin Rheumatol. (2021) 33:586-91. doi: 10.1097/
bor.0000000000000815

39. Deng Y, Tsao BP. Genetic susceptibility to systemic lupus erythematosus in the
genomic era. Nat Rev Rheumatol. (2010) 6:683-92. doi: 10.1038/nrrheum.2010.176

40. Weinstein A, Alexander RV, Zack DJ. A review of complement activation in sle.
Curr Rheumatol Rep. (2021) 23:16. doi: 10.1007/s11926-021-00984-1

41. Lao J, Huang R, Wu R, Yuan Y. Changes of peripheral T cells in systemic lupus
erythematosus patients. Immun Inflammation Dis. (2025) 13:€70156. doi: 10.1002/
iid3.70156

42. Meng YH, Chen YF, Zhou PR. Clinical and immunological features of primary
sjogren’s syndrome patients with positive anti-centromere protein B antibody. Beijing
da xue xue bao Yi xue ban=Journal Peking Univ Health Sci. (2023) 55:1088-96.
doi: 10.19723/.issn.1671-167X.2023.06.021

43. Lee KE, Kang JH, Lee JW, Wen L, Park DJ, Kim TJ, et al. Anti-centromere
antibody-positive sjogren’s syndrome: A distinct clinical subgroup? Int J rheumatic Dis.
(2015) 18:776-82. doi: 10.1111/1756-185x.12684

44. Garner R, Kumari R, Lanyon P, Doherty M, Zhang W. Prevalence, risk factors
and associations of primary raynaud’s phenomenon: systematic review and meta-
analysis of observational studies. BMJ Open. (2015) 5:e006389. doi: 10.1136/bmjopen-
2014-006389

frontiersin.org


https://doi.org/10.7326/aitc202006020
https://doi.org/10.1007/s00296-024-05579-4
https://doi.org/10.1097/bor.0000000000000922
https://doi.org/10.1097/bor.0000000000000922
https://doi.org/10.1136/bmjopen-2013-003608
https://doi.org/10.1002/art.40930
https://doi.org/10.11613/bm.2021.020502
https://doi.org/10.1002/acr.21591
https://doi.org/10.1002/art.1780400928
https://doi.org/10.3389/fimmu.2024.1390642
https://doi.org/10.1073/pnas.84.14.4979
https://doi.org/10.3390/jmp2040024
https://doi.org/10.1007/s12016-022-08946-w
https://doi.org/10.1002/acr.22859
https://doi.org/10.1136/annrheumdis-2020-218881
https://doi.org/10.1080/03009740600588376
https://doi.org/10.1038/s41584-020-0480-7
https://doi.org/10.1038/s41584-020-0480-7
https://doi.org/10.1002/art.34473
https://doi.org/10.1016/j.kint.2017.11.023
https://doi.org/10.3390/jcm13154486
https://doi.org/10.2478/rir-2020-0009
https://doi.org/10.1515/rir-2025-0017
https://doi.org/10.1016/j.autrev.2019.102400
https://doi.org/10.1016/j.autrev.2019.102400
https://doi.org/10.1016/s0140-6736(24)00398-2
https://doi.org/10.1136/lupus-2022-000732
https://doi.org/10.1002/art.38098
https://doi.org/10.3109/08916930903374600
https://doi.org/10.1007/s10238-022-00942-w
https://doi.org/10.3389/fimmu.2019.01667
https://doi.org/10.3389/fimmu.2019.01667
https://doi.org/10.1016/0090-1229(83)90123-x
https://doi.org/10.1038/ki.2009.344
https://doi.org/10.1084/jem.20111644
https://doi.org/10.1016/j.rdc.2021.04.006
https://doi.org/10.1007/s11926-020-00978-5
https://doi.org/10.1007/s11926-020-00978-5
https://doi.org/10.1016/j.jaut.2022.102870
https://doi.org/10.1097/bor.0000000000000815
https://doi.org/10.1097/bor.0000000000000815
https://doi.org/10.1038/nrrheum.2010.176
https://doi.org/10.1007/s11926-021-00984-1
https://doi.org/10.1002/iid3.70156
https://doi.org/10.1002/iid3.70156
https://doi.org/10.19723/j.issn.1671-167X.2023.06.021
https://doi.org/10.1111/1756-185x.12684
https://doi.org/10.1136/bmjopen-2014-006389
https://doi.org/10.1136/bmjopen-2014-006389
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Liu et al.

45. Carpentier PH, Satger B, Poensin D, Maricq HR. Incidence and natural history
of raynaud phenomenon: A long-term follow-up (14 years) of a random sample from
the general population. J Vasc Surg. (2006) 44:1023-8. doi: 10.1016/j.jvs.2006.07.037

46. Zian Z, Bennani Mechita M, Hamdouch K, Maamar M, Barakat A, Ghailani
Nourouti N, et al. Proteomics characterization of cenp-B epitope in moroccan
scleroderma patients with anti-centromere autoantibodies. Immunol Lett. (2020)
221:1-5. doi: 10.1016/j.imlet.2020.02.005

47. Lee DSW, Rojas OL, Gommerman JL. B cell depletion therapies in autoimmune
disease: advances and mechanistic insights. Nat Rev Drug Discov. (2021) 20:179-99.
doi: 10.1038/541573-020-00092-2

48. Banchereau R, Cepika AM, Banchereau ], Pascual V. Understanding human
autoimmunity and autoinflammation through transcriptomics. Annu Rev Immunol.
(2017) 35:337-70. doi: 10.1146/annurev-immunol-051116-052225

49. William J, Euler C, Christensen S, Shlomchik MJ. Evolution of autoantibody
responses via somatic hypermutation outside of germinal centers. Science. (2002)
297:2066-70. doi: 10.1126/science.1073924

50. Rovin BH, Furie R, Latinis K, Looney R], Fervenza FC, Sanchez-Guerrero J, et al.
Efficacy and safety of rituximab in patients with active proliferative lupus nephritis: the lupus
nephritis assessment with rituximab study. 2012/8/1. (2012) 64:1215-26. doi: 10.1002/art.34359

Frontiers in Immunology

16

10.3389/fimmu.2026.1762899

51. Wu D, Li J, Xu D, Merrill JT, van Vollenhoven RF, Liu Y, et al. Telitacicept in
patients with active systemic lupus erythematosus: results of a phase 2b, randomised,
double-blind, placebo-controlled trial. 2009/3/1. (2024) 83:475-87. doi: 10.1136/ard-
2023-224854

52. Iwasaki T, Yoshifuji H, Kitagori K, Sumitomo S, Akizuki S, Nakashima R, et al.
Memory B cells and their transcriptomic profiles associated with belimumab resistance
in systemic lupus erythematosus in the maintenance phase. Front Immunol. (2025)
16:1506298. doi: 10.3389/fimmu.2025.1506298

53. Tao B, Xiang W, Li X, He C, Chen L, Xia X, et al. Regulation of toll-like receptor-
mediated inflammatory response by microrna-152-3p-mediated demethylation of
myd88 in systemic lupus erythematosus. Inflammation Res. (2021) 70:285-96.
doi: 10.1007/s00011-020-01433-y

54. Yang Y, Day ], Souza-Fonseca Guimaraes F, Wicks IP, Louis C. Natural killer
cells in inflammatory autoimmune diseases. Clin Transl Immunol. (2021) 10:e1250.
doi: 10.1002/cti2.1250

55. Selvaraja M, Chin VK, Abdullah M, Arip M, Amin-Nordin S. Hla-drb1(*)04 as
a risk allele to systemic lupus erythematosus and lupus nephritis in the malay
population of Malaysia. Front Med (Lausanne). (2020) 7:598665. doi: 10.3389/
fmed.2020.598665

frontiersin.org


https://doi.org/10.1016/j.jvs.2006.07.037
https://doi.org/10.1016/j.imlet.2020.02.005
https://doi.org/10.1038/s41573-020-00092-2
https://doi.org/10.1146/annurev-immunol-051116-052225
https://doi.org/10.1126/science.1073924
https://doi.org/10.1002/art.34359
https://doi.org/10.1136/ard-2023-224854
https://doi.org/10.1136/ard-2023-224854
https://doi.org/10.3389/fimmu.2025.1506298
https://doi.org/10.1007/s00011-020-01433-y
https://doi.org/10.1002/cti2.1250
https://doi.org/10.3389/fmed.2020.598665
https://doi.org/10.3389/fmed.2020.598665
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Anti-CENP-B polarity divides SLE: divergent clinical-immune phenotypes and distinct treatment responses
	1 Introduction
	2 Materials and methods
	2.1 Patients’ inclusion and exclusion criteria
	2.2 Demographic and clinical data collection
	2.3 Laboratory indices
	2.4 Flow cytometry analysis
	2.5 Statistical analysis

	3 Results
	3.1 Distinct clinical characteristics of SLE patients with different anti-CENP-B antibody status
	3.2 Lupus nephritis and anti-CENP-B antibody status
	3.3 Differential autoantibody profiles between anti-CENP-B-positive and anti-CENP-B-negative SLE patients
	3.4 Differential laboratory markers between anti-CENP-B-positive and anti-CENP-B-negative SLE cases
	3.5 Differential lymphocytes profiles between anti-CENP-B-negative and anti-CENP-B-positive patients
	3.6 Correlations of CD19+B cell and CD8+ T cell with clinical-biological parameters
	3.7 Logistic regression analysis of independent indicators of anti-CENP-B-positive SLE patients
	3.8 Anti-CENP-B-positive SLE patients exhibit a distinct clinical treatment response

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


