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Abstract 

Background Adult-onset Still’s disease (AOSD) is a systemic autoinflammatory disorder of unknown etiology. B 
cells are critical participants in different rheumatic diseases, and their roles in AOSD are rarely investigated. This study 
aimed to unveil the B cell subset features in AOSD and provide evidence for B cell-based diagnosis and targeted 
therapies of AOSD.

Methods B cell subsets in the peripheral blood of AOSD patients and healthy controls (HCs) were detected by flow 
cytometry. Firstly, the frequencies of B cell subsets were compared. Then, the correlation analysis was performed to 
explore the correlation between B cell subsets and clinical manifestations in AOSD. Finally, unbiased hierarchical clus-
tering was performed to divide AOSD patients into three groups with different B cell subset features, and the clinical 
characteristics of the three groups were compared.

Results The frequencies of B cell subsets were altered in AOSD patients. Disease-promoting subsets (such as naïve 
B cells, double negative B cells (DN B cells), and plasmablasts) increased, and potential regulatory subsets (such as 
unswitched memory B cells (UM B cells) and  CD24hiCD27+ B cells (B10 cells)) decreased in the peripheral blood of 
AOSD patients. In addition, the altered B cell subsets in AOSD correlated with the clinical and immunological features, 
such as immune cells, coagulation features, and liver enzymes. Intriguingly, AOSD patients could be divided into three 
groups with distinct B cell immunophenotyping: group 1 (naïve B cells-dominant), group 2  (CD27+ memory B cells-
dominant), and group 3 (precursors of autoantibody-producing plasma cells-dominant). Moreover, these three group 
patients demonstrated differential manifestations, including immune cells, liver or myocardial enzymes, coagulation 
features, and systemic score.

Conclusions B cell subsets are significantly altered in AOSD patients, potentially contributing to the disease patho-
genesis. These findings would inspire B cell-based diagnosis and targeted therapies for this refractory disease.
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Background
Adult-onset Still’s disease (AOSD) is an uncommon rheu-
matic disorder of unknown etiology. It is characterized 
by spiking fever, arthritis, evanescent rash, lymphade-
nopathy, hepato-splenomegaly, sore throat, neutrophilic 
leukocytosis, and abnormality of liver enzymes [1]. Addi-
tionally, infectious, neoplastic, and other rheumatological 
disorders should be excluded before diagnosing AOSD 
[1]. AOSD patients may experience life-threatening com-
plications, including macrophage activation syndrome 
(MAS), disseminated intravascular coagulopathy (DIC), 
and thrombotic thrombocytopenic purpura (TTP) [2]. 
However, the pathogenesis of AOSD is unclear, and more 
efficient diagnosis and treatment are needed.

After decades of research, both innate and adap-
tive immune systems have been found to be involved 
in the occurrence and development of AOSD [3]. How-
ever, while the roles of innate immune cells and T cells 
in AOSD are partially revealed, the features of B cells in 
AOSD are still barely researched.

B cells are critical immune cells participating in 
immune responses by producing antibodies, secreting 
cytokines, and functioning as antigen-presenting cells 
[4]. Several significant B cell subsets are defined through 
their unique functions in immune responses [5, 6]. The 
crucial roles of these B cell subsets have been revealed in 
different rheumatic diseases such as rheumatoid arthritis 
[7], systemic lupus erythematosus [8], and Sjögren’s syn-
drome [9]. B cell subsets also involve in ankylosing spon-
dylitis and other autoinflammatory syndromes [10, 11]. A 
recent study classified AOSD patients into three groups 
through the peripheral immune cell profiles, showing a 
significant difference in total B cell frequencies among 
groups [12]. In addition, refractory AOSD patients with 
or without complications were reported to be success-
fully treated by a B cell depleting agent (rituximab) [13–
17]. However, B cell subset characteristics in AOSD and 
the mechanisms behind rituximab treating AOSD need 
to be further studied.

In this study, we compared B cell features between 
AOSD patients and HCs and preliminarily defined the 
relationship between B cell subsets and clinical mani-
festations of AOSD patients. We also classified AOSD 
patients into three groups by hierarchical cluster of B 
cell subsets. The results may inspire further exploration 
of the roles of B cells in the pathogenesis, diagnosis, and 
targeted therapies of AOSD.

Methods
Patients and controls
From April 2019 to March 2021, 27 AOSD patients who 
met Yamaguchi criteria [18] were enrolled in this study 
from the Department of Rheumatology and Immunology, 

Peking University People’s Hospital, China. In addi-
tion, 40 healthy controls (HCs) were recruited from the 
physical examination center. Age (31.0 (16 ~ 66) vs 31.5 
(26 ~ 65), P = 0.424, Mann–Whitney U test) and sex (26/1 
vs 35/5, χ2 (continuity correction) = 0.641, P = 0.423) of 
HCs and AOSD patients were matched. Our study was 
approved by the Institutional Medical Ethics Review 
Board of Peking University People’s Hospital. All par-
ticipants gave informed consent to donate their blood 
samples and clinical data for research, and their personal 
information remained confidential.

Clinical data and systemic feature score
Clinical data were obtained from medical records sys-
tems. Patients’ information was recorded, including 
age, sex, disease duration, and clinical manifestations 
(symptoms, signs, and laboratory variables). Indexes 
and ratios (SII (systemic immune-inflammation index, 
PLT × neutrophil count/lymphocyte count), CAR (CRP/
ALB ratio), PNI (prognostic nutritional index, albu-
min + 0.005 × peripheral lymphocyte count), FER (ferri-
tin/ESR ratio), NLR (neutrophil count/lymphocyte count 
ratio), and LAR (LDH/ALB ratio)) studied in previous 
research about AOSD were also calculated [19–22]. A 
modified Pouchot systemic score (mPss) comprising 12 
disease manifestations (fever, evanescent rashes, sore 
throat, arthritis, myalgia, pleuritis, pericarditis, pneumo-
nitis, lymphadenopathy, hepatomegaly or abnormal liver 
function tests, elevated leukocyte count > 15,000/μL, and 
serum ferritin > 3000  μg/L) was used to assess the dis-
ease activity and patients whose mPss ≥ 4 were defined 
as active patients [23]. The statistic of the above data is 
shown in Table 1.

Sample processing and flow cytometry
Fresh collected whole blood was obtained and processed 
within 24  h. Fluorescein-labeled antibodies (anti-CD3-
PerCP-Cy5.5, anti-CD19-APC-Cy7, anti-CD20-PE-Cy7, 
anti-CD27-APC, anti-CD24-FITC, anti-IgD-Pacific Blue) 
were incubated in 200 μL whole blood for 30 min in the 
dark. Then, 3 mL Lysing Solution was added for 10 min to 
lyse the erythrocytes. Then, samples were centrifuged at 
1800 rpm for 5 min, and the supernatants were removed. 
Finally, the stained samples were washed in phosphate-
buffered saline and stored at 4 °C before flow detection.

B cell subsets, including  IgD+CD27− naïve B cells 
(naïve B cells),  IgD+CD27+ unswitched memory B cells 
(UM B cells),  IgD−CD27+ switched memory B cells (SM 
B cells), total  CD27+ memory B cells,  IgD−CD27− dou-
ble negative B cells (DN B cells),  CD19+CD20−CD27hi 
plasmablasts (plasmablasts), and  CD24hiCD27+ B cells 
(B10 cells) [5, 24] were detected on the FACSAria II flow 
cytometer. The results were analyzed with FlowJo v10 
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Table 1 Patient characteristics

Characteristics Active (n = 18) Inactive (n = 9)

Basic information
 Sex, no. female/no. male 17/1 9/0

 Age, median (range), years 35 (18 − 66) 31 (18 − 62)

 Duration, median (range), years 0.71 (0.04 − 16) 0.67 (0.25 − 1.1)

Clinical features
 Fever (n, %) 10/18 (55.6) 0/9 (0.0)

 Arthritis (n, %) 7/18 (38.9) 0/9 (0.0)

 Skin rash (n, %) 12/18 (66.7) 2/9 (22.2)

 Sore throat (n, %) 6/18 (33.3) 0/9 (0.0)

 Splenomegaly (n, %) 6/18 (33.3) 3/9 (33.3)

 Lymphadenopathy (n, %) 11/18 (61.1) 2/9 (22.2)

 Hepatomegaly (n, %) 1/18 (5.6) 3/9 (33.3)

 Serositis (n, %) 7/18 (38.9) 2/9 (22.2)

 mPss, median (range) 5.5 (4 − 9) 1 (1 − 3)

 MAS (n, %) 5/18 (27.8) 0/9 (0.0)

Laboratory features
 WBC, ×  109/L 13.1 (10.4, 14.3) 7.4 (6.2, 8.3)

 Percentage of neutrophils, % 81.3 (73.5, 86.4) 64.9 (56.3, 71.3)

 Percentage of lymphocytes, % 12.4 (9.5, 15.4) 25.4 (22.6, 33.8)

 Percentage of monocytes, % 4.3 (2.9, 6.5) 7.8 (5.7, 8.9)

 Neutrophil count, ×  109/L 9.8 (8.3, 12.5) 5.2 (3.6, 5.4)

 Lymphocyte count, ×  109/L 1.7 (0.9, 2.0) 2.0 (1.9, 2.1)

 Monocyte count, ×  109/L 0.5 (0.4, 0.8) 0.6(0.4, 0.7)

 Percentage of T cells, % 77.65 (70.7, 79.9) 76.8 (70.5, 81.6)

 Percentage of B cells, % 5.3 (3.7, 7.7) 9.4 (4.3, 12.2)

 Percentage of NK cells, % 5.5 (2.7, 8.0) 4.3 (3.2, 9.8)

 Hb, g/L 108.0 (93.8, 123.3) 120.0 (112.0, 124.0)

 PLT, ×  109/L 308.5 (261.3, 347.8) 300.0 (263.0, 357.0)

 ALT, U/L 42.0 (14.3, 88) 16.0 (10.0, 21.0)

 AST, U/L 36.0 (21.3, 73.5) 15.0 (15.0, 17.0)

 AST/ALT 1.4 (0.6, 1.9) 1.0 (0.7, 1.5)

 GGT, U/L 47.0 (34.0, 107.5) 16.0 (12.0, 20.5)

 LDH, U/L 387.0 (297.8, 507.0) 206.0 (177.0, 226.0)

 ALP, U/L 95.0 (87.5, 144.0) 62.0 (51.0, 73.0)

 HBDH, U/L 232.0 (190.5, 298.3) 151.0 (122.0, 163.0)

 TBIL, mmol/L 8.0 (6.7, 12.1) 12.2 (7.8, 14.9)

 CBIL, mmol/L 2.9 (2.5, 4.4) 3.6 (2.5, 4.8)

 TG, mmol/L 1.4 (1.1, 2.1) 1.2 (1.0, 1.9)

 TP, g/L 64.2 (61.1, 70.2) 67.6 (63.2, 68.6)

 ALB, g/L 33.5 (29.9, 35.5) 39.7 (35.0, 41.3)

 GLB, g/L 32.4 (27.5, 34.8) 27.8 (26.0, 28.7)

 AGR 1.0 (0.9, 1.3) 1.3 (1.2, 1.5)

 Fibrinogen, g/L 416.5 (290.5, 502.3) 308.5 (244.3, 350.0)

 D-Dimer, μg/L 478.0 (289.0, 651.0) 102.5 (47.5, 168.3)

 PT, sec 12.6 (11.9, 12.8) 11.7 (11.2, 12.3)

 APTT, sec 29.1 (26.0, 30.3) 29.5 (28.0, 31.1)

 ESR, mm/H 46.5 (18.5, 69.5) 13.0 (8.0, 29.0)

 CRP, mg/L 47.1 (21.2, 89.5) 3.7 (0.5, 5.6)

 Ferritin, μg/L 2611.5 (960.8, 5003.3) 37.5 (16.9, 354.7)
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(TreeStar, Woodburn, OR). The strategies for gating are 
shown in Fig. 1.

Principle component analysis and unbiased cluster 
analysis
Principal component analysis (PCA) and unbiased clus-
ter analysis were performed following the method in the 
research of Ruru Guo et al. [12]. PCA was conducted to 
explore the difference in peripheral B cell subsets features 
between patients with AOSD and HCs. Then, unbiased 
hierarchical clustering for AOSD patients based on B 
cell subsets (naïve B cell%, UM B cell%, SM B cell%, DN 
B cell%, plasmablast%, B10 cell%) was analyzed using 
Ward’s method.

Statistical analysis
Flow cytometry data of HCs and AOSD patients were 
concatenated and analyzed using FlowJo v10 plugins, 
including down-samples and t-SNE. Statistical calcu-
lations were performed using SPSS 25.0 (SPSS Inc., 
Chicago, IL). Data that adhered to the normal distri-
bution and had a common variance were evaluated by 
Student’s t test or one-way ANOVA; data that did not 
adhere to the normal distribution or did not have a com-
mon variance were evaluated by Mann–Whitney U test 
or Kruskal–Wallis H test. Uncorrected Fisher’s LSD test 
or uncorrected Dunn’s test were used for post hoc mul-
tiple comparisons. The correlation between indicators 

was evaluated by Spearman’s rank correlation test. P 
values < 0.05 were considered statistically significant: 
*P < 0.05, **P < 0.01, ***P < 0.001, and ns, no significance.

Results
Altered frequencies of B cell subsets in AOSD
We compared the frequencies of B cell subsets (includ-
ing  IgD+CD27− naïve B cells (naïve B cells),  IgD+CD27+ 
unswitched memory B cells (UM B cells),  IgD−CD27+ 
switched memory B cells (SM B cells), total  CD27+ mem-
ory B cells,  IgD−CD27− double negative B cells (DN B 
cells),  CD19+CD20−CD27hi plasmablasts (plasmablasts), 
and  CD24hiCD27+ B cells (B10 cells)) between AOSD 
patients and HCs. We found that the frequencies of B cell 
subsets altered in AOSD patients (Fig. 2a). These altera-
tions included a decrease in UM B cells (9.28 vs 17.03, 
P < 0.0001), SM B cells (15.92 vs 21.54, P = 0.0162), total 
 CD27+ memory B cells (25.21 vs 38.57, P < 0.0001), and 
B10 cells (12.50 vs 26.61, P < 0.0001) and an increase in 
naïve B cells (68.79 vs 57.27, P = 0.0004), DN B cells 
(6.04 vs 4.16, P = 0.0034), and plasmablasts (1.56 vs 0.61, 
P = 0.0412). Although there was no significant change 
in total B cells, the dispersion degree of total B cells in 
AOSD patients was higher than in HCs (interquartile 
range: 8.87 vs 4.46).

We also compared the relative frequencies of three 
 CD27+ B cell subsets in the total  CD27+ B cells. As shown 
in Fig.  2b, the frequency of B10 cells was significantly 

Unless otherwise specified, values are the medians (interquartile ranges). Values were rounded to one decimal place

mPss Modified Pouchot score, MAS Macrophage activation syndrome, WBC White blood cell, Hb Hemoglobin, PLT Platelet count, ALT Alanine aminotransferase, AST 
Aspartate aminotransferase, GGT  γ-glutamyl transpeptidase, LDH Lactate dehydrogenase, ALP Alkaline phosphatase, HBDH Hydroxybutyrate dehydrogenase, TBIL 
Total bilirubin, CBIL Conjugated bilirubin, TG Triglycerides, TP Total protein, ALB Albumin, GLB Globulin, AGR  Albumin/globulin ratio, PT Prothrombin time, APTT 
Activated partial thromboplastin time, ESR Erythrocyte sedimentation rate, CRP C-reactive protein, RF Rheumatoid factor, ANA Antinuclear antibody, ACPA Anti-cyclic 
citrullinated peptide antibody, SII Systemic immune-inflammation index (PLT × neutrophil count/lymphocyte count), CAR  CRP/ALB ratio, PNI Prognostic nutritional 
index (albumin + 0.005 × peripheral lymphocyte count), FER Ferritin/ESR ratio, NLR Neutrophil count/lymphocyte count ratio, LAR LDH/ALB ratio

Table 1 (continued)

Characteristics Active (n = 18) Inactive (n = 9)

 RF (n, %) 1/18 (5.6) 0/9 (0.0)

 ANA ≥ 1: 80 (n, %) 2/18 (11.1) 0/9 (0.0)

 ACPA (n, %) 0/18 (0.0) 0/18 (0.0)

Index and ratios
 SII 1991.6 (1146.6, 3373.7) 1028.5 (560.3, 1937.5)

 CAR 1.4 (0.6, 2.5) 0.2 (0.0, 0.7)

 PNI 41.6 (37.5, 44.3) 45.6 (42.5, 50.2)

 FER 48.6 (28.7, 96.8) 25.4 (8.4, 56.8)

 NLR 6.7 (4.0, 10.1) 3.4 (2.5, 6.3)

 LAR 11.3 (8.2, 14.9) 8.0 (5.4, 9.6)

Medications
 NSAIDs (n, %) 8/18 (44.4) 7/9 (77.8)

 Corticosteroids (n, %) 17/18 (94.4) 9/9 (100.0)

 Traditional DMARDs (n, %) 11/18(61.1) 8/9 (88.9)

 Biological DMARDs (n, %) 5/18 (27.8) 1/9 (11.1)
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lower in AOSD patients than HCs. There was no sig-
nificant change in UM B cells and SM B cells in AOSD 
patients compared to HCs.

Then, AOSD patients were divided into two groups 
(the active group and the inactive group) according to 
mPss, and the frequencies of B cell subsets were com-
pared again (Fig.  2c). A significantly higher plasma-
blasts was found in the active group compared to the 
inactive group (2.94 vs 0.40, P = 0.0018). In addition, 
the active group had significantly higher DN B cells 
and significantly lower SM B cells than HCs, while the 
inactive group did not. These results indicated that the 
alterations of DN B cells and plasmablasts were more 
significant in the active group than in the inactive 
group.

Moreover, t-SNE analys1s was also used to more intu-
itively demonstrate the altered B cell subsets’ frequen-
cies (Fig. 2d). A different B cell subsets distribution also 
was found between AOSD patients and HCs after being 
compared by PCA (Fig. S1a, b). In addition, the active 
AOSD patients had a more significant change in B cell 
subsets phenotype than the inactive ones.

Correlation of B cell subsets with clinical manifestations 
of AOSD patients
Since the active group had a more significant alteration 
in B cell subset features than the inactive group, it was 
chosen in the correlation analysis to ensure the typicality 
of AOSD samples. The potential correlations between the 
frequencies of B cell subsets and clinical manifestations 
were analyzed (Table 2 and Fig. 3).

Firstly, the correlations between B cell subsets and 
immune cells were analyzed. Naïve B cells positively cor-
related with B% and negatively correlated with NK% and 
LYM%. UM B cells positively correlated with LYM% and 
B%. SM B cells positively correlated with NK% and nega-
tively correlated with B%. Total  CD27+ memory B cells 
positively correlated with LYM% and NK%. DN B cell and 
plasmablast negatively correlated with B%.

Then, the coagulation parameters, including prothrom-
bin time (PT), activated partial thromboplastin time 
(APTT), fibrinogen, and D-dimer, were studied because 
coagulation disorder may occur in AOSD. UM B cells 
negatively correlated with APTT and D-dimer, although 
all the patients’ APTT values were in the normal range. 

Fig. 1 Gating strategy for flow cytometry analyses of the frequencies of B cell subsets. After lymphocyte gating according to FSC and SSC, 
 CD3−CD19+ lymphocytes were selected and resolved into subsets by analyzing CD20, CD24, CD27, or IgD expression
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Conversely, plasmablasts positively correlated with 
D-dimer.

The correlations between B cell subsets and liver and 
myocardial enzymes were also studied. Naïve B cells 
positively correlated with alanine transaminase (ALT), 
γ-glutamyl transferase (GGT), alkaline phosphatase 
(ALP), and hydroxybutyrate dehydrogenase (HBDH) and 
negatively correlated with AST/ALT ratio. UM B cells 
negatively correlated with lactate dehydrogenase (LDH) 
and HBDH. SM B cells positively correlated with AST/
ALT ratio and negatively correlated with ALT, GGT, 
and ALP. Total  CD27+ memory B cells negatively corre-
lated with ALT, GGT, LDH, ALP, and HBDH. DN B cells 
negatively correlated with ALP. Plasmablast positively 
correlated with AST/ALT ratio, LDH, and HBDH and 
negatively correlated with ALP.

Moreover, the correlations between B cell subsets and 
other liver function indicators were studied. For example, 
naïve B cells positively correlated with bilirubins, while 
UM B cells and total  CD27+ memory B cells negatively 

correlated with bilirubin. In addition, B10 cells positively 
correlated with serum albumin (ALB), while B10 cells, 
UM B cells, and total  CD27+ memory B cells negatively 
correlated with LDH/ALB ratio.

In inflammation-related indexes and ratios, naïve B 
cells negatively correlated with the prognostic nutritional 
index (PNI), while UM B cells, SM B cells, total  CD27+ 
memory B cells, and B10 cells positively correlated with 
PNI. Surprisingly, B10 cells and UM B cells positively 
correlated with disease duration.

The 18 active AOSD patients were also divided into two 
groups with or without a specific clinical manifestation 
(fever, arthritis, skin rash, sore throat, splenomegaly, lym-
phadenopathy, and serositis). The frequencies of B cell 
subsets in the two subgroups were compared (Table S1). 
The results showed that the frequencies of total  CD27+ 
memory B cells decreased in AOSD patients with a sore 
throat.

Fig. 2 Altered frequencies of B cell subsets in AOSD PBMC. a The frequencies of B cell subsets in the peripheral blood of the healthy controls 
(n = 40) and AOSD patients (n = 27). b The relative frequencies of three  CD27+ B cell subsets in the total  CD27+ B cells. c The frequencies of B cell 
subsets in the peripheral blood of the healthy controls (n = 40), active AOSD patients (n = 18), and inactive AOSD patients (n = 9). d t-SNE analyses 
of B cell subsets in healthy controls’ and AOSD patients’ peripheral blood. *P < 0.05, **P < 0.01, ***P < 0.001, and ns, no significance (unpaired t test, 
naïve B cells, UM B cells, SM B cells,  CD27+ B cells, DN B cells, and B10 cells in a and b; Mann–Whitney U test, B cells, and plasmablasts in a; One-way 
ANOVA followed by uncorrected Fisher’s LSD test, naïve B cells, UM B cells, SM B cells,  CD27+ B cells, DN B cells and B10 cells in c; Kruskal–Wallis H 
test followed by uncorrected Dunn’s test, B cells and plasmablasts in c)
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Unbiased cluster analysis of AOSD B cell subsets
After unbiased cluster analysis, patients with active 
AOSD were divided into three groups (group 1  (naïve 
B cells-dominant group), group 2   (CD27+ memory 
B cells-dominant group), and group 3  (precursors of 
autoantibody-producing plasma cells-dominant group)) 
according to B cell subsets features (Fig.  4a). Accord-
ing to the clustering results, six B cell subset variables 
can also  be divided into three groups (naïve B cell sub-
set group, precursors of autoantibody-producing plasma 
cells (DN B cells and plasmablasts) group, and  CD27+ 
memory B cell subsets (UM B cells, SM B cells, and B10 
cells) group). In addition, PCA was also conducted, and 
the PCA score plot confirmed that patients with AOSD 
were separated into group 1, group 2, and group 3 
(Fig. 4b, c).

Then, the frequencies of B cell subsets in the three 
groups were compared (Fig.  5a). Group 1 showed the 
highest naïve B cells; however, SM B cells and total 
 CD27+ memory B cells were lowest in this group. Group 
2 had the highest UM B cells, SM B cells, total  CD27+ 
B cells, and B10 cells. In addition, group 3 had the high-
est DN B cells and plasmablasts [25], with lower UM B 
cells and B10 cells. SM B cells and total  CD27+ B cells are 
higher in group 3 than group 1, while UMB cells and B10 
cells have no significant differences between group 1 and 
group 3.

Finally, the clinical manifestations of the three groups 
were compared (Fig.  5b–g, Tables S2 and S3). Liver 
function-related indicators are compared among groups. 
Higher liver enzymes were shown in group 1, while group 

2 had relatively low liver enzymes. Group 3 also had a 
higher AST level than group 2 (Fig. 5b). Group 2 also had 
the lowest conjugated bilirubin (CB), and group 1 had 
lower ALB and serum total protein (TP) than group 2 
and group 1, respectively (Fig. 5c). In coagulation param-
eters, group 2 had shorter prothrombin time (PT) than 
group 3 (Fig.  5d). Group 2 also had the highest LYM% 
and NK% (Fig.  5e). In inflammatory indexes and ratios, 
group 1 had higher LDH/ALB (LAR) and lower PNI than 
group 2 (Fig.  5f ). In addition, group 1 also had higher 
mPss than group 2 and group 3 (Fig. 5g).

Discussion
In this study, we explored the B cell subset features in 
AOSD patients for the first time. B cell subsets’ frequen-
cies between AOSD patients and HCs were significantly 
different. In addition, some B cell subsets were corre-
lated to AOSD-related manifestations. These manifesta-
tions include frequencies of immune cells, liver function 
parameters, coagulation parameters, and inflammation-
related indexes and ratios.

The unbiased cluster based on B cell subsets divided 
AOSD patients into group 1 (naïve B cells-dominant 
group), group 2  (CD27+ memory B cells-dominant 
group), and group 3 (precursors of autoantibody-produc-
ing plasma cells-dominant group). Different clinical man-
ifestations were also found among the three groups. This 
result may contribute to developing B cell-based AOSD 
classification and personalized treatments.

Alterations of the frequencies of neutrophils, mono-
cytes, and NK cells in AOSD are confirmed by former 

Fig. 3 Correlation analysis of B cell subsets with clinical manifestations of AOSD patients. Correlation matrix among B cell subsets and clinical 
manifestations. *P < 0.05, **P < 0.01, and ‘.’ marginal significance (Spearman’s rank correlation test)
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research. Although no data shows a frequency change of 
total B cells in AOSD patients, a wider distribution was 
found in this study and former research [12], indicating B 
cell abnormalities occurred at least in some AOSD cases. 
Alterations of the frequencies of B cell subsets indicate 
their potential roles in AOSD. The increased B cell sub-
sets, including naive B cells, DN B cells, and plasmablasts, 
may promote the development of the AOSD. In the same 
way, the decreased B cell subsets, such as UM B cells and 
B10 cells, may play immune regulatory roles in AOSD. 
The functions of UM B cells and B10 cells have been par-
tially revealed in other rheumatic diseases [24–28].

Because lymphopenia is one of the manifestations 
of systemic inflammation [22], the positive correlation 

between the two B cell subsets (UM cells and B10 cells) 
and LYM% may mean a lower disease activity in patients 
with higher UM B and B10 cells, which is consistent with 
the potential immune regulatory function of these cells. 
Since NK% is lower in acute AOSD [29], a negative cor-
relation between naïve B cells and NK cells may indicate 
higher disease activity in patients with a higher level of 
naïve B cells. The positive correlation between naïve B 
cells and B% indicates the potential disease-promot-
ing function of B cells in AOSD. However, DN B cells 
and plasmablasts negatively correlated with B%. This 
phenomenon may reflect the heterogeneity of AOSD 
patients.

Fig. 4 Unbiased cluster analysis of B cell subsets in AOSD. a Hierarchical cluster analysis divided patients with active AOSD (n = 18) into three 
subgroups. b Results of PCA based on B cell subsets in AOSD patients, first and second principal components were chosen to virtualize different B 
cell subsets. c Comp1 and Comp 2 values in individual patients with AOSD
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Fig. 5 Differences of B cell subsets and clinical manifestations among the clustered groups. a Differences of B cell subsets among the clustered 
groups. Differences of clinical manifestations among the clusters, including liver and myocardial enzymes (b), other liver function indicators (c), 
coagulation parameters (d), immune cells (e), indexes and ratios (f), and mPss (g). *P < 0.05, **P < 0.01, ***P < 0.001, and ns, no significance (Kruskal–
Wallis H test followed by uncorrected Dunn’s test)
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Liver abnormalities are common (65%) in AOSD 
patients [1]. Higher naïve B cells and lower UM B cells, 
SM B cells, total  CD27+ memory B cells, DN B cells, and 
B10 cells are shown in AOSD patients with abnormali-
ties of parameters related to liver function. This result is 
partly consistent with a study about liver cirrhosis [30]. 
Since liver enzyme abnormalities also occur in other 
rheumatic diseases [31], the mechanisms behind B cell 
subset alterations in AOSD and these diseases should be 
further studied. In addition, the reason why DN B cells 
negatively correlated with liver enzymes such as ALP 
needs to be found.

Moreover, the correlation between B cell subsets and 
coagulation may also be related to liver function abnor-
malities. Since disseminated intravascular coagulation 
(DIC) may occur in AOSD [32], the relationship between 
B cell subsets and coagulation is also worth attention. 
Systemic immune-inflammation indexes and ratios also 
correlated with B cell subsets, while the single parameters 
compositing these indexes did not. The efficient applica-
tions of indexes and ratios showed an advantage of com-
posite indicators in AOSD and other diseases assessment 
and research.

About 50% of patients were clustered into group 1 
(naïve B cells-dominant group) and showed relatively 
higher liver enzymes and bilirubin, with the high-
est mPss. Clinical manifestations of patients in group 2 
 (CD27+ memory B cells-dominant group) are relatively 
normal compared to other groups, which might attribute 
to the immune regulatory function of UM B cells and B10 
cells. Patients in group 3 (precursors of autoantibody-
producing plasma cells-dominant group) had higher AST 
and lower ALP, with prolonged PT than group 2. Group 
3 showed a distinct disease pattern related to liver and 
coagulative dysfunction, although the mPss is not very 
high. Since precursors of autoantibody-producing plasma 
cells are dominant in group 3, autoantibodies might play 
more critical roles in the pathogenesis of group 3 cases.

Our study has several limitations. Firstly, the sample 
size was small since only 27 patients and 18 active ones 
were studied. Then, only one of the patients was male, 
and the gender distribution may affect the results. Next, 
only one of the patients had not been treated with cor-
ticosteroids or immunosuppressants before sample 
collection. Therefore, more AOSD patients, especially 
medication-free ones, should be enrolled to reduce the 
biases and confirm the results. In addition, other B cell-
related features, such as antibodies and cytokines, also 
need to be further studied.

Conclusion
This study preliminarily describes the peripheral B cell 
subset features in AOSD patients. The B cell subset 
alterations help reflect the disease status of AOSD, espe-
cially in immune cells, liver function, and nutrition. On 
the other hand, B cell subsets may also be used to classify 
AOSD due to their good performance in clustering and 
correlation analysis. The abnormal B cell subset distribu-
tion in AOSD can also inspire targeting B cell therapy, 
but the mechanisms behind it need to be clarified before 
going further.
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