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Abstract 
To investigate the features of circulating B cells, their expressing receptors, serum levels of B-cell activation factor of the TNF family (BAFF), and 
a proliferation-inducing ligand (APRIL) in antineutrophil cytoplasmic antibody-associated vasculitis (AAV). Blood samples from 24 patients with 
active AAV (a-AAV), 13 with inactive AAV (i-AAV), and 19 healthy controls (HC) were included in this study. The proportion of B cells and their ex-
pressing BAFF receptor (BAFF-R), transmembrane activator and calcium modulator and cyclophilin ligand interactor (TACI), and B-cell maturation 
antigen were analyzed via flow cytometry. Serum levels of BAFF, APRIL, and interleukin (IL)-4, IL-6, IL-10, and IL-13 were also evaluated using an 
enzyme-linked immunosorbent assay. The proportion of plasmablasts (PB)/plasma cells (PC) and serum levels of BAFF, APRIL, IL-4, and IL-6 were 
significantly higher in a-AAV than in HC. Higher serum levels of BAFF, APRIL, and IL-4 were observed in i-AAV than in HC. Lower expression of 
BAFF-R on memory B cells and higher expression of TACI on CD19+ cells, immature B cells, and PB/PC were demonstrated in a-AAV and i-AAV 
than in HC. The population of memory B cells was positively associated with serum APRIL levels and BAFF-R expression in a-AAV. In conclusion, 
decreased expression of BAFF-R on memory B cells and increased expression of TACI on CD19+ cells, immature B cells, and PB/PC, as well as 
increased serum levels of BAFF and APRIL, were sustained even in the remission phase of AAV. Persistent aberrant signaling of BAFF/APRIL 
may contribute to disease relapse.
Keywords: ANCA-associated vasculitis, BAFF, APRIL, BAFF-R, TACI, B-cell subsets
Abbreviations: APRIL: a proliferation-inducing ligand; BAFF/APRIL receptors: three different types of receptors to which BAFF and APRIL bind; BAFF: B-cell 
activation factor of the TNF family; BAFF-R: BAFF receptor; BCMA: B-cell maturation antigen; BVAS: Birmingham Vasculitis Activity Score; CRP: C-reactive 
protein; eGFR: estimated glomerular filtration rate; GPA: granulomatosis with polyangiitis; HC: healthy controls; i-AAV: the inactive AAV group; IL: interleukin; 
MPA: microscopic polyangiitis; MPO: myeloperoxidase; PB: plasmablasts; PC: plasma cells; PR3: proteinase 3; RTX: rituximab; TACI: transmembrane activator 
and calcium modulator and cyclophilin ligand interactor; TNF: tumor necrosis factor; WBC: white blood cells.

Introduction
Antineutrophil cytoplasmic antibody (ANCA)-associated vas-
culitis (AAV) is a systemic autoimmune disorder characterized 
by a pauci-necrotizing small- to medium-sized vasculitis as 
well as the participation of ANCA targeting myeloperoxidase 
(MPO) and proteinase 3 (PR3) [1, 2]. Subtypes of ANCA are 
also crucial for determining the AAV classification including 
microscopic polyangiitis (MPA), granulomatosis with 
polyangiitis (GPA), and eosinophilic granulomatosis with 
polyangiitis. Although some etiologies including various sus-
ceptibility genes and environmental inducers have been sug-
gested as contributors to the development of AAV, innate and 
acquired immune systems, whose immune regulatory func-
tions are insufficient, have been found to promote the for-
mation of vasculitis and granuloma lesions [2–5]. B-lineage 
cells play crucial roles not only in promoting antigen pres-
entation and secreting pro-inflammatory cytokines but 

also in producing disease-specific autoantibodies, such as 
autoreactive B cells that produce MPO- and PR3-ANCA that 
fundamentally participate in the pathogenesis of AAV [2, 
3]. Moreover, it is necessary to elucidate the immunological 
mechanism underlying the activation of B cell lineage to thor-
oughly understand the pathogenesis of AAV.

B-cell activation factor of the tumor necrosis factor (TNF) 
family (BAFF) and a proliferation-inducing ligand (APRIL) 
are well-known factors that promote the survival and acti-
vation of B-cells [6–8]. BAFF and APRIL are produced by 
innate immune cells, including macrophages, neutrophils, 
monocytes, and dendritic cells [7–9]. Increased production 
of BAFF and APRIL have been identified in several auto-
immune diseases, such as rheumatoid arthritis, systemic 
lupus erythematosus (SLE), Sjögren syndrome (SJS), and 
multiple sclerosis [9–12]. Some studies on AAV have also 
demonstrated increased levels of BAFF and APRIL in the 
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active phase of the disease [12–15]. BAFF and APRIL in-
duce biological activities by binding to three different types 
of receptors (BAFF/APRIL receptors) classified as membrane 
proteins of the TNF receptor superfamily; BAFF receptor 
(BAFF-R), transmembrane activator and calcium modulator 
and cyclophilin ligand interactor (TACI), and B-cell matur-
ation antigen (BCMA) [6, 16]. BAFF/APRIL receptors are 
expressed on the membrane surface of immunocompetent 
cells, especially in B cells. BAFF has a physiological affinity 
for BAFF-R, TACI, and BCMA, whereas APRIL ordinarily 
binds to TAC and BCMA and has no affinity for BAFF-R [16, 
17]. However, it is uncertain how the expression of BAFF/
APRIL receptors could be altered depending on disease ac-
tivity in AAV. Although some studies on BAFF/APRIL re-
ceptors have been conducted in SLE, SJS, neoplasms, or 
hematologic diseases to date [6, 18, 19], their features varied 
among diseases.

In this study, we investigated the features of circulating B 
cells, their BAFF/APRIL receptors, and serum levels of BAFF, 
APRIL, and other cytokines implicated in the differentiation 
of B-cell lineages in patients with AAV; in addition, we fo-
cused on their relationships.

Materials and methods
Patients and samples
A total of 24 patients (mean age, 67 years; 8 males and 16 
females), who had not undergone immunosuppressive treat-
ment, were enrolled in the active AAV group (a-AAV). Of the 
patients with a-AAV, MPA, and GPA were classified 13 (54%) 
and 11 (46%) patients, respectively. The classification of 
MPA or GPA was determined according to the criteria of the 
Chapel Hill Consensus Conference [1] and/or the consensus 
algorithm proposed by the European Medicines Agency 
[20]. The median (interquartile range [IQR]) Birmingham 
Vasculitis Activity Score (BVAS) [21] in this group was 14.0 
(11.5–19.8). Thirteen patients (mean age, 67 years; five males 
and eight females), whose BVAS was zero, were also enrolled 
in the inactive AAV group (i-AAV). The median (IQR) disease 
duration in this group was 40 (24–48) months after initiating 
immunosuppressive therapy. All patients were on mainten-
ance therapy that included prednisolone (median (IQR) 5 
(5–7) mg daily) (n = 12), methotrexate (n = 4), azathioprine (n 
= 6), and mizoribine (n = 1). Of the 13 patients with i-AAV, 4 
were primarily administered remission induction therapy with 
rituximab (RTX) and 3 were given an intravenous infusion of 
cyclophosphamide. In addition, 19 age-matched healthy con-
trols (HC) (mean age, 59 years; 9 males and 10 females), were 
included in the control group for comparison. Whole blood 
samples, which were collected into EDTA-coated tubes, were 
obtained from 24 patients with a-AAV before initiating im-
munosuppressive therapy, 13 with i-AAV, and 19 HC. Of the 
24 patients with a-AAV, 7 were later added to the 13 patients 
with i-AAV as consecutive patients after remission.

Clinical parameters
Clinical involvements based on BVAS and laboratory find-
ings, including positivity for MPO-ANCA or PR3-ANCA, 
the number of white blood cells (WBC), neutrophils, lympho-
cytes, serum levels of C-reactive protein (CRP), and estimated 
glomerular filtration rate (eGFR), were compared between 
the patients with a-AAV and i-AAV (Supplementary Table 

S1). Clinical and laboratory findings were recorded when 
blood samples were provided.

Phenotypical analyses
Phenotypical analyses of peripheral blood B cells were per-
formed using flow cytometry. Peripheral blood mononuclear 
cells (PBMCs) were isolated from whole blood samples 
using gradient centrifugation with Ficoll-Hypaque PLUS 
(GE Healthcare, Pittsburgh, PA, USA). Isolated PBMCs 
were stained with FITC-conjugated anti-CD19 (BioLegend, 
San Diego, CA, USA), PE-conjugated anti-CD38 (Beckman 
Coulter, Brea, CA, USA), and Pacific blue-conjugated 
anti-CD27 (BioLegend) antibodies, as well as with APC-
conjugated anti-BAFF-R (CD268, Miltenyi Biotec, Bergisch 
Gladbach, Germany), APC-conjugated anti-TACI (CD267, 
BioLegend), or APC-conjugated anti-BCMA (CD269, 
Miltenyi Biotec) antibodies (Supplementary Table S2). We 
separately evaluated the B-cell subsets including total B cells, 
immature B cells, memory B cells, and plasmablasts (PB)/
plasma cells (PC), which were phenotypically defined as 
CD19+, CD19+CD27−CD38+, CD19+CD27+CD38−, and 
CD19+CD27+CD38+ cells, respectively, in the population 
gated on total lymphocytes (Fig. 1A). In each B-cell subset, 
expression of BAFF/APRIL receptors including BAFF-R, 
TACI, and BCMA was analyzed by evaluating their median 
fluorescence intensity (MFI). The positive signals of BAFF-R, 
TACI, or BCMA were determined based on the background 
level of fluorescence minus one (FMO) control in each B-cell 
subset. Stained cells were acquired using a FACSCanto II 
flow cytometer (BD Bioscience), and the acquired data were 
analyzed using FlowJo software version 10.5.3 (Tree Star 
Inc., Ashland, OR, USA).

Enzyme-linked immunosorbent assay (ELISA)
Serum samples were stored at −80 °C until ELISA was per-
formed. We used ELISA kits for measuring serum concentra-
tions of BAFF (R&D system, Minneapolis, MN, USA), APRIL 
(eBioscience, Vienna, Austria), interleukin (IL)-4, IL-6, IL-10, 
and IL-13 (R&D system) (Supplementary Table S2).

Statistical analysis
The Kolmogorov–Smirnov test was preliminarily performed 
for estimating the distribution of the data. All data are pre-
sented as the median with interquartile range (IQR). P-values 
of less than 0.05 were defined as statistically significant. The 
Mann–Whitney U test and Fisher’s exact probability test 
were used to compare two independent groups. The Kruskal–
Wallis test was performed to compare the three independent 
groups, and the Steel–Dwass test was subsequently used for 
multiple comparison tests. The Spearman’s rank correlation 
coefficient test was performed to evaluate the relationships 
between serum BAFF or APRIL levels and the expression of 
each BAFF/APRIL receptor, between clinical findings and 
serum levels of each cytokine, or between clinical findings 
and the expression of each BAFF/APRIL receptor. Univariate 
linear regression analyses were used to evaluate the associ-
ations with relevant factors in the expression of circulating 
B-cell subsets, and we estimated a partial regression coeffi-
cient (coefficient) together with a 95% confidence interval 
(CI). Statistical analyses were performed using JMP soft-
ware version 14.3.0 (SAS Institute Inc., Cary, NC, USA) and 
BellCurve for Excel (SSRI, Tokyo, Japan).
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Results
BVAS and laboratory findings between patients 
with a-AAV and those with i-AAV
Median (IQR) BVAS was 14.0 (11.5–19.8) in patients with 
a-AAV (P < 0.0001) (Supplementary Table S1). The frequency 
of ANCA positivity was significantly higher in patients with 
a-AAV (n = 24, 100%) than in those with i-AAV (n = 7, 53%) 
(P = 0.0007). Notably, MPO-ANCA positivity was signifi-
cantly higher in those with a-AAV than those with i-AAV  
(P = 0.006). Double-positive for MPO- and PR3-ANCA was 
observed in one patient with a-AAV. The number of WBC, 
neutrophils, and serum levels of CRP were significantly higher 
in patients with a-AAV than those with i-AAV (P < 0.0001,  
P = 0.0002, and P < 0.0001, respectively).

Frequencies of circulating B cells and serum 
concentration of related cytokines
The frequencies of CD19+ cells, memory B cells, and 
PB/PC were significantly higher in patients with a-AAV 
than in those with i-AAV (P < 0.0001, P = 0.004, and P 
< 0.0001, respectively), and the frequency of immature 
B cells was also higher in patients with a-AAV than in 
those with i-AAV, although not significantly different (P = 
0.071) (Table 1). In comparing the seven consecutive pa-
tients before and after treatment, significant decreases in 
the frequency of CD19+ cells and PB/PC were observed  
(P = 0.028 and P = 0.018, respectively) despite there not being 
significant differences in those of immature and memory 
B cells (Supplementary Fig. S1). The frequency of PB/PC 
was significantly higher in patients with a-AAV than in HC  

(P < 0.0001), whereas the frequencies of CD19+ cells, im-
mature B cells, and memory B cells were not significantly 
different between patients with a-AAV and HC. The fre-
quencies of CD19+ cells, immature B cells, memory B 
cells, and PB/PC were significantly lower in patients with 
i-AAV than in HC (P = 0.0001, P = 0.032, P = 0.004, and  
P = 0.0001, respectively). In patients with i-AAV, the fre-
quencies of CD19+ cells, immature B cells, and PB/PC were 
significantly lower in those administered RTX treatment 
than in those who were not treated with RTX (P = 0.003) 
(Supplementary Table S3).

The serum levels of BAFF, APRIL, IL-4, and IL-6 were 
significantly higher in patients with a-AAV than in HC (P 
< 0.0001) (Table 1). Serum levels of APRIL and IL-6 were 
also significantly higher in patients with a-AAV than those 
with i-AAV (P = 0.003 and P = 0.0001, respectively), while 
those of BAFF, IL-4, IL-10, and IL-13 were not significantly 
different between patients with a-AAV and i-AAV. The com-
parisons before and after treatment in the seven consecu-
tive patients indicated significant decreases in serum levels 
of APRIL, IL-6, and IL-10 (P = 0.018) (Supplementary Fig. 
S2). Serum levels of BAFF, APRIL, and IL-4 were significantly 
higher in patients with i-AAV than in HC (P = 0.0003, P = 
0.005, and P < 0.0001, respectively). However, serum levels 
of IL-6, IL-10, and IL-13 were not significantly different be-
tween patients with i-AAV and HC. In patients with i-AAV, 
significantly higher serum levels of BAFF were observed in 
those given RTX treatment than in those who were not given 
RTX treatment (P = 0.034) despite there not being significant 
differences in serum levels of APRIL, IL-4, IL-6, IL-10, and 
IL-13 (Supplementary Table S3).

Figure 1: Population of B cell subsets and their expressing BAFF receptor (BAFF-R) or transmembrane activator and calcium modulator and cyclophilin 
ligand interactor (TACI). (A) Representative dot plots of CD19, CD27, and CD38. (B) Representative histograms of BAFF-R on memory B cells, TACI on 
CD19+ cells, immature B cells, and plasmablasts (PB)/plasma cells (PC) between patient with active ANCA-associated vasculitis (a-AAV), inactive AAV 
(i-AAV), and healthy control (HC). FMO, fluorescence minus one
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BAFF-R, TACI, and BCMA expression on B cells
BAFF-R expression on memory B cells was significantly 
lower in patients with a-AAV and i-AAV than in HC  
(P = 0.017 and P = 0.016) but not significantly different 
between patients with a-AAV and i-AAV (Figs. 1B and 
2). BAFF-R expression on CD19+ cells, immature B cells, 
and PB/PC was not significantly different among the three 
groups. TACI expression was significantly higher in patients 
with a-AAV and those with i-AAV than in HC on CD19+ 
cells (P = 0.011 and P = 0.028, respectively), immature B 
cells (P = 0.014 and P = 0.002, respectively), and PB/PC 
(P = 0.013 and P = 0.011, respectively), despite there not 
being significant differences between patients with a-AAV 

and i-AAV. There were no significant differences in TACI ex-
pression on memory B cells among the three groups. BCMA 
expression on memory B cells was significantly lower in the 
patients with a-AAV than those with i-AAV (P = 0.048). In 
comparing the results of the seven consecutive patients be-
fore and after treatment, expression of BAFF-R, TACI, and 
BCMA was not significantly different on all B-cell subsets 
(data not shown). In patients with i-AAV, those with RTX 
treatment had significantly lower BAFF-R expression on 
CD19+ cells, immature B cells, memory B cells, and PB/PC 
(P = 0.011, P = 0.011, P = 0.031, and P = 0.019, respect-
ively), and lower TACI expression on PB/PC (P = 0.034) than 
those not given the RTX treatment (Supplementary Fig. S3).

Table 1 : Frequencies of circulating B cells and serum levels of cytokines in patients with AAV and healthy controls

a-AAV i-AAV HC P value

(n = 24) (n = 13) (n = 19) a-AAV vs. i-AAV a-AAV vs. HC i-AAV vs. HC

In total lymphocytes

 � % CD19+ cells 15.8 [10.6‒22.6] 5.09 [0.93‒7.51] 13.1 [10.9‒15.8] <0.0001 0.148 0.0001

 � % Immature B cells 7.01 [3.91‒11.2] 3.48 [0.66‒6.21] 7.32 [5.69‒9.02] 0.071 0.967 0.032

 � % Memory B cells 0.48 [0.24‒1.63] 0.09 [0.03‒0.12] 0.38 [0.23‒1.41] 0.004 0.992 0.004

 � % Plasmablasts/plasma cells 7.78 [6.72‒8.35] 0.81 [0.26‒1.35] 2.97 [2.52‒4.78] <0.0001 <0.0001 0.0001

 � In serum

  �  BAFF (pg/mL) 580 [374‒1145] 260 [134‒783] 47.8 [29.3‒62.1] 0.234 <0.0001 0.0003

  �  APRIL (ng/mL) 4.33 [2.54‒5.42] 1.62 [1.16‒2.37] 0.66 [0.42‒1.02] 0.003 <0.0001 0.005

  �  IL-4 (pg/mL) 143 [139‒146] 145 [141‒147] 82.5 [62.2‒114] 0.673 <0.0001 <0.0001

  �  IL-6 (pg/mL) 13.6 [11.2‒35.2] 2.32 [1.95‒3.56] 2.75 [1.91‒3.48] 0.0001 <0.0001 0.980

  �  IL-10 (pg/mL) 16.5 [12.6‒20.1] 10.1 [8.34‒13.9] 11.5 [8.751‒19.9] 0.052 0.258 0.778

  �  IL-13 (pg/mL) 248 [242‒258] 242 [238‒248] 301 [248‒417] 0.354 0.185 0.148

Data are presented as median [interquartile range (IQR)].
AAV: ANCA-associated vasculitis; a-AAV: active AAV group; i-AAV: inactive AAV group; HC: healthy controls.
P < 0.05 was considered statistically significant.

Figure 2: Comparisons of BAFF receptor (BAFF-R), transmembrane activator and calcium modulator and cyclophilin ligand interactor (TACI), and B-cell 
maturation antigen (BCMA) expression on each B-cell subset between patients with active ANCA-associated vasculitis (a-AAV), inactive AAV (i-AAV), 
and healthy controls (HC). (A) Median fluorescence intensity (MFI) of BAFF-R, TACI, and BCMA on CD19+ cells, (B) immature B cells, (C) memory B 
cells, and (D) plasmablasts/plasma cells. *P < 0.05, **P < 0.005
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Correlations between serum BAFF or APRIL levels 
and BAFF/APRIL receptors
Serum levels of APRIL had a weak inverse correlation with 
TACI expression on CD19+ cells in patients with a-AAV (P 
= 0.033), and other significant correlations were not found 
(Table 2). In analyzing patients with i-AAV, serum BAFF 
levels were significantly inversely correlated with BAFF-R ex-
pression on CD19+ cells, immature B cells, and PB/PC (P = 
0.005, P = 0.006, and P = 0.006, respectively). Serum levels 
of APRIL were inversely correlated with TACI expression on 
memory B cells (P = 0.028).

Implications of serum BAFF, APRIL, and BAFF/
APRIL receptors in circulating B cell expression
Next, we investigated the impacts of serum BAFF, APRIL, 
IL-4, IL-6, IL-10, IL-13, and BAFF/APRIL receptors on the 
expression of circulating B cells using univariate linear re-
gression analyses in patients with a-AAV. The frequency of 
memory B cells was positively associated with serum levels of 
APRIL (coefficient 0.071, 95% CI 0.035–0.106, P = 0.0004) 
and their BAFF-R expression (coefficient 1 × 10−4, 95% CI 6 
× 10−5 to 2 × 10−4, P = 0.002) (Table 3). In univariate linear 
regression analyses focusing on the frequency of circulating 
B cells from patients with i-AAV, BAFF-R expression was 
positively associated with the frequency of CD19+ cells (co-
efficient 3 × 10−4, 95% CI 1 × 10−4 to 5 × 10−4, P = 0.020), 
immature B cells (coefficient 2 × 10−4, 95% CI 2 × 10−5 to 4 × 
10−4, P = 0.032), and PB/PC (coefficient 6 × 10−5, 95% CI 7 × 
10−6 to 1 × 10−4, P = 0.029) (Table 4). Meanwhile, RTX treat-
ment was inversely associated with the frequency of CD19+ 
cells (coefficient −6.903, 95% CI −10.54 to −3.266, P = 
0.002), immature B cells (coefficient −5.373, 95% CI −8.466 
to −2.280, P = 0.003), and PB/PC (coefficient −1.123, 95% 
CI −1.919 to −0.326, p = 0.010). In addition, we investigated 
the impacts of circulating B-cell subsets on the expression of 
serum BAFF, APRIL, IL-4, IL-6, IL-10, IL-13, and their BAFF/
APRIL receptors using univariate linear regression analyses 
(Supplementary Tables S4 and S5). Memory B cells were also 
positively associated with serum APRIL levels (coefficient 
6.165, 95% CI 3.055–9.275, P = 0.0004) and their BAFF-R 
expression (coefficient 2445, 95% CI 1015–3876, P = 0.002) 
in patients with a-AAV. The frequency of CD19+ cells, imma-
ture B cells, and PB/PC were also positively associated with 
their BAFF-R expression (CD19+ cells: coefficient 1487, 95% 
CI 288.9–2685, P = 0.020; immature B cells: coefficient 1761, 
95% CI 179.4–3342, P = 0.032; PB/PC: coefficient 6440, 
95% CI 809.4–12071, P = 0.029).

Relationship between clinical findings and serum 
cytokines, circulating B cells, or their BAFF/APRIL 
receptors
We investigated the association between serum levels of BAFF, 
APRIL, IL-4, IL-6, IL-10, IL-13, the frequencies of circulating 
B cells, and their expression of BAFF/APRIL receptors in the 
clinical findings and BVAS. The number of WBC and neutro-
phils were positively correlated with serum levels of BAFF (P 
= 0.013 and P = 0.033), IL-6 (P = 0.004 and P = 0.003), IL-10 
(P = 0.004 and P = 0.023), IL-13 (P = 0.003 and P = 0.003) 
(Table 5). TACI expression on immature B cells and BCMA 
expression on memory B cells were positively correlated with 
eGFR (P = 0.031 and P = 0.046, respectively), and TACI ex-
pression on memory B cells was inversely correlated with the 
number of neutrophils (P = 0.034) (Table 6). In addition, we 
compared the frequencies of B-cell subsets, the expression of 
their BAFF/APRIL receptors, serum levels of BAFF, APRIL, 
IL-4, IL-6, IL-10, and IL-13 between a-AAV patients with 
and without symptoms based on BVAS (Supplementary Fig. 
S4). The frequency of CD19+ cells was significantly higher 
in patients with fever than in those without fever (20.9 ± 8.7 
vs. 13.4 ± 4.7 %, P = 0.018). TACI expression on CD19+ 
cells and BCMA expression on memory B cells were signifi-
cantly higher in patients with ENT involvement than in those 
without it (P = 0.024 and P = 0.026, respectively). BAFF-R 
expression on CD19+ cells, memory cells, and PB/PC was also 

Table 2: Correlations between serum BAFF/APRIL and their receptors in 
AAV

vs. serum BAFF vs. serum APRIL

Coefficient P value Coefficient P value

In patients with a-AAV (n = 24)
 � On CD19+ cells
  �  MFI-BAFF-R −0.367 0.077 0.229 0.282
  �  MFI-TACI −0.218 0.304 −0.438 0.033
  �  MFI-BCMA −0.205 0.337 0.068 0.754
On immature B cells
 � MFI-BAFF-R −0.247 0.245 0.121 0.572
 � MFI-TACI −0.118 0.585 −0.285 0.177
 � MFI-BCMA −0.167 0.436 −0.112 0.602
On memory B cells
 � MFI-BAFF-R −0.167 0.436 0.109 0.613
 � MFI-TACI −0.259 0.222 −0.168 0.433
 � MFI-BCMA 0.001 0.995 0.061 0.776
On plasmablasts/plasma cells
 � MFI-BAFF-R −0.197 0.357 0.249 0.241
 � MFI-TACI −0.085 0.692 −0.307 0.145
 � MFI-BCMA −0.248 0.242 −0.022 0.920
In patients with i-AAV (n = 13)
 � On CD19+ cells
  �  MFI-BAFF-R −0.725 0.005 0.121 0.694
  �  MFI-TACI 0.511 0.074 −0.193 0.528
  �  MFI-BCMA 0.357 0.231 −0.355 0.234
On immature B cells
 � MFI-BAFF-R −0.714 0.006 0.066 0.830
 � MFI-TACI 0.382 0.197 −0.240 0.430
 � MFI-BCMA 0.181 0.553 −0.234 0.442
On memory B cells
 � MFI-BAFF-R −0.355 0.233 −0.214 0.482
 � MFI-TACI −0.113 0.712 −0.607 0.028
 � MFI-BCMA −0.520 0.069 0.280 0.354
On plasmablasts/plasma cells
 � MFI-BAFF-R −0.714 0.006 0.303 0.315
 � MFI-TACI −0.313 0.297 0.311 0.301
 � MFI-BCMA 0.308 0.306 −0.401 0.175

Spearman’s rank correlation coefficient test was conducted for statistical 
analysis.
Coefficient: correlation coefficient; MFI: median fluorescence intensity.
P < 0.05 was considered statistically significant.

http://academic.oup.com/cei/article-lookup/doi/10.1093/cei/uxad024#supplementary-data
http://academic.oup.com/cei/article-lookup/doi/10.1093/cei/uxad024#supplementary-data
http://academic.oup.com/cei/article-lookup/doi/10.1093/cei/uxad024#supplementary-data
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significantly higher in patients with pulmonary involvement 
than in those without it (P = 0.024, P = 0.042, and P = 0.043, 
respectively). Patients with nervous system involvement had 
significantly lower serum levels of BAFF than those without it 
(537 ± 674 vs. 1068 ± 397 pg/mL, P = 0.002). Other compari-
sons were not significantly different (data not shown).

Discussion
In the active phase of AAV, significant increases in the propor-
tion of PB/PC were observed. An increase in circulating PB 
and PC has also been demonstrated in AAV [22, 23], leading 
to the production of ANCA in a subset of PC. Meanwhile, 
our results ultimately demonstrated lower proportions of cir-
culating B cells in all subsets from patients with i-AAV than 
in HC. A reduction in circulating B cells was found as a thera-
peutic effect in patients in AAV remission [24]. In fact, we 
evaluated the proportion of circulating B cells in patients with 
i-AAV using blood samples that were provided during main-
tenance therapies with immunosuppressive agents. Although 
monitoring circulating B cells is found to be controversial for 
predicting prognosis after treatment [25, 26], it was suggested 
that an increase in PB/PC can be a biological feature in the 
active phase of AAV.

Serum concentrations of BAFF, APRIL, and other cyto-
kines, including IL-4, IL-6, IL-10, and IL-13 can be implicated 
in the differentiation of B-cell lineages [27–30]. Consistent 
with previous studies [12–15, 31], significant increases in 
BAFF, APRIL, IL-4, and IL-6 were observed in patients with 
a-AAV. In addition, significant increases in serum levels of 
BAFF and APRIL remained in the patients with i-AAV; not-
ably, serum levels of BAFF were not significantly different be-
tween a-AAV and i-AAV. Persisting high serum levels of BAFF 
and APRIL after immune suppressive therapies under clinical 
remission have been demonstrated in not only AAV [14, 15, 
32, 33] but also in other autoimmune diseases [11, 34]. It 
has been postulated that upregulation of BAFF and APRIL 
may be induced to promote the repopulation of circulating B 
cells [32], and a process that may be dependent on residual 
pathological B cells in the tissues [33]. Accordingly, increases 
in serum levels of BAFF and APRIL may be used as general 
indicators for monitoring remission in autoimmune diseases, 
including AAV, in which B-cell lineage is implicated in their 
pathogenesis. Conversely, the activation of immunocompe-
tent cells, which persistently produce BAFF and APRIL, can 
participate in AAV relapse. Patients with i-AAV also demon-
strated significantly higher concentrations of IL-4 than HC 
in this study, although no differences have been found in the 
concentrations of IL-4, IL-10, or IL-13 between patients with 
AAV and HC [41]. Cytokines categorized as helper T cell type 
2, including IL-4, have also been found to increase in patients 
in AAV remission, suggesting an increase in serum IL-4 levels 
as a sign of potential indicator in the remission phase of the 
disease [42].

One feature of BAFF/APRIL receptors in AAV is that higher 
expression of TACI on CD19+ cells, immature B cells, and 
PB/PC remained even in patients with i-AAV. TACI, which 
equally interacts with both BAFF and APRIL [16], is ex-
pressed on all B-cell subsets, especially in the marginal zone 
to mature B cells [10, 43]. Moreover, TACI can be broadly 
implicated in the generation of B lineage cells. Additionally, 
increases in B cells were induced in TACI-deficient mice, Ta
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proposing that TACI can also play a role in negatively regu-
lating proliferation of B cells [6, 43–45]. Considering these 
properties of TACI on the B-cell lineage, hyperexpression of 
TACI may be elicited in response to persistently increased 
serum BAFF and APRIL in patients with a-AAV. Meanwhile, 
persistently high expression of TACI could contribute to 
the reduction of circulating B cells along with attenuated 
interaction of other B-cell inducers such as IL-6 in patients 
with i-AAV. Another feature of BAFF/APRIL receptors in 
AAV was reduced expression of BAFF-R on memory B cells. 
BAFF-R, which is strongly bound to BAFF and promotes 
multiple intracellular signaling such as NK-κB, MAPK, and/
or PI3K/Akt pathways [17, 46–48], is crucial for the survival 
and maturation of B cells [6, 49]. The expression of BAFF-R 
can broadly mediate differentiation of B cells from pre-B 
cell generation and is also implicated in the survival and 
maturation of translational to follicular or marginal zone B 
cell populations [47, 50, 51]. Notably, functions of BAFF-R 
are pivotal for the generation of memory B cell subset [17]. 
In contrast, persistent exposure to BAFF was found to sup-
press BAFF-R expression even in healthy individuals [18]. 
Considering the affinity of BAFF-R to memory B cells and 
the sensitivity of BAFF-R to BAFF, decreased expression of 
BAFF-R on memory B cells may be ultimately driven by per-
sistent exposure to high concentrations of BAFF. Inverse 
correlations between serum BAFF levels and BAFF-R ex-
pression on CD19+ cells, immature B cells, and PB/PC 
were also demonstrated in the i-AAV group, suggesting that 
BAFF-R expression might be a more likely physiological re-
sponse depending on serum concentration of BAFF in re-
mission, whereas decreased expression of BAFF-R remained 
on memory B cells. Moreover, significantly low expression 
of BAFF-R on all B-cell subsets and higher concentrations 
of BAFF in patients given RTX treatment may support the 
crosstalk interaction between BAFF and BAFF-R in the 
B-cell lineage signals.

Univariate regression analyses demonstrated positive asso-
ciations of the proportion of memory B cells with BAFF-R ex-
pression and serum APRIL levels in the patients with a-AAV. 
The differentiation of PC from memory B cells was found to 
be dependent on the concentration of APRIL in an in vitro 
study and some autoimmune diseases [53, 54], suggesting 
that APRIL can promote differentiation of memory B cells 
into PC-secreting autoantibodies as an antigen-independent 
action. In addition, BAFF-R expression may be a positive 
regulating factor for inducing memory B cells in the active 
phase of AAV. Meanwhile, our results suggested that BAFF-R 
expression was positively associated with the proportions of 
CD19+ cells, immature B cells, and PB/PC in patients in AAV 
remission.

BAFF-R expression on B cells, including memory and im-
mature B cells, was also significantly decreased in the pa-
tients with SJS compared to healthy individuals [18, 52], 
whilst there was no significant difference between patients 
with SLE and healthy individuals [18, 19]. Our patients with 
AAV demonstrated increased expression of TACI on B cells; 
conversely, reduced expression of TACI was observed in pa-
tients with SLE [19]. Accordingly, it has been suggested that 
the features of BAFF/APRIL receptors expression are not uni-
formly shown among different types of diseases, even in those 
in which serum BAFF and APRIL levels increase in a similar 
manner.
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Our results suggest that halting the increase in BAFF and 
APRIL serum levels using some practical antagonists, such 
as belimumab, blisibimod, tabalumab, or atacicept [35–38], 
may prevent AAV relapse as same as SLE. However, con-
comitant use of belimumab under maintenance therapy with 
azathioprine and corticosteroid did not reduce relapse in AAV 
[39], despite being effective in combination with RTX [39, 
40]. Given the different features of BAFF/APRIL receptors ex-
pression between AAV and SLE as well as the results of these 
clinical trials, facilitated APRIL and TACI pathways might be 
more relevant for the pathogenesis of AAV than other dis-
eases.

There were some limitations in this study. First, more ex-
tensive immune system features, including antigen presen-
tation, immunocompetent cell-contacts, and stimulation of 
other cytokines, can affect the differentiation of B cells than 
domains investigated in our study. Therefore, it is necessary 
to establish an experimental system that investigates the in-
dependent roles of BAFF and APRIL signaling for B-cell lin-
eage with and without several confounding factors in the 
immune system. Second, we had an insufficient number of 
patients with i-AAV to analyze the implication of experi-
mental results in the symptoms and clinical course, although 
some symptoms were significantly increased in the patients 
presenting with ear, nose, and throat or pulmonary mani-
festations. It is necessary to longitudinally accumulate blood 
samples and clinical information from a large number of 
patients to determine the usefulness of B-cell subsets, BAFF/
APRIL receptors, or related cytokines as biomarkers for 
evaluating clinical findings in AAV. Third, we had a very 
small number of patients; therefore, we ultimately per-
formed exploratory and univariate analyses in this study. 
However, multiple linear regression analyses are necessary 
for statistically analyzing their relationship in larger sample 
size for determining more precise crosstalk interaction be-
tween circulating B-cell subsets, their expressing BAFF/
APRIL receptors, and serum levels of BAFF and APRIL in 
the pathogenesis of AAV.

In conclusion, significantly increased proportion of PB/
PC and serum levels of BAFF and APRIL were observed in 
patients with a-AAV. Increased serum levels of BAFF and 
APRIL remained, whereas a significantly decreased propor-
tion of all B-cell subsets was observed, in patients with i-AAV. 
Increased expression of TACI on CD19+ cells, immature B 
cells, and PB/PC, as well as decreased expression of BAFF-R 
on memory B cells, were demonstrated as the significant fea-
tures in both patients with a-AAV and those with i-AAV. 
Patients with a-AAV had the positive associations of serum 
APRIL levels and BAFF-R expression with the proportion 
of memory B cells. In patients with i-AAV, BAFF-R expres-
sion indicated the positive associations with the proportions 
of CD19+ cells, immature B cells, and PB/PC. Our results 
suggested a pivotal implication in the generation of B cells 
related to the pathogenesis of AAV. Nevertheless, it is neces-
sary to elucidate a more precise mechanism of BAFF/APRIL 
signaling for finding therapeutic targets and establishing 
useful biomarkers in AAV.
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