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Abstract
Introduction: autoimmune diseases have a high prevalence in the population and can be the
result of various disturbances in immunological tolerance. Antineutrophil cytoplasmic antibody
(ANCA)-associated vasculitis (AAV) and Pemphigus Vulgaris are two B-cell mediated
autoimmune diseases. The mechanisms that trigger these diseases are not fully understood yet.
However, changes in function, phenotype, and frequency of B-cells could contribute to the
pathogenesis of these diseases. This study aims to investigate which B cell subsets are associated
with active AAV and Pemphigus and whether these subsets differ from the healthy controls
(HCs).
Methods: Fresh blood samples from 3 active GPA patients, 5 active Pemphigus patients, and 5
HC were stained using a multiparameter flow cytometry panel that encompasses the surface
markers CD19, CD27, CD28, CD24, and IgD. Data were analyzed using a t-distributed
Stochastic Neighbor Embedding (t-SNE) analytical tool to visualize several B-cell clusters based
on their expression markers. Five Clusters that had significant differences in the distribution
between the patients and HCs were further analyzed using traditional gating methods based on
the expression level of their markers. For this purpose, data from 9 GPA- and 15 Pemphigus
patients and 15 HCs were used. The percentage of B cells in each cluster was statistically
analyzed to determine if the groups had significant differences compared to each other.
Results: the t-SNE analysis revealed that there were significant differences in the levels of
marker expression in various clusters. Naive B cells were significantly decreased in patient
groups compared to the HCs. Only GPA patients had an increased frequency in transitional
compared to HCs, while Pemphigus showed decreased frequencies. Double switched memory B
cells were greatly increased in 2 out of the 5 pemphigus patients. Switched memory B cells were
decreased in both GPA and Pemphigus compared to HCs. Based on the traditional gating of the
data, no significant differences were observed between the groups.
Conclusions: An overall altered distribution of naive, transitional and memory B cell subsets
was found in GPA and Pemphigus patients compared to HCs. However, when GPA and
Pemphigus were compared to each other, there were no similarities in the distribution of B cell
subsets between these two diseases.

Keywords: Granulomatosis Polyangiitis, ANCA-associated Vasculitis, Pemphigus Vulgaris, B
cell subsets.
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Introduction
The immune system is a delicately balanced system. For instance, the adaptive immune system is
known for its ability to differentiate between foreign- and self-antigens owing to several
mechanisms to prevent self-reactivity (Tomar et al., 2014). However, these processes are not
flawless and any dysregulations therein may lead to B- and T-cell hyperactivation, breach of
self-tolerance and thus autoimmunity in some cases (Lin et al., 2020). With more than 80 known
autoimmunity-related conditions and a high prevalence (7-9%) in the population, autoimmune
diseases cause significant mortality and morbidity (Theofilopoulos et al., 2017).
Various mediators are involved in the auto-immune response. A crucial key player to this
response is the B cell; self-reactive B cells appear to be central to multiple autoimmune diseases
such as systemic lupus erythematosus (SLE), rheumatoid arthritis (RA), dermatomyositis,
systemic sclerosis, type 1 diabetes, and psoriasis. However, it is not completely clear how these
cells contribute to autoimmunity. B cells fulfill several tasks such as serving as an antigenpresenting cell, producing pro-inflammatory cytokines, and producing antibodies when B cells
are fully differentiated B cells (known as plasma cells) (Winkler et al., 2014). This versatility of
functions implicates that B cells can contribute to autoimmune diseases in various ways
including the presentation of (auto)antigens to T cells, production of inflammatory cytokines,
and the secretion of pathogenic autoantibodies (Reijm et al., 2020; figure 1)
An example of an autoantibody-mediated autoimmune disease is ANCA-Associated Vasculitis
(AAV) where the Anti-Neutrophil Cytoplasmic Antibodies (ANCA) are considered important
contributors to the disease (Tieu et al., 2020). AAV is a systemic autoimmune disease that is
mainly characterized by inflammation and destruction of small- and medium-sized vessels in
conjunction with circulating ANCA (Garcia-Vives et al, 2020). The development of AAV is
most likely caused by a combination of a predisposing genetic background and exposure to
specific environmental factors (Bonatti et al., 2014). AAV can be divided into three disease
entities: granulomatosis with polyangiitis (GPA), microscopic polyangiitis (MPA), and
eosinophilic GPA (EGPA) (Tieu et al., 2020). In this study, the focus is on GPA, a form of
vasculitis that primarily manifests in the upper and lower respiratory tracts and kidneys (GarciaVives et al, 2020).
The exact etiology of GPA, or AAV in general, is not completely understood yet. However, it is
believed that B cells play an important role in the pathogenesis of AAV as there have been
multiple studies that demonstrated using B cell depletion, for instance rituximab, as an effective
treatment for AAV (Terrier et al., 2018; Charles et al., 2020). The rationale for B cell depletion
in AAV is directly through the depletion of B cells that secrete ANCA (Glasner et al., 2017).
ANCA autoantibodies target proteins expressed in the cytoplasmic granules of neutrophils and
monocytes (Pan et al., 2020). In the case of GPA, ANCA targets the enzyme proteinase 3 (PR-3)
(Glasner et al., 2017). However, as mentioned above, B cells have other immune functions
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besides the secretion of (auto)antibodies. Therefore, B cells might contribute to AAV
pathogenesis via other mechanisms as well (van Dam et al., 2020).
Another prime example of a B-cell mediated autoimmune disease is Pemphigus Vulgaris.
Pemphigus Vulgaris is a severe autoimmune disease that is characterized by blister formations
on the skin and mucous membranes. These painful blisters are most likely formed due to
acantholysis, that is, the loss of epidermal keratinocyte adhesion. Pathogenic autoantibodies
against desmosomal cadherins desmogleins (Dsgs) 3 are believed to be the cause of Pemphigus.
Dsgs are important proteins for the formation of intercellular connections, the desmosomes.
When these proteins are damaged, blisters will be formed on the skin. (Spindler et al., 2018;
Walter et al., 2019)
As with GPA, autoreactive B cells and autoantibodies most probably contribute to the
pathogenesis of this disease. For the treatment of Pemphigus, it is also common to use rituximab
to deplete circulating B cells. (Colliou et al., 2013; Lee et al., 2020).

Figure 1: The versatile functions of B cells. Self-reactive B cells can contribute to (autoimmune) diseases using
different mechanisms such as 1. the presentation of (auto)antigens to T cells, 2. production of inflammatory
cytokines, and the 3. secretion of pathogenic autoantibodies. For Pemphigus and GPA, it is believed that
autoantibodies, produced by B cells, are the main contributors to these two diseases.

Although in the last couple of years a lot of research has been done on B cell-mediated diseases,
it remains unclear which B cell subsets are associated with the pathogenesis of these two
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diseases. Previous studies showed that some subsets, such as switched memory B cells (CD27+
IgD-), were more likely to be associated with active disease than other subsets (Venhoff et al.,
2014). Another memory B cell subset that has been getting a lot of attention is the double
negative B (CD27- IgD-) cell subset. This subset tends to be elevated in autoimmune diseases and
is frequently associated with renal impairment (Fraussen et al., 2019; You et al., 2020). Other B
cell subsets such as naive B cells (CD38+ CD27-) and transitional B (CD38++ CD24+) cells are
also frequently associated with autoimmune disease (Elmér et al., 2020)
B cells can also be divided into effector B cells and regulatory B cells (Bregs). Effector B cells
are responsible for upregulating the immune response (Oleinika et al, 2019). Bregs, on the other
hand, are known to suppress the immune system via the provision of interleukin (IL-10). This is
indispensable to suppress the development of autoimmune diseases (Land et al., 2016). Recent
studies have shown that dysregulations in the function or frequency of Bregs might contribute to
autoimmune disorders such as multiple sclerosis (MS), systemic lupus erythematosus (SLE),
rheumatoid arthritis (RA), as well as in AAV and Pemphigus (Sokolov et al., 2018).
Due to the fact that both GPA-AAV and Pemphigus Vulgaris are B cell-mediated diseases and
some B cell subsets are shown to be altered in autoimmune diseases, it is of interest to
investigate how altered distribution of B cells affect these two diseases. Hence, the focus of this
study is on the changes in the distribution of different B cell populations in active GPA and
Pemphigus patients compared to HCs. This research project aims to phenotypically characterize
B cell subset distribution in a cohort of AAV and PV patients and investigate whether numerical
changes in particular B cell subsets correlate with disease activity. Furthermore, it is also
interesting to examine whether these alterations in subsets are similar in both Pemphigus and
GPA. To investigate this, we performed a cross-sectional study in active GPA patients, active
Pemphigus patients, and HCs where alterations in the frequency of B cells were examined and
analyzed.

Research approach
This study aims to investigate which B-cell subsets are distributed differently in Pemphigus
Vulgaris and GPA-AAV compared to healthy controls. To find answers to this question, we will
analyze the B-cell distribution in blood samples of HCs, Pemphigus patients, and GPA patients.
For this purpose, we will use flow cytometry data of B cell phenotypes from the Breg- and
Pemphigus study which included 43 HCs, 35 Pemphigus patients, and 105 GPA patients. A tdistributed Stochastic Neighbor Embedding (t-SNE) analysis will be performed to investigate
which B cell subsets are distributed differently in patients. t-SNE is a nonlinear dimension
reduction method for the visualization of high-parameter single-cell data. Using t-SNE also
ensures unbiased identification of B cell subsets.
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Since the patient groups used in the t-SNE analysis will be rather small due to technical
limitations, the results of the analysis may not be very well representative of the general
population of all patients. Therefore, the results from the t-SNE analysis will be validated in a
larger dataset using traditional gating methods. This will allow us to examine how the
distribution of B cell subsets is altered in the patient groups compared to HCs and in which
subsets these changes are most commonly observed.

Materials and methods
Study population
For the cross-sectional study, data were acquired from the Breg and Pemphigus study;
longitudinal studies that have been following GPA and Pemphigus patients for years.
For these studies, fresh blood samples were obtained from newly diagnosed patients with either
GPA or Pemphigus. 150 GPA-AAV patients and 43 age- and sex-matched healthy controls
(HCs) were included in the Breg study. Thirty-five Pemphigus were included in the Pemphigus
study.
Prior to inclusion in this study, some patients had received immunosuppressive therapy before or
during sampling. All subjects included in this study provided informed consent and the Breg and
Pemphigus studies were both approved by the Medical Ethical Committee of the UMCG.
Samples were acquired according to the Declaration of Helsinki.
Flow cytometry for B cell phenotype analysis
Peripheral blood was collected from patients and healthy controls in EDTA-coated tubes. These
samples were washed with PBS supplemented with 1% BSA to remove the plasma. Thereafter,
the cells were incubated in PBS + 1% BSA to the original volume. 100 µl of this cell suspension
were incubated with anti-human CD19 eFluor450 (eBioscience, San Diego, CA, USA), CD24FITC (BD Biosciences, San Jose, CA, USA), CD27-APC-eFlour780 (eBioscience), and CD38PeCy5 (eBioscience) or with the corresponding isotype controls. Further on, the cells were
treated with FACS Lysing solution (BD Biosciences) and measured using a BD LSR-II Flow
cytometer. Data analysis was performed using FCS Express 6 (DeNovo Software, Glendale,
CA).
Visualization of flow cytometry data using t-SNE analysis
t-SNE data analysis was performed using FCS Express software (DeNovo Software, Glendale,
CA). First, lymphocytes were gated, and the doublets were filtered out. From the singlets, only
B-cells were gated using B-cell marker CD19. An equal number of B cells per donor was
combined in one file. This file was used for the t-SNE analysis. t-SNE was then run using the
following FCS express parameters: number of iterations= 500, perplexity= 50. The analyses
were on equal numbers of events per sample and that is 2500 cells per donor.
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Data was used from three GPA patients (mean age: 69; range: 58-79) at relapse/ active disease.
Relapse was defined by clinical features and the BVAS (The Birmingham Vasculitis Activity
Score); generally speaking, a BVAS of 10 and higher marks a relapse. Data from five Pemphigus
patients (mean age: 63; range: 56-79) were included during active disease based on clinical
features. Data samples from five healthy controls (HCs) (mean age: 39; range: 26-54) were taken
in the study. The limited number of patients taken in this t-SNE analysis was due to technical
limitations of the program and the data.
Traditional gating of B cells
Data from 9 GPA patients (mean age: 50; range: 36-79), 15 Pemphigus patients (mean age: 61;
range: 34-88) and 15 HCs (mean age: 51; range: 25-74) were used to further investigate the
clusters found in the t-SNE plots. (Supplementary figure 2 and 3)
Identification of the B subsets
B cells were identified based on their positive expression of the marker CD19 on their surface.
The gating strategy for the identification of B cell subsets was performed as described previously
(Blanco et al., 2018 & 2019). The different subsets were identified based on the expression of the
markers CD27, CD38, CD24, or IgD (Musette et al.; 2018; Lepse et al.; 2014).
Statistical analysis
Statistical analysis was performed using Graphpad Prism software version 9.0 (GraphPad
Software, La Jolla, CA, USA). Statistical significance between the different groups, GPA,
Pemphigus Vulgaris, and healthy controls was determined with the non-parametric KruskalWallis test. The mean of each group was compared with the mean rank of every other group. A
p-value < 0.05 was considered significant.

Results
Different distribution of B cell subsets in AAV- and Pemphigus-patients compared to HCs
The phenotypic characterization of the circulating B cell population was performed in active
GPA patients (n=3), Pemphigus patients (n=5), and healthy controls (n=5). For the visualization
of B-cells, a t-SNE analysis was made (figure 2). Starting with all cells, the lymphocyte
population was determined using the parameters Forward-scatter (FSC) and Side-scatter (SSC).
FSC is mainly helpful for distinguishing cells based on their size whereas SSC provides
information about the internal complexity or granularity of the cells (supplementary figure 3)
To ensure that all cells counted are single cells, doublets exclusion was performed by plotting the
FSC-H (forward scatter height) against the SSC-W (side scatter width). Using the marker CD19,
a distinct B-cell cluster was identified. Only the B-cells were used to create the t-SNE. Using the
markers CD38, CD27, CD24, and IgD we were able to identify 16 distinct clusters (figures 2 and
3).
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Figure 2: t-Distributed Stochastic Neighbor Embedding (t-SNE) analysis of B-cells. The t-SNE plot is made up
of 3 GPA patients, 5 Pemphigus, and 5 healthy controls. B-cells from all donors are shown with all markers selected.
Each dot represents an individual cell. The proximity of the cells reflects the number of shared features in the highdimensional space. Red indicates accumulations of cells in space while blue indicates the space has a low number of
cells.

The idea of t-SNE is to congregate cells with similar phenotypic expression together which will
result in different clusters. In addition, the variations in colors and intensity of the clusters give
visual cues on how the subsets are grouped. This facilitates the identification of the different
clusters (figure 3). It is important to mention that the current t-SNE plot has been through
multiple steps of optimization until it reached its current state; after a series of trial and error, we
learned that a number of iterations of 500 and a perplexity of 50 provides the best t-SNE quality
for our data.
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Figure 3: t-SNE of B cells distinguished by the expression of different markers (CD24, IgD, CD38, CD27) per
donor group. Various clusters within the t-SNE plot were determined based on the density of clustering, the
expression of individual markers, group formation, and visual inspection. Red, blue, and green arrows represent
“outstanding” clusters that differed significantly in intensity in comparison to the same cluster in the other groups.

To identify the clusters, we examined the expression of different markers in the patient groups
and HCs carefully. Based on the intensity, the location, the expression of the individual markers,
and visual inspection, the 16 different subsets were determined.
As shown in figure 3, a comparison across the 3 groups revealed differences in the level of
marker expression in various clusters as indicated by the colored arrows. For example, the red
arrow points to a cluster that shows different expression levels of the markers in the groups; the
cells in this cluster are hardly visible in HCs and Pemphigus while they are more observable in
the GPA group. The cells are also distributed differently in that region. The blue marker points at
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a cluster that is positive to most markers in HCs and, to a lesser degree, in Pemphigus. The GPA
group lacks cells in that region. This is also seen in the region of the green arrow.
These plots revealed differences in patterns of marker expression and cell distribution among the
patients and the HCs. Interestingly, not only the results from both the patient groups differed in
comparison with the HCs; the expression patterns of GPA patients and Pemphigus patients seem
to be unrelated as well. Finally, it is important to point out that while the number of B-cells taken
in this t-SNE was the same for all patients (2500 cells per patient), B cells from only 3 GPA
patients were included compared to 5 each from Pemphigus and HCs. Therefore, the number of
cells from the GPA patients is lower than the cells coming from Pemphigus patients and the
HCs.
Characterization of the t-SNE clusters
The t-SNE clusters were identified based on the marker expression they showed. Some clusters
were more abundant in some donor groups and vice versa. The frequency of B cells, in
percentages, of each cluster was compared between the different groups. Differences in the
frequency of these 16 clusters were statistically analyzed revealing 6 clusters that showed
significant differences. These were further analyzed. (Figure 4)

Table 1: Heatmap of six clusters based on t-SNE analysis. “Hi” stands for clusters where the marker expression
is high. “+” stands for clusters that are positive for a specific marker. “lo“ is when the marker expression, even
though present, but low. “-“ is when the cluster lacks the expression of a marker.

Cluster 1 showed a significantly lower frequency in GPA and Pemphigus patients compared to
HCs (figure 4a). Based on the expression of CD38 and the lack of expression of CD27, we
concluded that these cells are a naive B cell subset.
Cluster 2 is believed to be a naïve B-cell subset as well. The only difference is the expression of
CD24. This cluster shows almost comparable frequencies in GPA patients and HCs whereas a
significantly lower frequency was found in the Pemphigus group. (Figure 4b)
Analysis of cluster 3 revealed that this was not a genuine B cell cluster because it showed
characteristics of autofluorescence as it was positive for all markers. Moreover, an obvious shift
was observed in the plots of this cluster which is characteristic of autofluorescent cells.
(Supplementary figure 4). We, therefore, excluded cluster 3 from further analysis. (Figure 4c)
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Based on the expression pattern of the cells in cluster 4, we conclude that they are immature/
transitional B-cells as these cells lack CD27 but are positive for CD38 and CD24. There was a
significant increase in the frequency of this subset in GPA patients, while the frequencies of the
Pemphigus patients and HCs were comparable. (Figure 4d)
Plotting the frequencies of cluster 5 demonstrated that two out of 5 Pemphigus patients had a
noteworthy increase in frequencies. Therefore, we considered this cluster to be of interest to
study further. Based on marker expression in this cluster, it best represents double negative B
cells. (Figure 4e)
The marker expressions of cluster 6 seemed to fit that of a switched memory B-cell subset. This
cluster was chosen because the frequencies of the GPA and Pemphigus patients were comparable
while that of the HCs varied hugely. (Figure 4f)

Figure 4: frequencies of the B-cell subsets. Data coming from GPA patients, Pemphigus patients, and HCs. A.
cluster 1 is a naive B cell subset. B. cluster 2 is also a naive B cell subset. C. cluster 3 showed characteristics of
autofluorescence and therefore it was later excluded from further analysis. D. Cluster 4 is a transitional B cell subset.
E. Cluster 5 is a double negative B cell subset. F. Cluster 6 is a switched memory B cell subset.
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Distribution of B cell subsets based on the traditional gating of flow cytometry data
To further understand the role of the clusters described above, flow cytometry data from 15
Pemphigus patients and 15 healthy controls were analyzed by Traditional gating methods
(supplementary data 3). For the GPA group, data from only 9 patients were available.
(Supplementary data 2)
The analysis revealed that for none of the five clusters significant differences in the frequencies
were observed between the groups. However, we did notice that the frequencies of donors from
the same group varied considerably.
Cluster 5, the double negative B cells, reveals contradictory results; in figure 4e a significant
increase in the Pemphigus group was observed which was mainly due to the results of two
patients who had a higher frequency. In figure 5, the subset frequency of the Pemphigus patients
seems to equal that of the HCs. However, the GPA patients show an increase in the frequency of
this subset. (Figure 5)

Figure 5: the frequencies of five subsets in GPA- and Pemphigus patients and in HCs. 9 GPA patients, 15 HCs,
and Pemphigus patients were included in this study. Patients show larger variations in data, shown as a larger
standard deviation.
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A heatmap of each cluster was made for a better overview and understanding of how these
subsets compare between the groups. The heatmaps show, in blue, the frequencies of each donor
in the five selected clusters. As the variations between the groups were very great, we were not
able to find any statistically significant results. However, when we examined the results closely,
we observed that some patients showed distinct expression patterns compared to the majority of
donors within the same group.
For example, Pemphigus patients in cluster 1 show various frequencies when compared to each
other.
Next to that, patient 8 of the GPA group also tends to have different expression patterns when
compared with the rest of the group which is especially apparent in clusters 2, 4, and 5. Another
interesting case is GPA patient 1 demonstrating higher frequencies in clusters 6 and 1.

Table 2: Heatmaps of the five selected clusters. The donors of each were given a number ranging from 1-15.
Variations between the donor groups were observed, but also within each donor group, the frequencies varied
greatly.
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Discussion
GPA-AAV and Pemphigus Vulgaris are both B-cell mediated autoimmune diseases. Previous
studies showed that differences in B cell distribution in these patients might contribute to
pathogenesis. Using the t-SNE analysis, we found 5 significantly different clusters of B cells. We
could not confirm these results using traditional FACS analysis methods. The discrepancy in
results might be either because the variations between the patients are too great, or that the
number of patients included in this study is not large enough. Nonetheless, we did find strong
trends that naive, transitional, and memory B cells were altered in GPA and Pemphigus patients.
These differences in subset distribution were also seen when GPA and Pemphigus patients were
compared to each other, indicating that these two diseases possibly have different disease
mechanisms where different subsets come to play in each disease.
The first two clusters we identified as naive B cells. Our t-SNE analysis revealed that naive B
cells of the Pemphigus group were generally decreased compared to HCs. The frequency of
naive cells in the GPA group was decreased in cluster 1 while an increase was seen in cluster 2.
However, these differences between the groups were rather small and did not reach statistical
significance. To further investigate whether these differences are factual, larger cohorts need to
be analyzed.
A decrease in naive B cells in GPA patients has also been observed by Elmér et al (2020). In
contrast, other studies have demonstrated that naive cells are particularly increased in
autoimmune diseases such as GPA and Pemphigus (von Borstel et al., 2019; Link et al., 2011).
Naive B cells are immature B cells that can later differentiate into (auto)antibody-secreting cells.
Considering this, it is not unlikely for naive B cells to increase in autoimmune diseases as many
such diseases are caused by autoantibodies (Eaton et al., 2007). In the case of GPA and
Pemphigus, these cells could differentiate into cells that secrete autoantibodies that target,
respectively, PR3 and Desmoglein-3 proteins resulting in the disease (Tipton et al., 2015).
However, as these cells could differentiate into other cell types as well, it is not clear if the
increase shown in one of our groups and in previous studies is directly linked to increased
secretion of autoantibodies. This can be further investigated using methods for the detection of
antigen-specific autoantibodies such as immunohistochemistry or ELISA.
Transitional B cells are the cells between immature B cells and mature B cells. Transitional B
cells are functionally and phenotypically closely related to regulatory B cells which secrete
Interleukin-10 (IL-10). It has also been shown that transitional B cells can produce IL-10, an
anti-inflammatory cytokine important in suppressing the inflammatory response (Simon et al.,
2016). Therefore, a numerical decrease of these cells leading to less production of IL-10 might
contribute to ongoing inflammation in AAV and Pemphigus. The current study revealed that
there was a trend towards a decrease in the percentage of transitional B cells in the Pemphigus
group compared to HCs. This is in line with previous studies that have shown decreased
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frequencies of transitional B cells in autoimmune and neuroimmunological diseases (Elmér et al.,
2020; Lepse et al., 2014; Simon et al., 2017). In contrast to this, we observed a rather unexpected
increase in the percentage of transitional B cells in the GPA group. In the study of Lepse et al.
(2014) where the frequency of these cells in 12 active GPA patients was investigated, a
diminished frequency of these cells compared to HCs was reported. The reason behind the
discrepancy between the results of Lepse and ours is not clear. However, the clinical presentation
between the two cohorts does not seem to be related as the circumstances of the patients (age,
medication, and therapy) in the Lepse study were comparable with the circumstances of the
patients included in our study.
In cluster 5, no significant changes were observed between the patient groups and the HCs.
The marker expression of this cluster fits the criteria for the switched double negative memory B
cells as reported by previous studies (Jin et al., 2020; Golinski et al., 2020). An elevated
frequency of these cells has been observed in, among others, autoimmune diseases (Ruschil et
al., 2020). However, the high expression of CD38 makes this conclusion a bit doubtful. Van
Dam et al. (2020) described double-negative B cells as CD27- CD38lo CD24het [smIgM-] IgDand thus lacking the expression of almost all cell surface markers. Other studies did not mention
the expression of CD38 by the double negative cells, however, they are usually described as
“exhausted, anergic, or preplasma cells” (Golinski et al., 2020). Nevertheless, the increased
frequencies of these cells in autoimmune diseases, but also during viral infections and in some
cases of cancer suggests that the potential involvement of these cells in the pathogenesis of
various diseases and malignancies.
Cluster 5 was initially selected as the results of the t-SNE analysis suggested that it might be
involved in Pemphigus. Yet, when this cluster was further analyzed using a larger dataset,
different results were found; GPA frequency was slightly higher while the frequency median in
Pemphigus and HCs was more or less the same. The slight increase in GPA is mainly due to one
outlier in the GPA group; Patient 8. This patient is interesting because they show divergent
frequencies compared to the other GPA patients. The B cell frequency of this patient in cluster 5
is increased, while it is diminished in clusters 2 and 4. In an attempt to explain the divergent
results of this patient, we had a closer look at the demographic and clinical data. We noticed that
this patient, 36 years old at the time of the sampling, is one of the youngest GPA patients in the
Breg study, and the youngest in our current study. Other clinical data revealed that the BVAS of
this patient, 21, was notably higher than the BVAS of the other GPA donors (mean = 12,5). As
the medical history of this patient was available as well, we learned that this patient takes a daily
dose of 7,5 mg prednisone a day. Moreover, the induction therapy of this patient consisted of
prednisone with rituximab which is a common treatment for GPA patients. According to the
medication history of this patient alone, it is not clear if the medication is involved in the altered
B cells distribution. However, previous studies have shown that the subsets frequency can be
influenced by various factors such as medication, medical history, age, genetic predisposition,
and the severity of the disease (Elmér et al,2020). For a fair comparison, examining the clinical
15

data of the patients is essential to provide a better overview of the involvement of these subsets
in GPA and AAV.
Cluster 6 was identified as a switched memory B cell subset. In contrast to the results of the tSNE plot where the frequency of the HCs was higher than the patients when this subset was
traditionally gated a slight increase in the frequency of GPA and Pemphigus patients was
observed (figure 5). Elmer et al. (2020) found an increase in switched memory B cells in AAV
patients, and the patients with medication had higher frequencies of this subset compared to nonmedication patients and HCs. Previous studies have shown that this subset is increased in other
autoimmune diseases such as SLE (Nicholas et al., 2008). An explanation for this could be that
memory B cells give rise to plasmablasts i.e. the cells that secrete the (auto)antibodies which will
likely contribute to the pathogenesis (Xu et al., 2019).
Cluster 5 and 6, both memory B cells, were described by other studies as subsets that do not get
affected by therapies such as RTX (Reddy et al., 2017). Muto et al. (2017) described CD27-IgDand CD27+IgD- reemergence after RTX therapy to be an indicator of an increase in the disease
activity. This might serve as another explanation for the frequency increase of this subset in the
patient group and could explain why this subset is notably higher in (some) patients compared to
HCs. Unfortunately, the (medical) history of the patients included in this study was unavailable,
so we were not able to investigate this further.
This study was designed as a cross-sectional study and one of the main limitations was the
limited number of donors that were included. Due to the small dataset, it is difficult to pinpoint a
subset that is clearly involved in GPA and/or Pemphigus. In addition, the lack of medical history
and clinical data hampered further investigation into how the changes in distribution affected the
clinical data, but also how the medication and medical history affected the B cell distribution.
Future studies are warranted to better assess the involvement of memory B cells, transitional B
cells, and their association with disease activity in Pemphigus and GPA patients using for
instance antigen-specific simulations. Besides, including larger cohorts in future studies will
provide more clarity on the involvement of B cell subsets in these diseases. Finally, following
the patients for a longer period of time in a longitudinal study will provide more information on
the interplay of these B cell subsets and how these cells could affect each other.
In summary, the data presented here demonstrate that the distribution of B cells is altered in GPA
and Pemphigus patients compared to HCs. Particularly naive, transitional, and memory B cells
were found to be changed in the patient groups, implying that these cells are involved in GPA
and Pemphigus. Including the medical history and other clinical data in future studies will be
valuable to understand whether and how these alterations in the B cell subset associate with
disease severity, extent, and risk for relapse in patients.
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Supplementary data
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Supplementary figure 1: The (patient)number of the t-SNE donors. For each group data from 5 donors (3
donors for GPA) was used. The (P)number is the number the donor was given in order to preserve their anonymity.
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Supplementary figure 2: The (patient)numbers of the donors for the traditional gating. Data from 9 GPA
patients, 15 Pemphigus patients, and 15 HCs. The (P)number is the number the donor was given in order to preserve
their anonymity.
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Supplementary figure 3: Gating strategy B-cell subsets. Flow cytometry dot plots from a healthy donor.
Lymphocytes were gated based on the FSC and the SSC profile (A). doublets were filtered out using FSC-height and
SSC-width leaving only the singlets (B). B cells were identified within the lymphocytes by the expression of CD19
(C). Cell surface markers CD27, CD38, CD24, and IgD were used to further characterize B cell subpopulations (D,
E, F).
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Supplemental figure 4: Traditional gating of cluster CD38+, CD27+, CD24+, and IgD+ shows a clear shift in CD38 and
CD27 plots, which is also seen in CD38 and CD24.
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