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Abstract

Aim
IgA-producing B cells were found to be associated with children diagnosed with Henoch-Schonlein
purpura (HSP). The present study aimed to determine whether children with HSP possess abnormal B cell
subsets.

Methods
A total of 14 children diagnosed with HSP, and age- and gender-matched healthy controls were enrolled in
our study. Peripheral blood mononuclear cells were isolated, and the percentage of B cells subsets and
Tfh cells were determined by �ow cytometry. Finally, Spearman’s correlation coe�cient was used to
analyze the correlation between the percentage of Tfh cells and B cell subsets.

Results
We found that the frequency of total B cells was signi�cantly increased in children with HSP; however, the
percentage of plasma cells was signi�cantly lower in HSP children. A signi�cant reduction in the count of
naïve B cells and an increase in class-switched B cells were found in children with HSP compared with
healthy controls. We observed that the expression of C-X-C chemokine receptor type 5 (CXCR5) on total
CD4+ T cells and the percentage of CD4+CXCR5+ cells were signi�cantly increased within HSP patients.
Moreover, signi�cant correlations between Tfh cells and various B cells subsets were observed.

Conclusion
Our study showed a Tfh cell-associated abnormal B cell compartment in HSP children.

Introduction
Henoch-Schonlein purpura (HSP), the most common type of childhood vasculitis, is characterized by the
deposition of systemic IgA immune complexes in the walls of small vessels (1); it is estimated that
1/5000 children acquire HSP per year (2). Although considered to be a self-limiting condition, HSP is
manifested by skin purpura, arthritis, abdominal pain and renal involvement; the exact pathogenesis of
HSP remains unknown.

HSP is a systemic in�ammatory disease that has exhibited a correlation between immune index and
leucocyturia, hematuria and proteinuria. In�ammatory cytokines, such as interleukin (IL)-6, IL-10 and IL-
17, were reported to be involved in the pathogenesis of HSP(3–5). In addition, elevated serum IgA and
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IgA-related immune complexes were reported to play an essential role in the pathogenesis of HSP.
Recently, IgA-producing B cells were also found to be related to children with HSP(6).

Dysregulated B cell subpopulations were found in a variety of autoimmune diseases, such as IgG4-
related disease and primary Sjӧgren’s syndrome(7). The production of high-a�nity antibodies results
from the interactions between B cells and T follicular helper (Tfh) cells; an increased number of
circulating Tfh cells has been correlated with the severity of autoimmune diseases(8, 9).

Whether children with HSP possess abnormal B cell subsets remains unknown. Therefore, in the present
study, we sought to determine differences in the population of B cells and related subsets between
children with HSP and healthy control patients. Our results may provide insight into the potential role of B
cell subsets and circulating Tfh cells in the pathogenesis of HSP.

Materials And Methods

Clinical Demographics
A total of 14 children diagnosed with HSP, and age- and gender-matched healthy controls (HCs) from May
2017 to March 2018 in The First A�liated Hospital of Liaoning Medical University (Jinzhou, China) were
enrolled in our study. The average age of all patients was 7.5 ± 2.1-years-old and 7.2 ± 1.9-years old of
healthy controls. The gender ratio of HSP patients and HCs was 8/6 and 7/7 (male/female), and the
average count of white blood cells was 11.5 ± 2.3 and 6.5 ± 1.8, respectively. The basic characteristics of
HSP patients and HCs are present in Table I. All HSP patients and were diagnosed according to the
modi�ed criterion of HSP(10), in brief, all the included HSP patients diagnosed is based on the presence
of purpura or petechiae with lower limb predominance plus at least one of the �owing four features: (1)
abdominal pain; (2) arthritis or arthralgia; (3) leukocytoclastic vasculitis or proliferativeglomerulonephritis
with predominant deposition of IgA on histology; (4) renal involvement. Exclusion criteria: all the included
HSP patients did not suffer from any other diseases within the last 6 months prior to enrolment into the
present study. Written informed consent was obtained from enrolled children or their legal guardians. The
study was approved by the ethics committee of the First A�liated Hospital of Jinzhou Medical University.

Isolation of Peripheral Blood Mononuclear Cells (PBMCs)
Fresh blood samples were obtained from HSP and HC patients; samples were diluted 1:1 with Hanks’
solution and carefully layered on Ficoll-Hypaque for the formation of density gradients. The interphase
cell layer was transferred into new tubes after centrifugation at 800 g for 20 min at room temperature
(RT). The cells were then washed with Hanks’ solution twice. The viability of the isolated PBMCs was
determined by trypan blue exclusion staining, the total viability of PBMCs was reported as > 95%.

Flow Cytometry
Fluorescein isothiocyanate (FITC)-conjugated anti-human cluster of differentiation (CD)19 (Cat#
302206), C-X-C chemokine receptor type 5 (CXCR5; Cat# 356914), phycoerythrin (PE)-conjugated CD27
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(Cat# 302808), CD3 (Cat# 317308), peridinin-chlorophyll-protein (PerCP)-Cy5.5-conjugated programmed
cell death protein 1 (PD-1; Cat# 329914), IgD (Cat# 348208), allophycocyanin (APC)-conjugated CD4
(Cat# 357407), CD38 (Cat# 356606), APC-Cy7-conjugated CD3 (Cat# 300426) and indicated isotype
control FITC-conjugated Mouse IgG1, κ (Cat# 400108), PE-conjugated Mouse IgG1, κ (Cat# 400112), PE-
conjugated Mouse IgG2a, κ (Cat# 400211), PerCP-Cy5.5-conjugated Mouse IgG1, κ (Cat# 400150),
PerCP-Cy5.5-conjugated Mouse IgG2a, κ (Cat# 400251), APC-conjugated Rat IgG2b, κ (Cat# 400611),
APC-conjugated Mouse IgG1, κ (Cat# 400122), APC-Cy7-conjugated Mouse IgG1, κ (Cat# 400128)
antibodies were purchased from BioLegend, Inc. (San Diego, CA, USA). Anti-CD16/32 antibody was added
to the isolated lymphocytes to inhibit the Fc receptor at RT for 10 minutes. After incubation with the
antibodies at RT for 15 minutes, the cells were washed and data were collected using a BD FACS Aria II
�ow cytometer (BD Biosciences, Franklin Lakes, NJ, USA). FlowJo Software (FlowJo LLC, Ashland, OR,
USA) was used for data analysis.

Statistical Analysis
SPSS 21.0 software was used for data analysis. A Student’s t test was applied to determine signi�cance
between two groups. Spearman’s correlation coe�cient was used for analyzing the correlation between
variables. P < 0.05 was considered statistically signi�cant.

Results

Frequency of Expanded B cells in Children with HSP
To investigate the potential role of B cells in children with HSP, we isolated PBMCs from HSP and HC
patients; the total variability of PBMCs was reported as > 95%. We analyzed the percentage of total
CD3−CD19+ B cells, as well as B-cell-related subsets, such as plasma cells (CD27++CD38++), naïve B cells
(IgD+CD27−), class-switched B cells (IgD+CD27+) and memory B cells (IgD−CD27+)(Fig. 1). As shown in
Fig. 2A, the frequency of total B cells was signi�cantly increased in children with HSP compared with the
control group (p < 0.05); however, the percentage of plasma cells was signi�cantly lower in HSP children
(p < 0.05, Fig. 2B). The percentage of naïve B cells was signi�cantly decreased, while that of class-
switched B cells was signi�cantly increased in children with HSP. There was no signi�cant difference in
the number of memory B cells between HSP and HC children (Fig. 2C). Collectively, we speculated that the
development of abnormal B cell subsets may occur in children with HSP.

Increased Expression of CXCR5 on CD4 + T cells in Children with HSP

Tfh cells, which provide specialized cognate help to B cells, were characterized as CXCR5- and PD-1-
positive by �ow cytometry. Next, we sought to determine whether the number of peripheral Tfh cells was
increased by �ow cytometry (Fig. 3). We observed a decreased percentage of total CD3+ and CD4+ T cells,
but not for that of CD8+ T cells in HSP children compared with the control group (Fig. 4A). Both CXCR5
expression on total CD4+ T cells and the percentage of CD4+CXCR5+ cells were signi�cantly increased in
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HSP patients (Fig. 4B). However, neither PD-1 expression on CD4+CXCR5+ cells nor the percentage of
CD4+CXCR5− cells signi�cantly differed between HSP and HC patients (Fig. 4C).

The Correlation of B cell Subsets and Tfh cells in Children with HSP

We measured the percentage of B cells proportions in total 14 included patients. However, for some
unexpected reasons, we did not acquire the data of Tfh cells from one patient. Therefore, the sample size
of Fig. 5A-C was 13. The percentage of CD24 + + CD38 + + plasma cells from another two patients was
nearly 0, therefore we excluded the data of another two patients in Fig. 5D. Correlation analysis revealed
the percentage of CD4+CXCR5+ cells to signi�cantly correlate with the percentage of total CD3−CD19+ B
cells (Fig. 3A). Furthermore, CXCR5 expression on total CD4+ T cells and the percentage of CD4+CXCR5+

cells signi�cantly correlated with the percentage of naïve B cells (IgD+CD27−), class-switched B cells
(IgD+CD27+) and memory B cells (IgD−CD27+); however, no correlation with plasma cells was
observed(Fig. 5). Moreover, we did correlate B or Tfh cells with the clinical severity of HSP, but no
signi�cantly difference was observed (data not shown).

Discussion
Emerging evidences have shown that HSP within children is a systemic disease; however, the
pathogenesis of HSP remains unknown. Functional mutations of T cells, such as abnormal cytokine
secretion, were reported to be involved in the pathogenesis of HSP(11). Abnormal B cell activation with
increased IgA secretion indicated that humoral immunity underlies the manifestations of HSP; however,
whether abnormal B cell development and Tfh-dependent B cell responses play a role in the pathogenesis
of HSP remain unknown.

In the present study, we enrolled children diagnosed with HSP, as well as HCs; the percentage of total
CD3+CD19− B cells in each group was determined by �ow cytometry. We found that the percentage of
total B cells was signi�cantly increased in children with HSP compared with HC patients. However, the
percentage of CD27++CD38++ plasma cells was signi�cantly reduced in children with HSP.

To the best of our knowledge, no studies have been conducted to investigate the populations of total B
cells and plasma cells in association with HSP. Our study is the �rst to reveal an expansion of total B cells
and a reduced frequency of plasma cells in children with HSP. Further study was still needed to discover
the detail mechanisms.

Functionally distinct B cell subsets can be divided into different subsets by the phenotypic expression of
CD27 and IgD. IgD+CD27− B cells were de�ned as naïve B cells, whereas CD27 expression by B cells has
been considered as a hallmark for somatic hypermutation and memory. CD27+ memory B cells can also
be divided into pre-switch (IgD+CD27+) and post-switch (IgD−CD27+) B cell subsets. We sought to
determine whether differences in the B cell compartment occur in HSP children and our results showed
that the percentage of naïve B cells was signi�cantly reduced, while that of class-switched B cells was
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signi�cantly increased in children with HSP. Our results indicated that the abnormal development of B
cells might be related to abnormal B cell responses in children with HSP.

A large number of studies have shown that Ig production was associated with the frequency of Tfh cells
in a variety of autoimmune diseases, such as rheumatoid arthritis and systemic lupus erythematosus. In
the current study, the percentage of CD3+, CD4+ and CD8+ T cells was determined. In accordance with
previous reports, our results showed that the frequency of CD3+ and CD4+ T cells was signi�cantly
decreased in children with HSP compared with HCs. CXCR5, a marker of Tfh cells, mediates the migration
of Tfh cells to B cells within follicular areas containing germinal centers. We showed signi�cant increases
in the expression of CXCR5 on CD4+ T cells and the total frequency of CXCR5+CD4+ Tfh cells in children
with HSP compared with HC patients. PD-1, a functional marker of Tfh cells, exhibited no differences in
expression between the two groups. A similar �nding reported an expansion of circulating Tfh cells in
children with acute HSP; a signi�cant increase in CXCR5+CD4+ cells in children with HSP and no
differences in PD-1 expression between two groups were noted(12). Moreover, correlations between Tfh
cells and naïve B cells, and class-switched B cell subsets, as well as memory B cells, were found in
children with HSP in our study. We speculated that the HSP patients employed in our study may not
exhibit an acute form of this disease as shown by the variations in their symptoms. Therefore, increased
efforts should be made to classify HSP into different subtypes and the potential relationship between the
frequency of CXCR5+CD4+ Tfh cells and IgA-producing B cells should be explored.

This study has some potential limitations. The sample size of this study is small, which may lead to
statistical bias. Large scale studies in HSP children are required in order to address this potential
limitation.

In summary, our study showed abnormal B cell subsets and a Tfh cell-related abnormal B cell
compartment in children with HSP. Our �ndings may provide a new insight into the pathogenesis of
children with HSP.
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Table 1
Demographic and Clinical Characteristics of HSP

patients and HCs

  HSP HCs

Number 14 14

Age (years) 7.5 ± 2.1 7.2 ± 1.9

Sex (M/F) 8/6 7/7

WBC (⋅ 109) 11.5 ± 2.3 6.5 ± 1.8

Serum IgA (g/dL) 1.98 ± 0.92 1.77 ± 0.53

Serum IgG (g/dL) 10.56 ± 3.42 9.34 ± 2.52

Serum IgM (g/dL) 1.45 ± 0.51 1.13 ± 0.47
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Figure 1

Flow cytometry analysis of the B cell compartment in children with HSP The percentage of (A) CD3-
CD19+ total B cells, (B) naïve B cells (IgD+CD27-), class-switched B cells (IgD+CD27+) and memory B
cells (IgD-CD27+),and (C) CD27++CD38++ plasma B cells in children with HSP compared with HCs. (D)
The purity of PBMCs from HCs and HSP children.CD: cluster of differentiation, HC: healthy controls, HSP,
Henoch-Schonlein purpura.

Figure 2
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Analysis of the frequency of B cell subsets in children with HPS The percentage of (A) CD3-CD19+ total B
cells, (B) CD27++CD38++ plasma B cells and (C) naïve B cells (IgD+CD27-), class-switched B cells
(IgD+CD27+) and memory B cells (IgD-CD27+) in children with HSP compared with HC. Each plot
represents anindependent individual. * p<0.05.CD: cluster of differentiation, HC: Healthy controls,AP:
Acute Henoch-Schonlein Purpura.

Figure 3

Analysis of the frequency of Tfh cells and PD-1 expression. Representative graph of the percentage of (A)
The percentage of T cells, (B) CD4+CXCR5+Tfh cells and (C) PD-1 expression on Tfh cells in children with
HSP and HCs.CD: cluster of differentiation, HC: Healthy controls, HSP, Henoch-Schonlein purpura, Tfh, T
follicular helper.
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Figure 4

The frequency of Tfh cells and CXCR5 expression on total CD4+ T cells (A) The percentage of peripheral
CD3+, CD4+ and CD8+ T cells in children with HSP. (B) CXCR5 expression on total CD4+ T cells and the
percentage of Tfh cells in children with HSP. (C) PD-1 expression on CD4+CXCR5+ and CD4+CXCR5- cells
in children with HSP compared with HCs. Each plot represents anindependent individual. * p<0.05.CD:
cluster of differentiation, CXCR5, C-X-C chemokine receptor type 5, HC: Healthy controls, AP: Acute
Henoch-Schonlein Purpura, PD-1, programmed cell death protein 1, Tfh, T follicular helper.

Figure 5
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Correlation between of B cells subsets andTfh cells. Correlation analysis of (A) IgD+CD27- B cells, (B)
IgD+CD27+ B cells, (C) IgD-CD27+ B cells and (D) CD27++CD38++ plasma B cells with the percentage of
CD4+CXCR5+Tfh cells or CXCR5 expression on total CD4+ T cells. CD: cluster of differentiation, CXCR5,
C-X-C chemokine receptor type 5, Tfh, T follicular helper.
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