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Abstract Regulatory subsets of B cells (Bregs) modulate
immune responses in autoimmunity, cancer, and other
inflammation diseases. In the present study, we investi-
gated the numbers of circulating Breg cells in patients with
rheumatoid arthritis (RA). We evaluated 59 RA patients
and 25 healthy controls. CD197CD5"CD1d™ B cells and
granzyme B-secreting B cells (CD197CD5"GzmB™) were
analyzed by flow cytometry in peripheral blood mononu-
clear cells. We detected serum interleukin 10 (IL-10),
interleukin 21 (IL-21), granzyme B (GzmB) using enzyme-
linked immunosorbent assay (ELISA). Compared to con-
trol subjects, we found a decreased proportion of CD19™
CD5"CD1d™ B cells in RA patients. The number of
CD197CD5CD1d™ B cells negatively correlated with
DAS28 (P < 0.05). Moreover, serum IL-10 and IL-21
concentrations were significantly lower in RA patients
compared to healthy controls (P < 0.05). Conversely, the
number of CD19"CD5*GzmB™ B cells was significantly
higher in RA patients (P < 0.05), and the number of
CD19*CD5"GzmB" B cells did not correlate with
DAS28, IL-21, or GzmB (P > 0.05, all). Interestingly, IL-
21 and GzmB levels positively correlated in RA patients
(P < 0.05). Our data indicate that CD19"CD5*CD1d" B
cells influence RA disease activity. CD19"CD5"GzmB™* B
cells may be involved in RA development and progression.
Our data strongly suggest a role for Bregs in RA, and Bregs
may be a viable therapeutic strategy for RA disease.

D. Cui - L. Zhang - J. Chen - M. Zhu - L. Hou - B. Chen -
B. Shen (IX)

Department of Clinical Laboratory, Taizhou Hospital of
Zhejiang Province, Affiliated Hospital of Wenzhou Medical
University, Taizhou, Zhejiang, China

e-mail: shenbkz@aliyun.com

Keywords Regulatory B cells - Rheumatoid arthritis -
CD197CD57CD1d" B cell - CD19TCD5"GzmB™ B cell

Introduction

Rheumatoid arthritis (RA) is a chronic autoimmune disease
that is characterized by persistent inflammation in the
synovium, which eventually leads to joint destruction and
deformity [1, 2]. RA has a prevalence of approximately
0.5-1 % in the adult population [3]. Previous studies have
shown that immune dysfunction is considered as the main
pathogenesis in RA and involves various immune cells and
inflammatory cytokines. The function of regulatory B cells
(Bregs) is abnormal in inflammatory diseases. In this study,
we explored the roles of Bregs in RA disease.

The term ‘regulatory B cells’, which defines B cell
subsets with regulatory properties, was first introduced by
Mizoguchi and Bhan in 2006 [4]. Similar to regulatory T
cells (Treg), the regulatory function of B cells is exerted by
the production of regulatory cytokines, such as IL-10 [5, 6],
Fas ligand (FasL), transforming grown factor-B (TGF-p)
[7], Foxp3 [8], and the ability to express inhibitory mole-
cules that suppress pathogenic T cells and autoreactive B
cells in a cell-to-cell contact-dependent manner [9]. Recent
studies on autoimmune diseases have identified several
new subsets of human B cells, including CD19"CD5*
CD1d" B cells, which have the potential ability to produce
IL-10 and CDI19TCD5 GzmB™ B cells, a new cell phe-
notype that secretes granzyme B (GzmB).

In collagen-immunized arthritis (CIA) mice, the cell-
surface phenotype of murine IL-10-producing regulatory B
cells is reported to be CD1dhiCD5™". There are signifi-
cantly decreased numbers of CD197CD5"CD1d™ B cells
but increased IL-17-producing CD4*T (Th17) cells.
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However, after adoptive transfer of in vitro expanded
CD1dhiCD5™ B cells, CIA mice show a marked delay of
arthritis onset with reduced severity in both clinical
symptoms and joint damage, accompanied by a substantial
reduction in the number of proinflammatory Thl7 cells
[10]. It is therefore apparent that CD19TCD5+"CD1d™ B
cells are important for disease suppression in RA.
CD197CD57CD1d™ B cell subsets have recently been
identified in human [5]. Therefore, we aimed to elucidate
the probable relation between the number of CD19%
CD5TCD1d™ B cells and RA disease activity.

GzmB can induce target cell apoptosis, and several
in vitro studies suggest that GzmB is involved in chon-
drocyte apoptosis and has important extracellular func-
tions. Recent studies of chronic lymphocytic leukemia and
systemic lupus erythematosus (SLE) have demonstrated
CD5" B cell subsets can express GzmB, and IL-21 can
directly induce GzmB expression and secretion by CD5% B
cells in vitro [11, 12]. Furthermore, recent results in various
solid tumors indicate that CD19"CD5"GzmB™ B cells can
suppress CD4" T cell proliferation [13]. These results
suggest GzmB is a predominant regulatory molecule and
an important novel marker of human Bregs. Moreover,
CD19*CD5"GzmB™ cells may contribute to the suppres-
sion of anti-tumor immune responses and have important
roles in autoimmune diseases. In RA patients, there are
increased GzmB levels in serum and synovium. GzmB may
be a useful prognostic marker in early RA and may provide
important clues to the pathogenesis of the disease [14].
However, whether CD197CD5"GzmB™ B cell numbers in
RA patients are altered and related to disease activity, and
whether the number of CD19*CD5*GzmB™ cells is rela-
ted to IL-21, remain to be determined.

However, few studies have aimed to understand the
biology of Bregs, particularly the role of GzmB-secreting B
cells. In the present study, we aimed to determine the
numbers of circulating CD19"CD5"CD1d™ B cells and
CD19"CD5"GzmB™ B cells in RA patients with different
disease activity. We also analyzed the relationship between
Breg cells and regulatory cytokines.

Materials and methods
Patients and control subjects

The Ethics Committee of the Taizhou Hospital of Zhejiang
Province approved this study. Written informed consent
was obtained from all participants. From June 2013 to
April 2014, 59 patients diagnosed with RA based on the
1987 American College of Rheumatology criteria [15] and
25 healthy controls were recruited for this study. The dis-
ease severity of each patient was evaluated based on the
28-joint disease activity score (DAS28) [16]. Patients were
divided into three groups: the low activity (LA) group
(DAS <3.2), the moderate activity (MA) group (3.2 <DAS
<5.1), and the high activity (HA) group (DAS >5.1). The
clinical laboratory markers of patients, including C-reac-
tive protein (CRP), erythrocyte sedimentation rate (ESR),
and rheumatoid factor (RF), were recorded. Patients with
liver diseases, renal diseases, or other inflammatory or
autoimmune diseases were excluded. The clinical features
of all patients and healthy volunteers are provided in
Table 1.

Clinical characteristic —are presented as the
mean =+ standard error (SE), median (range), or number.
ESR, erythrocyte sedimentation rate; CRP, C-reactive
protein; RF, rheumatoid factor; DAS28, 28-joint count
disease activity score;

Blood samples and laboratory tests

Venous blood samples (5 mL) were collected into vac-
utainer tubes containing sodium lithium. Serum was
obtained after centrifugation and stored at —80 °C.
Whole blood differential counts and ESR were deter-
mined by routine blood examination (Alifax TEST I,
Alifax S.p.A, Italy). The levels of high-sensitive
C-reactive protein (hs-CRP) and RF were determined
using a blood chemistry analyzer IMMAGES800, Beck-
man Coulter).

Table 1 Clinical characteristics

e Group Healthy Low active RA Moderate active RA High active

of study participants controls group group RA group
Number of subjects 25 6 27 26
Age (year) 46.67 + 1.691 53.00 £ 3.967 50.22 4+ 1.684 50.23 £+ 1.949
Male/female 6/19 0/6 6/21 6/20
ESR (mm/h) 8.462 £+ 1.775 8.333 £ 2.801 23.96 + 2.664 57.38 £ 5.702
CRP (mg/dL) - 2.510 £+ 0.680 3.725 £+ 0.501 25.05 + 4.812
RF (IU/mL) - <20.00 87.82(8, 633) 705.6(14, 7,450)
DAS28 - 2.870 £+ 0.123 4.190 £+ 0.090 5.873 £ 0.107
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Cell preparation and flow cytometry analysis

Peripheral blood mononuclear cells (PBMCs) were
immediately separated from freshly anticoagulated blood
by Ficoll density gradient centrifugation (MD Pacific,
China). After washing twice with phosphate-buffered sal-
ine (PBS) and adding 500 pL. AIM-V media (MD Pacific),
the absolute value of lymphocytes was determined using
blood routine examinations and adjusting the concentration
to have at least 1 x 10°cells/mL. The Cell mixture
(200 pL) and 100 pL pre-made brefeldin A (BFA; final
concentration 1 pg/mlL)/monensin solution (Multisciences,
China) were cultured and incubated for at least 4 h in
96-well plates. Cells were maintained at 37 °C in 5 %
CO2. Unstimulated PBMCs (10°cells/tube) were stained in
the dark for 20 min at room temperature with anti-CD19-
Percp-CyTM5.5,  anti-CD5-fluorescein  isothiocyanate
(FITC), and anti-CD1d-phycoerythrin (PE). Isotype IgG
was added as a negative control. For GzmB analyses,
stimulated PBMCs were incubated at room temperature for
20 min with Percp/FITC-labeled anti-human CD19/CDS5.
After surface staining, cells were stained with PE-labeled
anti-human GrB (eBioscience) for Breg detection. Fixation
and permeabilization were performed according to the
manufacturer’s instructions (eBioscience). Isotype IgG-PE
was used to show correct compensation and confirm anti-
body specificity. After washing with PBS, 500 pL 1 %
paraformaldehyde solution was added to the tubes, and
CDId and GzmB expression were analyzed by flow
cytometry. At least 30,000 cells were analyzed using Cell
Quest software, version 3.3 (BD Bioscience).

ELISA detection of serum IL-10, IL-21, granzyme B

Serum cytokine IL-10, IL-21, GzmB concentrations in 59
RA patients and 25 healthy controls were determined using
commercially available human ELISA kit (IL-10 and IL-21
ELISA kits from Multisciences; human GzmB Platinum
ELISA kits from eBioscience). The detection limits for IL-
10, IL-21, and GzmB were 0.59, 11.99, 0.2 pg/mL,
respectively. Assays were preformed strictly following the
manufacturer’s instructions. All samples were measured in
duplicate.

Statistical analysis

Statistical analyses were performed using SPSS software
(version 17.0, SPSS). Data are described as the
mean =+ standard error (SE). Statistical comparisons were
performed by using Mann—Whitney U-tests. Correlation
analyses between two parameters were performed using
Spearman’s correlation coefficient. A two-sided P value
<0.05 was considered statistically significant.

Results

Serum IL-10, IL-21, and GzmB concentrations in RA
patients and healthy controls

To assess the cytokine microenvironment in the peripheral
blood from patients with RA, we examined serum IL-10,
IL-21, and GzmB levels in RA patients and healthy con-
trols. Compared with healthy controls, the serum concen-
trations of IL-10 and IL-21 in RA patients were decreased
(IL-10: 4.632 £ 0.380 vs. 3.563 £ 0.205 pg/mL, P =
0.0094; IL-21: 398.5 £ 25.28 vs. 320.9 + 14.61 pg/mL,
P = 0.0076) (Fig. 1a, b). However, GzmB levels in RA
patients did not differ compared to controls (P = 0.4772)
(Fig. 1c). Data are shown in Table 2.

Decreased numbers of CD197CD5"CD1d" B cells
in RA patients and inversely correlation with RA
disease activity

We observed that the percentage of CD19TCD5"CD1d"
B cells decreased in HA group (2.742 + 0.432 %) and
MA group (3.306 £ 0.418 %) compared with the healthy
control (HC) group (4.208 £ 0.468 %) (Pua = 0.0038,
Pyia = 0.0409). However, there were no obvious differ-
ences between the three RA groups (P > 0.05) (Fig. 2B).
Additionally, we analyzed the association between
CD197CD5"CD1d"™ B cell numbers and clinical features
in RA patients. Remarkably, the number of CDI19""
CD5"CD1d™ B cells negatively correlated with the
DAS28 (r = —0.396, P = 0.005) (Fig. 4e). In addition,
there were no statistical correlations between CD19""
CD5*CD1d"™ B cells and serum IL-10, ESR, CRP, RF
levels (P > 0.05).

Increased numbers of CD197CD5"GzmB™ cells in RA
patients

We detected the expression of GzmB in CD19"CD5" B
cell subset in RA patients and healthy controls. In contrast
to CD19YCD5YCD1d™ B cells, we observed increased
percentages of CD19"CD5"GzmB™ B cells in RA patients
compared to healthy controls (LA: 2.467 &+ 0.418 %,
P = 0.0328; MA: 2.200 + 0.232 %, P = 0.0352; HA:
2.114 £ 0.212 %, P = 0.0446; HC:1.632 £ 0.191 %)
(Fig. 3d). However, no statistically significant differences
were observed between RA groups (P > 0.05).

In addition, serum IL-21 and GzmB positively corre-
lated in the RA group (r= 04316, P = 0.0048),
(Fig. 4f). However, there was no statistical correlation
between CD19"CD5"GzmB™ cells and DAS28 scores or
serum IL-21 levels in RA patients (P > 0.05) (data not
shown).
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Fig. 1 Serum IL-10, IL-21, and
GzmB concentrations were
measured by ELISA.
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Table 2 Serum concentration of cytokines in all participants

Group N IL-21 (pg/mL) IL-10 (pg/mL) GzmB (pg/mL)
All RA 59 320.9 + 14.61%* 3.563 + 0.205%* 33.54 £ 3.341
Low activity 6 298.6 + 43.94 2.816 £+ 0.363* 24.63 £ 5.844
Moderate activity 27 334.1 £ 19.33% 3.043 £ 0.192%%* 36.48 £ 4.567
High activity 26 313.6 £ 18.94** 4.246 + 0.363 33.16 £ 5.849
Healthy control 25 398.5 £ 25.28 4.632 + 0.380 33.46 £ 3.346

Values described are the mean + SE
* P <0.05, ¥ P <0.01, #* P < 0.001 versus healthy controls

Discussion

Traditionally, B cells are considered to contribute to the
development and progress of autoimmune disease due to
their capability to produce antibodies. B cells can also
facilitate CD4"T cells activation through antigen presen-
tation and contribute to cytokines secretion and expression
of co-stimulatory molecules [17]. However, certain B cells
have recently been shown to be capable of negatively
regulating the immune response by producing regulatory
cytokines and directly interacting with pathogenic T cells
via cell-to-cell contact [18]. Many different Breg pheno-
types have been demonstrated in mouse models of auto-
immunity as well as in humans. To our knowledge, IL-10-
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producing human B cells (B10) are not restricted to one
subset. Several B cell subsets, including CD19"CD5"
CD1d™ cells and CD277CD24" cells, are suggested to be
precursors of B10 cells. Various stimuli increase the
number of B10 cells in vitro, such as toll-like receptor
(TLR) signaling, BCR signaling, and CD40 signaling [19].

In the present study, we found that the frequency of
CD19"CD5"CD1d™ cells was significantly decreased in
RA patients. Additionally, we found that the frequency of
CD19"CD5"CD1d™ cells negatively correlated with the
DAS28. Our results are consistent with the previous results
from Ma et al. [20]. They also found that RA patients had
significantly fewer CD197CD5TCD1d™ cells; after drug
therapy, however, the number of CD19"CD5YCD1dM cells
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Fig. 2 A Flow cytometry analyses of the percentage of circulating
CD197CD5+CD1d" B cells in peripheral blood (PB). At least 30,000
events were analyzed for each sample. Data shown are representative
charts. a Lymphocyte subsets were gated from isolated PBMCs by
FCM. b CD19" B subsets were gated by FCM. ¢ Plots in the fop right
box represent CD19TCD5™ B cell subsets. d and e Representative

gradually increased. These results indicate that CD19™
CD5"CD1d™ cells are negative regulators of the RA pro-
cess and may contribute to RA pathogenesis. In addition,
Ma et al. detected CD19TCD5TCDI1d™ B cells after
phorbol myristate acetate (PMA) and ionomycine stimu-
lation of PBMCs from RA patients (the mean number of
cells was approximately 250 per mL). Based on our initial

pictures of CD1d expression in CD197CD5™ B cell subsets from RA
patients (2.8 %) and healthy controls (4.3 %), respectively. B:
Frequency of circulating CD19"CD5TCD1d™ B cells is significantly
higher in healthy controls (n = 25) compared to RA patients
(n = 59). *P < 0.05; **P < 0.01

counts of isolated PBMCs per milliliter of blood from RA
patients, we found that the absolute numbers of CD19%
CD5"CD1d™ B cells ranged from 40 to 850 per mL
(298 + 205 per mL). In addition, Daien et al. [21] recently
reported that the number of IL-10 CD19™ cells were higher
after stimulation with CpG + PIB, but were not specific to
the CD5CD1d™ phenotype. Thus, it is critical to note the
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Fig. 3 C Flow cytometry analyses of the percentage of circulating
CD19"CD5*GzmB' B cells in peripheral blood (PB). At least
30,000 events were analyzed for each sample. Data shown are
representative charts. a Green plots represent CD19" B subsets that
were gated by FCM. b Blue plots represent GzmB expressed in
CD19™ cell subsets (an internal control). ¢ and d Representative

stimulation method, and different stimulation protocols
require further study.

CD5"CD1d" B cells that are capable of producing IL-
10 are the predominant B cell source of IL-10. IL-10
promotes the proliferation of antigen-specific B cell [22,
23]. IL-10 release by B10 cells is pivotal for Foxp3* Tregs
resulting in immune regulation at the site of inflammation,
such as the joint and synovium [19]. Consistent with
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pictures of GzmB expression in CD197CD5* B cell subsets from RA
patients (2.7 %) and healthy controls (1.3 %), respectively. D: The
frequency of circulating CD19"CD5"GzmB™* B cells was higher in
RA patients (n = 47) compared to healthy controls (n = 22)
*P < 0.05 (color figure online)

previous data [24], we found that the concentration of
serum IL-10 in RA patients was less than in healthy con-
trols. We also found that CD197CD57CD1d™ B cells were
not related to serum IL-10 in normal controls or RA
patients. To the best of our knowledge, IL-10 is a multi-
functional cytokine that is secreted by a variety of cells. IL-
10 exerts its biological functions through various pathways,
and others signaling members might also adjust IL-10
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production. In addition, most in vitro experiments only
found an interaction between B10 cells and IL-10, which
may be influenced by other factors in vivo. Therefore, these
results still need to be clarified.

At present, the mechanism of activation of GzmB-
expressing B cells remains undefined, with few studies
related to CD19YCD5"GzmB™ cells involved in autoim-
mune diseases. To our knowledge, this is the first study to
describe CD19"CD5"GzmB™ cells in PBMCs from RA
patients and to analyze the relationships between CD19™
CD5"GzmB™ cell numbers and serum IL-21 and GzmB
levels. It is difficult to directly detect CD19TCD5 GzmB™
cells in PBMCs; however, when we stimulated PBMCs
with BFA/monensin, the percentage of CDI19tCD5™
GzmB™ cells in PBMCs significantly increased. Our data
show that GzmB-expressing B cells are present in the
peripheral blood of healthy controls and their frequency is
increased in RA patients. We also found that CD19"
CD5"GzmB™ cells have a tendency to decline with
increased RA disease activity; however, no significant
correlation between CD19"CD5"GzmB™ cells and DAS28
score were observed. The reason for this discrepancy
remains unknown but could reflect the complicated func-
tions of GzmB-expressing B cells. Recent studies have
shown that GzmB-expressing B cells can induce target
cells death and suppress CD4"T cell proliferation [11-13].
Upon activation, B cells can differentiate into various
subpopulations, bearing specific surface markers and
exhibiting either regulatory or inflammatory properties. We
suggest that CD197CD57GzmB™ cells contribute to either
the suppression or amplification of inflammatory signals
that depend on the inflammatory context. In the initial stage
of RA disease, many original B cells are activated and
differentiated into GzmB-expressing B cells. As the disease
progresses, B cells function is impaired and their numbers
decline. In addition, differentiation of naive B cells into
GzmB-expressing B cells is promoted by CD4"T cells via
a mechanism that is strictly dependent on IL-21 [25].
Because serum IL-21 is decreased in RA patients in our
study, we cannot explain this discrepancy. However,
studies in synovial fluid could help confirm the role of

serum GzmB(pg/mL)

CD19"CD5"GzmB™ cells in the pathogenesis of RA dis-
ease. Synovial fluid is difficult to obtain considering the
clinical characteristics of our patients. Taken together, our
results indicate that GzmB represents a predominant reg-
ulatory molecule and a novel marker of human Bregs.
CD19"CD5"GzmB™ cells are significant for the initiation
of RA.

IL-21 has a pleiotropic role in immunity by controlling
B cell functions. In certain cases, IL-21 can induce B cell
proliferation, survival, differentiation into plasma cells, or
isotype switching [26]. In other situations, B cells rather
undergo apoptosis and cell cycle arrest after IL-21 stimu-
lation [27]. In this study, we attempted to explore the
relationship between IL-21 and Bregs. Compared with
healthy individuals, RA patients’ serum IL-21 levels were
obviously decreased, but the correlation between serum IL-
21 and Bregs was not significant. However, we found that
IL-21 and IL-10 in serum showed a weak positive corre-
lation (r = 0.262, P = 0.049), due to limitation of sample
size, which remain to be further studied. It is interesting
that one recent mouse study proved that stimulation with
IL-21 purified B cells induced a threefold increase in IL-
10 + B cells within the spleen CD5TCD1d™ B cell subset
and 4.4- to 5.3-fold more IL-10 secretion [28]. Therefore, it
is noteworthy how IL-21 controls Bregs expansion and
cytokines secretion in vivo.

GzmB is an enzymatic component of cytotoxic granules
produced by CTL and NK cells that mediates caspase
cleavage and initiates apoptosis in virus-infected cells [29].
There were markedly increased levels of soluble GzmB in
plasma and synovial fluid from RA patients. As an inde-
pendent variable, GzmB could help correctly predict 84 %
of RA patients [30]. In our study, we found that serum
GzmB levels did not significantly increase; in contrast,
serum GzmB levels were reduced in low activity RA
patients. Moreover, we found that serum IL-21 and GzmB
were positively correlated, which is consistent with the
results in SLE [11].

In summary, different stimulation methods can be used
to improve the expression of Bregs and there is no unified
standard. In this study, we measured the number of
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CD197CD5YCD1dM B cells without stimulation, as well as
the number of CDI9*CD5"GzmB™ cells with BFA/
monensin stimulation. Bregs may provide a novel and
effective treatment option for autoimmune diseases. In
particular, IL-10 and IL-21 may modulate immune
responses through complicated mechanisms that remain to
be determined. Our data indicate that CD197CD5*CD1d"
B cells influence RA disease activity. CD197CD5"GzmB ™
B cells may be involved in the development and progres-
sion of RA and may be viable therapeutic strategy for RA
disease.
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