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Introduction
Recent advances in immunology have revealed that B cells have 

a variety of functions [1]. Although originally thought to be solely 
responsible for producing antibodies, it has now been suggested 
that B cells play a pivotal role in the immune system via antigen 
presentation and cytokine production (Figure 1). B cells are 
also important in autoimmune diseases, and in particular, B cell 
receptor-mediated auto antigen stimulation may induce activation 
of auto antigen-reactive B cells and cytokine production from them, 
which may play a major role in the disease development. However, 
due to technical difficulties, direct examination of autoantigen-
reactive B cells has not yet been carried out, leaving their function 
unclear [2]. Nevertheless, the importance of B cells in autoimmune 
diseases is evident from the fact that B cell depletion therapy is 
useful for many systemic autoimmune diseases such as vasculitis, 
rheumatoid arthritis, systemic lupus erythematosus, and systemic 
sclerosis [3]. Since the therapeutic effect of B cell depletion is not  

 
necessarily exerted by lowering the titer of auto antibodies, it is 
strongly suggested that B cells themselves affect autoimmune 
diseases in an antibody-producing ability-independent manner. 
More specifically, it is hypothesized that B cells can influence the 
function of other immune cells, including T cells, by producing 
cytokines [4]. This article summarized three major B cell subsets 
that are identified by cytokine production.

B Cell Subsets

Recent studies have indicated that there are two types of B 
cell classification: the subsets divided by differentiation stage and 
the functional subsets divided by the cytokines they produce [5]. 
Functional B cell subsets have been shown to exist as subsets of 
effector B (Be) cells that activate immunity and regulatory B (Breg) 
cells that suppress immunity (Figure 2). Furthermore, Be cells 
can be divided into Be-1 cells that produce T helper (Th)1-type 
cytokines and Be-2 cells that produce Th2-type cytokines.
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B cells have long been regarded as cells specialized in antibody production. How-

ever, recent studies have shown that the roles of B cells are diverse. One of their key 
functions is that B cells are involved in the regulation of the immune system by produc-
ing cytokines. In fact, B cell depletion therapy is effective in a variety of autoimmune 
diseases, indicating that B cells also play a central role in autoimmune diseases. The B 
cells are composed of various subsets. Because the function of each B cell subset differs 
from one another, it is important to understand the role of each in the autoimmune dis-
ease pathogenesis. Recently, B cells have been shown to be classified by their producing 
cytokines. This article outlined B cell subsets based on the cytokines they produce.
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Figure 1: The diverse roles of B cells.
Note: B cells have antigen-presenting and cytokine-producing abilities in addition to antibody production. Through these 
functions, B cells directly or indirectly stimulate T cells, macrophages, and dendritic cells to induce activation and differentiation.

Figure 2: Relationship between B cell differentiation and cytokine-producing B cell subsets.
Note: Cytokine-producing B cells are mainly classified into Be-1, Be-2, and Breg cells. Be-1 and Be-2 cells are found in follicular 
B cells, wherein Breg cells are present in transitional B cells, B2 cells, and B1 cells.
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Be cells

Be-1 cells produce Th1-type cytokines such as interferon 
(IFN)-γ and interleukin (IL)-12 upon stimulation by Th1 cells or 
Th1-type response-inducing antigens [6]. Be-1 cells were identified 
in an infection experiment that induced a Th1-type response 
in mice. On the other hand, Be-2 cells were identified in a model 
of parasitic infection [6]. Be-2 cells have been shown to produce 
IL-2, IL-4, IL-12, and other Th2-type cytokines in response to 
Th2 cell stimulation, Th2-type antigen stimulation, and allergic 
reactions. B cells are classified into B1 and B2 cells, depending on 
their developmental origin and distribution. B1 cells originate in 
the liver during embryonic period and are distributed in mucosal 
tissues, abdominal cavity, and thoracic cavity. B2 cells come from 
the bone marrow. Furthermore, based on their distribution in 
lymphoid tissues, B2 cells are divided into marginal zone B cells 
and follicular B cells. Marginal zone B cells are important for 
innate immunity, while follicular B cells are crucial for antigen-
specific acquired immunity. Recent studies have shown that Be 
cells are present in follicular B cells [7]. Thus, it has been suggested 
that Be cells may be intimately involved in autoimmune diseases 
through autoantigen-specific responses. However, to the best of our 
knowledge, no studies have directly examined autoantigen-reactive 
Be cells in patients with autoimmune diseases. This is because 
the amount of cytokines produced by B cells is small compared 
to dendritic cells, macrophages, and T cells, and in addition, there 
are only a few disease specific autoantigen-reactive B cells in the 
patient’s body, making direct studies difficult. Therefore, there is 
not much knowledge available on the relationship between Be cells 
and autoimmune diseases.

Breg Cells

Breg cells are thought to exert an immunosuppressive 
function by producing inhibitory cytokines such as IL-10, IL-35, 
and transforming growth factor-β [8,9]. Unlike Be cells, which 
are relatively confined to follicular B cells, Breg cells are present 
in various B cell subpopulations, including B1a cells showing CD5 
positivity in B1 cells, transitional B cells, follicular B cells, and 
marginal zone B cells. The function of Breg cells has so far been 
mainly defined by their ability to produce anti-inflammatory 
cytokines, but several studies in mice have suggested that the role of 
Breg cells depends on which fraction they belong to [10,11]. These 
studies have shown that Breg cells in the B1a fraction suppress the 
excessive immune response to innate immunity during the neonatal 
phase, and that Breg cells in marginal zone B cell or transitional B 
cell fractions, which are B2 cells, suppress the autoimmune response 
during the adult phase. In humans, Breg cells with traits of marginal 
zone B cells that strongly express CD1d or transitional B cells that 
express both CD24 and CD38 are considered to be responsible for 
the suppression of activity in several autoimmune diseases [12]. In 
addition, since adoptive transfer of Breg cells markedly suppresses 
the symptoms of many autoimmune disease models, its use as a 

treatment for humans is notable [13].

Conclusion
In addition to antibody production and antigen presentation, 

B cells have been shown to play a variety of roles through cytokine 
production. However, the autoantigen-specific response, which is 
the main feature of B cells in autoimmune diseases, has not been 
fully studied in autoimmune disease patients. The reasons for this 
are the low number of disease specific autoantigen-reactive B cells 
in patients and the low amount of cytokines produced by B cells, as 
mentioned above. To solve this conundrum, we have developed a 
unique system using microfluidics to measure very small amounts 
of cytokines at the ag-fg/ml levels through collaborative research 
in medical and engineering [14-17]. Studies using this system have 
shown that IL-10-producing B cell population exist even among 
autoantigen-reactive B cells, suggesting that not all autoantigen-
reactive B cells are pathogenic [14]. In fact, B cell depletion therapy 
has been shown to be effective in several autoimmune diseases, 
but there is still room for improvement in the general removal of 
all B cells, as adverse events such as infections have sometimes 
been observed. However, the detailed functional analysis of B cells 
ultimately needs to be performed in a single cell, because not only 
the diverse subsets of B cells exist, but also the differences between 
individual B cells according to the different B cell receptors [18]. It 
is expected that further innovative B cell studies, such as single B 
cell analysis at protein levels, will clarify the relationship between B 
cell subsets in the context of cytokine production and autoantigen-
reactive B cells, which will lead to the discovery of novel therapeutic 
targets.
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