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INTRODUCTION

The immune system has evolved to deal with invading 
pathogens while at the same time sparing host tissues. 
It is not confined to a single organ or tissue but rather 
composed of specific cells and soluble compounds, 
such as the complement system, cytokines, chemok-
ines, and antibodies.

Immune response-associated inflammation is essen-
tial for protecting the host against foreign patho-
gens; however, if left uncontrolled, it can cause 
deleterious and often irreversible tissue damage. 
Although initiation of any inflammatory response is 
mainly caused by injury or infection, a diversity of 

autoimmune diseases and cancer subtypes can pro-
mote chronic inflammation. Continuous exposure to 
pro-inflammatory stimuli contributes to the patho-
genesis of numerous inflammatory and autoimmune 
disorders, including rheumatoid arthritis and lupus. 
To avoid irreversible damage, the prompt generation 
of an anti-inflammatory cellular response that min-
imizes injuries and promotes homeostasis is essen-
tial. Multiple inhibitory pathways that prevent cellular 
activation and restrain existing inflammatory signals 
promote these protective events. Accordingly, B lym-
phocytes represent a unique cell population that not 
only participates in pro-inflammatory reactions but 
also has roles in the regulation of immune-related 
processes.

ABSTRACT

Although the production of antigen-specific antibodies has been the originally accepted function of B-cells during immune responses, 
specific subsets that can negatively regulate inflammation, designated regulatory B-cells (Bregs), have been identified recently. 
These immunosuppressive cells support tolerance, mainly through the production of interleukin 10 and other unconventional 
factors. There have been emerging data suggesting their importance in diverse normal and pathologic processes. Novel and in 
development B-cell targeted therapies seem to be ideal treatments for different types of diseases such as cancer and allergy. Here, 
we discuss the current knowledge on the implication of Bregs in autoimmunity-related diseases, highlighting the importance of 
these cells for the development of novel strategies in the treatment of these pathologies.
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B lymphocytes, or B-cells, represent the arm of the 
adaptive immune response termed humoral immunity. 
They are mainly derived from common lymphoid pro-
genitors in the bone marrow, where they develop from 
pro-B cells to pre-B cells and finally to immature B-cells 
before they are let out into the periphery as transi-
tional cells. When these immature transitional B-cells 
reach the spleen, they go through more advanced 
transitional stages before taking on their final pheno-
type as fully mature B-cells. After activation, mature 
B-cells can produce cytokines and present antigen to 
T-cells, but their hallmark feature and main function, 
once they are terminally differentiated into plasma 
cells, is the production of soluble antibodies1.

Mature B-cells can be subdivided into subsets that are 
distinguishable in terms of their development, pheno-
type, function, and anatomical localization. Among 
these, several regulatory B-cell subsets (collectively 
designated as Bregs) are now being recognized and 
have been recently characterized, particularly those 
present in humans (Table  1), although their origins 
and relations to each other are not completely clear1-3.

Bregs are important in the maintenance of tolerance 
and immune homeostasis although they represent < 
10% of circulating B-cells in healthy individuals. Bregs-
mediated suppression occurs primarily through the 
production of interleukin 10 (IL-10)4. In addition to 
this cytokine, several other Bregs immunosuppres-
sive mechanisms have been identified (Fig.  1). Thus, 
the gold standard for their identification is the assess-
ment of their suppressive function by limiting effector 
mechanisms in target cells exerted through cytokines 
as well as direct contact with them (Fig. 1 and Table 1).

New approaches toward understanding Bregs biology 
in health and disease will provide new opportunities to 

develop Bregs immunotherapy that could prove bene-
ficial for the treatment of various pathologies associ-
ated to an immune component.

Functional and numerical alterations in Bregs have 
been reported in several autoimmune diseases where 
inverse correlations between Bregs activity and dis-
ease severity are present3.

A suppressive B-cell subset was first identified in hel-
minth-infected patients with multiple sclerosis (MS) 
who displayed an increased frequency of CD19+CD1dhi 
IL-10-producing B-cells along with a better clinical out-
come. In addition, in relapsing-remitting MS (RRMS), 
a decrease in IL-10-producing B-cells was detected in 
patients undergoing relapse compared with patients 
in remission and with healthy individuals. Remarkably, 
treatments for RRMS consisting of interferon (IFN-β), 
fingolimod (a sphingosine 1-phosphate modulator), or 
alemtuzumab (anti-CD52) have demonstrated pos-
itive effects through the expansion of CD24hiCD38hi 
B regulatory population. In this way, it becomes clear 
that immunomodulatory treatments in MS could func-
tion through the induction of a shift in specific B-cell 
subsets toward a more anti-inflammatory phenotype5.

In systemic lupus erythematosus (SLE) patients, the 
inability of immature CD19+CD24hiCD38hi B-cells to 
differentiate into Bregs has been detected together 
with an impaired IL-10-producing ability upon CD40 
activation, affecting in this way, any Th1 response-sup-
pression effect2,3.

SLE is characterized by an IFN-α-induced signature that 
impacts in immature B-cell differentiation. It has been 
shown that low concentrations of IFN-α simultaneously 
expands populations of both plasmablasts and Bregs; 
conversely, high levels of this cytokine promote B-cell 

Table 1. Human B (CD19+) regulatory cell subsets

Subset name Phenotype Regulatory molecules Target cells

Immature B‑cells CD24hi CD38hi IL‑10, PD‑L1, CD80, CD86 CD4+ T‑cells, CD8+ T‑cells, pDCs, iNKT cells
B10 cells CD24hi, CD27+ IL‑10 Monocytes
iBregs Undefined TGF‑β, IDO CD4+ T‑cells
GzmB + B‑cells CD38+, CD1d+, IgM+, CD147+ GzmB+, IL‑10, IDO CD4+ T‑cells
Br1 cells CD25hi, CD71hi, CD73lo IL‑10, IgG4 CD4+ T‑cells
NA CD39+, CD73+ Adenosine CD4+ T‑cells, CD8+ T‑cells
NA TIM1+ IL‑10 CD4+ T‑cells, CD8+ T‑cells

PD‑L1: programmed death‑ligand 1; pDCs: plasmacytoid dendritic cells; iNKT: invariant natural killer T‑cells; TGF‑β: transforming growth factor 
β; IDO: Indoleamine‑pyrrole 2,3‑dioxygenase; GzmB: granzyme B; TIM1: T‑cell immunoglobulin and mucin domain‑containing protein‑1; IgG4: 
immunoglobulin 4; NA: not available
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differentiation in favor of plasmablasts but fail to support 
the expansion of Bregs. Furthermore, functionally weak-
ened CD24hiCD38hi Bregs isolated from SLE patients fail 
to prevent IFN-α production by plasmacytoid dendritic 
cells, one of the main sources of Type I IFNs6.

Interestingly, when SLE patients are treated with ritux-
imab (inducing B-cell depletion) and after B-cell number’s 
recovery, a higher immature-to-memory cell population’s 
ratio has been associated with long-term remission, sug-
gesting that repopulation with CD24hiCD38hi Bregs could 
be related with an improved clinical response3,4.

Numerous studies reported reduced frequen-
cies of B10  cells, CD24hiCD38hi Bregs, IL-10+TIM1+ 
B-cells, and IL-10+CD5+CD1dhi B-cells in rheumatoid 

arthritis patients compared with healthy controls. 
Similar reports arise involving patients with Type  1 
diabetes, psoriasis, and inflammatory bowel disease, 
where a decrease in suppressive IL-10-producing Bregs 
numbers has been linked to disease progression7.

As showed previously, current knowledge is promoting 
the establishment of Bregs as key regulators of auto-
immune diseases, but their importance is not limited 
to these entities. CD24hiCD38hi Bregs seem to play an 
important role in the development of transplant toler-
ance by suppressing effector T-cell responses. Studies 
involving allogeneic hematopoietic stem-cell trans-
plant recipients showed that Bregs from patients with 
chronic graft-versus-host disease (cGVHD) exhibited 
reduced IL-10  secretion compared with non-cGVHD 

Figure 1. Human B regulatory cells (Bregs) effector mechanisms. Bregs can secrete different anti-inflammatory cytokines such as 
interleukin 10 (IL-10), transforming growth factor β and IL-35. They also express surface molecules includig CD80, CD86, or PD-L1 
that mediates suppression by direct cell-cell interactions. Bregs can also use enzymes to exert its effects in target cells, these are 
for example intracellular granzyme B or indoleamine-pyrrole 2,3-dioxygenase or the membrane-expressed CD73 that mediates 
the generation of adenosine. Finally, some Bregs subsets can also switch to produce immunoglobulin 4 after activation; a secreted 
immunoglobulin also related with immune-suppressive functions. Collectively, these elements can suppress the functionality of 
lymphoid (inhibiting for example the IL-17 or interferon-γ production by Th17, Th1 or T CD8+ cells) or myeloid (preventing the 
secretion of tumor necrosis factor-α or IL-12 by inflammatory monocytes or dendritic cells, respectively). In addition, Bregs can 
also enhance the effector abilities of Bregs (promoting IL-10 secretion) and invariant natural killer cells (inducing them to produce 
IL-4 and IL-13) to favor an anti-inflammatory microenvironment.
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patients and healthy individuals. Correspondingly, 
increased CD24hiCD38hi B-cell numbers were found to be 
associated with reduced renal transplant rejection rates8.

Most of the treatments for autoimmune pathologies 
control the symptoms of the diseases rather than offer 
definitive cures. In addition, these treatments usually 
become toxic and unsuccessful when they are admin-
istered over a long period. In addition, long-term use of 
immunosuppressive drugs and steroids increases the risk 
of severe infections. Considering these observations, cel-
lular immunotherapy acquires attractiveness as it could 
offer a highly-targeted deletion or modulation of pathol-
ogy-generating cells. Since Bregs represent import-
ant modulators of the immune response and promote 
immunological tolerance, strategies focused on isolating, 
in vivo or ex vivo expanding and infusing these B-cell sub-
sets would constitute a new approach to control or even 
possibly cure numerous immune-mediated illnesses.

Current evidence indicates that the microenvironment 
is a crucial factor for induction of Bregs. Besides toll-like 
receptors (TLRs), CD40, and B-cell receptor-induced 
signaling, which are imperative for Bregs functions, 
there is emerging evidence suggesting that inflamma-
tory cytokines perform a critical role in the immuno-
suppressive abilities of these B lymphocytes. Thus, an 
expansion of Bregs has been detected upon stimulation 
by IFN-α, IFN-β, IL-1β, IL-6, and B-cell activating factor, 
where TLRs or CD40 stimulation synergizes to enhance 
this phenomenon. Although these data support the 
possibility of expansion of Bregs in vivo, the systemic 
administration of inflammatory cytokines could gen-
erate undesirable pro-inflammatory responses from 
several cell types, deriving into serious adverse effects 
that must be taken into consideration. Besides that, the 
possibility to differentiate effector inflammatory B-cells 
instead of Bregs using high doses of these cytokines 
is always present. Furthermore, it has been observed 
that in autoimmune disease patients, chronic exposure 
of B-cells to elevated levels of inflammatory cytokines 
results in a reduction of the functional Bregs population 
that is incompetent for tolerance restoration3,4,9,10.

Surprisingly, and according to recent findings related to 
other immune system components, microbiota has also 
been reported to play a role in Bregs’ generation, at least in 
rodent models. Decreased numbers of Bregs were found 
in antibiotic-treated mice when compared with untreated 
individuals. Furthermore, in arthritic mice, gut commensal 

bacteria-induced IL-1β and IL-6 secretion-enhanced Bregs 
differentiation in conjunction with IL-10 production. Thus, 
better understanding of the signals that drive Bregs’ gen-
eration could deliver new and improved approaches for 
the in vivo potential of Bregs therapies3.

CONCLUSION

Clearly, Bregs are critical for tolerance maintenance 
and for the suppression of inflammation. Bregs-
targeted therapies, aside from their potential risks 
or the lack of understanding of their mechanisms of 
action, now emerge as a challenging treatment option 
that shows great promise and could represent a new 
tactic to deal with immune-related diseases.
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