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Regulatory B cells (Bregs) may act earlier than regulatory T cells (Tregs) and may play as important a role
inautoimmune and allergic diseases. Obstacles to the investigation of Bregs are the same as those encoun-
tered for Tregs: the regulatory effects are short-lived in some cases, there is no consistent phenotype (C5
expression is neither indispensable nor sufficient), differences exist across species (e.g., between humans
and mice), and there are a number of suppression modalities (IL-10, TGF-beta, expression of proapoptotic
membrane molecules) that vary across Breg subtypes. The Breg subtypes may be homologous to the Treg
subtypes (Br1 cells expressing IL-10, Br3 cells expressing TGF-beta, and B-Foxp3 cells), although the Br1
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B;3 subtype seems to predominate. Nevertheless, differences with Treg cells may exist: Breg activation may
Foxp3 chiefly involve the toll-like receptors rather than the antigen receptor; and Bregs act earlier, facilitat-

Autoimmunity ing the recruitment of Tregs then disappearing once the Tregs become operational. Bregs make a major
IL-10 contribution to autoimmune disorders associated with several forms of immune deficiency, as well as to
the absence of transplant rejection when there is a strong B cell response. Breg deficiencies have been
reported in lupus, and the disappointing effects in this disease of treatments designed to inhibit the B
cell response may be related to further Breg impairment. In several animal models, Breg stimulation is
effective in correcting a variety of autoimmune disorders, most notably those initiated in the mucous
membranes. Research into the interactions between the gut microbiota and Bregs holds considerable
promise.
© 2012 Published by Elsevier Masson SAS on behalf of the Société Frangaise de Rhumatologie.

The identification of regulatory T cells (Trl, Tr3,
TCD4+CD25+FoxP3+) suggested the existence of regulatory

reported in several autoimmune diseases [4]. Data from experi-
mental models confirmed that B cell depletion could paradoxically

macrophages (M2) and B cells (Bregs). T cell involvement in the
immune response is delayed until the antigen is cleaved into
peptides. In contrast, B cells have a membrane antibody (BCR)
that rapidly captures the antigen in its native form. This feature
suggested earlier involvement of Bregs compared to Tregs [1],
providing a strong rationale for investigating Bregs. Furthermore,
Breg impairment promotes the development of autoimmune and
allergic diseases [2].

1. Emergence of the B regulatory cell (Breg) concept

An observation made in 1950 suggested an association between
some forms of B cell deficiency and autoimmune manifestations
(cytopenias) [3]. Subsequently, expansion of B cells carrying CD5
and having a longer half-life and an auto-reactive repertoire was
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induce allergic diseases (asthma and atopic dermatitis) or autoim-
mune diseases (experimental autoimmune encephalomyelitis
[EAE], inflammatory bowel disease, biliary cirrhosis, arthritis,
diabetes), which resolved after the administration of syngeneic
B cells [2]. Further impetus to investigations into the regulatory
effects of specific B cell subsets came from reports that transplant
recipients who can be rapidly weaned off immunosuppressants
exhibited higher levels of B cell activation compared to those who
required continued immunosuppressant therapy [5].

The limited effectiveness of the anti-CD20 antibody rituximab
in lupus may be ascribable to counterbalancing of the beneficial
effects of effector B cell depletion by concomitant depletion of
Bregs [6], which are already decreased under basal conditions
in lupus patients [7,8]. The same mechanism probably applies
to inhibition of B cell-Activating Factor belonging to the TNF
Family (BAFF), since this cytokine promotes the production of
IL-10-expressing Bregs [9]. That anti-CD20 antibodies improve
other autoimmune diseases, including most cases of rheumatoid
arthritis (RA), may be related to the usually greater resistance of
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Fig. 1. The three types of regulatory T cells (Tr1, Th3, and Treg Foxp3+) have their
counterparts among B cells: Br1 cells produce IL-10, similar to Tr1 cells; Br3 cells
produce TGF-beta similar to Tr3 cells; and B-Foxp3+ cells express FoxP3 and CD25++
similar to FoxP3+ Tregs. All three Breg types express CD19 and a membrane IgM;
they often (but not always) express CD5.

Bregs to anti-CD20 antibodies in RA [10], and to the fact that CD5+
B cells are the first B cell subset to reappear after B cell depletion
by anti-CD20 antibodies [11].

2. The different types of regulatory B cells (Bregs)
2.1. Borderline Bregs: naive or neonatal B cells

Some naive B cells, although not Bregs in the strict sense of the
term, present their peptides in the absence of co-stimulation sig-
nals (expression of co-stimulation molecules, cytokines) and can
promote the induction of iTregs [8,12,13] (Fig. 1). The same regu-
latory function is exhibited by allogeneic B cells, which promote
transplant tolerance [13]. It is lost, however, when these B cells are
activated.

Neonatal B cells (called B-1) are chiefly found in the pleu-
ral membrane, peritoneum, and spleen. They are capable of
self-renewal outside the bone marrow and express polyreactive
low-affinity IgM. The B-1 repertoire is fairly restricted and remains
stable because, in contrast to B-2 cells from the bone marrow, B-1
cells have little contact with T cells. This archaic B cell popula-
tion [12] promotes the clearance of autoantigens released during
apoptosis, without generating a T cell response [14]. For instance,
B-1 cells can recognize neo-epitopes expressed by apoptotic cells
such as certain membrane lipids (phosphorylcholine) exposed at
the atheroma plaque surface.

2.2. IL-10 producing B cells (known as Br1 cells, in analogy with
Tr1 cells)

Br1l or “B10” cells [15] are defined by their ability to pro-
duce large amounts of IL-10, the cytokine with the strongest
inhibitory effect on the immune response, most notably on antigen-
presenting cells. IL-10 also inhibits the differentiation of ThO cells
to Th1 and Th2 cells; whereas Th17 and cytotoxic TCD8 cells are
less sensitive to IL-10. IL-10 is an autocrine factor for most B cells,
including Bregs, although exceptions have been reported, such as
murine peritoneal B-1P Bregs [16].

2.2.1. Conditions required for IL-10 production by Br1 cells

The most important molecules for IL-10 production by murine
Br1 cells are CD1d, CD19, and MyD88. In mice, aberrant CD40L (CD-
154) expression on B cells correlates with IL-10 production [17],
which is increased by binding to an antigen and by a higher level of
membrane IgM expression [18]: engagement of the BCR activates

Stromal Interaction Molecule (STIM), which induces an influx of
calcium into the cells [19]. Murine Br1 cells can also differentiate
to plasma cells that release IgM initially then IgG [20].

In humans, in contrast, binding of an antigen to the membrane
antibody may diminish the production of IL-10 by Br1 cells [6]. IL-
10 production increases substantially when T cell CD40L (CD154)
binds to B cell CD40 [8,13] and when the B cell toll-like receptors
(TLR) are activated, most notably by microbial molecules. Other
molecules may affect IL-10 production, such as CD24[20] and CD38
[8]in humans and TIM-1 (T cell immunoglobulin and mucin domain
1) in mice [21].

CD5 is chiefly expressed on the T cell surface but is overex-
pressed on Bregs. CD5 has the original property of interacting
with various membrane ligands (on hematopoietic and non-
hematopoietic cells) and with conserved microbial structures such
as some of the yeast 3-glucans [22]. In humans, CD5 stimulation
induces IL-10 synthesis by activating the NFAT2 pathway and, to
a lesser extent, the STAT3 pathway [23]. However, the presence of
CD5 is neither sufficient, nor indispensable to IL-10 synthesis in
humans [6]. In cord blood, where CD5+ cells contribute 7% of the
total cell population, less than 2% of CD5+ B cells have IL-10 in their
cytoplasm. In lupus, the B cells that produce IL-10 are CD5- and
CD40L+ [24].

CD5 may promote regulatory mechanisms other than IL-10 pro-
duction, such as increased expression of granzyme, FAS-ligand, and
PD-L2 (see below)[12]. The presence of CD5 may also be associated
with improved autoantigen presentation, although this function
may sometimes depend more heavily on CD1d than on class I or
I HLA molecules, as the CD5+ B cell repertoire is skewed towards
non-protein (auto)antigens (i.e., sugars, lipids, and glycolipids) [25].

2.2.2. Variety in Br1 phenotypes (subsets) and differences among
species

The most suggestive phenotypes of murine Br1 cells are CD19+,
CD5+, CD1d(high), and TIM-1 [21]. However, only 25% of Br1 cells
exhibit this phenotype, and even within this subset some B cells
do not produce IL-10. Whereas the level of CD19 expression cor-
relates closely with IL-10 production in mice, the opposite seems
true in humans, in whom IL-10 is chiefly produced by the BCD5+
subset [23] characterized by a lower level of CD19 expression [26].
Finally, the most suggestive Br1 phenotypes (which are, however,
neither necessary nor sufficient [6]) in humans may be CD19+(low)
CD5+CD1d(high) CD24(high) [15]; CD19+CD24(high) CD38+; and
CD19+CD24(high) CD27+ [27]. CD5+ B cell subsets are heteroge-
neous: some cells express a distinctive CD5 molecule produced by
alternate splicing of exon 1B [28].

2.2.3. Frequency of Br1 cells

In mice, Br1 cells are found chiefly in the spleen and peritoneal
cavity, but may be detected in peripheral blood, where they con-
tribute 1% to 3% of all B cells. In humans, 0.6% of peripheral blood B
cells may have Br1 functions but 5% may be capable of transform-
ing into Br1 cells, a property seen in particular with CD24(high)
CD27(+) cells [29]. The percentage of CD19(low) CD5(+) Br1 cells
may even increase to 15%, although these cells show a greater
propensity for apoptosis in this situation (17% versus 4% for the
other B cells [26]).

Another difficulty when investigating Bregs, including Br1 cells,
is the absence of a strict correlation between cell counts and reg-
ulatory function. Mice that spontaneously develop autoimmune
diseases (New Zealand black [NZB], non obese diabetic [NOD],
Lymphoproliferative [Ipr], and Murphy Roths Large [MRL]) usually
have elevated peripheral blood Br1 counts as a result of compen-
satory but inadequate Breg stimulation [30]. In contrast, mice used
in various models of induced autoimmunity based on their greater
susceptibility to loss of tolerance have lower peripheral blood
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Br1 counts compared to normal mice [15]. Therefore, defective
regulation by B cells (including Br1 cells) cannot be excluded,
despite the absence of phenotypic differences versus controls. In
other words, investigation of IL-10 production by B cells should
remain the reference criterion for identifying Br1 cells.

2.2.4. Brl cells in animal models and human diseases

Br1 cells are involved in tolerance to food allergens [26]. Their
preventive or curative effect has been convincingly demonstrated
in several murine models of autoimmune diseases (inflammatory
bowel disease, diabetes, lupus, arthritis, and encephalitis) [12]. The
increase in Br1 counts with increasing age in mice may constitute
a compensatory response to T cell repertoire contraction during
aging [15], which increases the risk of autoimmunity via cross reac-
tions. In humans, counts of Br1 cells (producing IL-10) are often
elevated in patients with autoimmune diseases (RA, lupus, Sjo-
gren’s syndrome, multiple sclerosis, and bullous skin diseases) [29].
Few studies have addressed Br1 function in humans, but there is
evidence of impaired Br1 function in patients with lupus [8].

2.3. Br3or Bregs producing TGF-beta

Similar to the Th3 subsets of Treg cells, which produce TGF-
beta, Br3 cells producing TGF-beta have been identified within both
CD5- and CD5+ populations of B cells [2]. There is no evidence to
date that these Br3 cells are different from B cells at rest. However,
activated B cell subsets have been shown to produce large amounts
of TGF-beta [6]. This Breg subset may be less important than the Br1
subset and it may serve only to induce transient amplification of
the regulatory B cell effect by ensuring the transition between Br1
cells and Treg involvement. Whereas Br1 cells generate a positive
autocrine loop (because IL-10 induces Br1 cells), Br3 cells induce
a negative autocrine loop, as TGF-beta inhibits CD5+ B cells and
forces them into apoptosis [2], while promoting the emergence of
Tregs (Th3 or Treg Foxp3). Br3 cells may nevertheless play a role in
some diseases. For instance, Br3 cell impairment may contribute to
food allergies (most notably to dairy products) in humans [31].

2.4. B-Foxp3+

Expression of Foxp3, a transcription factor that is fairly specific
of Tregs, was demonstrated using cytometry in a small propor-
tion (8%) of peripheral blood CD19+CD5+ B cells from 6 healthy
adolescents (15.3 3.5 years) [31]. CD19+CD5+Foxp3+ B cells are
characterized by a very high rate of apoptosis (63%) that is far
greater than that of other B cell subsets [32]. The immunodysregu-
lation polyendocrinopathy enteropathy X-linked syndrome (IPEX)
related to an inactivating mutation in the Foxp3 gene is character-
ized by severe food allergies despite normal CD5+ B cell counts, and
the B cell phenotype resembles that of naive B cells [33]. Although
the Foxp3 mutation predominantly affects Treg function, the high
prevalence of food allergies suggests concomitant Breg function
impairment, since deficits in other Breg subsets (producing IL-10
or TGF-beta) are often associated with food allergies [31].

To date, no studies have evaluated whether the Foxp3+ Bregs
constitute a subset of the CD20+CD25+ B cells, in analogy with
Foxp3+ Tregs. In all likelihood, only a small percentage of CD25+ B
cells exert regulatory functions in mice. In contrast to CD4+CD25+
T cells, CD20+CD25+ B cells proliferate in response to IL-2 [34]. As
a result, they contribute up to 30% of all peripheral blood B cells
in mice and can effectively present peptides to helper T cells. In
humans, only B cells expressing high levels of CD25 (BCD25++)
seem capable of acting as Bregs with abundant TGF-beta production
[35]. No studies so far have assessed, in analogy with Foxp3+ Tregs
[36], the existence of iBregsFoxp3+ (induced peripherally) or of
an nBregsFoxp3+ subset (“natural” Bregs educated in the thymus).

It would nevertheless be of interest to determine whether the few B
cells found in the thymus medullary exhibit a phenotype consistent
with regulatory effects [37].

2.5. B cells with cytotoxicity for other immune response cells

Similar to activated T cells, activated Bregs express pro-
grammed death ligand-1 (PD-1) [11] and most CD5+ B cells also
express increased levels of tumor necrosis factor-related apoptosis-
inducing ligand (TRAIL) (CD253) and Fas-ligand (CD178), most
notably in the spleen and tonsils and to a lesser extent in the lymph
nodes and thymus. These properties are consistent with the main
Breg function, which consists in preventing an excessive immune
response in the epithelia, at the interface between self and non-
self, where commensal microorganisms must be allowed to survive
while being closely supervised by the immune system. CD5+FasL+
B cells slow the progression of several experimental autoimmune
diseases including collagen-induced arthritis, in which a nega-
tive correlation has been reported between the number of these
cells and the severity of the clinical manifestations [38]. Apopto-
sis induction by Bregs via PD-1, Fas-L, or TRAIL varies with the
nature of the target T cell: susceptibility may decrease from Th1
cells to Th2 cells then to Th17 cells and seems lowest for Tregs
[12]. Differences exist also across tissues: increased expression of
proapoptotic molecules by Bregs in some tissues, such as the eye
or reproductive organs, contributes to explain the immune privi-
lege of these sites [12]. It is worth pointing out that susceptibility to
apoptosis is considerably greater for Bregs, including Br1, Br3, and
B-Foxp3+ cells, compared to Tregs [2]. However, Breg apoptosis is
compensated for in part by proliferation of the surviving Bregs [2].

3. The T/Treg and B/Breg foursome

At least in mice, Bregs activated by binding to their TLR inhibit
not only T cells, but also dendritic cells [39]. In humans, Bregs
activated via their CD40 molecules and binding to their TLR also
impair the maturation of monocytes to immature dendritic cells
then the differentiation of these last into mature cells and the abil-
ity of mature dendritic cells to stimulate T cells [40]. Interestingly,
Bregs (which may be CD5+ or CD5-) probably originate in a B cell
population that differs from the B cells involved in regulating T
cell proliferation (which are effective only if they express CD5 [8]).
Bregs, most notably those expressing CD1d, can also stimulate NKT
cells, which can exert regulatory effects [12]. Finally, in several
experimental models, Bregs block the switch from IgM to IgG [17],
probably by inhibiting the effects of T helper cells.

The main role of Bregs seems to consist in controlling the effects
of T cells. Bregs can fulfill this role either by releasing soluble fac-
tors (IL-10, TGF-beta) or via membrane-to-membrane contact (in
particular, involving Bregs induced by CD40 stimulation [8]). Bregs
can also force T cells to exhibit short-lived Treg behavior [41].
However, Bregs seem to control T cells chiefly via conventional
Tregs [8] or via Tregs exhibiting unusual phenotypes [42]. Whether
Foxp3+ Bregs selectively promote the appearance of Foxp3+ Tregs
is unknown. Bregs promote Treg accumulation within target tis-
sues via chemokine release [2], most notably in multiple sclerosis
and arthritis models [43]. Human Bregs also increase Foxp3 and
CTLA-4 expression at the surface of pre-existing Tregs (via direct
cell contact and TGF-beta release, whereas the effect of IL-10 seems
more incidental [44]). Treg inhibition by Bregs, in contrast, seems
exceedingly rare [45], as Tregs are highly resistant to inhibitory sig-
nals from Bregs. Bregs seem to serve as scouts that prepare the field
for the Tregs then disappear once the Tregs are operational, particu-
larly during the induction of tolerance via the mucous membranes,
after oral [46] or intranasal [47] antigen administration. Once

(2012), doi:10.1016/j.jbspin.2012.04.010

Please cite this article in press as: Berthelot J-M, et al. Regulatory B cells play a key role in immune system balance. Joint Bone Spine



dx.doi.org/10.1016/j.jbspin.2012.04.010

G Model
BONSOI-3692; No.of Pages5

4 J.-M. Berthelot et al. / Joint Bone Spine xxx (2012) xxX-Xxx

’ Th3 (TGF-beta = m) ’ T FoxP3 +

‘

’ Br3 (TGF-beta =) ‘

’ Brl (IL-10 = 0) ‘

Fig. 2. IL-10 produced by Br1 cells has autocrine and paracrine effects on the other
Bregs (including Br3 cells) and promotes Treg recruitment. In contrast, TGF-beta
released by Br3 (and Th3) cells inhibits Bregs and stimulates Tregs. Some of the
Bregs, whose involvement precedes that of the Tregs, seem to be “dismissed” by the
Tregs once these are recruited.

activated, Tregs tend to inhibit Bregs, most notably via the release
of TGF-beta, which exerts autocrine effects on Tregs (particularly
Foxp3+ Tregs) [48] but inhibit Bregs [2] (Fig. 2).

4. Role for Bregs in disease and treatment

The promoting and/or exacerbating effect of Breg deficiency has
been demonstrated, including in models characterized by exces-
sive autoantibody production such as the murine K/BXxN model,
which resembles RA [49]. At least two groups of researchers have
found impairments in B cells having Breg effects in human patients
with lupus [7,8]. Impaired IL-10-independent control of T cell
proliferation and impaired, partly IL-dependent, control of T cell
differentiation promotes an excessive Th1 response [5,50], which,
combined with activation of autoantibody production by IL-10,
may contribute to the pathogenesis of lupus. As shown for Tregs,
decreased susceptibility of specific target cells to the effects of Bregs
may exacerbate a number of diseases. In lupus, for instance, the
dendritic cells seem insensitive to the effects of Bregs [40].

The restoration of impaired Breg function may hold promise as
a novel therapeutic strategy. In mice, Breg stimulation by mono-
clonal anti-TIM-1 antibodies results in IL-10 release and prevents
the rejection of pancreatic allografts [21]. Several immunomodulat-
ing agents used empirically in humans such as glatiramer acetate
(Copaxone®) for multiple sclerosis may act via Breg stimulation
[51]. High-dose estrogens enhance the function of some Bregs, at
least in mice and in EAE models. No studies to date have deter-
mined whether anti-CD3 or IL-2 treatments used in humans and
mice to shift the Treg/T effector balance toward Tregs also exert
favorable effects on Bregs. Such effects may exist with IL-2 and
the CD5+CD25(high) B cell subset, as CD25 is the IL-2 receptor.
One of the mechanisms of action of tocilizumab [52] may consist in
enhancing the effect of Bregs (increased TGF-beta and CD25 expres-
sion at the B cell surface has been found in RA patients treated with
tocilizumab [35]).

Bacterial molecules have been used to stimulate Bregs. How-
ever, the term “vaccination” should be qualified or avoided, as Breg
stimulation occurs chiefly via some of the TLR, such as TLR9 in lupus
[53], in keeping with the apparently opposite roles for TLR7 and
TLR9 in this disease [54]. In mice, splenic B cells stimulated ex vivo
by bacteria acquire the CD5+CD1d+ phenotype, characterized by
high-level IL-10 expression and capable of markedly suppressing
the activity of experimental inflammatory bowel disease. Similarly,
lipopolysaccharide-induced activation of bowel CD5+ Bregs can
prevent the induction of EAE [55], and this effect is transmissible

via the transfusion of B cells from treated mice. The protective sub-
set (contributing 1% to 2% of all splenic B cells) is composed of
CD5 +CD1d(high) B cells activated via the TLR2/4 pathway by bacte-
rial antigens in the gut flora [55]. Investigations into the influence of
the gut microbiota on the balance between effector B cells and Bregs
may open up new therapeutic possibilities, particularly in multi-
ple sclerosis and in arthritis associated with chronic inflammatory
bowel disease.

An excessively zealous Breg population may promote tumor
cell growth, as one of the mechanisms used by tumor cells to
escape from the immune response consists in activation of Bregs
that produce TGF-beta [56]. Another adverse effect of excessive
Breg stimulation may be the perpetuation of some forms of infec-
tion. In chronic salmonella infection, the organisms activate the
gut Bregs via their TLR and these activated cells then produce IL-
10, which inhibits Th1 cells [57]. Similarly, the hepatitis C virus
eludes the host immune response by stimulating some of the Breg
cells in the mucous membranes. Several parasites (schistosoma,
trypanosomes) and viruses (including the HIV and the Epstein-Barr
virus) protect themselves from the Th1 response by stimulating
the Breg cells and forcing them to express proapoptotic molecules
such as FasL [58]. The parasite molecules with the strongest Breg-
stimulating effects are beginning to be identified. An example is
lacto-N-fucopentaose (LNFP-III) in schistosoma eggs [59]. The abil-
ity of parasites to activate Bregs may contribute to explain the
negative correlation between the rising incidence of autoimmune
diseases and the near disappearance of parasitic infections in coun-
tries characterized by high levels of hygiene [60].

Research into the Bregs seems particularly promising as Breg
impairment may be, if not a crucial abnormality, at least antecedent
to Treg impairment in the pathogenesis of autoimmune diseases.
When subjected to excessive solicitation, some “natural” Bregs
may lose their regulatory phenotypes and gradually take on a B-
helper behavior. This sequence may contribute to explain why
autoantibody production antedates the first symptoms in several
autoimmune diseases.
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