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A utoimmune diseases develop when high titers of auto-
antibodies against self-antigens are continuously pro-

duced. More than 5% of the entire world population suffers 
from at least one of numerous autoimmune diseases, such 
as systemic lupus erythematosus (SLE), rheumatoid arthritis 
(RA), among others. The role of B cells in the development 
of autoimmune diseases has been growing persistently. Apart 
from being the source of autoantibodies, they are efficient 
antigen-presenting cells and producers of pro-inflammatory 
cytokines. Many studies focused on the complexity of B cell 
overactivity, namely, the overproduction of B cell-activating 
factor (BAFF), the escape of autoreactive B cells from apopto-
sis, and the unbalanced production of various inflammatory 
and protective cytokines. On the other hand, B cells are a 
source of inhibitory cytokines such as interleukin-10 (IL-10) 
and transforming growth factor-beta (TGFβ). Depending 
on the signals that B cells receive, pro- or anti-inflammatory 
cytokines are produced, and the shift towards an inflamma-
tory or a protective/suppressive response is induced. 

B regulatory cells (Bregs) were first reported in a murine 
model of experimental autoimmune encephalomyelitis (EAE) 
showing that B cells are not required for the induction of EAE 
but they may contribute to immune regulation, resulting in 
complete recovery from acute EAE. In a later study, the stimu-
lation of arthritogenic B cells with an agonistic anti-CD40 and 
collagen generated a subset of IL-10-producing B cells. The 
transfer of these B cells to syngeneic immunized mice pre-
vented the induction of arthritis and ameliorated established 
disease by down-regulating Th1 cytokines [1]. During the last 
5 years Bregs were intensively investigated in healthy humans 
and in many autoimmune diseases. Different phenotypic 
Bregs, inducing their regulatory functions via many different 
pathways and thereby influencing the course of viral infections, 
malignancies and autoimmune diseases, were identified. 

HuMAn B REGulAToRY CEllS

The question how to identify Bregs with membrane markers or 
transcription factors is yet unresolved. Also unresolved is how 

to better stimulate them in order to improve their regulatory 
properties. CD19+CD25+ B cells were the first subset of human 
B cells previously suggested to have a regulatory function. They 
were characterized as expressing high levels of immunoglobu-
lins compared with CD19+CD25- B cells, but they lacked the 
ability to secrete them. They were defined as memory B cells 
(being CD27+) that secrete high levels of the inhibitory cytokine 
IL-10 compared with CD25- B cells [2]. Later, CD19+CD25high 
B cells were reported to be significantly higher in patients with 
anti-neutrophil cytoplasmic antibodies (ANCA)-related vas-
culitis when in remission, but much lower when disease was 
active. In an elegant study by Mauri et al [3], the presence of 
human Bregs, namely CD19+CD24highCD38high B cells, were 
identified as being able to suppress the differentiation of naïve 
T cells into T helper-1 (Th1) 1 and Th17 cells. They also con-
verted CD4+CD25- T cells into regulatory T cells (Tregs) in a 
CD40-dependent way and through the production of IL-10 but 
not TGFβ. In healthy individuals, CD19+CD24highCD38high 
B cells suppressed CD4+CD25- T cell proliferation as well as 
the release of interferon-gamma (IFNγ) and tumor necrosis 
factor-alpha (TNFα) [Figure 1A]. This suppressive capacity 
was blocked by the addition of CD80 and CD86 monoclonal 
antibodies. When analyzed in SLE patients, these cells were 
refractory to further CD40 stimulation, produced less IL-10, 
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Figure 1. B regulatory cells are characterized by many membrane 
markers, whose role could be different in many diseases. They are 
reported as different subtypes: [A] CD38highCD24highIL-10high, 
[B] CD25highCD1dhighIL-10high, [C] CD5highFoxp3highIL-10high, 
[d] CD5highFasLhighIL-10high
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and were incapable of suppressing Th1 proliferation compared 
to their ability in healthy individuals [3]. Later we characterized 
Breg cells as CD25highCD1dhighIL-10highTGF-βhigh. These 
were able to down-regulate CD4+ T cell proliferation when 
a co-culture, in a cell-to-cell-dependent way, suggesting that 
this regulatory function is CD86-dependent. Our other find-
ing in this study was that Bregs were efficient in up-regulating 
autologous Treg cell properties, namely, enhancing FoxP3 and 
CTLA-4 expression in these Treg cells following Breg/Treg cell-
to-cell co-culture [Figure 1B] [4]. 

Aiming to improve the characteristics of Bregs, we found 
that other regulatory markers were highly expressed on these 
cells. We showed that molecules such as semaphorin3A (a reg-
ulatory protein) and C72 (a regulatory B cell co-receptor) were 
mainly expressed on CD19CD25highIL-10high, suggesting 
CD19+CD25highCD72+sema3Ahigh cells to be a subset of 
Breg cells in humans; this needs further attention [5]. Trying to 
identify other markers for Bregs, IL-10 and TGFβ-producing B 
cells were found to highly express Foxp3 and CD5, suggesting 
CD19CD5highFoxP3highIL-10high to be a different subset of 
Breg cells. Looking into their possible involvement in inflam-
matory diseases, they were found to have a regulatory role in 
non-immunoglobulin E (IgE)-mediated food allergy and in 
atopic dermatitis [6]. In line with this, CD19+CD25+FoxP3+ 
cells were noticed to play a role in multiple sclerosis (MS). They 
were significantly higher in relapsing-remitting MS during 
relapse symptoms when compared to non-clinically active MS 
patients [Figure 1C]. Further evidence is required to establish 
the true presence of Foxp3+ B cells and to prove that these are 
indeed Bregs. 

“KIllER” B REGulAToRY CEllS

The FasLigand/Fas receptor axis has been studied extensively 
as a mechanism of killing CD4+ T cells and other immune 
cells, thereby preventing autoimmunity and cancer. Evidence 
has emerged that in addition to activated cytotoxic T cells 
(CTL) and natural killer (NK) cells, B lymphocytes were also 
found to express FasL, thus mediating cell death of many over-
activated immune cells. Among B cell subsets, the expression 
of both FasL and IL-10 was highest on CD5+ B cells, suggest-
ing this subset to be a unique one in the field of human Bregs. 
This subset of cells was found to be higher in aggressive forms 
of B cell lymphoma and during persistence of viral infections 
such as Epstein-Barr virus, suggesting their expansion to be 
one of the mechanisms by which tumor and infected cells may 
escape efficient immune responses. The above explains why 
this subset of Breg cells is defined as “killer”/regulatory cells, 
which serve to protect against the development of autoimmu-
nity [Figure 1D] [7]. 

Granzym B (GzmB) represents a major component of 
the granules of NK cells and CTL. Classically, GzmB has 

been linked primarily to the induction of apoptosis in target 
cells after attack by CTL. Various autoimmune diseases have 
been linked to elevated levels of IL-21 and GzmB, which 
were shown to play an immunosuppressive and thereby 
protective role in the early phase of SLE. With this in mind, 
CD5high B cells were demonstrated to be IL-10 and GzmB 
producers playing an additional role in suppressing autoim-
mune responses. Aiming to assess the relationship between 
CD5+ B cells, IL-21 and GzmB in SLE patients, both IL-21 
and GzmB serum levels were evaluated. Here, in vitro experi-
ments showed that IL-21 directly induces GzmB expres-
sion and secretion by CD5+ B cells, suggesting again that 
CD5+GzmB+ are important disease-modifying players in the 
early phase of SLE [8].	

Il-35 And Il-21 And B REGulAToRY CEllS

In addition to their ability to produce IL-10 and TGFβ, Bregs 
were reported to produce IL-35, which is essential for their sup-
pressive/regulatory function. In one study, IL-35 increased the 
ability of Bregs to suppress experimental autoimmune uveitis. 
Moreover, recombinant IL-35 inhibited lipopolysaccharide-
driven B cell activation while inducing IL-10 production, thus 
suggesting IL-10high B cells to be IL-35high [9]. To identify 
signals that regulate IL-10 producing B cells in vivo, purified 
B cells were cultured with cytokines known to influence B cell 
function. Stimulation with IL-21, but not IL-4, IL-6, IL-12 and 
IL-23 induced 4.4 to 5.3-fold more IL-10 secretion at 48 and 72 
hours	respectively. IL-21 also induced a threefold increase in 
IL-10+ B cells within the spleen CD1dhighCD5high B cell sub-
set, but did not induce IL-10+ B cells among the CD5 subset. 
To verify that T cell-derived IL-21 and CD40 signals drive B10 
cell expansion and IL-10 production, B cells were cultured with 
anti-CD40 antibodies and B lymphocyte stimulator (BLyS) in 
the presence of IL-4. B cells were then cultured with exogenous 
IL-21 for 5 days, which was essential to optimally expand 
IL-10+ B cells and induce IL-10 production. The transfer of 
CD5+ B cells markedly reduced EAE disease severity in wild-
type mice, explaining in part why EAE is exacerbated in the 
absence of IL-21 [10]. 

ConCluSIonS

A better characterization of Bregs – their membrane markers, 
cytokine profile and contribution to self-tolerance – is needed. 
How to achieve their maximal regulatory effect should also be 
the subject of future studies. 
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Kill it: That is the immune system’s response to most viral 
infections, including influenza. Eliminating infected cells 
rids the body of the infection. Heaton and group report that a 
special type of epithelial cell in the lungs of mice – called club 
cells – survive influenza infection. How do they do it? Gene 
expression analysis suggests that club cells express high 
amounts of antiviral genes in response to infection. Although 

this process probably helps the animal contain the virus during 
early infection, club cells also produced pro-inflammatory 
molecules that cause lung pathology. Whether club cells play 
a role in inflammation-induced mortality, as seen in the H5N1 
and H1N1 influenza pandemics, remains to be seen. 
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Capsule

Flu survivors are an inflammatory club

Drugs delivered throughout the body often cause collateral 
damage to healthy tissues. When disease or injury is localized, 
patients can avoid this problem by using a drug delivery device 
implanted in the target tissue. However, such devices eventually 
run out of drugs and must be removed surgically and refilled. 
Brudno et al. designed a drug-delivery device that can be refilled 
non-invasively and tested it in a mouse tumor model. They made  

the device from a gel tethered to short DNA sequences. To 
refill it, they coupled gel strands to drugs and tethered them 
to complementary DNA sequences, then injected the strands 
intravenously into the mice. Because of the complementary DNA 
sequences, the strands homed directly to the device. 

Proc Natl Acad Sci USA 2014;10.1073/pnas.1413027111
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Refilling drug delivery devices

The hormone erythropoietin (EPO), which is synthesized in the 
kidney or liver of adult mammals, controls erythrocyte production 
and is regulated by the stress-responsive transcription factor 
hypoxia-inducible factor-2 (HIF-2). Xu and co-authors previously 
reported that the lysine acetyltransferase CREB-binding protein 
(CBP) is required for HIF-2α acetylation and efficient HIF-2-
dependent EPO induction during hypoxia. Now the authors 
(show that these processes require acetate-dependent acetyl 
CoA synthetase 2 (ACSS2). In human Hep3B hepatoma cells and 
in EPO-generating organs of hypoxic or acutely anemic mice, 
acetate levels rise and ACSS2 is required for HIF-2αacetylation, 

CBP-HIF-2α complex formation, CBP-HIF-2α recruitment to the 
EPO enhancer and efficient induction of EPO gene expression. In 
acutely anemic mice, acetate supplementation augments stress 
erythropoiesis in an ACSS2-dependent manner. Moreover, in 
acquired and inherited chronic anemia mouse models, acetate 
supplementation increases EPO expression and the resting 
hematocrit. Thus, a mammalian stress-responsive acetate 
switch controls HIF-2 signaling and EPO induction during path- 
ophysiological states marked by tissue hypoxia. 

Nature Med 2014; 20: 1018
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An acetate switch regulates stress erythropoiesis




