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Abstract: Equivalent to regulatory T cells, a novel B cell populace, called regulatory B cells
(Bregs), has been found to exert a negative immune regulatory role. These subsets of cells
account for 0.5% of human B cells from the periphery that expand after activation upon
certain stimuli depending on the nature of the microenvironment and provide a variety of
Breg cell phenotypes. The increasing number of suppressive mechanisms attributed to Bregs
suggests that these immune cells play many roles in immune regulation. Bregs have been
confirmed to play a role in host defense mechanisms of healthy individuals as well as they
play pathologic and protective roles in diseases or other conditions. Accumulating evidence
reported that Bregs have a role in autoimmune and infectious diseases to lower inflammation,
and in cancer to attenuate antitumor immune responses, thereby to promote cancer growth
and metastasis. More recently, Bregs are also found to be involved in conditions like
transplantation for transplant tolerance, during pregnancy to create an immune-privileged
uterine environment and during early neonate life. Herein, the review summarizes recent
findings aimed to provide understanding on the Breg cells, in the hope to gain insight on the
general overview, development, mechanism of activation, and action of Bregs as well as their
potential roles in health and diseases.
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Introduction

B cells or B lymphocytes are predominantly derived from a common lymphoid
progenitor in the bone marrow, where they develop from pro B cells to pre-B cells
and eventually to immature B cells before they move into the periphery as transi-
tional cells. B cells have a variety of immune functions including antigen presenta-
tion, antibody production, and direct antigen pick up through their B cell receptor
(BCR)."? Recently, the newly designated B cells, called regulatory B cells (Breg)
have been found to exert negative immunoregulatory activity.® Breg cells, the
collective name of several regulatory B cell subsets, take a very small percentage
(=0.5%) of the population of B cells in healthy humans. Although the term Breg
cell emerges just 17 years ago, the first description of B cells with their anti-
inflammatory activities dates to the 1970s.* Bregs suppress immune-mediated
inflammatory responses and/or facilitate the recovery of inflammation, thereby
maintaining tolerance and immune homeostasis through production of different
cytokines such as interleukin (IL)-10 and IL-35, transforming growth factor
This is
apparent in animal models depleted of B cells, where there is worsening of the

(TGF-B) and through cell contact-dependent suppressive mechanisms.>°
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symptoms of inflammatory diseases including autoimmune
diseases, infections, cancer, graft rejection, and other dis-
eases, suggesting certain B cell lineages, now called Breg
cells, suppress immunological disorders by preventing the
expansion of pathogenic T cells and other inflammatory

lymphocytes in such diseases.”®

Regulatory B Cell Development and
Phenotypes

The developmental stages of B cells can be classified into
pre-B cells, immature B cells, mature B cells, activated
B cells, and plasma cells. Within a bone marrow, the
development of pre-B cells and immature B cells occurs
in antigen-independent manner, while the differentiations
of mature B cells, activated B cells, and plasma cells are
antigen-dependent and occur in peripheral organs.’

Based on surface markers, B cells are grouped into B1
and B2 cells. B2 cells represent the majority of B cells and
are commonly called B cells. B cells are further classified
into follicular (FO) B cells and marginal zone (MZ)
B cells. FO B cells are located in lymphoid follicles of
secondary lymphoid tissues and the circulation whereas
MZ B cells are mainly found in the marginal zone of the
spleen. Both FO and MZ B cells emerge from immature
precursors derived from the bone marrow. These immature
B cells are called transitional B cells and depending on
their maturation stage, they are divided into transitional
stage 1 (T1), stage 2 (T2), and stage 3 (T3) B cells.” FO
B cells facilitate humoral responses to thymus-dependent
antigens and enter the germinal center where they undergo
class switch and affinity maturation with the aid of T cells
to produce antibodies of high affinity.'” Upon activation,
FO and MZ B cells can undergo terminal differentiation to
antibody-producing plasma cells. IgM memory cells,
which express surface IgM and CD27, are considered the
human equivalents of MZ B cells. B1 cells mount humoral
responses to thymus-independent antigens along with
MZB cells, leading to the secretion of highly reactive low-
affinity antibodies. Bl cells are formed in the fetal liver
and reside in the chest and abdominal cavity. Peritoneal B1
cells produce Macl (CD11b), while spleen B1 does not.
B1 cells can be further divided into Bla (CD11b+ CD5+)
and Blb (CD11b+ CD5-) cells, irrespective of the pre-
sence or absence of CD5 expression.” !

Bregs, particularly those present in humans, have been
recently characterized though there is still some contro-
versy and unclear ideas concerning whether Breg cells are

uniquely derived from a specific precursor or originate
within conventional B cell subsets as well as their relation-
ship to each other and with other B cell populations.'”
Different studies report that Breg cells or their progenitors
appear to be able to originate from both Bl and B2 cell
subpopulations.”'”

Besides, research focused on the identification of the
exact Breg subsets has yielded supporting results, which
suggests Bregs do not originate from a common progenitor
and that these cells may develop from various subsets of
B cells.!' Bregs have a variety of sources including type
T2 B cells, MZ B cells, B1b cells, and possibly FO B cells.
Breg cells are grouped into a primitive type and acquired
type. Primitive Bregs are mainly derived from mesenteric
lymph nodes and differentiate into acquired Bregs when
induced by a large number of metabolites produced by
intestinal bacteria. The acquired Bregs in turn induce
a series of immunosuppressive effects.*

Regarding the origin of functional Breg, numerous
literatures suggest that their origin depends not only on
the particular subset but also on other factors such as the
B cell their
microenvironment.'>'* These studies also describe the

activation  status  and specific
inability to identify a specific transcription factor for
Bregs as well as the heterogeneity of their phenotypes,
indicate that Breg cells are not a distinct developmental
line and hence any B cell can be differentiated to Bregs in
response to stimuli. In response to some endogenous and
exogenous stimuli, B cells can differentiate into induced
Bregs (iBregs). T cells expressing cytotoxic T lymphocyte-
associated protein 4 (CTLA-4) has been shown to promote
the differentiation of iBreg population. The effect of
B cells is also highly influenced by a specific
microenvironment.'* Several microenvironmental factors
such as IL-21 have been demonstrated to be helpful in
B cell homeostasis. IL-21 is a stimulus that drives the
differentiation of B cells into granzyme B producing
B cells (GZMB™)."?

Though Breg cell origin is still unclear, there are sev-
eral phenotypic variants of Bregs that have been recog-
nized in different mice models as well as in various human
disease conditions.'>'® These varieties of Bregs subsets
involve immature B cells, B10 cells, GZMB* B cells,
regulatory B1 (Brl) cells, plasmablast, TIM1" B cells,
and iBreg cells. B cell population contains a relatively
large number B cell subset producing a primary cytokine
IL-10 called B10 cells. IL-10 is a cytokine that lowers the

synthesis of proinflammatory cytokines, for instance, IL-2,
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IL-3, interferon y (IFN-y), and tumor necrosis factor o
(TNF-a), and also inhibits the immune responses of Thl
cells. Human Breg cells are first identified as
CD19°CD24"CD38" cells that accounted for the highest
proportion of B10 cells in peripheral blood."

Mechanisms of Activation of
Regulatory B Cells

Breg cells remain at relatively low levels in normal states
to maintain immunological tolerance and homeostasis
while they increase in response to inflammation. Immune-
activation is required for Bregs to exhibit suppressive
functions. The signals that induce the differentiation and
hence the activation of Bregs include the engagement of
combinations of several molecules, including toll-like
receptor (TLR)-2, TLR-4, TLR-9 signaling, BCR signal-
ing and costimulation mediated by CD40, CD80/CD86 or
B cell-activating factor (BAFF) and cytokines (IL-1p, IL-
2, IL-6, IL-21, IL-35, IFN-a/B)."”

B cells bind antigens via BCR then deliver them to
cognate CD4+T cells and become activated with an endo-
genous signal CD40-CD40L, CD80/86-CD28, and IL-21,
and ultimately evolve into Bregs.”'®'® External signals
like lipopolysaccharides (LPS) on TLR-2/4 and DNA
complex on TLR-9 can induce Bregs by enhancing BCR
signal transduction through the myeloid differentiation
primary response gene 88 (Myd88) pathway to produce
effector cytokines like IL-10."%!" Cyclic AMP responsive
element-binding protein (CREB) and signal transducer and
activator of transcription 3 (STAT3) are the key transcrip-
tion factors responsible for the expansion and differentia-
tion of human Bregs. Besides, proinflammatory cytokines
such as IL-1p, IL-2, IL-6, and IFN-a help to activate Bregs
via the STAT3 pathway. Moreover, Bregs are induced by
anti-inflammatory cytokine IL-35 via IL-12RB2 and IL-
27Ra.*

Mechanisms of Action of Regulatory
B Cells

The effector mechanisms of human Breg cells are predo-
minantly through secretion of different anti-inflammatory
cytokines, which in turn can be IL-10 dependent and IL—
10 independent mechanisms.?' Many functions of Breg
cells have been identified to be mediated via IL-10 depen-
dent manner by releasing their hallmark immunosuppres-
sive cytokine called IL-10. The IL-10 derived from B cells
effectively suppresses the proliferation and inflammatory

cytokine production of the T cells and can also induce fork
head box protein 3 (FoxP3") regulatory T cells. Because of
its effects on innate cell types, IL-10 also acts indirectly by
inhibiting antigen presentation and proinflammatory cyto-
kine production by dendritic cells (DC), monocytes, and
macrophages.” Beyond IL-10, Bregs can act by secreting
other anti-inflammatory cytokines such as TGF-f and IL-
35.7

Furthermore, to exert their effects on target cells, Bregs
can use enzymes such as intracellular granzyme B, indo-
leamine pyrrole 2.3-dioxygenase (IDO), or the membrane-
expressed CD73 that
adenosine.?'*? Granzyme B is a cytotoxic serine protease

mediates the generation of
produced by Bregs, which upon activation with IL-21 and
along with the engagement of BCR mediate the leakage of
the enzyme into the cytoplasm that may result in the
apoptotic demise of autoreactive B cells and negative
effects
Granzymes have different extracellular effects in addition

immunoregulatory on other immune cells.
to their cytotoxic functions and thus participate, for exam-
ple, in inflammatory processes and tissue remodeling.
There is also evidence that suggests granzyme B plays
an important role in antiviral immune responses, in the
regulation of autoimmune responses, and cancer
immunosurveillance.'

Bregs can also exert their effects by cell contact-
dependent suppressive mechanisms independent of cytokine
secretion. Several Breg cell surface molecules including
CD80, CD86, fas ligand (FasL), programmed death
ligand-1 (PD-L1), CD40L, or CDI1d have been implicated
in mediating suppressive function of Breg cells via direct
cell—cell interactions. These molecules cause inhibition of
effector T cell function, induction of target cell apoptosis,
and induction of Treg cells. A major histocompatibility
complex (MHC) class I-like molecule, called CD1d, is
responsible for lipid antigens presentation to natural killer
T (NKT) cells. CD1d is a major phenotypic marker highly
expressed in many Breg cells, and it has also been sug-
gested to have a crucial role in Breg cell-mediated suppres-
sion. The up-regulation of CD1d on B cells is associated
with B cell-mediated protection against intestinal mucosal
inflammation.*

Finally, some Bregs subsets can switch to produce
immunoglobulin such as IgM and IgG4 that are related
to immune-suppressive functions after activation. The
human IgM memory cells produce IgM and dampen
inflammatory responses by producing MyD88-dependent

IL-10.% Natural IgM are often the results of B1 cell clones
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that arise during immune development without an absolute
requirement for exogenous antigenic stimulation in the
mouse immune system. In murine, natural IgM antibodies
that recognize apoptotic cells have been shown to increase
the phagocytic clearance of dead and dying cells and to
inhibit innate immune signaling pathways. Similarly, IgM
autoantibodies bind to neo-epitopes on apoptotic cells in
patients with systemic lupus erythematosus (SLE) and are
found to be significantly higher in patients with lower
disease severity and with less serious organ damage.”*
Another immunoglobulin called IgG4 is recognized to be
anti-inflammatory and defensive against allergic responses
by competing with IgE for allergen binding.*

Collectively, there are now substantial data demonstrat-
ing that Bregs can cross-talk and suppress the functionality
of immune cells of lymphoid origin by inhibiting IL-17 or
IFN-y production in Th17, Thl, or CD8+ T cells, as well
as they, suppress cells of myeloid origin by preventing the
secretion of TNF-a or IL-12 in inflammatory monocytes or
DCs, respectively.”** Besides, Bregs help maintain immu-
nological homeostasis by impairing antigen-presenting cell
(APC) and inducing differentiation of Tregs and Trl cells
(producing IL-10 and TGFP) as well as by activating
invariant NK cells (inducing them to produce IL-4 and
IL-13) both in mice and humans to favor an anti-
inflammatory microenvironment.”> More recently, Bregs
are also known to have a relationship with a newly identi-
fied population of regulatory cells called myeloid-derived
suppressor cells (MDSC). MDSC is demonstrated to be
involved in enhancing the expression of inducible nitric
oxide synthase (iNOS) as well as the production of nitric
oxide (NO), which ameliorates inflammation by inducing
IL-10 producing B cells.** Breg cells suggested to take
part earlier in an immune response and its response is
shorter-lived compared to Treg response. This is because
B cells can respond directly to naive antigen by their BCR
in contrast to T cells which respond to an antigen follow-
ing cleavage of peptides.’

Potential Roles of Regulatory
B Cells in Health and Diseases

Accumulated evidence suggests that Breg cells have been
shown to play a role in host defense mechanisms of
healthy individuals as well as in suppression or progres-
sion of diseases through different mechanisms. Primarily,
this review discusses the current understanding regarding
the intricate role of Bregs in health and diseases or

conditions along with the possible Breg targeted therapeu-
tic strategies that could pave the way for the improved
therapies of various diseases.

Autoimmune Diseases

The immune-suppressive role of Breg cells in autoim-
mune disease is described in many models through the
most well-known IL-10 dependent mechanism and/or IL-
10 independent manner. A plethora of studies have con-
firmed an inverse relationship between the number and
function of Bregs and the severity of an autoimmune
disease.'**> The protective function of Bregs was origin-
ally described in the experimental autoimmune encepha-
lomyelitis (EAE) model wherein immune regulation is
mediated largely through IL-10 production.'* Recent
reports found that Bregs play a protective role in multiple
sclerosis, systemic lupus erythematous, rheumatoid arthri-
tis, type 1 diabetes mellitus, inflammatory bowel disease,
and other autoimmune diseases in which strong pro-
inflammatory Thl and/or Th17 cells display serious dele-
terious effects in diseased individuals.?® This part of the
review elaborates on the role of Bregs in autoimmune
diseases.

Multiple Sclerosis (MS)

The protective role of B cells producing IL-10 is evident in
the MS mice model, with B cells rapidly alleviated from
disease after a short duration of paralysis, while mice with
a B cell-specific IL-10 deficiency develop severe, chronic
disease.”® Importantly, following this knowledge of the
immune regulatory roles of B cells, a new concept of
MS immune pathogenesis and modern therapeutic options
for MS treatment has been established.

Systemic Lupus Erythematous (SLE)

The study conducted on human Breg cells in SLE indi-
cated that following TLRY stimulation, Breg cells are
strongly activated in IgM memory B cell subsets but
their induction impaired in SLE.** This is supported by
the report of Ota and his colleagues who revealed that
Breg cells induced by TLRY from healthy controls inhi-
bit the proliferation and IFN-y production of T cells, in
contrast, such Bregs induction is significantly impaired
in SLE.?” B lymphocyte induced maturation protein 1
(Blimp-1) is found to have a critical role in Breg induc-
tion associated with the differentiation of plasma cell in
a mouse model. Besides, more recent studies on SLE
patients indicate that TLR9 induced Blimp-1 stimulation
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is greatly abrogated accompanied by less IL-10 produc-
tion in B cells.***” These papers have also confirmed
that Breg induction is impaired in SLE patients by
Blimp-1silencing using Blimp-1 knocked down B cells.
Taken together, compilation of data provides a better
insight into the molecular mechanisms of Breg induction
in humans, which in turn offers a novel clue to use Bregs
for SLE treatment.

Type | Diabetes Mellitus (T1DM)

Beyond their pathogenic role, B cells have also regulatory
roles in TIDM. Although B cells initiate pancreatic beta
cells destruction by autoantibodies, they play a regulatory
role after LPS mediated induction that in turn activates
FasL expression, and TGF-f3 and IL-10 production, which
when adoptively transferred to non-obese diabetic (NOD)
mice prevent disease occurrence.”®?° Thus, the induced
Breg cells activate FasL mediated apoptosis of autoreac-
tive T cells and dampened the APC function via TGF-f.

Rheumatoid Arthritis (RA)

Individuals with RA show a lower in percentage of IL-10
producing B cells in peripheral blood than patients with
The
expressing PD-L1, an inhibitory receptor for CD80/86 co-

inactive disease or healthy individuals. Breg-
stimulator, is also abrogated in RA.*° This study has also
found a decreased proportion of CD19°CD5" CDI1d™
B cells in patients with RA when compared to control
subjects, suggesting these B cells influence the disease
activity of RA. Moreover, there are increased PD-L1
B cells in good responder patients after the treatment
of RA.

Conclusively, B cell depletion therapy has now been
obsoleted due to its disappointing prognosis as
a consequence of B cells’ ability to interact with a vast
their

inflammatory activity, instead, Bregs could be used as

array of other immune cells besides anti-

a novel therapy in autoimmune diseases.

Allergic Diseases

Breg cells, particularly Brl cells, were found to be involved in
induction and maintenance of allergen tolerance by preventing
chronic inflammation in allergic diseases. Breg-mediated
allergen tolerance involves IL-10-mediated suppression of
T effector cells including Th2 responses, Treg induction, inhi-
bition of DC maturation, modulation of Tth cell responses, and
production of anti-inflammatory high affinity and specificity
IgG4 antibodies.'*** These roles of Bregs are essential during

allergen immunotherapy (AIT) to maintain homeostasis and
this could open potential new windows for developing targeted
therapies.

Cancer

B cells were traditionally best known against tumors
through antibody production.®’ More recently, however,
it has been identified that Breg can inhibit CD4+ T cell
stimulation or release cytokines to suppress the immune
response and facilitate the progression of tumor.>? Bregs,
through the production of anti-inflammatory cytokines like
IL-10, can suppress diverse cell subtypes including T cells
and can enhance the conversion of T cells to Treg cells,
which in turn attenuate antitumor immune responses.
Besides, Bregs have been recognized to be recruited to
the tumor to get their immunosuppressive properties
within the tumor bed and hence inhibit antitumor immune
responses.””

There are extensively available evidence supporting the
crucial role of Breg in tumor immunology. The important
role of Breg in tumor immunology was originally
described in lymphoma in which the Breg significantly
suppresses antibody-mediated lymphoma depletion.*?
Thus, Breg cells inhibit antitumor T effector cells through
Treg induction. Leukemic B cells spontancously secret
huge amounts of IL-10 whereas the production of TNF-a
by Breg cells increases the progression of skin
carcinoma.>*** The role of Bregs in promoting tumor
development is supported by a report that shows
a significantly higher proportion of circulating Bregs in
patients with hepatocellular carcinoma (HCC) than healthy
people, which is correlated positively with advanced
stages, multiplicity and invasiveness of the tumor as well
as with more recurrence of a tumor.*® This study was also
revealed that human Bregs promote HCC tumor growth
independent of Tregs in severe combined immune defi-
ciency (SCID) mice and was confirmed the migration of
Bregs from the blood into the tumor. Furthermore, this
in vitro study explored that Bregs promote the growth and
invasiveness of HCC by directly interacting with liver
cancer cells via the CD40/CD154 signaling pathway.
Additionally, tumor-evoked Bregs were reported to facil-
itate lung metastasis in breast cancer of a mouse model by
producing TGF-p that induces Tregs differentiation.*® This
immune-suppressive property of Bregs is suggested to be
through increased expression of TGF-B, PD-L1, CD86,

and IL-10.%7
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The large number and impaired function of Tth cells in
non-small cell lung cancer (NSCLC), particularly in
advanced stages, were reported to lead into tumor devel-
opment by inducing the differentiation of immunosuppres-
sive Breg cells.*® Currently, Breg-directed therapies that
promote antitumor immunity are being developed follow-
ing the increased understanding of Breg induction and
function in tumor immunology as in NSCLC, which
show the positive impact of the Breg on cancer
therapy.*®*® These studies also added that those patients
with metastatic cancer but having a greater number of
CD20" B cells in the lymph nodes have more chance of
survival.

Infections

Bregs are recognized to have roles and are induced in
a number of infections like bacterial, viral, and parasitic
infections. This review summarizes the role of Bregs in
some infectious diseases.

Salmonella Infection

In spite of their contribution to protective immunity
against Sal/monella, B cells exert suppression on innate
host defense mechanisms to Sa/monella by 1L-10 derived
from IL-10."%4%*" Salmonella activates Breg cells to pro-
duce IL-10 in MyD88-dependent manner through TLR2/
TLR4 in vitro, while it enhances the rapid production of
IL-10 expressing B cells in the spleen of infected mice
in vivo."” Beyond IL-10, CD19°CD138™ Breg cells also
suppress host immunity to Salmonella through IL-35
secretion. This finding is corroborated with a study invol-
ving a mice model with B-cell-specific IL-35 deficiency
and demonstrated improved control of Salmonella infec-
tion and increased survival when compared to control
mice.*?

Hepatitis B Virus Infection (HBV)

Several lines of evidence indicated that Breg contributes to
the evasion of the body with HBV infection as well as
hindering the elimination of such infection in an IL-10
dependent manner.*® Consistently, a study revealed that
chronic HBV infected patients have expanded Breg and
Treg cells and a greatly increased IL-10 concentration in
the culture of peripheral blood mononuclear -cells
(PBMCs).**  The paper
a dramatically decreased percentage of Thl cells in

same also demonstrated

chronic HBV patients and was reported to have

a negative correlation with Breg cells count. Another

study also supports this result and demonstrates Bregs
suppress HBV-specific CD8+T cell, Thl, and Thl7
responses as well as convert CD4+T cells into Tregs in
an IL-10 dependent mechanism.*

Malaria

In addition to antibody production in the immune response
against malaria, B cells play a crucial role in immune
regulation. The study conducted on Plasmodium chabaudi
infected C57BL/6 and BALB/c mice shows that
CDI19'CD5'CD1d™ cells are the well-established Breg
subset though represented for less than 20% of IL-10
secreting B cells in both strains during infection.*
Though the roles of Breg cells during uncomplicated and
complicated human malaria are yet to be further investi-
gated, available evidence have shown that Breg cells have
a beneficial role in severe malaria via preventing the
worsening of inflammatory responses by cytotoxic
T cells.*’ Thus, for neuronal disorder due to sequestration
of erythrocytes, Breg cells and anti-inflammatory cyto-
kines, such as IL-10, are found to be important in inhibit-
ing the neuro-pathogenesis of malaria. The same study
also suggested that Breg cells may selectively bring sup-
pressive effects on malarial immunopathology through IL-
10 production but appear to have little effect against the
development of blood parasitemia. When IL-10 producing
Breg cells are adoptively transferred to naive mice, they
could protect the animals from mortality.*> In contrast,
Breg cells adoptive transfer to C57BL/6 mice infected
with Plasmodium chabaudi accompanied with a transient
increase of parasitemia with no impact on the survival
rate.*’

Transplantation

The essential role of B cells in transplantation is not only
to serve as precursors of plasma cells, which produce
alloantibodies and induce antibody-mediated rejection but
also, a more recent finding, shows the suppressive activ-
ities of Breg play an important role in allotransplants by
providing necessary cushion to the immune response
against the transplant.*® Intriguingly, B cells have been
reported to have a defect in immunosuppressive properties
with
rejection.*” This suppressive activities of B cells are inde-
pendent of IL-10, instead, GZMB, independently of the
perforin component, mediates T cell apoptosis, and sup-

among  patients chronic  antibody-mediated

pression of T cell proliferation.'® Therefore, GZMB" and
the interaction of B cells with their T cell targets are the
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determinants of the inhibitory effect of B cells. The study
has also shown that inhibiting TGF- has no effect on the
immunosuppressive activities of B cells. Similarly, other
studies also supporting this finding in which anti-CD45RB
treatment induces strong antigen-specific tolerance depen-
dent on the presence of B cells but independent from IL-
10.°%" Besides, a study by Chesneau et al suggests that
B cells have a higher absolute number of GZMB™ B cells
with a plasma cell-like phenotype and with dose-
dependent suppressive activities via GZMB pathway in
blood from patients with a tolerant kidney graft. In these
models, IL-10 rather counter regulates tolerance induction,
and even exerts a negative impact and causes histologic
lesions of rejection. Altogether, studies suggest that
B cells, depending on the origin of Breg subsets, can be
involved both in transplant tolerance and rejection or graft
versus host disease (GVHD)."?

Nowadays, like other immunological diseases, Bregs
form an interesting area of research with conceivable appli-
cations in treating transplant rejection. These regulatory
B cells may be helpful in developing a new immunomodu-
latory therapeutic technique to create a tolerogenic environ-
ment in transplantation. Infusing the in vitro prepared Bregs
could be a novel strategy to actively induce tolerance and to
treat graft rejection.>” Not at all like Tregs, there is no clinical
trial utilizing Breg cells for cell treatment, in spite of the fact
that it has been demonstrated effective in a few animal
models. The expansion and assenting transfer of murine
Bregs in transplantation models have appeared promising
results though numerous steps have to be taken before this
could be applied to the human beings.

During Pregnancy and Early Life

To avoid destructive immune responses against the semi-
allogeneic fetus during pregnancy, inflammatory responses
are thought to be diminished and compensated by
increased humoral responses. Thus, Breg cells are partly
involved in immunosuppression to ensure immunological
tolerance in the mother’s womb throughout pregnancy.
The associations of Breg cells with pregnancy success
were first observed in mice.>® This suggests that the eleva-
tion in CD5'CDI1d" Breg cells is beneficial to avoid
immunological abortion in pregnant mice. Indeed, the
adoptive transfer of Bregs to abort prone mice enhances
fetomaternal immunological tolerance by increasing Treg
cells and maintaining DCs in an immature state. Similarly,
a study involving rituximab drugs has corroborated the
significant role of Bregs during human pregnancy.>*

Another study has also supported the role of Bregs in
which estrogen exert immune-inhibition during pregnancy
by inducing of Breg cells’ maturation to ensure the
immune-privileged environment in the gravid uterus.>
Immediately after delivery, the neonatal immunity
must modulate the transition from the virtually sterile
womb to a planet full of antigens ensuing rapid microbial
colonization of the mucosa.>® Thus, the newborn must
develop and use different strategies such as avoidance of
excessive responses to overcome these challenges, in part
by the immunosuppressive role of Bregs. This is due to the
need for tolerance that newborns are at relatively increased
risk of developing severe infections though they have the
ability to fight against pathogenic microbes.
CD24"CD38" B cells (Bregs) have been found to be at
an increased number in cord blood of healthy neonates and
showed regulatory capacities by preventing T cell IFN-y
production.’” In line with this, another study has also
demonstrated that neonatal CD24™CD38" B cells have
immunoregulatory roles. These B cells produce IL-10
upon stimulation, which has a suppressive activity on the
production of IFN-y and IL-4 by T cells. Moreover, the
elevated level of IL-10 secreting Bregs have been asso-
ciated with good prognosis in late-onset neonatal sepsis.’®

Conclusion

In conclusion, Breg cells have been recognized to play
a pivotal role in down-regulation of inflammatory
responses through IL-10 dependent mechanisms by produ-
cing IL-10, and a newly emerged IL-10 independent
mechanisms by releasing IL-35 and TGF-B as well as
through cell contact-dependent mechanisms and produc-
tion of enzymes like granzyme B, and IgG4 antibody. Breg
cells suppress the differentiation of inflammatory Thl,
Th17 and NKT cells as well as induce Tregs suppressing
inflammation. Bregs also cross-talks with other regulatory
myeloid cells like DC, MDSC, and macrophages. B cells
acquire these cytokines mediated and cytokine indepen-
dent suppressive activities upon differentiation into Breg
cells in vivo. Taken together, these regulatory pathways
play a beneficial role in health and different diseases such
as autoimmune diseases, cancer, transplantation, and infec-
tious diseases. This improved understanding of Breg cells’
role may offer novel opportunities for the Breg targeted
therapy. However, the molecular pathways and the subsets
of B cell implicated in these various effects yet a long way
to go and to be investigated thoroughly. This is because
the mechanisms of Breg action have been identified in
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a disease dependent manner as the Breg is a collective
name with no clearly defined phenotype, which made their
study challenging. Therefore, further extensive investiga-
tion should be done to understand how they emerge and
are induced to stimulate their regulatory actions before
clinical application of Breg-based therapy and then after
more attention should be given in designing a vaccine or
therapeutic strategies against inflammatory diseases.
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