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A B S T R A C T

Regulatory B cells (Bregs) are immune-modulating cells that affect the immune system by producing cytokines or
cellular interactions. These cells have immunomodulatory effects on the immune system by cytokine production.
The abnormalities in Bregs could be involved in various disorders such as autoimmunity, chronic infectious
disease, malignancies, allergies, and primary immunodeficiencies are immune-related scenarios. Ongoing in-
vestigation could disclose the biology and the exact phenotype of these cells and also the assigned mechanisms of
action of each subset, as a result, potential therapeutic strategies for treating immune-related anomalies. In this
review, we collect the findings of human and mouse Bregs and the therapeutic efforts to change the patho-
genicity of these cells in diverse disease.

1. Introduction

B cells have an important role in the mediation of the humoral
immune response by differentiating into antibody-secreting cells. A new
subset of B cells entitled ‘regulatory B cells (Bregs)’ have been found
with immunomodulatory effects via interleukin (IL)-10, transforming
growth factor-β (TGF-β), and IL-35 secretion. There is no specific
transcription factor or surface marker to distinguish Bregs from other B
cell subsets [1]. To date, IL-10 production has been considered as a
defining trait of Bregs [2]. IL-10 is mainly produced by T helper 2 (Th2)
cells and accompanies with secretion of-type cytokines such as IL-4, IL-
5, and IL-13. However, other immune cells such as Th1 [3–5], Th17
[6–9], CD8+ T [10–12], mast cells [13,14], dendritic cells (DCs),
macrophages, natural killer (NK) cells, eosinophils, and neutrophils
could produce IL-10 [15]. Different B cell subsets including
CD19+CD24hiCD38hi and CD19+CD24hiCD27+ B cells have been in-
dicated to produce IL-10 and exhibit regulatory functions in various
diseases, however, the phenotypes of human Bregs remain controversial
yet [16,17]. B regulatory lymphocytes play an important role in the
pathogenesis and progression of multiple diseases through secretion of
IL-10.

In this review, we focused on the role of Breg cells in different
diseases, including autoimmune diseases, allergy, intestinal in-
flammatory diseases, infectious diseases, primary immunodeficiency

disorders, and malignancies. Furthermore, we have a look at the ther-
apeutic potential of manipulating these cells.

2. Breg features

Bregs are derived from subsets of B cells, however, it is unclear yet
whether Breg cells are uniquely derived by a specific progenitor or
conventional B cell subsets [18] (Fig. 1a). Since plasmablasts can also
suppress inflammatory responses, the hypothesis of B cells differentia-
tion into a Breg cell is strengthened [19]. However, according to the
pathogenic role of antibody-producing B cells in deriving inflammatory
responses in autoimmunity or allergy, the idea of the regulatory feature
of these cells is controversial. This could suggest a subset of plasma-
blasts with features of regulating inflammatory responses produce an-
tibody [1]. In this regard, the Toll-like receptor (TLR) and/or CD40
activation are the most well-characterized stimuli to induce Breg dif-
ferentiation [2]. It has been revealed that pro-inflammatory cytokines
can also induce IL-10-producing Breg cells [1].

Breg cells physiologically are at low levels, while, the rate of cells
increases in response to inflammation and develops the ability to reg-
ulate the immunity [20,21]. In this way, one pathway for Breg cells to
find an inflammatory signal is B cell antigen receptor (BCR) signal
transduction [22]. Several studies have reported antigen-specific and
non-specific immunoregulatory mechanisms of Breg cells in various
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disorders such as autoimmune diseases, allergic disease, graft-versus-
host diseases, and cancer.

Breg cells decrease chronic inflammation by producing anti-in-
flammatory cytokines like IL-10 and transforming growth factor-B
(TGF-B) [23,24]. The negative regulation of the immune system is the
main role of Bregs. Primary inhibitory mechanism of B cells is related to
IL-10 production, however Bregs exhibit their immunomodulatory ef-
fects by multiple IL-10-independent mechanisms such as production of
IL-35, indoleamine-2,3-dioxygenase (IDO), adenosine or IgG4, as well
as programmed cell death-1 molecule (PD-1)-mediated or Fas ligand
(FasL)-mediated manner. Breg cells act by skewing T cell differentia-
tion, induction of regulatory T cells (Tregs), maintenance of Tregs, and
suppression of pro-inflammatory cells. On the other hand, the naive
CD4+ T cell convert to Treg cells by TGF-β to develop immune toler-
ance [25]. TGF-β is also involved in several processes such as tissue
reconstruction and immune regulation (Fig. 1b).

Various Breg subsets with multiple mechanisms of suppression have
been identified in mice and humans. The identified murine Breg subsets
include transitional 2-marginal zone precursor (T2-MZP) B cells, MZ B
cells, GIFT-15 B cells, B10 cells, plasmablasts, plasma cells, T cell Ig and
mucin domain (Tim)-1+ B cells, B-1a cells, killer B cells and PD-L1hi B
cells. In humans, plasmablasts, immature B cells, B10 cells, B regulatory
1 (Br1) cells, and Granzyme B (GrB)+ B cells comprise the identified
Breg subsets. T2-MZP B cells play their suppressive function via IL-10-
induced increase in Treg and decrease in Th1/Th17 frequencies in au-
toimmune diseases and allergic airway inflammation [26–28]. MZ B
cells produce IL-10 in autoimmune diseases and suppress the antigen-
specific CD8+ T cell responses during infection [29,30]. GIFT-15 B cells
share many surface markers with T2-MZP Bregs. GIFT-15 is made by
fusion of granulocyte macrophage-colony stimulating factor (GM-CSF)

and IL-15. GIFT-15 induced Bregs are found to play their suppressive
role in autoimmunity via the production of IL-10 and by upregulation of
signal transducer and activator of transcription 6 (STAT-6) [31]. B10
cells are known to exclusively produce IL-10 [32]. They are found to be
involved in limiting inflammatory responses in human autoimmune
diseases as well as multiple mouse models of autoimmune diseases in an
IL-10-mediated manner by skewing CD4+ Th cell responses towards a
Th2 and away from Th1 and Th17 phenotypes, regulation of macro-
phage function by decreasing their activation, phagocytosis and cyto-
kine (including TNF-α) and nitric oxide (NO) production, and limiting T
cell activation by negatively regulation of antigen presentation, ex-
pression of co-stimulatory molecules (such as CD86) and proin-
flammatory cytokine production in antigen-presenting cells (APCs)
[17,27,33,34]. Murine plasmablasts are found in draining lymph nodes
and inhibit function of DCs in autoimmune inflammation, while plasma
cells reside in spleen and exhibit their suppressive effect in auto-
immunity and infection through IL-10 and IL-35-mediated Treg pro-
motion as well as Th1 and Th17 inhibition. Human regulatory plas-
mablasts are suggested to drive from immature B cells and act through
IL-10 production [19,35]. Tim-1+ B cells play their immunomodulatory
function by IL-10-mediated increasing Th1 and Th17, and reducing
Tregs frequencies [36]. B1-a cells act in an IL-10-dependent manner
[37] while killer B cells that are the splenic FasL+ B1-a cells mediate
CD4+ effector T cell apoptosis during parasitic infections via FasL-
mediated manner [38,39]. PD-L1hi B cells act via PD-1/PD-L1 pathway
and subsequent decrease in follicular helper T cells (TFH) frequencies
[40]. Another Breg IL-10-independent mechanism of action observed
both in mice and humans is the generation of adenosine by
CD39+CD73+ B cells that suppresses effector CD4+ and CD8+ T cell
functions through binding to several adenosine receptors [41,42].

Fig. 1. a) Differentiated subsets of B cells with B regulatory traits can either be emerged from one common precursor Breg cell (Pre-Breg) or be derived after a series
of developmental events. Accordingly, orange arrows show differentiation of an individual Pre-Breg into different Breg subsets (like B1a, immature Breg, B10, and
Tim Breg), potentially by using distinct transcription factors; and, gray arrows exhibit additional steps taken to form other Breg subsets (Marginal Zone, Peripheral
blood, and Plasma blast Bregs). Activation through BCR, TLR, and CD40, in addition to other practical elements of the milieu like IL10, IL23, TGF-beta, can decide
Bregs’ developing phenotype. Yet, there is no assigned transcription factor or elaborated phenotypes for them. b) In this section, identifying markers of various Breg
subsets are collected. Their mechanisms of action on cells of the immune system and the effect on them are also summarized; the regulatory action of Breg has been
indicated to be either stimulatory or inhibitory. Evidence regarding the consequences in disease is discussed through the text.

A. Valizadeh, et al. Immunology Letters 215 (2019) 48–59

49



Ta
bl
e
1

C
ha

ra
ct
er
is
ti
c
an

d
fe
at
ur
es

of
di
ff
er
en

t
su
bs
et
s
of

Br
eg

s.

Br
eg

Su
bs
et
s

M
ou

se
C
D

m
ar
ke

rs
H
um

an
C
D

m
ar
ke

r
Fu

nc
ti
on

s
of

Br
eg

R
ef
.

T2
-M

ZP
ce
lls

C
D
19

+
C
D
21

h
i C

fo
un

d
in

sp
le
en

,p
ro
du

ce
IL
-1
0,

in
du

ce
Tr
eg

ce
lls
,a

nd
su
pp

re
ss

eff
ec
to
r

C
D
4+

an
d
C
D
8+

T
ce
lls

[2
6–

28
,1
93

]
D
23

h
i C
D
24

h
i Ig

M
h
i Ig

D
h
i C
D
1d

h
i

M
Z
ce
lls

C
D
19

+
C
D
21

h
i C
D
23

−
C
D
24

h
i Ig

M
h
i Ig

D
lo
C
D
1d

h
i

fo
un

d
in

sp
le
en

,p
ro
du

ce
IL
-1
0,

in
du

ce
Tr
eg

ce
lls
,a

nd
su
pp

re
ss

eff
ec
to
r

C
D
4+

an
d
C
D
8+

T
ce
lls

[2
9,
30

,1
94

]

B1
0
ce
lls

C
D
1d

h
i
C
D
5+

C
D
19

+
C
D
1d

h
i C
D
5+

C
D
24

h
i C
D
27

+
fo
un

d
in

sp
le
en

(m
ic
e)

an
d
bl
oo

d
(h
um

an
s)
,p

ro
du

ce
IL
-1

0,
an

d
su
pp

re
ss

eff
ec
to
r
C
D
4+

T
ce
lls
,m

on
oc

yt
es
,
an

d
D
C
s

[1
7,
20

,9
3,
19

5]

B-
1
a
ce
lls

C
D
19

+
C
D
5+

ne
ut
ra
liz

e
in
va

di
ng

pa
th
og

en
s
vi
a
pr
od

uc
in
g
na

tu
ra
l
an

ti
bo

di
es

pa
rt
ic
ul
ar
ly

Ig
M
,s
up

pr
es
s
in
fl
am

m
at
or
y
re
sp
on

se
s
th
ro
ug

h
pr
od

uc
ti
on

of
IL
-1
0

[3
7,
19

6]

K
ill
er

B
ce
lls

Fa
sL

+
C
D
5+

C
D
17

8+
fo
un

d
in

sp
le
en

,i
nd

uc
ed

by
IL
-1
0
an

d
IL
-4
,F

as
L-
m
ed

ia
te
d
ap

op
to
si
s
of

C
D
4+

eff
ec
to
r
T
ce
ll

[3
8,
39

]

Tr
an

si
ti
on

al
B
ce
lls

(I
m
m
at
ur
e

ce
lls
)

C
D
19

+
C
D
24

h
i

Fo
un

d
in

bl
oo

d
an

d
in
fl
am

m
at
io
n
si
te
,p

ro
du

ce
IL
-1
0,

in
du

ce
Tr
eg

,
su
pp

re
ss

Th
1,

Th
17

an
d
C
D
8+

T
ce
lls
,a

re
de

fe
ct
iv
e
in

pa
ti
en

ts
w
it
h
SL

E,
IT
P,

an
d
R
A
,a

nd
su
pp

or
t
iN

K
T
ce
ll
ho

m
eo

st
as
is

[1
6,
43

,1
45

,1
97

,1
98

]
C
D
38

h
i

M
em

or
y
B
ce
lls

C
D
19

+
C
D
27

+
Ig
M

+
Fo

un
d
in

bl
oo

d,
su
pp

re
ss

C
D
4+

T
ce
ll
pr
ol
if
er
at
io
n
an

d
eff

ec
to
r
fu
nc

ti
on

vi
a
IL
-1
0
pr
od

uc
ti
on

[1
97

]

Pl
as
m
a
ce
lls

C
D
13

8h
i Ig

M
+
TA

C
I+

C
X
C
R
4+

C
D
1d

h
i T
im

1i
n
t M

H
C
-
11

lo
B2

20
+

fo
un

d
in

sp
le
en

,p
ro
du

ce
IL
-1
0
an

d
IL
-3
5,

an
d
su
pp

re
ss

N
K
ce
lls
,

ne
ut
ro
ph

ils
,a

nd
eff

ec
to
r
C
D
4+

T
ce
lls

[3
5,
19

9]

LA
G
-3

+
pl
as
m
a
ce
lls

LA
G
-3

+
C
D
13

8h
i

pr
od

uc
e
IL
-1
0,

re
du

ce
m
em

or
y
Th

1
fr
eq

ue
nc

y
[2
00

]
Ti
m
-1

+
B
ce
lls

Ti
m
-1

+
C
D
19

+
fo
un

d
in

sp
le
en

(m
ic
e)
,p

ro
du

ce
IL
-1
0,

an
d
su
pp

re
ss

eff
ec
to
r
C
D
4+

T
ce
lls

[2
01

,2
02

]
Pl
as
m
ab

la
st
s

C
D
13

8+
C
D
44

h
i

C
D
19

+
C
D
24

h
i

fo
un

d
in

dr
ai
ni
ng

ly
m
ph

no
de

s
(m

ic
e)

an
d
bl
oo

d
(h
um

an
s)
,
pr
od

uc
e
IL
-

10
,a

nd
su
pp

re
ss

D
C
s
an

d
eff

ec
to
r
C
D
4+

T
ce
lls

[1
9]

C
D
27

in
t C
D
38

h
i

G
rB
-e
xp

re
ss
in
g
B
ce
lls

C
D
19

+
C
D
38

+
C
D
1d

+
Ig
M

+
C
D
14

7+
in
du

ce
d
by

IL
-2
1,

in
fi
lt
ra
te

tu
m
or
s
an

d
re
gu

la
te

T
ce
lls

[4
5]

Br
1
ce
lls

C
D
19

+
C
D
25

h
i

fo
un

d
in

bl
oo

d
an

d
pr
od

uc
e
IL
-1
0
an

d
Ig
G
4

[4
4]

C
D
71

h
i
C
D
73

lo

G
IF
T-
15

B
ce
lls

B2
20

+
C
D
21

+
C
D

22
+
C
D
23

+
C
D
24

+
C
D
1d

+
C
D
13

8+
Ig
D
+
Ig
M

+
fo
un

d
in

sp
le
en

,p
ro
du

ce
IL
-1
0,

su
pp

re
ss

IF
N

re
sp
on

se
s,
in
du

ce
d
by

G
M
-

C
SF

an
d
IL
-1
5

[3
1]

PD
-L
1h

i
B
ce
lls

PD
-L
1h

i
C
D
19

+
B2

20
+

re
st
ri
ct
io
n
of

T F
H
ce
ll
ex
pa

ns
io
n
in

sp
le
en

an
d
ly
m
ph

no
de

s,
su
pp

re
ss

m
em

or
y
B
ce
ll
de

ve
lo
pm

en
t
an

d
pl
as
m
a
ce
ll
di
ff
er
en

ti
at
io
n
(a
tt
en

ua
ti
on

in
im

m
un

og
lo
bu

lin
’s
le
ve

l)

[4
0]

–
B2

20
+
C
D
39

+
C
D
73

+
C
D
39

+
C
D
73

+
su
pp

re
ss

eff
ec
to
r
C
D
4+

an
d
C
D
8+

T
ce
ll
fu
nc

ti
on

th
ro
ug

h
ca
ta
ly
zi
ng

th
e

de
ph

os
ph

or
yl
at
io
n
of

ad
en

in
e
nu

cl
eo

ti
de

s
to

ad
en

os
in
e

[4
1,
42

]

U
nc

la
ss
ifi
ed

(i
n
or
de

r
to

th
e

re
po

rt
ed

m
ar
ke

rs
in

pr
ev

io
us

st
ud

ie
s)

C
D
19

+
C
D
24

+
FO

X
P3

+
[4
9]

A. Valizadeh, et al. Immunology Letters 215 (2019) 48–59

50



Human immature B cells exhibit their immunomodulatory function in
autoimmune diseases through IL-10-mediated induction of Tregs and
inhibition of Th1 and Th17 [16,43]. Br1 cells are another human subset
of Bregs associated with allergen tolerance by both IL-10-dependent
suppression of antigen-specific CD4+ T cell proliferation as well as IL-
10-independent mechanism of production of anti-inflammatory al-
lergen-specific IgG4 antibodies [44]. GrB+ B cells are found in patients
with solid tumors and regulate T cell responses by infiltrating tumors
and producing IL-10, along with production of IDO and CD25 [45].
Detailed phenotypic characteristics, features and function of different
subsets of Bregs in mice and humans are provided in Table 1.

3. Role of Breg in immunologic disorders

We describe the role of Breg cells in different immunologic diseases
such as autoimmune diseases, allergy, intestinal inflammatory diseases,
primary immunodeficiency, infectious diseases, and malignancies.
Table 2 summarize these explanations.

3.1. Autoimmune diseases

3.1.1. Immune thrombocytopenia (ITP)
ITP is an autoimmune disorder that is characterized by immune-

mediated destruction of platelets and insufficient platelet production.
The pathogenesis of ITP remains enigmatic. ITP in children often re-
presents the cross-reacting phenomena of ‘molecular mimicry’ with an
anti-viral antibody specific to human platelet epitopes. Chronic ITP in
children and almost all adults involves functional aberrations of APCs,
decreased Tregs, increased Th17 cells, and decreased number of Bregs
[46].

A cohort of chronic ITP patients with low platelet count, consisted
of patients without treatment [thrombopoietic (TPO) agents] and
splenectomy, showed decreased Breg CD19+CD24hiCD38hi cells and
incapable activated B cells to inhibit monocytes [47]. Interestingly,
patients with elevated platelet count after treatment with thrombo-
poietic agents increased Breg CD19+CD24hiCD38hi cells compared to
those without treatment. In contrast to this, the frequency of
CD19+CD24intCD38int (mostly mature B cells) and

CD19+CD24+CD38- (primarily memory B cells) Breg subsets were not
statistically different compared to healthy controls and did not affect by
platelet counts [47]. Another study has investigated the lymphocyte
subtypes of the splenectomized patients following refractory chronic
ITP in comparison with the splenectomized patients following a trau-
matic injury. In this survey, the CD19+CD24+CD38+ Bregs did not
significantly differ, but CD19+CD24+FOXP3+ Bregs markedly in-
creased in the ITP patient’s spleens [48]. It has been indicated that this
CD19+CD24+FOXP3+ Breg population were in human blood [49], and
diminished in the blood of rheumatoid arthritis (RA) patients [50].
CD40L is expressed on the platelets [51] and B-cell regulatory activity
in vitro requires CD40 engagement [16], thus low platelet count may
directly contribute to the impaired Breg activity in vivo in ITP patients.
Therefore, platelets could be involved in the stimulation of Breg ac-
tivity, although up-regulation of CD40L is normally associated with
activation of the platelets [52].

These data indicate that decreased CD19+CD24hiCD38hi circulating
Breg cells of chronic ITP patients could be responsible for the patho-
genesis of the disease, revealing Bregs importance in downregulation of
the immune responses, however, these findings also suggest the in-
sufficient treatment of ITP disease by increasing Breg activity.

3.1.2. Myasthenia gravis (MG)
MG is a relatively rare autoimmune disorder in which auto-

antibodies are produced against acetylcholine receptors (AChRs),
muscle-specific tyrosine kinase (MuSK), low-density lipoprotein re-
ceptor-related protein 4 (LRP4), or Agrin [53,54].

A study has indicated that twosubsetsofIL-10-producing Bcells such
as the CD19+CD24+CD38+ and CD1dhiCD5+ B cells were decreased in
MG that were correlated with the disease severity and responsiveness to
rituximab therapy [38]. In this study, Sun et al. proposed that the B10
cells proliferation is related to the responsiveness to rituximab by
showing the rapid repopulation of B10 cells in MG patients who had a
good response to B cell depletion therapy by rituximab [55]. In another
study, Sheng et al. focused on the CD19+CD1dhiCD5+ and
CD19+CD24hiCD38hi subsets of 18MG patients, of which 14 patients
did not take any immunosuppressants (IS-naive) [56]. As expected, the
frequency of Breg subsets was meaningfully decreased and IL-10

Table 2
Role of Bregs in immunological diseases.

Type of diseases Alterations of Breg in diseases Ref.

Diseases Breg investigated subsets

Autoimmune diseases Immune thrombocytopenia Decrease CD19+ CD24hi CD38hi [46]
Myasthenia gravis Decrease CD19+ CD1dhi CD5+ CD19+ CD24hi CD38hi [57]
Multiple sclerosis and Experimental
Autoimmune Encephalomyelitis

Decrease CD19+ IL-10+ [65]
CD19+ IL-10+ TGF-β+

Psoriasis Decrease CD19+CD24-hiCD38hiIL10+ [90]
Rheumatoid arthritis Decrease CD19+ TIM1+ IL10+ CD19+ CD5+ CD1d+IL10+CD19+ CD24+FOXP3+

CD19+ CD27+ IL-10+
[97]

Systemic lupus erythematosus Increase CD19+ CD24hi CD38hi [55]
CD25hi FoxP3hi

Dermatomyositis Decrease CD19+CD24hiCD38hi [203]
Systemic sclerosis Decrease CD19+ CD24hi CD38hi CD19+ CD27+ CD24hi [120]

Allergy Allergic asthma Increase CD19+IL10+CD1dhiIgD+IgMhiCD5+CD21hi [130]
Inflammatory disease Inflammatory bowel disease Decrease CD19hiCD1dhi CD24hiCD38hi CD5+ Bregs [138,139]

Acute respiratory distress syndrome Increase [204]
Primary Immunodeficiency Selective IgM deficiency disease Increase CD19+CD24+CD38+ [163,205]

Selective IgA deficiency disease Decrease CD19+CD24hiCD38hi [160]
Common variable immunodeficiency disease Increase CD19+CD24hiCD38hi IL-10+ [164]

Infectious diseases Chronic hepatitis B virus infection Increase CD19+CD24hiCD38hi [145]
Tuberculosis infection Increase CD19+CD5+CD1d+ [149]
Leshmaniosis Increase CD19+CD24+CD27−IL10+ CD19+CD21+CD5+CD1d+CD23hi [206]
Leprosy Increase IL10, FOXP3, PDL-1 [207]

Malignancies Breast cancer Increase CD19+CD25hiCD69hi [165]
B7-H1hiCD81hiCD86hi CD62LlowIgMInt CD19+CD24+CD38+PD-L1

Esophageal cancer Increase CD5+CD19+Foxp3+ [174]
Hepatocellular carcinoma Increase [181]
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producing B cells, which correlated with disease severity. There was no
correlation between serum AChR Ab levels and the Breg cells quantity.
This study has also revealed suppressed CD4+T cell differentiation into
IFN-γ +- and TNF-α +-cells via CD19+CD24hi CD38hi Bregs in healthy
subjects without any effect on CD4+T cell proliferation. They suggested
that the decrease in the frequency of Breg subsets of MG patients may
be involved in impaired suppression of CD4+T cell differentiation into
Th1 cells, which also could be due to MG patient’s T cells resistance to
Breg-mediated suppression. Another study has indicated Bregs from
Experimental autoimmune myasthenia gravis (EAMG) mice to alter T
cell cytokine profile but not CD4+T cell proliferation in vitro [57].
Moreover, Karim et al. demonstrated the significant reduction of
CD19+CD5+CD1d+ expression in B cells of MG patients, besides the
significant reduction of IL-10 and TGF-β1 secretion compared to
healthy controls [58]. As they collected all samples in a proper condi-
tion, they suggest that medications did not affect the reduced subset.
The reduction was harder in severe patients as per Myasthenia Gravis
Foundation of America (MGFA) clinical classification, as measured by
Quantitative Myasthenia Gravis (QMG) scores.

Considering the above-mentioned studies, it seems that the reduc-
tion in Bregs, especially the CD19+CD5+CD1d+ subset, is highly cor-
related with the pathogenesis and severity of MG, indicating the po-
tential role of Bregs in downregulating immune responses. Thus,
manipulation of Bregs proliferation might be a good therapeutic ap-
proach for these patients.

3.1.3. Multiple sclerosis (MS) and Experimental Autoimmune
Encephalomyelitis (EAE)

MS is an autoimmune disorder with unknown etiology in which T
and B lymphocytes are involved in the demyelination and axonal da-
mage of the central nervous system (CNS). Myelin-specific antibodies
are present in the cerebrospinal fluid, serum, and demyelinating pla-
ques of MS patients [59–61].

According to recent studies, CD19+ B cells of MS patients have low
ability to produce IL-10 [62–64]. In 2016, Piancone et al. also showed
reduced CD19+IL-10+ and CD19+IL-10+TGF-β+ Bregs in MS patients
compared with healthy controls [65]. In addition, the analyses per-
formed on relapsing-remitting MS (RRMS) showed fingolimod-induced
disease remission to associate with a significant increase in the CD19+

BTLA+, and CD19+ BTLA+IL-10+ B lymphocytes. Fingolimod is an
FDA approved oral treatment agent for patients with relapsing-remit-
ting MS [66,67]. In another study, fingolimod therapy highly increased
transitional B cells proportion as well as additional regulatory subsets,
including IL10+, CD25+, and CD5+ B cells [68], other previous re-
searches have supported this observation by increased IL10+ B cells
and transitional cells in fingolimod-treated patients in comparison with
other MS patients [69,70].

Various studies on EAE (as the most widely investigated animal
model of MS) indicated the immunomodulatory role of IL-10 producing
B cells [71]. Kala et al. reported that treatment of EAE mice with Gla-
tiramer acetate (an FDA-approved-drug for treating the relapsing-re-
mitting MS) could enhance the IL-10 production compared with the
level before the therapy [72]. In another study on EAE, IL-10-producing
B cells were found to exploit the CD40-stimulation to produce IL-10 for
their regulatory action [73,74]. Although based on EAE models, Ri-
tuximab positively controls the disease by depleting B cells, they pro-
mote both pathogenic and protective mechanisms in MS [75–79].

These findings could suggest that Breg depletion associated with
more severe relapsing-remitting MS or EAE. Also, fingolimod and
Glatiramer acetate, as the FDA approved agents for MS treatment,
might work through increasing Breg cells, and subsequently suppres-
sing autoimmune processes.

3.1.4. Psoriasis
Psoriasis is a cutaneous disorder characterized by widespread er-

ythematous plaques with adherent scales that affect 2% of the general

population [80]. Histologically, psoriasis is characterized by marked
thickening of the epidermis with an inflammatory infiltrate pre-
dominantly composed of Th1, Th17 and Th22 cells [81]. These in-
filtrated cells stimulate keratinocytes to produce cytokines, which fur-
ther amplify the inflammatory response [82]. A study on psoriasis
patients showed increased CD19+CD24hiCD38hi cells compared with
the healthy controls, while there was a significant decrease in IL-10
producing regulatory B10 cells [83]. One interesting finding was that
the therapeutic intervention with immunosuppressants substantially
increased the frequency of B10 cells, but decreased the frequency of
CD24hiCD38hi B cells. In addition, their results showed no difference in
the frequencies of CD19+ B cells, CD19+IgD+ CD27- naive B cells, and
CD19+IgD-CD27+ memory B cells between patients and controls. This
observation may support the hypothesis that there are potential ab-
normalities in the process of B10 cell development from
CD19+CD24hiCD38hi cells in patients with psoriasis. Despite the de-
creased B10 cells in their patients, the serum IL-10 levels were com-
parable with those of healthy controls, and no correlation was found
with disease severity as measured by PSORIASIS AREA AND SEVERITY
INDEX (PASI) scores. However, evidence found by other studies has
shown significantly decreased plasma IL-10 levels in psoriasis patients
compared with healthy individuals. This reduction negatively corre-
lated with the skin lesions severity [84,85]. Considering the fact that IL-
10 plays a protective role in psoriasis development [86], a larger,
randomized, double-blind, placebo-controlled study has evaluated the
systemic administration of human rIL-10 which resulted in only a
temporary improvement [87]. One possible explanation for the dis-
appointing results of rIL-10 treatment against psoriasis could be due to
the serum half-life of rIL-10 which is only 2.6 H in humans [88]. The B
cell depletion using rituximab developed psoriasis in patients with no
previous history of psoriasis or psoriatic arthritis [89,90], however, it
has also been reported that rituximab administration in a psoriatic ar-
thritis patient could increase the disease severity [91]. Therefore, it is
possible that the balance between opposing positive and negative reg-
ulatory B cell functions shapes the course of disease in psoriasis [92].

Topical application of imiquimod induces inflamed skin lesions and
models an experimental animal for human psoriasis. Yanaba et al.
found that imiquimod-induced skin psoriasis were more severe in
CD19-/- mice than the wild-type [92]. The inflammatory responses were
negatively regulated by a unique IL-10 producing CD1dhi CD5+ Breg
subset (B10 cells) that was absent in CD19-/- mice and represented only
1–2% of splenic B220+ cells in wild-type mice. In this study, the splenic
B10 cells disappeared during imiquimod-induced skin inflammation,
whereas IL-10-producing B cells with a B10 phenotype were present in
the blood and draining lymph nodes. This suggests that during imi-
quimod-induced skin inflammation splenic B10 cells enter the circula-
tion and migrate to the draining LNs, thereby inhibiting Th1, Th17, and
Th22 immune responses. The current findings demonstrate that B10
cells play a regulatory role in imiquimod-induced skin inflammation
and the adoptive transfer of B10 cells before the induction could
ameliorate the severity rather than transferring after the induction. In
this regard, recent evidence suggests that B10 cells predominantly
regulate disease initiation, while Tregs suppress late-phase disease
[20,70,93].

The above findings indicate that the reduced IL-10-producing B cells
are probably one of the main pathogenic factors in the course of psor-
iasis disease. This hypothesis becomes more reliable considering the
successful improvement of the disease after systemic human rIL-10
administration, however, the low half-life of it could be a drawback.
Further, according to the paradoxical results of Rituximab therapy in
different psoriasis patients, the balance between opposing positive and
negative regulatory B cell functions can shape the course of psoriasis
disease.

3.1.5. Rheumatoid arthritis (RA)
RA is a chronic autoimmune disease characterized by persistent
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inflammation in the synovium, which eventually leads to joint de-
struction and deformity. RA prevalence is approximately 0.5–1% in the
adult population [94–96]. In a study, Kim et al. reported no significant
difference in IL-10+ B cells proportion between RA patients and healthy
controls. However, the proportion of induced IL-10+ B of course with a
negative correlation with disease activity [97]. In another study, RA
patients were found with significantly less number of circulating
CD19+TIM1+IL10+ and CD19+CD5+CD1d+ IL10+ B cells compared
with healthy controls [98]. Drug therapy for 12 weeks (containing
10mg methotrexate weekly, 20mg leflunomide, and 60mg common
three- wingnut root daily without any steroid therapy) modulated dif-
ferent subsets of Breg and Treg cells balance [98]. In this sense, one
study indicated a decreased proportion of CD19+CD5+CD1dhi B cells
along with reduced IL-10 and IL-21 in RA patients compared with
healthy controls [99]. Another study by Banko et al. showed similar
results with significantly fewer CD19+CD27+IL-10+ cells in RA pa-
tients, while these cells were also functionally defective in suppressing
IFN-γ production by CD4+ T cells in the co-culture [100].

Taken together, the immunomodulatory role of Bregs could be un-
derstood by all of these studies, which show decrement of IL-10 pro-
ducing cells in RA patients, while the remaining cells are functionally
defective in suppressing IFN-γ production. Targeting these cells might
be considered as a potential therapeutic method for RA in the future.

3.1.6. Systemic lupus erythematosus (SLE)
SLE is an autoimmune disease that involves multiple organ systems

[101]. The pathogenesis of this disorder is unclear yet; however, the
potential disturbed immune balance between regulatory and effector T
or B lymphocytes may contribute to the autoimmune injuries in SLE
[102–105]. A study by Yang et al. reported an elevated percentage of
circulating Breg cells their ability to produce IL-10 in SLE patients
[106]. They found a relation between Tfh cell expansion, autoantibody
production and the increased percentage of Breg cells. A recent finding
in this regard has also shown expanded circulating Tfh cells with
CD4+CXCR5+ICOShiPD-1hi phenotype in SLE patients [107]. In addi-
tion, Yang et al. found an increased percentage of Breg cells during SLE
flares and a decreased percentage following the disease remission. This
suggests that SLE flares may link to Tfh cells expansion and increase
Breg cells as a regulatory feedback manner. However, in another study
by Gao et al., induced Breg cells (iBregs) from SLE patients were less
effective in controlling T helper cell’s proliferation [108]. They believed
that the malfunctioning SLE iBreg cells might allow immune responses
overstimulation and initiation and/or perpetuation of disease. Ac-
cording to their findings, malfunctioned iBreg cells seem specific to SLE
and cannot be explained by the intricate in vivo inflammation. The SLE
B cells possess well-described features distinguishing them from healthy
donor B cells with respect to B cell homeostasis [109–112], phenotype,
or function [112–117]. In another study, SLE patients had a higher
expansion of CD25hi FoxP3hi Bregs compared with healthy individuals
[118], correlating with SLE disease activity. They assumed that these
cells expansion is an attempt of regulatory immune responses to
maintain self-tolerance and to suppress the activity of SLE disease as
much as possible.

According to mentioned studies, it seems that Breg cells might not
have the main role in the pathogenesis of SLE, (based on SLE flares
correlation with Tfh cells expansion), however, increased Breg cell
production is an attempt by the immune system to suppress auto-
immunity.

However, these Bregs thought to be malfunction due to unknown
causes, which need further investigations.

3.1.7. Systemic sclerosis (SSc)
SSc is a chronic disease characterized by microvasculopathy, pro-

duction of autoantibodies, and excessive collagen deposition in the skin
and internal organs. The pathogenesis of SSc is incompletely under-
stood and there is a potential interference of the immune system [119].

Matsushita T et al. found a significantly lower frequency of blood Breg
cells in SSc patients than healthy controls, as the frequency of CD24hi

CD27+ B cells was significantly lower in SSc patients [120]. Further-
more, Breg cells inversely correlate with SSc activity. Consistently,
Mavropoulos et al. showed that total and memory Breg cells have de-
creased in SSc patients [121]. Moreover, Breg cells are functionally
impaired in SSc patients, as they exhibit a markedly decreased ex-
pression of IL-10 upon stimulation with TLR-9, which provides a po-
tential new treatment strategy for SSc. Another potential therapeutic
approach was suggested by Wang et al. who showed IL-35 protection
against autoimmune and inflammatory disease via expanding the au-
tologous Breg cells and IL10+IL35+ Breg cells, leading the pathogenic
TH1 and TH17 cells reduction [122].

Based on Breg cell reduction in SSc and their inverse correlation
with the disease severity, the above studies once again emphasize Breg
cells as an immunomodulatory agent for therapeutic strategies.

3.1.8. Hashimoto’s thyroiditis (HT)
HT is a subtype of autoimmune thyroid disease, which affects

1%–4% of the total world population. Regardless of the appropriate
response of HT individuals to treatment, they present an elevated risk of
autoimmune conditions, such as rheumatic arthritis, type 1 diabetes,
and celiac disease [123,124]. Evaluating the IL10 production by Bregs
has shown a significant increased IL10 expression in healthy controls
after CpG stimulation of B cells compared with HT patients. Yu et al.
found an increased circulating CD24+CD38+ B cells in HT individuals;
a lower percentage of IL10+ cells among the increased B cells was also
observed. They also showed CD24+CD38+ B cells ability to suppress T
cell proliferation as well as TNF and IFN-γ production in cell cultures
containing CD24+CD38+ B cells [125]. Thus, the increased Breg cells
could deteriorate IL10 production and play a role in the pathogenesis of
HT.

3.2. Allergy

3.2.1. Allergic asthma
Allergic asthma is a chronic inflammatory disease of the airways

associated with airway hyper-responsiveness to inhaled allergens and
dysregulated type 2 immunity [126]. Mangan et al. indicated that IL-10
producing B cells downregulate the inflammation in airway hyper-re-
sponsiveness [127]. In another report, Bregs had a protective role
against allergic airway inflammation [128]. CD19+IL-
10+CD1dhiIgD+IgMhiCD5+CD21hi Breg cells decrease allergic airway
inflammation [129] by inducing natural Treg (CD4+CD25+FoxP3+)
cells recruitment to the lungs in a TGF-β-independent manner [130].
Regarding a recent evidence, adoptive transfer of Breg cells into al-
lergen-sensitized mice suppresses the allergen-induced airway hyper-
responsiveness through IL-10 dependent mechanisms [131]. The para-
sitic infections such as Schistosoma mansoni contribute to both B cell
and B10 cell expansion in mice [131]. Interestingly, transferring the
spleen CD1dhiCD5+CD19hi B cells from parasite-infected mice into al-
lergen-challenged recipients could inhibit both acute and established
airway inflammation [132].

Based on the above studies, IL-10 producing Bregs have an un-
deniable role in immunity suppression. Furthermore, induced IL-10
production improves airway inflammation, while deteriorated Breg
induction is associated with airway hyper-responsiveness and asthma.
Knowing this feature could open a path to reduce or even cure allergic
diseases, (especially asthma) in the future.

3.3. Intestinal inflammation

3.3.1. Inflammatory bowel disease (IBD)
IBD is a term to define a couple of diseases, including Crohn’s dis-

ease (CD) and ulcerative colitis (UC). CD is a chronic intestinal immune-
mediated disorder characterized by a relapsing-remitting course [133],
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and a dysfunction in innate and adaptive host immune systems
[134,135]. UC is characterized by continuous ascending inflammation
from the rectum to the colon and periods of relapse and remittance
[136,137]. In 2014, a study by Oka et al. showed a decreased frequency
of IL-10-producing CD19hiCD1dhi and CD24hiCD38hi B cells in CD pa-
tients that were in the inactive phase [138]. In this study, the intestinal
inflammation severity was substantially increased in the Breg-depleted
mice. More interestingly, a lack of IL-10–producing CD19hiCD1dhi B
cells exacerbated the intestinal inflammation in an adaptive transferred
colitis model mice regardless of the presence or absence of Tregs. In
2016, Wang et al. found similar results in UC patients [139]. In their
study, the UC patients indicated significantly reduced frequencies of
CD24hiCD38hi and CD5+ Bregs and IL-10 levels, both in peripheral
blood and intestinal tissue. The stimulated B cells of their UC patients
also produced significantly reduced IL-10. Incidentally, C-reactive
protein (CRP) and erythrocyte sedimentation rate (ESR) were nega-
tively correlated with the frequency of Bregs and IL-10 concentration.
The failure of rituximab therapy in UC patients might be another sign to
make us believe the Bregs’ importance in the physiopathology of UC
[139–141]. Overall, the IL-10 level increases in active IBD patients
while there is no significant increase in healthy individuals having in-
active IBD. This could suggest the IL-10 as a naturally occurring damper
in the acute inflammatory process of IBD [142,143]. The failure of
Rituximab therapy in these diseases could also be due to the suppres-
sion of other B lymphocytes rather than the Bregs merely.

3.4. Infectious diseases

3.4.1. Chronic hepatitis B virus (HBV) infection
HBV infection affects more than 200 million people worldwide and

is a major risk factor for cirrhosis and hepatocellular carcinoma [144].
For the first time, Das et al. reported elevated CD19+CD24hiCD38hi

Bregs and IL-10 levels in chronic HBV infected patients [145]. Fur-
thermore, there was a correlation between the frequency of B10 cells
with hepatic flares. Interestingly, the in vitro blockade of IL-10 rescued
poly-functional virus-specific CD8+ T cell responses, indicating that
CD19+CD24hiCD38hi cells suppress HBV-specific CD8+ T cell responses
in an IL-10–dependent manner. In another study, Gong et al. confirmed
the increased Bregs count in patients with chronic HBV infection [146].
They also observed a strikingly decreased proportion of Th1 cells in
patients with a negative correlation with Bregs prevalence. Con-
sistently, Liu et al. reported a higher level of CD19+CD24hiCD38hi in
chronic HBV infected patients with a negative correlation with ALT
levels and histological inflammation grades, while a positive associa-
tion with the advanced histological fibrosis stages and enhanced HBV
replication [147]. In addition, a therapeutic attempt by Bregs depletion
from samples led to a dramatically reduction of Treg counts and cyto-
toxic T-lymphocyte associated antigen-4 (CTLA-4), IL-10 and TGF-β
expression.

It seems that the increased Bregs of chronic HBV patients could be a
risk factor for HBV infection to become chronic. Bregs might have an
essential role in the chronicity process by an IL-10-dependent manner.
Moreover, the higher Breg induction is positively correlated with HBV-
infection-induced fibrosis and cirrhosis. Thus, targeting Bregs might be
a potential therapeutic goal in the future to prevent the HBV infection
to become chronic and cause cirrhosis.

3.4.2. Tuberculosis (TB) infection
TB is an infectious disease caused by the Mycobacterium tuberculosis

(MTB) [148] that generally affect the lungs, but can also affect other
parts of the body. Zhang et al. found that the CD19+CD5+CD1d+ Bregs
suppress IL-22 production [149]. Th22, an important subset of CD4+ T
cells, plays an important role in the immune response against TB in-
fection by producing IL-22 [150–157]. According to a previous report a
successful anti-TB treatment could restore MTB antigen-specific IL-22
response by reducing the frequencies of CD19+CD5+CD1d+ regulatory

B cells [149]. Thus, the Bregs suppression might be considered as an
option to control the deadly TB infections by enhancing IL-22 secretion
and TH22 proliferation. However, further studies need to confirm this
point.

3.5. Primary immunodeficiency disorders

Selective IgA deficiency (SIgAD) disease is the most common pri-
mary immune deficiency [158], however, most of these patients are
clinically asymptomatic [159]. In 2018, Lemarquis et al. studied the
phenotype and function of peripheral blood B and T lymphocytes in 15
IgAD patients, besides the TLR9 induced B cell maturation and induc-
tion of IgA. The frequencies of transitional B cells
(CD19+CD24hiCD38hi) were decreased in SIgAD compared with con-
trols, specifically IL10 producing cells [160]. As previously reported,
these cells play a role in the pathogenesis of IgA nephropathy [161],
and autoimmunity [162]. Moreover, after CpG stimulation of TLR9,
they found B cell defects especially within its IL-10 producing B reg-
ulatory subset [160]. Another selective immunoglobulin deficiency
entitled primary selective IgM deficiency (SIGMD) was evaluated by
their Breg cells. SIGMD individuals are susceptible to infections, auto-
immunity and allergies who have decreased IgM levels below two
standard deviations (SD) of mean with normal serum IgG and IgA. In an
effort to elucidate the pathogenesis of SIGMD, Louis et al. evaluated the
different subsets of B and T cells in twenty patients [163]. They ob-
served a significant increase in CD21low, IgM memory B cells,
CD19+CD24+CD38+ Breg and CD8+Treg. They proposed that these
increased levels are a compensatory mechanism of the immune system
against autoimmunity development. Although it remains undiscovered,
Breg was suggested to suppress the B cells differentiation to antibody-
producing plasma cells either directly or by regulating CD8+Treg.

In addition, Breg assay has been done in patients with common
variable immunodeficiency (CVID); CVID is clinically the most frequent
primary immunodeficiency disease. A clinical study on 26 CVID pa-
tients has shown the increased frequency of CD19+CD24hiCD38hi IL-
10+ peripheral blood B cells in response to T cell stimulation. The
CD19+CD24hiCD38hiIL-10+ regulatory B suppress IFN-γ+TNF-α+

producing CD4+ T cells, however, Vlkova et al. reported impairment in
this process among CVID patients [164]. This finding explains the ex-
cessive T cell activation regarded as an immune-regulatory abnormality
that is common in CVID patients.

3.6. Malignancies

3.6.1. Breast cancer
Based on studies, Breg cells are increased in the blood of breast

cancer patients [165,166]. Olkhanud et al. recognized a type of Bregs
[named tumor-evoked Bregs (tBreg)] which was phenotypically similar
to activated but poorly proliferative mature B2 cells
(CD19+CD25hiCD69hi) and expressed constitutively active Stat3 and
B7-H1hiCD81hiCD86hi CD62LlowIgMInt [167]. Moreover, they in-
vestigated the 4T1 mouse-model of breast cancer and indicated the
primary role of tBregs in lung metastases by inducing TGF-β–dependent
conversion of FoxP3+ Tregs from resting CD4+ T cells [167]. There-
fore, in the tBregs absence, 4T1 tumors could not metastasize into the
lungs efficiently due to poor Treg conversion. They concluded that in-
terruption of the initiating key cancer-induced immunosuppressive
event via tBregs manipulation is critical for inhibiting the cancer me-
tastasis progression. In another study, it has been shown that resvera-
trol (RSV), a plant-derived polyphenol, can efficiently inhibit lung
metastasis in mice at low and non-cytotoxic doses for immune cells
[168]. The mechanism of this process is the Stat3 inactivation followed
by the tBregs generation and function prevention and consequent
blocked TGF-β expression [169,170]. As the result, disabled conversion
of Foxp3+ Tregs releases the antitumor effector immune responses. In
2016, Guan et al. found elevated CD19+CD24+CD38+Bregs in the
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PBMCs of invasive breast carcinoma patients compared with fibro-
adenoma or healthy individuals. Interestingly, a positive correlation
was also observed between Bregs and CD4+CD25+CD127- Tregs [171].
In their study, Bregs of invasive breast carcinoma patients had higher
expression of PD-L1 compared with fibro-adenoma or healthy in-
dividuals, and there was a tight correlation between
CD19+CD24+CD38+PD-L1+ and CD19+CD24+CD38+ Bregs. More-
over, PD-1 expression on CD4+CD25+CD127+ effector T cells was
high. Notably, PD-L1 on Bregs had a positive correlation with Tregs but
negative correlation with PD-1hi effector T cells.

Based on these studies, invasive breast carcinoma sufferers showed
a higher number of Bregs, which through the production of IL-10 could
have a principal role in helping malignant cells to escape the immune
system. Therefore, dampening IL-10 via Bregs suppression beside the
blockage of TGF-β-mediated Treg induction could be a potential ther-
apeutic approach in preventing metastasis of breast cancer.

3.6.2. Esophageal cancer (EC)
EC is globally the eighth leading cause of cancer-related mortality

with a poor prognosis among digestive tract malignancies and an an-
nual diagnosis of 482,000 individuals worldwide [172,173]. In the
study that was performed in 2014 by Shi et al., the functions of
CD5+CD19+B cell-derived IL-10, TGF-β, and FOXP3 were investigated
in EC patients. They found a higher percentage of peripheral
CD5+CD19+Foxp3+ Bregs in EC patients compared with healthy
controls [174]. In addition, a decrement in the percentage of
CD5+CD19+Foxp3+ Bregs and an elevation in peripheral B10 cells
percentage were observed. These findings suggest that Bregs have a
negative immunoregulatory role in the development and progression of
EC. In 2015, Qian et al. reported a higher level of B10 cells in the
peripheral blood of EC patients compared with healthy controls [175].
In addition, they observed a higher B10 level among patients in stage
III-IV than those in stage I-II with a higher level of B10 cell in com-
parison to the controls. Increased B10 level along with the clinical
progression of EC suggest B10 cells influence in the pathogenesis of the
EC. In another research, Li et al. showed an interesting adapted
pathway by cancerous cells to escape the immunity. They found EC-
derived micro-vesicles carrying LAMP1 (Lysosomal Associated Mem-
brane Protein 1) and MMP9 (Matrix Metalloproteinase 9) [176]. Pre-
viously, it has also been found that MMP9, by using its proteolytic
properties to convert LTGFβ (Latent Transforming Growth factor-beta)
to TGF-β in B cells, develops TGF-β+ Bregs with the capacity to sup-
press CD8+ T-cell activities. As CD8+ T cells are one of the major anti-
tumor cells [177], this study implies that the induced Bregs in this circle
may help the tumor cells to escape from the immune surveillance and
facilitate the tumor growth. Thus, micro-vesicles full of MMP9 could
present a new therapeutic target in EC treatment.

Based on EC-derived micro-vesicles ability in helping the malignant
EC cells to escape from CD8+ T-cells, (besides the significant reduction
of Bregs following the surgical removal of the tumor) it is safe to con-
clude that almost all of these cells are induced mainly by malignant
cells. This could show the way to investigate the future therapeutic
methods.

3.6.3. Hepatocellular carcinoma (HCC)
HCC is one of the most common malignancies worldwide char-

acterized by altered expression of many genes, proteins, and other di-
verse molecules of cellular processes [178–180]. Shao et al. found a
significantly increased percentage of circulating Bregs associated with
the advanced tumor staging, tumor multiplicity, and venous infiltration
in HCC patients [181]. In this regard, the human Bregs induce HCC cell
proliferation and invasion in both in vivo and in vitro models via the
CD40/CD40L signaling pathway. In the co-culture of Bregs and HCC
cells, the CD40/CD40L inhibited interaction could cause reduced levels
of TGF-β1 and IL-10, but increased secretion of TNF-α. Regarding an-
other study, an association was found between HCC development with

a dominant increase of IL-10 and a decrease of TNF-α [182]. Therefore,
new strategies such as depleting Bregs or breaking the tumor-Breg in-
teractions via the anti-CD40 antibody could represent potential ther-
apeutic approaches for HCC.

In an animal study of HCC progression, the frequency of IL-10-
producing Bregs was significantly increased in the model group com-
pared with the normal group [183]. They demonstrated that total
glucoside of paeony (TGP) (an effective composition extracted from the
root of the Paeonia Lactiflora) decreased IL-10-producing Bregs pro-
portion that led to an improvement of the N-nitrosodiethylamine
(DEN)-induced pathological hepatic lesions of mice. In addition, the
increased enzymes of alanine aminotransferase (ALT), glutamic ox-
alacetic transaminase (AST), and alpha-fetoprotein (ALP), besides the
number of tumor nodes were significantly decreased after TGP treat-
ment. The DEN is a well-known potent activator of HCC, and due to the
similarity of the DEN-induced HCC in the animal model to human HCC,
it represents a good tool to study human HCC [184]. B cell-activating
factor (BAFF) induces MZB cell differentiation into the B10 cells with
the regulatory functions both in vitro and in vivo. TGP has bi-directional
regulatory action on immune cells [185,186]. In this context, there
were a decreased level of BAFF and a marked decrement of IL-10-pro-
ducing Bregs proportion after TGP treatment, in addition to a sig-
nificant correlation between Bregs and TGP [187,188].

In summary, Bregs have a unique role in contributing to HCC cells to
escape from the immune system via the CD40/CD40L signaling
pathway. Moreover, inhibition of CD40/CD40L interaction could be
therapeutic through reduction of IL-10 secretion and augmentation of
TNF-α secretion as a critical antitumor element. Interestingly, the TGP
can lead to decreased Breg production by decreasing the BAFF levels.

3.7. Therapeutic potentials

Based on all the mentioned findings, Breg cells play an undeniable
and important role in the pathogenesis of immune-related disorders.
Therefore, targeting subsets of B cells might be a new potential cure for
a variety of diseases. The specific potential future therapeutic methods
based on the involved Breg subsets and their diverse im-
munomodulatory role in the mentioned immune-related pathologies
has been discussed above. Based on the mentioned findings, novel
therapies targeting Breg activity and depletion of them could be ther-
apeutic in a variety of malignancies, including breast cancer, esopha-
geal cancer, and hepatocellular carcinoma. It could also be beneficial in
the treatment of some chronic infectious diseases, including chronic
hepatitis B virus infection and Tuberculosis. Above finding also indicate
a probable benefit of Breg depletion in the therapeutic path of systemic
lupus erythematosus. Bregs depletion can be achieved using drugs like
Rituximab [188–191]. However, depletion of all B cells in this way is
disadvantageous due to concomitant elimination of inflammation-sup-
pressive Bregs. Thus, selective depletion of Bregs or effector B cell
subsets (Beffs) depending on the disease setting is advantageous. In this
regards, further studies for identification of Breg-specific markers are
required in order to develop depletion therapies specifically targeting
Bregs or effector B cells. Also, Breg cells expansion could be beneficial
in a variety of autoimmune disorders, including ITP, myasthenia gravis,
multiple sclerosis, psoriasis, dermatomyositis, and systemic sclerosis.
Induction of Breg cells could be achieved by exposing them to in-
flammatory cytokines, such as IL-1β, IL-6, IL-21, IL-35, IFN-β, IFN-α,
and B cell activating factor (BAFF) [31,122,162,188,190,191]. Also, in
mouse models, anti-inflammatory cytokines such as IL-35 [122] and
commensal bacteria [192] are found to contribute to Breg differentia-
tion. Thus, better understanding of the stimuli that induce Breg dif-
ferentiation and expansion could lead to novel strategies for the in vivo
expansion of Bregs. Intracellular pathogens clearance beside the en-
hanced efficacy of the vaccines could be achieved via inhibition or
depletion of the Breg. Furthermore, future cell therapies to treat allergic
and autoimmune disease by in vitro parasite-antigen-activated Bregs
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could be successful, if the phenotypes of Breg will have elucidated.
Altogether, further studies are required to comprehensively under-

stand the characteristics, activation mechanism and function of Bregs in
order to exploit their therapeutic potential in treatment of various im-
mune-mediated disorders.

4. Conclusion

The pathogenic role of Bregs in different immunological disorders
are clarified in this review. In autoimmunity, decreased quantity and
function of these cells are involved in the development of them.
Regarding the infection, it could be concluded that the increased Breg
cells correlate with the viral and bacterial load, which facilitates pa-
thogen survival, especially in the early stage. Furthermore, regarding
the evidence about both protective action against solid tumors and
improvement of tumor survival, it suggests Bregs’ dual action based on
different environment and stimulus elements. Taken together, com-
prehensive picture of the regulatory mechanisms of Bregs need to un-
ravel the exact characteristics of these cells, resulting in successful
development in therapeutic approaches.
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