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ABSTRACT 
 

B cells have an important role in immune system due to their role in positive and negative 
regulation of immune response. As positive regulators, B cells can give rise to antibody-producing 
plasma cells, are critical cellular adjuvants that facilitate optimal CD4+ T-cell activation. B cells also 
contribute to immunoregulation through the production of cytokines including IL-4, IL-6, IL-10, 
interferon-gamma (IFN-gamma) and transforming growth factor-β (TGF-β). In addition, B cells are 
thought to have specific roles in stimulating Ag-specific CD4+ T-cell proliferation after activation by 
dendritic cells (DCs). While B cells can play negative regulatory roles during immune responses, 
particularly during inflammation, autoimmunity, cancer and infection. On the other hand, natural 
occurring regulatory T cells (nTregs) consider a body guard of immune system and play a pivotal 
role in the maintenance of homeostasis of immune system and tolerance to self-antigens and tissue 
graft. nTregs know all languages of the immune system cells and can chat successfully with any 
abnormal case that happen due to aberration of function of the immune cells. nTregs can use 
multiple mechanisms to exert their functions. In the current review we will focus on the mechanisms 
of suppression of B cells by nTregs. 
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1. INTRODUCTION 
 
In addition to antibodies secretion, B cells have 
many different functions in the body of mammals, 
such as introduce self and foreign antigen to T 
cells and do as antigen presenting cell (APC), 
activation of naive T cells, provide co-stimulatory 
signals for T cells, express anti-microbial activity 
by producing reactive oxygen intermediates and 
other inflammatory cytokines and isotype switch 
during humoral responses. B cells can provide 
co-stimulatory signals via their CD40 molecule to 
CD40L-expressing T cells. In addition to the 
CD40–CD40L co-stimulatory pathway, B cells 
can also interact with the CD28 and cytotoxic T-
lymphocyte-associated protein 4 (CTLA-4) co-
stimulatory molecules on T cells via CD80 or 
CD86. Furthermore, B cells respond to Toll-like 
receptor (TLR) ligands and present antigen in 
innate immune response. 
 
The unique ability of B cells to produce antigen-
specific antibodies makes them an important 
component of adaptive immunity. In secreted 
form, these antibodies can bind to specific 
molecules on invader pathogens, resulting in the 
immobilization and eradication of foreign 
pathogens through recruitment of effector cells 
and molecules. B cells also express membrane-
bound antibodies (also called B cell antigen 
receptors BCRs), which act as stimulatory 
receptors upon encountering antigen. BCRs also 
facilitate internalization and processing of low 
abundance antigens onto MHC class II 
molecules, thereby enabling B cells to present 
antigen in a form recognized by the TCR of 
CD4+ T cells. Thus, B cells are responsible for 
maintenance of cellular and humoral memory, 
fulfilling a number of important functions. 
 
In the majority of autoimmune diseases, B cells 
are generally considered to be pathogenic 
because of their capacity to secrete 
autoantibodies. However, it has known that 
specific subsets of B cells downregulate immune 
responses in mice and their absence or loss 
results in exacerbated autoimmune responses. 
Different B cell subsets have been described with 
regulatory function. Because B cells have an 
important role and function in immune system 
and aberrant in any of these functions resulting in 
harmful or sever disease, consequently putting B 
cells under disciplinary control especially under 
control of CD4+CD25+FoxP3+ regulatory T cells 
(which are naturally occurring and development 
within the thymus), these cells can control and 
regulate a wide spectrum of immune cells 

including CD4+ T cells, CD8+ T cells, DCs and B 
cells.  
 

2. B CELLS IN THE DEVELOPMENT OF 
ADAPTIVE IMMUNITY 

 

B cells develop from a small number of self-
renewing haematopoietic stem cells (HSC) in the 
fetal liver throughout gestational period and from 
adult bone marrow (BM) throughout the life [1,2]. 
Differentiation of HSCs to B lymphocytes 
progress through multipotent progenitor (MPP), 
lymphoid-primed multipotent progenitor (LMPP) 
and common lymphoid progenitor (CLP) stages 
of development, accompanied by the sequential 
loss of megakaryocyte/erythroid (MEP) and 
myeloid potentials [3,4] (Fig. 1). 
 

Stromal elements, soluble factors and surface 
IgM have all been recognized as playing distinct 
roles in the genesis and maturation of mature B 
lymphocytes [5]. After birth the maturation 
process of B cells takes place in the bone 
marrow. Lymphoid progenitor cells receive 
signals from stromal cells of bone marrow to start 
B cell development [6]. During the early stages of 
their development, B cells express one of the 
important receptor molecules called the pre-B-
cell receptor (pre-BCR) which regulates B cell 
development. The pre-BCR is a heterodimer 
composed of an immunoglobulin (Ig) heavy chain 
molecule (H chain) covalently associated with an 
immunoglobulin light chain-like molecule usually 
called the surrogate light chain [7-9]. When B 
cells develop from their precursors they initiate a 
complex series of differentiation and selection 
program which leads to recombination of the H 
chain gene segments that occurs in pro-B stage 
[10]. A successful rearrangement of the heavy 
chain is a prerequisite for the recombination of 
the light chain genes that occurs in pre-B stage. 
After rearrangement of both heavy and light 
chains, if the two chains form a viable 
immunoglobulin, then this complex directs the 
cell to stop rearranging to ensure that only a 
single specificity is produced. Correspondingly, 
the developing B cells which fail to make a 
successful rearrangement undergo apoptosis 
[11,12]. Following successful antigen receptor 
rearrangement, signals from pre-BCRs signal the 
lymphocytes to promote the survival of the 
progenitors and induce their further differentiation 
[13]. However, the B cell receptor (BCR) is 
encoded by the same rearranged gene as 
encodes the immunoglobulin (Ig) that its later 
developmental offspring will secrete. This gene 
rearrangement is crucial to the diversity of the B 
cell repertoire—enabling a large number of 
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different specificities of Ig in order to improve 
chances of antigen recognition [14]. It may also 
be the case that a more diverse response is 
more effective than a high affinity oligoclonal 
response, since it has been shown that a human 
response to even a relatively simple antigen, 
such as tetanus toxoid, can comprise up to 100 
different clones [15]. 
 

The process of BCR rearrangement can lead to 
the development of cells with autoreactive 
specificities, thus, there are also mechanisms for 
ensuring the destruction of any new B cell has 
antibody reacts high strongly with self-proteins 
on the surface of host cells [12]. One of these 
mechanisms is elimination; elimination of B-cell 
that bears receptors reactive with self antigen is 
initiated by the binding of self-antigens to surface 
Ig on immature B-cells within the bone marrow. 
The requirement for Ig engagement in triggering 
the elimination of autoreactive B lymphocytes 
has been largely established by the generation of 
mice in which the B-lymphocytes express a 
single, transgene-encoded rearranged Ig gene 
specific for an antigen such as hen egg lysozyme 
(HEL) or MHC antigens [16,17]. Interestingly, the 
elimination of autoreactive B-cells is not Fas-
mediated deletion, when lpr mice (which lack Fas 
expression) were bred to mice expressing BCR 
that recognize membrane-bound autoantigen 
these autoreactive B-cells underwent elimination 
as efficiently as B-cells of wild-type(B cell bearing 
the Fas molecules) [18]. On the other hand, 
during B cell development, B-cell progenitors 
with self-reactive surface Ig BCR also face 
negative selection as a result of the antigen 
mediated signaling immature [19]. Immature B 
cells (also called T1 cells) export from the bone 
marrow to the periphery and migrate into the 
spleen for their final maturation step [20]. After 
this final maturation step, B cells become 
responsive to antigens and are able to produce 
antibodies. In the spleen, they have been 
categorized according to their size, micro-
anatomical location, surface marker expression 
and functional activity [21]. 
 

The role of B cells is to interact with specific 
epitopes on foreign antigen via their BCRs and 
as a consequence of this interaction develop into 
plasma cells, which produce antibodies with the 
same specificity as the BCR. Plasma cells can 
be releasing large amounts of antibodies that 
enter the blood stream and bind the specific 
antigen on an invading organism. B cells can 
secrete antibodies to activate the cascade of 
complement proteins, phagocytic opsonization, 

NK cell cytotoxicity and mast cell degranulation 
[22-26], many such examples have been largely 
reviewed. 
 

It has been reported that T cell-dependent 
humoral immune responses are preceded by 
cognate T cell–B cell interactions followed by 
activation of Ag-specific B cells, migration of the 
activated B cells to the follicles of secondary 
lymphoid organs and initiation of the germinal 
center (GC) reaction. Within the GC, B cells 
undergo rapid proliferation, mutation of Ig 
variable region genes and finally selection of B 
cells with high affinity BCR leading to formation 
of Ab-producing and memory compartments 
[5,27]. For example, The GC microenvironment 
provides a substructure that is critical for 
continuous Ag exposure to B cells through 
immune and complement receptor-mediated Ag 
capture [28]. 
 

As mentioned above, the activation of B cells and 
their differentiation to antibody-secreting plasma 
cells is triggered by antigen binding to the BCR. 
This process requires T helper (Th) cells 
cooperation via CD40-CD40L interaction and via 
stimulation by cytokines release from Th cells 
[29]. Although, it has reported that BCR 
engagement and activation of T helper cells is 
insufficient to promote antibody-producing B cells 
in mice [30]. It has known that the stimulation 
through BCRs affects in different ways related to 
different stages of B cells, for instance, immature 
B cells undergo apoptosis or clonal tolerance 
following BCR cross-linking, while this stimulus 
leads to a proliferative response in mature B cells 
[31]. Indeed, upon activation, some B cells 
remain in extra-follicular sites where they 
undergo limited proliferation and rapid 
differentiation into short-lived primary antibody-
secreting cells, whereas other B cells enter the 
follicular dendritic network of germinal centers 
(GC) where they proliferation rapidly [32,33]. 
 

However, the number of B cells in the neonate of 
human is very high [34]; but the numbers of B 
cells in the periphery decrease in old humans 
[35] and appear to be in the same range in old 
mice [36], due to the maturation of plasma B 
cells is not yet completed at birth, leading to a 
defective antibody isotype switching. As a 
consequence of decreased generation of early 
progenitor B cells, the output of new naive B cells 
decreases in old mice [37] and consequently 
antigen-experienced B cells are expanded. This 
causes a reduced antigen-recognition repertoire 
of B cells in both old humans and old mice [38]. 
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As a consequence of the relative T-cell and B-
cell immaturity, neonates are capable of only 
rapid IgM and anti- IgM responses. Whereas, 
IgG and IgM are transferred from mother to her 
infant via breast milk. As for IgA, it is known that 
these antibodies protect the infant against 
infections passively [34]. Because attributed to 
both weaker innate and adaptive immune 
systems, the neonates suffer from different 
morbidity and mortality pathogens [39,40]. 
Neonatal B cells are efficient in their capacity to 
produce IgE if they are stimulated by exogenous 
IL-4. However, because of the minimal level of 
IL-4 produced by neonatal T cells, the level of 
IgE production by neonatal B cells is very low 
[41]. Furthermore, neonatal B cells were shown 
to effectively control the production of 
proinflammatory cytokines by neonatal dendritic 
cells that are present in higher percentage in 
neonatal mice than in adult mice. In the absence 
of B1 cell subset, neonatal mice developed 
stronger inflammatory responses than adult mice 
and became lethally susceptible to various TLR 
challenges, indicating that B1 cells might have a 
unique regulatory role in dampening the neonatal 
inflammatory response through regulation of 
dendritic cells [42]. Alteration in immunoglobulin 
generation (through class switch) in B cells is 
observed in old mice and humans [38], which 
may also contribute to the decline of the quality 
of humoral response in the elderly. A naive B cell 
expresses BCR of the IgM (monomeric) and IgD 
isotypes on its surface, while B cells which have 
previously encountered with antigen have 
undergone isotype switching. This means that 
the BCR on these cells include other isotypes 
like IgG, IgA or IgE. When these cells mature to 
plasma cells IgG, IgA or IgE antibodies are 
released. From biological insight, this is very 
useful for enhance immunity due to the different 
isotypes have different effector functions. It 
should be known that during the first tow years of 
life the switch to IgG1 and IgG3 is functional in 
the neonate, whereas the switch to IgG2 and 
IgG4 is inadequate in same period of age. Serum 
sIgA levels can reach adult levels within a few 
weeks when exposure to the pathogens in the 
highly levels [43]. 
 

Finally, a constant of circulating antibodies status 
with high range of specificity is very important in 
the maintenance of internal immunity and 
consider the first step in the defense system 
against different pathogens. It has been 
estimated that a healthy mouse has 16,000 
different functional specificities [44]. Since 
antibodies have a limited life, a healthy 

population of plasma cells is required regardless 
of whether there are any specific pathogen 
challenges to generate new memory and plasma 
cells [14]. 
 

3. B CELL SUBSETS, CHARACTERIS-
TICS AND BIOLOGICAL FUNCTION 

 
The phenotypes of B cell subsets in both human 
and mouse are summarized in Table 1. 
 

As mentioned above, B cell development takes 
place in fetal and neonatal liver and in adult bone 
marrow [1,2], by ordering B-lineage precursor 
cells progression through a series of genetically 
and phenotypically distinct stages of 
differentiation. These stages consist of (pre-pro-
B, early pro-B, late pro-B, pre-B, immature B, 
and mature B cells) for mice [67] and the early-B, 
progenitor-B and precursor-B subsets that follow 
it, for humans [48], are each characterized by a 
determined surface phenotype and by the 
progressive status of Ig heavy and Ig light chain 
gene rearrangement and expression [10]. 
 
Generally, the earliest phase of B cells 
development from stem cell consists of two 
steps: The emergence of (CLP) cells and the 
subsequent differentiation of (CLP) to the earliest 
cells in the B-lineage pathway called progenitor B 
cells (pro-B) [68], identified these cells by 
expressing the B220 surface marker and give 
rise to B lineage (Table. 1) [69]. Pro-B can be 
divided into three stages called Fractions (Fr.) A, 
B and C [70]. Fr. A contains the earliest (germ-
line) pro-B cells, in which the initial Ig 
rearrangement (DHJH) has not yet been 
completed. While cells in Frs. B and C have 
completed this rearrangement and some cells, 
notably in Fr. C, have also completed VHDHJH 
rearrangement.  
 
In adult BM, the surface markers that 
discriminate pro-B cells from other subsets of B 
cell during developmental stage are B220 
(CD45R) levels, CD4, CD19, CD24 (HAS), BP-1, 
CD43, IgM, IgD and MHC class II (Ia). It has 
found that only B220 and CD4 are expressed on 
germ-line pro-B cells. B220 is expressed at low 
or intermediate levels on all of mentioned cells, 
whereas CD4 is expressed on a major subset 
(which expresses B220 at intermediate levels). 
However, CD4+, B220 intermediate and Ia have 
all shown to express on germ-line pro-B cells in 
adults but not on neonates pro-B cells and the 
level of Ia that is expressed increases in stages 
as the B cell development proceeds [71]. 
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Fig. 1. Schematic view for progressing of haematopoietic stem cell (HSC) to different cell lines including B cells. long-term haematopoietic stem cell. (LT-HSC) , short-term 
haematopoietic stem cell (ST-HSC), lymphoid-primed multipotent progenitor (LMPP), megakaryocyte-erythrocyte progenitor (MkEP), common lymphoid progenitor (CLP), common 
myeloid-erythroid progenitor (CMEP), megakaryocyte-erythroid progenitor (MEP), granulocyte-macrophage progenitor (GMP), dendritic cell (DC) and natural killer cells (NK cells)
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Table 1. The phenotype of B cell subsets in humans and mice. (h beside references indicate to 
human and  m indicate to mouse) 

 

B cell 
subsets 

Phenotype identification References 
Human Mouse 

Pro-B •CD34+CD10+CD19+ •IgM¯cµ¯AA4.1+CD43+B220+CD1
9+ 
•B220

lo
CD43

hi
BP-1

lo
CD24

int
 

[45,46,47m] 
[48h] 
[49m] 

Early Pre-B 
 
Late Pre-B 

 
•CD34−CD10+CD19+ 

•IgM¯cµ+AA4.1+CD43+B220+CD1
9+ 
 
•IgM¯CD43¯B220+ 

[46m,48h] 
 
 
[46m] 

Immature B •CD19+Cd24hiCD38hi 
•CD24

hi
CD38

hi
CD5−CD20−Ig

D−IgM−CD10hi 

•AA4+CD23¯sIgMhigh sIgD¯/low 
CD24

high
 CD62L¯CD21/35¯/

low
 

•IgMloIgD¯CD93hiCD23¯CD21¯ 

[50m,51h] 
 
[52h, 49m] 

T1B Not clear •CD23¯AA4+sIgMhigh sIgD¯/low 
CD24

high
 CD62L¯CD21/35¯/

low
 

 
•IgM

high
IgD

low
CD23

low
CD21/35

low
 

 
•IgMhiIgDloCD93intCD23¯ 
CD21¯ 

[50m] 
 
 
[53m] 
 
[49m] 

T2B Not clear •CD23+AA4+sIgM
high

sIgD
high 

CD24high CD62L+CD21/35low 
 
•IgMhighIgDhighCD23+CD21/35int/high 
•IgM

hi
IgD

hi
CD93

int
CD23

hi
CD21

int
 

[50m] 
 
 
[53m] 
[49m] 

B1a\mouse, 
B1\human 

•CD20+CD27+CD43+ 
CD70¯CD5+ or CD5¯ 

•CD11b+IgM
hi
IgD

lo
B220+ 

CD23¯CD19+ CD5+ 
 
•B220

int
IgM

hi
IgD

lo
CD5

hi
CD23

lo
CD21

l

o 

[54,55h,56, 
57m] 
 
[49m] 
 

Peritoneal 
B1b 
 
Splenic B1b 

Not clear 
 
 
 
 

•CD11b+ IgM
hi
 IgD

lo
  B220+ 

CD23¯CD19+CD5¯ 
 
•CD11b¯ IgM

hi
 IgD

lo
  B220+ 

CD23¯CD19+ CD5¯ 

[54,56,57,5
8m] 
 
[54m] 

Bregs •CD19+CD1d+CD5+IgD+ 
IgM+ CD38+ CD23+ 

Not clear [59h] 

MZ B Not clear •CD21
hi
CD23¯IgM

hi
CD1d

hi
 

•CD24medCD21hiCD23lo 
•CD23

lo
CD21

hi
CD1

hi
IgM

hi
IgD

lo
 

•CD23¯ AA4¯ sIgMhigh CD1d+ 
sIgD

low
 CD24+CD21/35

high
 

•IgM
hi
IgD

low
CD23

low
CD21/35

hi 

[60,61m] 
[62m] 
[63,64m] 
[50m] 
 
[49,53m] 

FO B Not clear •CD24loCD21medCD23hi 
•IgM

low
IgD

high
CD21

int
CD23

high
 

 
1. CD23+AA4¯sIgMlow sIgDhigh 
CD24

low
 CD62L+CD21/35

int.
 

 
2. CD23+ AA4¯/

low
 sIgM

high
 

sIgD
high

CD24
low

CD62L+CD21/35
int.

 
•IgMint/lowIgDhiCD23+CD21/35int 
•IgM

lo
IgD

hi
CD23

hi
CD21

int
 

[62m] 
[64m] 
 
[50m] 
 
 
[50m] 
 
[53m] 
[49m] 
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B cell 
subsets 

Phenotype identification References 
Human Mouse 

B10 •CD19+Cd24
hi
CD38

hi
 

•CD1d
hi
CD5+CD24+CD27+  

and/or CD38+ 

•CD19
hi
CD1d

hi
 CD5+ 

•CD1d
hi
 CD5+ CD21+ and/or 

CD23+ 
•CD19+CD21

hi
CD23

hi
CD24

hi
CD1d

hi
 

[65m,51h] 
[66m,h] 
 
[151m] 

(T2)-MZ 
precursor B 

Not clear •CD21
hi
CD23+IgM+CD1d

hi
 

•CD23+AA4¯/lowsIgMhighCD1d+ 
sIgD

high
 CD24+CD21/35

high
 

[60,61m] 
[50m] 

 
Generally, immature B cells that express 
IgM+B220

lo
 cell-surface Ag receptors (BCR) (that 

undergo positive and negative selection in bone 
marrow) leave the bone marrow to the periphery, 
where they undergo additional selection and 
develop and mature into other stage called 
(transitional) T1 B cells CD24

hi
CD21¯B220

+
 and 

further into T2 B cells CD24hiCD21+B220+, based 
on their phenotypes and ontogeny. T2 B cells 
can differentiate into Follicular (Fo) 
CD24loCD21medCD23hi B cells within spleen and 
follicles of lymph node or marginal zone (MZ) 
CD24medCD21hiCD23lo B cells within the spleen 
[62], through intermediate MZ progenitor cells. 
T2–MZ precursor B cells have a 
CD21hiCD23+CD1dhi phenotype. BCR signal has 
been shown to play an essential role in the 
development of peripheral B cells [72]. It has 
been found that BC R specificities plus BCR 
signal strength are major determinants of the Fo 
versus MZ B cell differentiation in Ig transgenic 
mouse experiment. Thus, in VH81X transgenic 
mice, B cells skewed to differentiate into the MZ 
B cell subset, while in anti-hen egg lysozyme 
(anti-HEL) transgenic mice, B cells skewed to 
differentiate into the Fo B cell subset [73]. Ag 
activation of mature B cells leads initially to the 
transient generation of extra-follicular foci that 
yield antibody-secreting plasmablasts and short-
lived plasma cells that secrete Ag-specific 
antibodies [74]. Ag-specific B-cell proliferation 
also leads to B-cell entry into the germinal center 
microenvironment, where B cells diversify their 
Ag receptors and generate pools of long-lived 
memory B cells [75]. Germinal centers and 
restimulated memory B cells give rise to long-
lived plasma cells within the bone marrow that 
are in charge of the maintenance of serum 
antibody in the stable levels [76]. Antibodies 
function both as a natural barrier to infection and 
as a humoral component of adaptive immune 
responses to pathogens. 
 
B-1 lymphocytes represent a unique B-cell 
population distinguished from conventional B 

cells (B-2 cells within the peritoneum) by their 
surface phenotype, preferential anatomical 
localization, self-renewing capacity and 
production of natural circulating serum IgM 
[64,77]. Furthermore, B-1 cell development 
occurs primarily during fetal and neonatal 
periods, whereas B-2 cell production is most 
active after birth and continues throughout adult 
life [56]. B-1 cells contribute the bulk of natural 
serum IgM and IgA, which plays a key role in 
limiting microbial dissemination [78], for instance, 
these antibodies are essential for survival in a 
mouse model of influenza infection [78] and are 
also required for protection in a model of acute 
bacterial peritonitis [79] and because that, they 
have been participated in early innate resistance 
to infection [80] and autoimmunity [81]. 
Therefore, B-1 cells are commonly thought as a 
part of innate, T-cell-independent humoral 
immunity. Others have reported that B-1 cells, in 
contrast to B-2 cells, can respond to a limited 
range of T-independent antigens [82,83]. It has 
been indicated that B-1 cells also participate in T-
cell-mediated immune reactions such as in the 
cases of immediate and delayed-type 
hypersensitivity (ITH, DTH) [84,85]. 
 
Mature B-1 cells also are distinguished from 
mature B-2 cells by the signals required for cell 
cycle progression, for instance, B-1 cells enter S 
phase of cell cycle and proliferating vigorously 
within 24 h in response to treatment with PMA 
[86,87], whereas B-2 cells are stimulated by the 
combination of a PMA and a calcium ionophore 
[86], but not by PMA alone [86,87]. It has shown 
that splenic B-2 cells responded strongly to anti-
Ig by entering S-phase at 48 h, while peritoneal 
B-1 cells responded weakly [87]. Moreover, B-1 
cells fail to respond to BCR crosslinking by anti-
Ig, which induces the proliferation of B-2 cells. 
 
B-1 cells are localized in the coelomic cavities 
(peritoneal and pleural), tonsils, Peyer’s patches 
and spleen (approximately 5% of splenic B cells) 
and are absent in lymph nodes or circulation. B-
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1b cells express CD11b (Mac-1), CD19, B220 
and IgM surface markers. Moreover, CD11b is 
expressed on peritoneal but not splenic B-1 cells 
(Table 1). Whereas B-1a cells have expressed 
one additional molecule which is CD5 than B-1b. 
Based on the expression CD5 and CD11b, B-1 
cells are further subdivided into the B-1a 
(CD5+CD11b+), B-1b(CD5¯CD11b+) and B-1c 
(CD5+CD11b¯) subsets [87]. B-1b 
(CD11b+CD5¯) cells give rise to adaptive 
humoral immune responses to T-cell-
independent Ags [54]. It has largely 
demonstrated that B-1a cells responsible for 
innate and B-1b cells responsible for adaptive 
humoral immune responses during bacterial 
infection models. In experiment included three 
groups of mice, wild-type, Transgenic mice over-
expressing CD19 (hCD19Tg) and CD19-deficient 
(CD19−/−), Haas and co-workers [54] have 
shown that B-1a cells from wild-type or hCD19 
Tg mice were important for natural antibody 
production, while B-1b cells from wild-type or 
CD19−/− mice functioned independently to 
regulate protective anti-pneumococcal 
polysaccharide (anti-PPS) responses to 
Streptococcus pneumoniae. In addition, the B-1b 
subset was required for generating long-lasting 
protective responses to S. pneumoniae, 
concluded that there was equilibrium between B-
1a and B-1b cell development in wild-type mice 
that balances innate and adaptive humoral 
immune responses during S. pneumoniae 
infection. Moreover, it seems that the expression 
of CD19 may implicate in the balance between 
innate and adaptive immune response. The 
same group has found that CD19 deficiency 
impaired B-1a development and furthers the 
production of protective natural antibody, while 
CD19 overexpression impaired B-1b 
development and adaptive responses to PPS-3 
[54]. Other investigators have shown that 
animals lacking B-1b cells are susceptible to 
Borrelia hermsii infection and the adoptive 
transfer of this cell subtype obtained from 
convalescent mice confers protection against the 
bacteria [88]. On the other hand, B-1b cells have 
a possibility to link between innate and acquired 
immunity. This is emerged from observation that 
B-1b cells obtained from naive animals are 
capable of satisfactorily present antigen to and 
induce proliferation of T lymphocytes [89]. Taken 
together, the mentioned results indicate carefully 
that B-1a B cells represent the main source of 
natural antibodies that provide crucial protection 
during the early stages of infection by pathogens, 
whereas B1-b cells can  provide antibodies that 

they are produced subsequently and are key to 
the fundamental clearance and long-term 
protection from invading pathogens [54,88]. 
Other effects of B-1 cells are to produce 
substantial amounts of autoreactive IgM, which 
may function as a restriction factor for       
parasite infections [90,91]. Furthermore, Natural 
antibodies can bind to self-antigens and this 
property could explain the role of B-1 B cells in 
autoimmune diseases [21]. The origins of B-1 
cells and whether B-1a and B-1b cells are 
derived from the same or distinct progenitor cells 
are still controversial [64]. However, two models 
were suggested to explain the origin of B1 cells, 
the lineage model [92,93] and the selection 
model [77,94]. 
 
Peripheral mature B2 cells are comprised of, at 
least, two subsets including follicular (FO) B cells 
and marginal zone (MZ) B cells in the spleen of 
both mouse and human [95].These tow subsets 
are discriminated between each other by cell 
surface phenotype, manner of activation, 
anatomical localization and functions in innate 
and adaptive immune responses. Therefore, FO 
B cells have surface phenotype of IgM

low 

CD23high CD21low, whereas, MZ B cells have 
surface phenotype of IgM

high 
CD23

low 
CD21

high 

[63]. Using the study of mutant mice deficient in 
negative or positive regulators of B cell signaling 
and the study of transgenic mice that express 
different levels of the Epstein-Barr virus protein 
LMP2A as a BCR surrogate have shown a role 
for BCR signaling in the direction to which subset 
of B cells could formation. These studies have 
demonstrated that the weak BCR signaling lead 
to the development of MZ B cells whereas higher 
BCR strength lead to the generation of FO B 
cells [73,96,97]. Moreover, MZ B cells are 
considered to be innate-like cells that can be 
induced to differentiate into short-lived plasma 
cells in the absence of BCR ligation [50]. While, 
FO B cells, which represent from the most of 
circulating B lymphocytes in the blood stream 
and normally locate in the central region of 
primary lymphoid follicles and are responsible 
mainly for T cell-dependent immune responses 
[98], following exposure to antigen and receive 
signals from T-helper cells, FO B cells can 
undergo Ig class switching, somatic 
hypermutation and differentiation into antibody-
secreting plasma and memory B cells [99]. In 
addition, MZ B cells locate in the marginal sinus 
surrounding the periarterial lymphatic sheath and 
lymphoid follicles [63]. Moreover, MZ B cells are 
shown to position in MZ of the spleen, to initiate 
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a first-line defense against invading-pathogens, 
bacteria and microbes that found in the blood 
stream .Accordingly, these cells are also 
important for initiating-adaptive antibody 
responses involving FO B cells and could 
consider as a bridge between the innate and the 
adaptive immunity [82,100]. FO and MZ B cells 
also are difference between each other in the 
type of response to different stimuli. It has been 
found that MZ B cells express higher levels of co-
stimulatory B7 molecules than FO B cells, 
accordingly, respond and proliferate more 
efficiently than FO B cells to a different of stimuli, 
including anti-CD40 and LPS [98]. Others have 
shown that CD1d is highly expressed by MZ B 
cells and is responsible for the interaction 
between MZ B and NK-T cell and leads to rapid 
secretion of IL-10 by B cells, resulting in optimal 
germinal center (GC) formation [101,102] and\or 
NK-T cell may activate MZ B within spleen 
through CD40-CD40L interactions and induce 
further rapid class switched and potentially 
somatically mutated antibody responses [103]. 
CD36 also has reported to express highly by MZ 
B compared with FO B cells, this molecule is 
known to have multiple functions such as lipid 
metabolism, needed for phagocytosis of P. 
falciparum infected erythrocytes and associated 
with CD9, integrin ß1 and the Src family protein 
tyrosine kinases Lyn in platelets and endothelial 
cells, suggested that these properties may be 
related with the role of MZ B cells in innate 
immunity in clearance of bacterial and other 
foreign antigens [104]. Also the high levels of 
CD21 expressed on MZ B cells presumably 
evolved to facilitate immune complex capture 
[50]. Other signaling pathways may important in 
the differentiation of peripheral B cells is Notch 
signaling pathway. Conditional knock-out of 
RBP-J, a key downstream transcription factor of 
Notch receptors, lead to decrease in MZ B cells 
with a concomitant increase of FO B cells, 
suggesting a cell-fate decision step in the 
differentiation of peripheral B cells into FO or MZ 
B cells [105]. Similar phenotypes have been 
observed in Notch 2 conditional knock-out mice 
[106]. However, the molecular mechanisms, as 
well as cross-talk between different pathways in 
regulating FO versus MZ B cell differentiation 
and function, are still ill-defined. 
 
Despite of the largely highlight on the role of 
peripheral B cells in mediating innate and 
acquired humoral immune responses, indeed MZ 
B cells are highly expressing-MHC II molecules, 
can also produce and secrete cytokines and 

have the potential role in present antigen to and 
activation of naive T cells as a potential antigen-
presenting cell (APC) than FO cells [107,108]. It 
has demonstrated that B cell with the capacity to 
present Ag is 103-fold to 104-fold more efficiently 
than other APCs [109]. However, B cell functions 
that are less well understood could summarize 
as following: The potential role of some B cell 
populations as regulatory cells in different 
inflammations, cancer and autoimmune diseases 
by mediate IL-10-secreting or by other manners 
[51,59,65,66,110], the putative role of activated 
cytokine-producing B cells in the activation of T 
cells that further can drive inflammation and the 
likely role of B cells in the induction of tertiary 
lymphoid organs at sites of disease-related 
inflammation [50]. 
 
Further analysis of B cells within GC of lymphoid 
follicles were involved some surface markers, in 
particular, IgD and CD38 have been used in 
discriminating of different stages of differentiation 
[111]. Thus, seven mature B cell subpopulation 
have been recognized, which were, naïve (IgD + 
CD38–), once activated as (IgD + CD38 +), 
differentiate into GC founder (IgD + CD38  ++), 
centroblasts and centrocytes (IgD–CD38  ++) and 
terminate as (IgD– CD38 +), early and (IgD– 
CD38–) ultimate cells, i.e. memory B cells which 
express CD27 and plasma cells (PC) which do 
not. Furthermore, long-lived memory B cells 
subdivided into two types, one is resting and 
another is activated in BM [111]. But others have 
demonstrated that there is no marker for memory 
B cells in mice, because CD27 is a marker of 
recent activation, but not a marker for memory B 
cells in this species where most IgG+ splenic B 
cells are CD27– [112]. However, the 
investigation of memory B cells have been 
hampered in mouse by the fact that these cells 
represent only 5% of peripheral B cells, so that 
antigen-specific memory B cells may be no more 
than 10

4
–10

5
 cells per spleen [113,114]. [For 

more details related with memory B cells see ref. 
115]. Functions of B cells, in addition to antibody 
production can summarized as following: 
 

1. Shaping of the splenic architecture: 
Dendritic cells and T lymphocytes 

2. Antigen presentations (in particular CD5-
expressing and rheumatoid factor-making 
B cells) 

3. Production of cytokines to trigger 
polarization of naive T lymphocytes into T 
helper (Th) 1 or Th2 [111].  
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4. B CELLS IN AUTOIMMUNE DISEASES 
 
Normally, some immunoglobulin gene 
rearrangements produce B cells with receptors 
that bind to foreign molecules such as those 
associated with pathogenic invaders. 
Consequently, upon stimulation, B cells of this 
type produce antibodies that can prevent or, at 
least, limit infection. But gene rearrangement can 
also lead to the production of immunoglobulin 
that binds to self' molecules found within the 
healthy body. Activation of self-reactive antigen 
receptors results in the production of 
autoantibodies that might cause autoimmune 
disease. Autoimmune diseases can divide, 
generally, into two main categories: Organ-
specific and nonorgan-specific settings. The 
former include Inflammatory bowel disease (such 
as Crohn’s disease and ulcerative colitis), 
Experimental autoimmune encephalomyelitis 
(EAE), Autoimmune hepatitis, Hashimoto’s 
thyroiditis, Graves’ disease, type 1 diabetes, 
Addison’s disease and Sjögren’s syndrome. And 
the latter include rheumatoid arthritis (RA), 
systemic lupus erythematosus (SLE), primary 
Sjögren’s syndrome (pSS) and systemic 
sclerosis (SSc). These are associated with 
humoral and cellular abnormalities. Other 
categorization include two groups, one group of 
disorders in which disorder is driven by T cells 
and another group of conditions in which auto-
antibodies play a pivotal role, either by binding to 
tissue antigens or by forming immune 
complexes. This approach segregating 
autoimmune disorders into T cell mediated and 
so-called B cell mediated diseases has recently 
been highlighted from many investigations. 
However, auto-antibody linked diseases, for 
instance SLE, likely involve a break in tolerance 
in antigen-specific B cells; an important role for T 
cells in this case of diseases has also long been 
studied. Most disease related autoantibodies are 
found to be IgGs that are somatically mutated 
suggesting that Th cells drive the autoimmune B 
cell response [116]. Moreover, it has also been 
found that B cells have important roles in 
inflammatory conditions such as in RA, multiple 
sclerosis (MS) and type I diabetes mellitus (DM), 
disorders that have long been considered to be 
mediated primarily by T cells. It is clear that in 
most autoimmune disorders cells of both 
lymphocyte lineages cooperate closely in 
disease pathogenesis. 
 
Although studies on the role of B cells in 
autoimmunity have focused primarily on the 

mechanisms of B cell tolerance and how 
tolerance may be abrogated in autoantibody 
mediated diseases, it is possible that a loss of B 
cell tolerance might occur in almost all 
autoimmune disorders. In diseases in which 
specific autoimmune T cell clones drive the 
process of inflammation, auto-antibody 
production may represent a marker for the 
expansion of auto-antigen specific B cells that 
capture, endocytic, process and present self-
antigen peptides to inflammatory T cells. In other 
disorders, T cell help appears to be a crucial 
component in driving self-reactive B cells to 
make pathogenic auto-antibodies [117]. 
However, in autoimmune diseases like SLE, 
myasthenia gravis (MG), Wegener’s 
granulomatosis and Goodpasture’s syndrome, a 
more direct role for antibodies has been 
appreciated. I will summarize positive and 
negative role of B cells in different autoimmune 
diseases as following:- 
 

♦  There is accumulation evidence to indicate 
that B cells are involved in multiple aspects 
of the processes culminating in type I 
diabetes. Numerous studies have 
demonstrated that B cells can provide T 
cell help as antigen presenting cells and 
are required for the optimal expansion of 
diabetogenic T clones [118–120]. In 
contrast, B cells do not appear to be 
required as an important effector cell for 
beta cell destruction in the NOD-mice 
model. T cells transferred from diabetic 
NOD mice to B cell deficient recipients can 
still precipitate diabetes, whereas transfer 
of antibodies alone to NOD mice cannot 
mediate beta cell destruction [118]. The 
current paradigm of how B cells participate 
in the pathogenesis of type I diabetes as 
antigen presenting cells indicates the 
presentation of autoantigen to CD4  T cells 
in a MHC II restricted manner [121]. 
Constant with these evidences, B cells 
consider important players in diabetes 
pathogenesis and this is strongly 
supported from studies on the NOD 
mouse. In this model, B cells infiltrate the 
pancreas during the early stages of 
insulitis and, circulating autoantibodies, 
specific for beta cell auto-antigens are 
readily detected [121]. Significantly, 
genetic or antibody-mediated ablation of B 
cells in NOD mice is protective, thus 
crossing a mutation that prevents B cell 
development onto the NOD background to 



 
 
 
 

Mohammed Ali; JALSI, 3(1): 15-41, 2015; Article no.JALSI.2015.023 
 
 

 
25 

 

generate NOD, Igµnull mice, prevents 
diabetes [122]. In addition, treatment of 
NOD mice with anti-CD20 antibodies to 
mediate B cell elimination can also 
markedly reduce diabetes incidence [123]. 
Collectively, studies in both human 
subjects with type I diabetes, as well as 
NOD mice, provide evidence that B cells 
are important for the development of 
spontaneous diabetes, but are also 
potential therapeutic targets for the 
treatment of type I diabetes. 

 
♦  To investigate the role of B cells in the 

suppression of chronic colitis(CC), cell 
transfer experiments have been performed 
in TCRα−/−Igμ−/− mice using B cells from 
different strains of mice deficient in either 
CD80, CD86 or CD40 co-stimulatory 
molecules. While B cells from CD80−/− 
mice decrease the number of pathogenic 
CD4+ T cells like those from TCRα−/− 
mice, B cells from CD40−/− and CD86−/− 
mice do not affect the number of 
pathogenic T cells or the development of 
CC [124]. These experiments suggest that 
the suppressive effect in CC is due to 
mature activated B cells that directly 
interact with pathogenic CD4+ T cells 
through CD40 and CD86 co-stimulatory 
molecules. Consequently, colonic epithelial 
cell proliferation declines leading to a 
reduction in severity of disease [124]. 
Others have found that CD1d is clearly 
involved in the development of CC. Thus, 
TCRα−/−CD1d−/− double KO mice 
spontaneously develop the disease with an 
increased progression rate. Accordingly, 
mesenteric lymph node B cells from 
TCRα−/− mice present upregulation of 
CD1d molecule compared with wild type 
(WT) when intestinal inflammation appears 
[125]. Moreover, the transfer of B cells 
from TCRα−/−CD1d−/− mice in 
TCRα−/−Igμ−/− mice fails to inhibit the 
progression of intestinal inflammation. 

 
♦  A model of SLE-prone mice illustrates the 

possible role of Breg cells in SLE. 
Decreased production of IL-12 is observed 
in the Palmerston North (PN) mice in 
response to LPS or CpG-ODN, compared 
with normal mice. On the same hand, 
inadequate immune response to infectious 
signals is associated with an increased 
secretion of IL-10 [126], leading to suggest 

that either macrophages or dendritic cells 
may display an inappropriate response to 
microbial antigens. However, these Ags 
may also stimulate B cells in some cases. 
Others have found that B cells from PN 
mice and also from NZB/W and MRL-lpr/lpr 
mice, raise the production of IL-10 in 
response to microbial danger signals that 
may contribute to the pathogenesis of SLE 
[127]. When B cells are depleted from 
SLE-prone PN mice, production of IL-12 by 
splenocytes is increased in response to 
CpG-ODN stimulation. In contrast, addition 
of purified B cells back to PN splenocytes 
results in an IL-10–mediated suppression 
of IL-12 in In vitro experiments. These data 
clearly indicate that in PN mice, Breg cells 
produce a high level of IL-10 that inhibits 
the production of IL-12 from macrophages 
or dendritic cells and consequently 
contributes to inappropriate infection 
responses. 

 
      On the other hand, the higher sensitivity of 

SLE MZ B cells to CpG stimulation is not 
explained by an increased density of TLR9 
expression, but rather might be due to a 
lower stimulation threshold than control B 
cells [128]. However, it has suggest that 
MZ B cells from control mice produce a low 
level of IL-10 when stimulated via TLR9; 
consequently allows macrophages and 
DCs to produce IL-12 that contributes to 
the development of an appropriate 
proinflammatory Th1 response. In contrast, 
MZ B cells from SLE-prone mice respond 
to TLR9 stimulation with a high level of IL-
10 that restrains the production of IL-12 by 
macrophages and DCs and thus favors the 
development of a non-adapted immune 
response to infection. Moreover, increased 
sensitivity of TLR9 stimulation induces also 
the MZ Breg cells to differentiate into Ab-
secreting cells that may be involved in the 
pathogenesis of SLE [128]. Also, signaling 
via TLRs uniquely stimulates memory B 
cells [129]. Collectively, the available data 
suggest the possibility that memory B cells 
in patients with SLE could easily be 
activated via TLR9 without T cell help, but 
in the presence of co-stimulation by 
TNFSF13A and/or B, which might account 
for the plasmacytosis [130]. 

 
♦  B cells have seemed to play protective 

roles as well in experimental autoimmune 
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encephalomyelitis (EAE) disease because 
both CD19-deficient (Cd19

_/_
) and B cell-

deficient mice develop a severe non-
remitting form of EAE, a model of human 
multiple sclerosis [131,132]. B cell 
deficiency delays the emergence of 
regulatory T cells and IL-10 production in 
the central nervous system (CNS) during 
EAE [133]. It is known that the expansion 
of Treg cells depends on stimulation via 
CD28 by B7 [134]. In contrast to normal B 
cells, reconstitution of B 10. PLμMT mice 
with B7−/− B cells failed to up-regulate 
Foxp3 expression to increase the level of 
IL-10 and, consequently to recover from 
EAE [133]. The generation of regulatory B 
cells has been reported in mouse models 
of chronic inflammation, albeit their 
existence in normal mice remains unknown 
[135]. Moreover, it is unknown whether 
different populations of B cells or a distinct 
B cell subset implicates in inflammatory 
responses, whether regulatory B cells 
produce IL-10 or other cytokines directly, 
or whether regulatory B cells have used 
other activities In vivo. Thus, the 
importance of B cells during T cell-
mediated inflammation was investigated 
with contact hyper sensitivity (CHS) 
responses as a model of inflammation in 
Cd19

_/_
, human CD19 transgenic (hCD19 

Tg) and in WT mice with intact immune 
systems that were depleted of B cells In 
vivo [136]. CHS was chosen as a model 
because a balance between B cells and 
dendritic cells regulates CD4+ T cell 
expansion (they do as APC) in response to 
antigens In vivo [137,138]. It has reported 
that B cell depletion inhibited antigen-
specific CD4+ T cell expansion [139], 
however, skin Langerhans cells are the 
exclusive or main antigen-presenting cells 
during CHS [140]. These data demonstrate 
that B7 expression by Breg cells is 
required to trigger the development of Treg 
cells and to stimulate their production of IL-
10 that important for EAE recovery. On the 
other hand, T cell clonal expansion was 
reduced and the differentiation of T cells, 
particularly Th2 cells, into cytokine-
secreting effector cells, was impaired when 
the B cell compartment was deficient in 
MHC class II [141]. Furthermore, IL-10 
produced by B cells could downregulate 
autoimmune disease in many types of 
diseases including EAE [131]. Also, IL-10 

over-expression prevented the 
development of MOG-induced EAE [142]. 
Moreover, IL-10−/− knockout mice could not 
recover from EAE and displayed increased 
IFN-alpha production [143]. Others have 
recently suggested that regulatory B cells 
resolve EAE by biasing cytokine 
expression towards anti-inflammatory 
cytokines and transferred B cells also 
enhance production of BDNF in the 
afflicted brain and down-regulate the 
expression of chemokine receptors that 
are associated with trafficking of 
inflammatory cells into the CNS [144]. IL-
10-deficient mice also have enhanced 
CHS responses [145]. Adoptive transfer of 
IL-10-producing regulatory B cells 
(CD1dhiCD5+) has been demonstrated to 
reduce EAE pathogenesis [61]. 
Neutralizing IL-10 by monoclonal antibody 
(mAb) treatment also enhances CHS 
responses, whereas systemic IL-10 
administration reduces CHS responses 
[146,147]. IL-10 is secreted by different 
types of cells such as B cells, T cells, 
macrophages, monocytes, mast cells and 
eosinophils and can suppress both Th1 
and Th2 polarization, inhibit IL-12 
production by macrophages and DCs and 
inhibit macrophage antigen presentation 
and proinflammatory cytokine production 
[148]. Thus, B cells and IL-10 both can 
play important inhibitory roles during T cell-
mediated inflammatory responses. 

 
♦  Another model of RA helps to understand 

the way by which B cells modulate the 
severity of the disease. In the DBA/1-TCRβ 
transgenic (Tg) mice, RA is induced by 
administration of collagen type II. The 
incidence of the disease is reduced by 
stimulation of the splenocytes with anti-
CD40 antibody [149]. The authors have 
demonstrated that the anti-CD40– 
mediated protection is B cell-dependent. 
Thus, when B cells are depleted before 
CD40 stimulation, all of the mice develop 
arthritis. Moreover, CD40 stimulation 
results in a threefold increase in the 
number of IL-10–producing B cells while 
the number of B cells that produce IFN-γ 
decreased. Furthermore, using a wild type 
mouse model of autoimmune disease, 
Munroe and Bishop have observed 
increased numbers of CD40+ T cells in the 
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murine model of rheumatoid arthritis, 
collagen induced arthritis (CIA) [150]. 

 

To determine the role of IL-10 produced by 
CD40-stimulated B cells, DBA/1 mice were 
backcrossed with IL-10−/− mice and B cells from 
IL-10 KO or WT mice used in transfer studies 
after anti-CD 40 stimulation [149]. Unlike WT B 
cells, B cells from IL-10 KO mice were unable to 
protect WT recipient mice from developing 
arthritis following administration of collagen type 
II. Consistent with these data, injection of 
blocking anti-IL-10 or anti-IL-10 receptor Abs 
inhibited the protective effect of the WT B cells 
stimulated by anti-CD40. It is thus evident that, 
following stimulation of CD40, B cells       
regulate the induction of arthritis through 
secretion of IL-10. 

 

Others have demonstrated that B cells at an 
immature stage of development subset protect 
mice from CIA. The protection from disease was 
paralleled by an inhibition of Th1 response as 
shown by the reduced amount of IFN-γ and an 
inhibition of the delayed-type hypersensitivity 
(DTH) response to bovine collagen type II (CII) in 
mice treated with T2-MZP compared with control 
group. Moreover, the transfer of unmanipulated 
naive T2-MZP B cells protected mice from 
developing arthritis and the results demonstrate 
that T2-MZP B cells exert their protective effect 
through the production of IL-10, suggesting that 
T2-MZP B cells have a regulatory capability in 
RA model of mice [151]. 

 

Moreover, it has found that the development of 
RA germinal centers is critically dependent on 
MHC class II positive cells and on the presence 
of B cells. Thus, when CD4+ T cell clones were 
transferred into SCID mice, the animals 
developed arthritis, but only in the presence of B 
cells, but when B cells were depleted, no disease 
occurred, suggesting a critical dependence of the 
arthritis pathophysiology on the presence of 
viable B cells, since all other compartments of 
the immune system remained intact [152]. 
 

5. MECHANISMS OF B CELL 
TOLERANCE AND HOMEOSTASIS 

 

Immune tolerance represents a state of specific 
unresponsiveness either to self antigens (self-
tolerance) or a specific foreign antigen (acquired 
immune tolerance as in the transplantation 
tolerance), in the absence of global immune 
system ablation. Self-tolerance is an inherent 
property of the immune system, whereas 

acquired immune tolerance is actively acquired 
and highly regulated. Induction and/or 
maintenance of acquired tolerance are a 
complex process involving multiple cellular 
components, which may change over time [153]. 
The concept continues to be refined, particularly 
with respect to the mechanisms underlying 
negative selection at the different stages of B cell 
differentiation [154-156]. However, the 
mechanisms of self-tolerance in the B-cell 
compartment can be divided into two main 
categories, primary and secondary mechanisms. 
It is now known that mechanisms ensuring 
tolerance to self antigens appear during the 
development of B cells, most notably at two 
check-points, first within the bone marrow where 
B cells are generated and the other in the 
periphery when these B cells migrate from the 
bone marrow to the periphery. Thus, most stages 
of B cell differentiation put under control of 
primary mechanism and contribute to shaping 
the repertoire, while secondary mechanism do 
not act on the repertoire but act in a fail-safe 
capacity in peripheral lymphoid organs by 
affecting the responsiveness of mature B cells. 
Many studies related with these mechanisms 
were performed in transgenic models involving 
self-antigens or neo-self-antigens [157]. For 
instance, three self tolerance mechanisms have 
been suggested to control developing 
autoreactive B cells in the bone marrow [17,158–
162]. Strong BCR signals induce deletion by 
apoptosis through Fas\Fasl, whereas 
intermediate signals promote secondary 
recombination events predominantly at the Ig 
light chain locus leading to edit cell`s BCR (a 
process through which antigen binding induces 
continued rearrangement of immunoglobulin 
gene segments) and decrease its self-reactivity. 
In contrast, self reactive B cells can become 
anergic or ignorant (a state of unresponsiveness 
to antigen) which allows the cells to leave the 
bone marrow [159,160,163]. It is indicated that 
more than half of all newly generated B cells 
have BCRs capable of binding autoantigen [164]. 
Other results have suggested that between 20–
50% of all peripheral naive B cells have 
undergone receptor editing by Ig light chain 
replacement whereas deletion and anergy have 
a minor role in silencing of self-reactive B cells 
[165–168]. 
 
However, similar conclusions were appeared for 
acquired tolerance to different foreign antigens 
and to MHC or blood group antigens involved in 
prevention of graft rejection [169,170]. 
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Microorganisms can affect B-cell responsiveness 
in different manners, either by direct infection of 
B-cells in the cases of EBV and HIV resulting in 
destruction of BCR signaling [171,172] or 
indirectly manner by inhibiting their function as 
antigen presenting cells in the case of 
Helicobacter pylori [173]. For more details see 
ref. [174].  
 

On the other hand, there are two types of 
mechanisms for achieving immune tolerance and 
immune homeostasis as a secondary fail-safe 
mechanisms, namely “recessive” or cell-intrinsic 
mechanisms and “dominant” or cell-extrinsic 
mechanisms [175]. The former encompass 
microenvironmental niches wherein B-cell 
numbers can be regulated, interactions with the 
complement pathway, the effects of soluble 
molecules (such as cytokines) and negative T-
cell influences (such as Tregs, lack of help, 
and/or direct killing by CD4+ and CD8+ T-cells) 
[176,177]. By contrast, the latter include various 
signalling manners and receptors that affect 
positively (such as CD19 and CD21/35) or 
negatively (such as CD22 and Fcg RIIB) 
influence in charge of regulating the threshold of 
BCR triggering and strength [157,178]. 
 

Many studies have been indicated that different 
molecules implicate to achieve tolerance. 
However, the role of each molecule in the 
achieving tolerance is still to be needs further 
elucidated. MHCII and B7 (CD80 and CD86) 
molecules were suggested to have an important 
role in the tolerance. The mechanistic studies 
have shown that transduced B cells must 
express MHC class II and B7.2 co-stimulatory 
molecules for successful tolerance induction 
[179,180]. It has well known that CD80 and 
CD86 are co stimulatory pairs with CD28 and 
CTLA-4 through interaction between APC and T 
cells to transduce co-stimulatory signals 
[181,182]. Prolonged allograft survival in rodent 
models is observed after transient blockade of 
B7\CD28 co-stimulation by monoclonal 
antibodies [183]. Other results have revealed that 
exposure to intra-nasal prototypic protein 
antigens was associated with rapid partial 
activation of the antigen-specific B cells, 
characterized by increased expression of MHCII 
and co-stimulatory molecules, whereas in the 
absence of B cells, respiratory tolerance could 
not be induced [184].  
 

The usage of a-CD154 as a new strategy for 
elongating allograft tolerance has been 

investigated. However, allogeneic C57BL/6 
hearts were rejected in 9 days when transplanted 
into untreated BALB/c recipients, while treatment 
with anti-CD154/DST (donor-specific transfusion) 
induced long-term allograft survival. Such studies 
revealed that the alloreactive-specific B cell 
responses are inhibited by regulatory T cells 
acting to constrain T cell help [185]. Or B cells 
were deleted in the periphery at the mature stage 
[186]. Whereas, other study argued that anti-
CD154 treatment could suppress B cell 
responses, but not induce B cell tolerance [187]. 
Another allograft tolerant model induced by 
blockade of CD40/CD154 costimulation 
concluded that recruitment of Foxp3+ Treg cells 
to an allograft tissue was a vital factor, 
dependent in turn on the expression of the 
chemokine receptor, CCR4 [188]. Other results 
from transgenic mouse models have suggested 
that CD4+ T cells may play an important role in 
the elimination of peripheral auto-reactive B cells 
through MHC class II/T cell receptor, 
CD40/CD40L and Fas/FasL interactions 
[189,190]. By studying CD40L-deficient and MHC 
class II-deficient  patients, the results revealed 
that antibody reactivity-new emigrant B cells was 
similar to those from healthy donors, suggesting 
that CD40/CD40L interactions and antigen 
presentation do not regulate central B cell 
tolerance. In contrast, mature naive B cells from 
CD40L-deficient and MHC class II-deficient 
patients expressed a high percentage of       
auto-reactive antibodies [191]. Therefore, 
CD40/CD40L interaction and antigen 
presentation are both essential for the 
establishment of peripheral naive B cell 
tolerance. The decreased numbers of Treg cells 
in both CD40L-deficient and MHC class II-
deficient patients suggested that these cells may 
be involved in regulating peripheral human B cell 
tolerance through MHC class II/TCR and 
CD40/CD40L interactions [191]. However, the 
mechanism\s of how alloreactive B cells are 
regulated by such costimulation-targeted 
therapies is not clear. 
 

6. MECHANISM OF SUPPRESSION OF B 
CELL FUNCTION BY NTREGS: DIRECT 
AND INDIRECT MECHANISMS 

 

The suppressive activity of naturally occurring 
mouse CD4

+
CD25

+
 T (nTreg) cells on T-cell 

activation has been well studied. But the 
interaction between B cells and nTreg has more 
complications. However, it remains unclear 
whether that nTreg do as a direct inhibitor on B-
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cell function or whether the effects are mediated 
indirectly by an inhibition of T-helper function, in 
the other words, it has been unknown whether 
Foxp3+ Tregs can directly suppress B cells to 
suppress, for instance, Ig production or whether 
they have to suppress Th cells to indirectly 
suppress the B cell response. On the other hand, 
few papers have established to investigate the 
suppressive role of nTregs against B cells. We 
will discuss all propose and putative aspects of 
mechanisms of nTreg that may use in the 
suppression of B cells functions. 
 

6.1 Inhibition of Proliferation 
 

B cells proliferate after activation through T-
dependent and T-independent manners. 
Proliferated B cells must be under control to 
prevent further harmful effects. The most 
important regulator in the immune system is 
naturally-occurring regulatory T cells. Many 
studies have demonstrated that these regulatory 
cells exert their function through cell-cell contact 
manner. However, Zhao and co-workers reported 
that CD4+CD25+ T cells suppress B-cell 
proliferation in response to polyclonal B-cell 
activators by inducing death of the responding B 
cells. Most interestingly, B-cell death is not 
mediated by the Fas–FasL pathway, but instead 
is mediated by a granzyme-dependent, partially 
perforin-dependent pathway [176], whereas 
others have demonstrated that the suppression 
of B cells by cytotoxic CD4+ was lysed the target 
cell by Fas\FasL manner [192]. Because 
CD4

+
CD25

+
 T cells must be activated via their 

TCR to exert their inhibitory effects on responder 
T cells, it has found that inhibition of LPS-
induced B-cell proliferation was not observed 
when freshly explanted CD4+CD25+ T cells were 
added in the absence of a TCR stimulus. 
However, addition of anti-CD3, soluble or plate-
bound, to the co-cultures of fresh CD4+CD25+ T 
cells with B cells also did not affect B-cell 
proliferation [176]. Furthermore, this study has 
shown that no suppression of B-cell proliferation 
was observed in the absence of TCR re-
stimulation, but potent suppression of B-cell 
proliferation was observed when the pre-
activated CD4+CD25+ T cells were re-stimulated 
with anti-CD3. Similar results were obtained 
when B cells were activated with anti-IgM F(ab′)2 
or anti-CD40 [176]. To test whether the presence 
of Treg cells altered the proliferative response of 
the transferred anti-chromatin B cells, Fields et 
al. [193] revealed that CFSE-labeled anti-
chromatin B cells transferred without exogenous 

T cells or with only Treg cells underwent minimal 
proliferation. In contrast, in the presence of Th 
cells, many anti-chromatin B cells proliferated 
and this was not significantly diminished with the 
addition of Treg cells [193]. Collectively, these 
results indicated that nTreg could suppress B cell 
proliferation through Fas/FasL manner or it used 
other strategy to induce B cell lysis through 
granzyme-dependent manner. The contradictory 
between the results of different experiments may 
dependent on the different conditions of each 
experiment. 
 

6.2 Down Regulation of Antigen-
Presenting Function 

 

The significance of the antigen presenting 
function of B cells has been described. B cells 
can internalize antigen via BCR in a receptor-
mediated endocytosis manner. Also, they can act 
as antigen-presenting cell for protein antigens 
and can present self or non-self antigens to 
CD4+ T cells to activate these cells. Several 
factors have supported or diminished this 
function reviewed in ref. [194]. However, B cells 
can actively induce CD4+ T cells activation and 
then participate in the generation or regulation of 
immune responses. By contrast, CD4+ T cells 
produce ILs that important for activation and 
proliferation of B cells then facilitate their 
differentiation to antibody-secreting plasma cells 
or memory cells. However, if B cell interacts with 
nTreg instead of CD4+ T cell through MHC class 
II-antigen complex/TCR, the outcome of such 
interaction is absolutely different.   
 

B cells have to encounter their specific antigen 
and CD40L on activated CD4+ T cells to activate 
their antigen presenting function. After this 
encounter, some co-stimulatory molecules up-
regulate on activated B cells such as B7 (CD80 
and CD86) molecules, facilitate further 
interaction with CD28 and CTLA-4 on CD4+ T 
cells. It has shown that a few remaining B cells 
displayed a small shift in activation markers 
(CD80 and CD86) when anti-chromatin B cells 
were transferred in the presence of Treg cells 
alone. While, in the presence of Th cells, the 
anti-chromatin B cells expressed higher levels of 
B220, CD80, CD86 and CXCR5 [193], 
concluding that anti-chromatin B cells transferred 
with Th cells have a more mature phenotype 
compared with anti-chromatin B cells transferred 
in the absence of exogenous Th cells. 
Furthermore, the co-administration of Treg cells 
did not alter the expression levels of these 



 
 
 
 

Mohammed Ali; JALSI, 3(1): 15-41, 2015; Article no.JALSI.2015.023 
 
 

 
30 

 

markers [193]. Moreover, our results revealed 
that the percentage of Splenic and lymph node-B 
cells- expressing costimulatory molecules and 
also the expression of these molecules on the 
mentioned B cells increased after 24 h and was 
decreased after 48 h and 72 h upon activation by 
T-dependent and T-independent stimuli when 
whole population of these organs cultured 
separately (unpublished data), indicating that B 
cells characterize by maturation after 24 h of 
activation and start to loss the expression of 
costimulatory molecules negatively with the 
period of incubation. 
 

Lymphocyte activation gene 3(LAG-3) is a CD4-
related protein and is highly expressed on 
activated Treg. The reliable role of LAG-3 in the 
suppressive function of nTregs is not clear. 
However, LAG-3 binds to MHC class II 
molecules on APCs and thus reduces their ability 
to activate responder T cells. Antibodies to LAG-
3 inhibit suppression by induced Treg both In 
vitro and In vivo [195]. 
 

6.3 Inhibition of Immunoglobulin Produc-
tion 

 
Immunoglobulin production considers one of the 
most important mechanisms against different 
pathogens. However, in some cases, such as in 
the autoimmune diseases, autoantibodies attack 
self organs or tissues and cause very harmful 
results. In such cases the control of 
autoantibodies decreasing the harmful effects 
and control of general aberrations. Lim et al. 
[196] have demonstrated that regulatory T cells 
can suppress B-cell–dependent immunoglobulin 
production and class switch recombination in the 
absence of T-helper cells. They have provided 
evidence that Foxp3+ Tregs are present in B cell 
areas (the majority of Foxp3+ T cells were 
localized in the T cell zone. It was notable that 
quite a few Foxp3+cells were found in T-B border 
areas including mantle zones) where T-B cell 
interaction and humoral immune responses are 
believed to occur and that they can directly 
suppress B cell Ig production and CSR without 
having to suppress Th cells. Also, small but 
significant numbers of Foxp3+ T cells were seen 
within the GCs. They have shown that Tregs can 
directly suppress B cells in addition to T cells 
[196]. Generally, Tregs need cell-cell contact with 
target cells to suppress them. When the Tregs 
were separated from B cells, B cell response was 
not suppressed, suggesting that the direct B cell 
suppression activity of Tregs requires cell-cell 

contact between B cells and Tregs. Although 
controversial, TGF-β1 and CTLA-4 are 
implicated in Treg suppression of non-Tregs, 
when used neutralizing Abs to block these 
molecules in culture. Abs to TGF-β1 and CTLA-4 
had partial (~30%) blocking effects, suggesting 
possible involvement of these molecules as well 
as other unidentified molecules in Treg 
suppression of B cells [196]. 
 
Furthermore, the effect of Tregs suppression of 
immunoglobulin in some autoimmune diseases 
was studied. It has demonstrated that Tregs 
suppressed IgG production whereas Th cells did 
not, suggesting the ability of lupus Tregs to 
directly inhibit Ab production from B cells and it 
has found that the age of the mice did not affect 
the ability of Tregs to suppress B cells, 
suggesting that Treg-mediated suppression of B 
cells in SLE may not occur through Fas/FasL and 
TNF/TNFR pathways. However, as for 
nonautoimmune Tregs, NZB/W Tregs can use 
granule exocytosis pathways that involve perforin 
and granzyme to inhibit lupus B cells [197]. 
 

In model of third-party adoptive transfer to track 
the fates of Treg, Th and anti-chromatin B cells 
In vivo, Fields and his colleagues  have shown 
that Anti-chromatin B cells produced significant 
amounts of autoantibodies 8 days after transfer 
of CD4+CD25− Th cells, but the coinjection of 
CD4+CD25+ Treg cells blocked the production of 
these antibodies [193]. Also they provided 
evidence that the presence of Treg cells during 
the initial stages of the Th/B cell interactions is 
required for full inhibition of autoantibody 
production. Moreover, in some induced models 
of autoantibody production, injection of Treg cells 
decreased or abolished autoantibody levels In 
vivo [198-200]. It has been proposed that 
CD4+CD25+ T cells which isolated from mouse 
spleen can suppress mitogen-induced Ig 
production by splenocytes [201]. Collectively, 
these results demonstrate clearly that Tregs play 
a pivotal or crucial role in the control or inhibition 
the production of antibodies that affect or interact 
with other immune functions and cause 
unwanted results.  
 

6.4 Cytotoxic Effect  
 
Targets of the cytotoxic effects encompass CD4+ 
T cells, CD8+ T cells, monocytes, antigen-
presenting B cells and DCs. However, 
approximately all investigations have 
demonstrated that mechanisms which use by 
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nTregs to suppress other responder cells In vitro 
need cell-cell contact or direct interaction 
between two populations of cells [202]. Thus 
nTregs can induce or cause cytotoxic effect to kill 
target cells via perforin and\or granzyme manner 
[197] or via Fas\FasL manner [203]. Fas (CD95) 
is a type I membrane protein in the tumor 
necrosis factor receptor family [204]. FasL 
(CD95L) is a transmembrane protein and soluble 
FasL trimmers can be generated by a 
metalloprotease process [205]. However, the 
cytotoxic effect of nTregs have been well 
documented when effector T cells were the goal 
of suppression. Whereas the mechanism of 
nTreg-cytotoxic effect upon B cells was rare 
studied and need further investigations. The 
requirements for cell-to-cell contact of nTreg-
mechanism of suppression have been 
investigated using transwell experiment model to 
segregate between nTregs and effector T cells. It 
has revealed that murine Treg cells can induce 
killing effect in responder T cells by granzyme 
and\or perforin-dependent mechanism [206]. The 
exclusive function of Fas is to transduce the 
apoptotic signals from cells that express FasL 
and the induction of apoptosis is believed to 
involve in self-tolerance by elimination unwanted 
cells such as auto-reactive T and B cells. The 
defection in this system lead to the breakdown of 
self-tolerance and cause different abnormal 
diseases. In addition to perforin\granzyme 
manner and Fas\FasL manner, nTregs use other 
factors with potential involvement in killing target 
cells. These molecules are Lag-3 [195], 
membrane-bound TGFβ [201], cytotoxic T-
lymphocyte antigen 4 (CTLA-4) [207,208], 
galectin-1 [209] and programmed death-1 (PD-1) 
[210].  
 

6.5 Indirect Effect via the Suppression of 
T helper Cells 

 

Tregs can influence B cells indirectly by 
suppressing the T helper cells required for B cell 
activation and antibody production [193,196]. It 
has demonstrated that if nTregs suppress target 
cells by cell-cell contact, it is not known which 
target is under control, Th cells or APC cells 
[202]. In adoptive transfer model, Field et al. 
[193] have documented that presence of Tregs 
induce a dramatically reduction in the number of 
all group of Th cells (Th, Th1 and Th2) by day 8. 
 
Collectively nTregs can suppress different faces 
of B cell functions and activity via direct 
interaction or to suppress Th and thereby prevent 

further interaction needed between Th and B 
cells for further activation and cytokine 
production. 
 

7. CONCLUSION 
 

B cells can influence immune system by two 
ways, positive and negative. As positive players, 
it has been found that B cells can take part in 
antigen presentation via MHCII molecules that 
express constitutively on their membrane and up-
regulate rapidly upon activation. In addition to 
their function as APCs, B cells have multiple 
functions in adaptive immune system, for 
instance antibody secreting cells and eventually 
form a germinal center (GC) response, are 
critical cellular adjuvants that facilitate optimal 
CD4+ T-cell activation. B cells also contribute to 
immunoregulation through the production of 
cytokines including IL-4, IL-6, IL-10, interferon-
gamma (IFN-gamma) and transforming growth 
factor-β (TGF-β). In addition, B cells are thought 
to have specific roles in stimulating Ag-specific 
CD4+ T-cell proliferation after activation by DCs. 
As negative players, B cells can play a crucial 
roles during immune responses, particularly 
during inflammation, autoimmunity, cancer and 
infection. Thus these type of cells have to put 
under control to avoid further harmful in the 
different tissues of the body. The most 
professional regulator in the immune system is 
Tregs and especially nTregs. nTregs can 
suppress\regulate wide spectrum of innate and 
adaptive immune cells. The question that still 
unresolved is how such small percentage of cells 
(about 1-2% of CD4+ in periphery) can regulate 
and control wide spectrum of cells? In current 
article we tried to resolve this question in addition 
to give some useful general knowledge with deep 
explanation to give a complete insight in the 
relationship between B and Treg cells.  
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