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Immunobiology of B Cells 
in Inflammatory Bowel Disease

Atsushi Mizoguchi and Atul K. Bhan

As B cells predominate at inflamed mucosal sites and possess 
multiple functions including the ability to recognize microbial 
TLR ligands, they are likely to play a role in the pathogenesis 
of inflammatory bowel disease (IBD) [1–3]. In this chapter, 
the impact of B cells on IBD pathogenesis is discussed in 
relation to the recently accumulating knowledge of B cell 
functions: antibody production, antigen presentation and 
interaction with T cells, and cytokine production (Fig. 9.1). 
Since most of the information regarding the immunopatho-
genesis of IBD in the last two decades has been obtained by 
the use of experimental models, the emphasis is on IBD 
models [4–6] rather than on human studies.

 Antibody Production

B cells in the intestine are primarily located in the lymphoid 
follicles and as plasma cells in the lamina propria [7]. The 
activation of mucosal B cells occurs in the lymphoid follicles 
and mesenteric lymph nodes (MLN) with subsequent migra-
tion and differentiation to predominantly IgA secreting 
plasma cells in the lamina propria. The circulating B cells 
with activated phenotype (TLR2+) that are capable of migrat-
ing to mucosal sites may either represent activated mucosal 
B cells or B cells activated in circulation, perhaps by translo-
cated enteric bacteria/bacterial antigens [8]. The histological 
evidence of prominent lymphoid follicles and lymphoplas-
macytic infiltrate in the inflamed intestine suggests involve-
ment of B cells in IBD, in particular ulcerative colitis (UC). 
Recent studies suggest that plasma may play a pathogenic 

role in addition to their known function of producing anti-
bodies. Plasma cells characterized by CD19+ CD20−CD27low 
CXCR4high unique immature phenotype are increased in the 
inflamed mucosa of UC patients, and they are capable of 
activating pathogenic CD14+ macrophages via IgG-IC-FcγR 
signaling [9]. Furthermore, CD27+ CD38high CD20− IgA+ 
plasma cells, which expand in the inflamed mucosa of both 
UC and CD patients, could provide cytotoxicity to epithelial 
cells by producing granzyme B in response to IL-21 [10]. 
IgM+ CD19+ CD138+ plasma cells are capable of producing 
IL-10 [11].

The frequent presence of several types of circulating anti-
bodies reactive with both microbial antigens and self- antigens 
in IBD supports the notion that dysregulated immune response 
to normal enteric microorganisms represents the primary 
pathogenic event in IBD. The antibodies include anti-Saccha-
romyces cerevisiae antibodies (ASCA), anti-neutrophilic 
cytoplasmic antibodies (ANCA), and antibodies to outer 
membrane porin (OMP), Pseudomonas fluorescence- related 
sequence I2, and Cbir (see below), and anti-carbohydrate 
antibodies (ALCA, ACCA, AMCA) [12, 13]. However, most 
of the studies performed with circulating antibodies have 
focused on their diagnostic or prognostic utility rather than 
their role in IBD pathogenesis [12–15]. ASCA are detected 
frequently in CD, whereas seropositivity for ANCA predomi-
nates in UC.

The normal IgA dominant immune response at the muco-
sal sites is skewed towards IgG in chronically inflamed 
mucosa of IBD [16]. The isolated cells from the inflamed 
mucosa have been shown to secrete antibodies to bacteria to 
Escherichia coli strains [16, 17] as well as antibodies against 
colonic epithelial antigens [18]. Antibodies to Escherichia 
coli are more often detected in CD, whereas anti-colonic epi-
thelial antibodies are particularly seen in UC. The colonic 
epithelial antigens that are reactive with antibodies include 
tropomyosin (40 kDa) isoforms (TM1 and TM5) and 
200 kDa colon epithelial protein [19]. Studies performed in 
Per Brandtzaeg’s laboratory have provided evidence for a 
pathogenic role of antibodies in UC by showing complement 
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activation in relation to IgG1 deposited at the apical aspect of 
the colonic epithelium [16, 20]. It is not clear whether above 
findings represent primary pathogenic events or a secondary 
phenomenon due to local immune response in the setting of 
chronic inflammation and tissue injury. In any case, the 
locally produced antibodies help maintain epithelial barrier, 
and may play a role in regulating enteric flora repertoire and 
excluding invading microorganisms. Decreased J-chain pro-
duction with resultant reduced secretion of dimeric IgA has 
been reported in IBD [16, 21]. However, IgG antibodies, 
because of their phagocytotic enhancing properties, are 
likely to be more efficient than IgA in removing invading 
microorganisms and antigens, and could compensate for 
abnormality of the IgA response in IBD [16]. They could be 
also involved in the pathogenesis of IBD (see discussion of 
IgG Fcγ receptors below) [22].

Circulating autoantibodies and antimicrobial antibodies 
have also been reported in experimental models of IBD [5, 
23–25]. The IL-4-mediated spontaneous colitis in T-cell 
receptor α knockout (TCRαKO) mice resembles ulcerative 
colitis, and is associated with expansion of MLN B cells, 
increased production of antibodies (ANCA, anti-nuclear, 
and anti-tropomyosin), and alteration of polyclonal to an 
oligoclonal immune response to cecal bacterial antigens 
[23, 24]. This raised the possibility that B cells or antibodies 
may be pathogenic in this model. However, B cell-deficient 
mice TCRαKO mice developed more severe colitis (see below) 
[26]. Transfer of autoantibodies or purified immunoglobulin 

from TCRαKO mice to B- cell-deficient TCRαKO led to 
attenuation of colitis and decrease in the apoptotic cells, sup-
porting the notion that autoantibodies may have a role in 
clearance of self-antigens released from apoptotic cells [26]. 
In addition, B-1 B cells, which represent a major source of 
natural IgM antibodies that provide first line of defense 
against microorganisms, are fully activated in conventional 
facility as compared to specific pathogen-free facility, result-
ing in the inhibition of colitis in TCRαKO mice [27]. These 
results support a role of B cells in the “hygiene hypothesis”, 
which is based on the observation that repeated childhood 
infections lead to decreased incidence of allergic diseases in 
adulthood [27].

The spontaneous colitis in C3H/HeJBir mice is associated 
with both B and T cells responses to selective enteric bacterial 
antigens; the colitis can be transferred with T cells. Unlike 
TCRαKO mice, the oligoclonal response to enteric bacteria is 
detected even in young C3H/HeJBir mice [25]. Serologic 
expression cloning of cecal bacterial antigens in C3H/HeJBir 
mice led to the identification of previously unknown micro-
bial flagellins [28]. The flagellin, CBir1, was found to be the 
dominant antigen capable of inducing T-cell- mediated colitis. 
Interestingly, sera from about 50 % of patients with Crohn’s 
disease are reactive with CBir1; the CBir1 sera reactivity 
identified a subset of patients with complicated CD [29].

It is well established that humoral immunity can be regu-
lated by Fc fragments of IgG [22]. Although most receptors 
of IgG, FcγRs are activating receptors due to the presence of 
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Fig. 9.1 Functional diversity of B cells in IBD: Immunoglobulins (Igs) 
produced by B cells may have both deleterious and protective roles in 
IBD. Binding of autoantibodies to colonic tissues or IgG Fc fragment- 
mediated ITAM-dependent activation of immune responses could result 
in tissue damage. Antibodies could provide protection by altering the 
diversity of enteric microorganisms that are required for the develop-
ment of IBD and by helping the clearance of apoptotic bodies that may 
serve as a source of self-antigens for eliciting autoimmune responses. 
Furthermore, IgG may suppress immune response through the ITIM by 

binding to inhibitory FcγRIIb receptors expressed on immune cells. 
B-cell subsets could modulate inflammatory responses depending on 
their distinct cytokine production profiles. IL-10-producing B cells 
(“Breg”) inhibit chronic colitis progression. B-cell subsets producing 
IL-12p70 or IFN-γ may have a pathogenic effect in CD, but a beneficial 
role in UC. B cells may also regulate immune responses by serving as a 
second line of APCs, by enhancing expansion of CD4+ Foxp3+ Tregs, 
and by inhibiting proliferation of effector CD4+ T cells in a contact- 
dependent manner
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the immunoreceptor tyrosine-based activation motif (ITAM), 
FcγRIIB is the only FcγR that has been shown to have inhibi-
tory functions through immunoreceptor tyrosine-based 
inhibitory motif (ITIM), which includes suppression of B 
cells, macrophages, dendritic cells, mast cells and basophils 
[22]. FcγRIIB is involved in the pathogenesis of autoimmune 
disease, in particular lupus erythematosus. Recent studies 
indicate that intravenous immunoglobulin (IVIG) in autoim-
mune diseases and infliximab [anti-TNFα antibodies] in 
rheumatoid arthritis may partly act through FcγRIIB [30, 31]. 
Since FcγRIIB also effects antimicrobial immune responses 
[22], it is likely that this receptor may play an important role 
in the pathogenesis of IBD. FcγRIIB KO mice exhibit less 
distal colon inflammation during Citrobacter rodentium 
infection, probably due to increased phagocytic function of 
macrophages as compared to wild type mice [32]. 
Granulomatous inflammation developing in B cell and IL-4 
deficient TCRα triple knockout mice can be suppressed by 
the administration of Fc fragments of IgG [33]. The impor-
tance on Fc-mediated pathway in IBD is highlighted by 
recent genome-wide association studies identifying FcγRIIA 
an UC-associated gene [34].

 Antigen Presentation and Interaction  
with T Cells

It has become increasingly clear that B cells have functional 
capabilities that are not directly related to secreted immuno-
globulins. B cells have been shown to serve as a “second 
line” of antigen presenting cells (secondary APCs) by condi-
tioning the activity of effector memory T cells that have 
already been primed by professional antigen presenting cells 
such as dendritic cells [35, 36]. Indeed, B cells can suppress 
proliferation of effector CD4+ T cells in a contact dependent 
manner through the interaction of CD40 on B cells and gp39 
on effector T cells [37, 38]; this interaction contributes to the 
suppression of colitis in TCRαKO mice [37]. This observa-
tion is supported by a study showing that forced ectopic 
overexpression of gp39 on B cells, leading to the impairment 
of interaction of CD40 (B cells) and gp39 (T cells), induces 
the development of colitis [39]. In Gαi2 knockout mice, B cells 
facilitate expansion of CD4+CD8α+ intraepithelial T cells 
and CD3+ CD4− NKT cells with consequent suppression of 
colitis [40]. MHC class I-mediated antigen presentation is 
required for this B-cell-mediated induction of regulatory 
CD8+ T cell subset capable of controlling colitis through the 
production of perforin [41].

Since autophagy is a cellular degradation system, which 
is used not only for the elimination of intracellular bacteria 
but is also involved in adaptive immune responses as well as 
MHC-dependent antigen presentation [42], it is likely that 
autophagy plays an important role in secondary APC function 

of B cells. Autophagy is also required for B cell development 
[43], and for B cells to induce tolerance of CD4+ T cells [44]. 
Genome-wide association studies have identified autophagy-
related gene (Atg) 16L1 as a CD susceptibility gene [1] and 
a deletion polymorphism upstream of IRGM, a gene essen-
tial for autophagy, is also associated with the development of 
CD [45].

A number of studies suggest that regulatory B cells func-
tion through interaction with regulatory CD4+ Foxp3+ (Treg) 
cells that are known to suppress a wide range of murine and 
human inflammatory responses [46]. B cells may enhance the 
expansion of Tregs either in a contact-dependent manner or a 
contact-independent manner through the production of IL-10 
[38, 47, 48] or maximize their regulatory activity. Spontaneous 
colitis in mice expressing T-cell-specific dominant negative 
TGFβ receptor II is exacerbated when they are crossed with 
B-cell-deficient mice, and the B-cell deficiency is associated 
with a significant reduction of Tregs [49]. In addition, an 
acute colitis induced by dextran sulfate sodium (DSS) was 
exacerbated in the absence of B cells, and adoptive transfer of 
B cells improved it in an IL-10-independent manner [50]. 
These regulatory interactions of regulatory B-cells and Tregs 
support the findings of recent genetic studies in IBD patients, 
which highlight the significance of immune regulatory network 
to prevent the development of IBD [1].

 Cytokine Production

The recent recognition of B cells as cytokine-producing cells 
represents a major advancement in understanding the func-
tion of B cells in inflammatory disorders. Both human and 
murine B cells can produce a spectrum of cytokines, espe-
cially under inflammatory conditions. The cytokines include 
IL-4, IFN-γ [51], IL-2, TNF-α [52], GM-CSF [53], TGF-β 
[54], and IL-12p70 [55]. Therefore, like CD4+ T cells, B cells 
may be classified into functionally different subsets: IFN-γ-
producing B effector 1 (Be1) and IL-4-producing B effector 2 
(Be2) cells [51, 52].

Our studies in TCRαKO mice have identified a B-cell 
subset that regulates inflammation by the production of a 
regulatory cytokine IL-10; we have called these regulatory 
B cells (“Breg”) [56]. As stated above, TCRαKO mice spon-
taneously develop a Th2-mediated chronic colitis, and 
B-cell- deficient TCRα double knockout mice develop much 
more exacerbated form of colitis as compared to TCRαKO 
mice indicating a protective role of B cells in this colitis 
model [26]. IL-10-producing B cells, which are character-
ized by high expression levels of CD1d, appear in the MLN 
of this model after, but not before, the development of colitis. 
Cell transfer studies conclusively showed that the inducible 
IL-10-producing B cells attenuate ongoing colitis [57]. A 
recent study using a reporter mouse system that expresses 
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green fluorescent protein (GFP) when IL-10 expressions are 
induced confirms that a major source of IL-10 in the MLN 
under inflammatory condition is B cells [58]. Importantly, 
B-cell-specific deletion of IL-10 cannot cause spontaneous 
colitis [58], consistent with previous reports that IL-10- 
producing Breg is involved in controlling the progression, 
but not induction, of colitis [56].

Several other studies have also identified IL-10 producing 
B cells to suppress diverse inflammatory diseases including 
IBD, graft versus host diseases (GVHD), experimental aller-
gic encephalomyelitis and collagen-induced rheumatoid 
arthritis [56, 59–62]. IL-10-producing B10 cells are involved 
in suppressing different types of colitis, including DSS- 
induced acute colitis and Th1-mediated chronic colitis seen 
in IL-10 KO mice and CD45RB model in which colitis is 
induced in immunodeficient recipients by transfer of splenic 
CD45RBhigh CD4+ T cells [63–65]. As stated above, IL-10- 
producing regulatory B cells exist at a very low number in 
normal conditions and expand under inflammatory condi-
tions [56, 59]; these cells function primarily to suppress 
ongoing inflammation rather than inhibit the initiation of 
inflammatory process. The regulatory B cells exhibit unique 
phenotypic characteristics. This includes expression of both 
immature transitional type 2 B cells and fully matured mar-
ginal zone B cells [57, 61]. Although IL-10-producing regu-
latory B cells originate from B2 B cell lineage, some of these 
cells express a CD5, a marker associated with B1 B cells [66, 
67]. Like dendritic cells, high levels of MHC class II may be 
expressed by some regulatory B cells [47, 48]. The develop-
ment of Breg under intestinal inflammatory conditions may 
be induced by apoptotic cells [68].

IL-10-producing regulatory B-cell subsets may originate 
from either immature/naïve or activated memory B cells. 
Like regulatory T-cell subsets (Treg, Tr1, and Th3), it is 
likely that regulatory B cells also originate in the gut- 
associated lymphoid tissues (GALT) containing about 80 % 
of activated B cells [6, 7]. Our studies in TCRαKO mice 
indicate that “Bregs” appear in the mesenteric lymph nodes 
(MLNs) only under intestinal inflammatory conditions [56, 
57] and are capable of expanding throughout the body [40]. 
Bregs, which are phenotypically characterized by high 
expression levels of CD1d, represents immature/naïve B 
cells that are polyclonally activated, presumably by stimula-
tion with enteric microorganisms. Functionally, Bregs atten-
uate ongoing colitis by inhibiting proinflammatory responses 
such as the production of IL-1β [56, 57]. Recent studies have 
identified a spleen-specific IL-10-producing regulatory B cells 
termed “B10”, which are characterized by a CD1dhigh CD5+ 
surface phenotype [66]. The B10 cells originate from mem-
ory follicular B cell pool and develop in an antigen- dependent 
manner [59, 66]. B10 cells, unlike Bregs, regulate the initiation, 
but not progression, of inflammatory conditions such as 
murine lupus and experimental autoimmune encephalomyelitis 

by down-regulating the ability of dendritic cells to act as 
APCs for priming effector CD4+ T cells [66, 67, 69]. 
Another difference between B10 cells and Breg is that B10 
cells are detected in the systemic circulation, but not in 
lymph nodes, where Bregs develop [66].

In addition to IL-10-producing Bregs, another unique B 
cell population, capable of producing IL-12p70 but not 
IL-10, is also generated in the MLN of TCRαKO mice dur-
ing colitis development and participates in the attenuation 
of this Th2-mediated colitis [55]. Interestingly, a unique 
B-cell subset, which is characterized by high expression 
levels of MHC class II and its ability to produce IL-12p70 
in response to a bacterial product CpG (toll-like receptor 9 
ligand), has been identified in the colon of these mice [70]. 
These unique colonic B cells are recruited from immature/
transitional and recirculating naïve B2 B-cell pools. Like 
Bregs, they are inducible; they exist in normal colon at a 
very low number and expand during the recovery phase of 
intestinal inflammation [70]. IL-10 producing Bregs may 
have a wider role in inhibiting a large spectrum of inflam-
matory conditions, whereas IL-12p70 producing B cells 
may have a more limited role in suppressing Th-2-mediated 
colitis. Recent studies indicate that CD40L-expressing B 
cells suppress a CD8+ T cell-induced colitis by inducing 
IL-10 expression in the pathogenic CD8+ T cells [71]. B 
cells stimulated with Hymenolepis diminuta infection 
improved oxazolone colitis by producing TGF-β and coop-
erating with regulatory macrophages [72], and B cells 
expressing an ectoenzyme CD73 suppress DSS-induced 
colitis by producing adenosine [73].

A protective role of IL-10-producing B cells has also been 
demonstrated in IBD experimental models with features of 
human CD. These models include Gαi2 knockout mice in 
which the ability of regulatory B cells to produce IL-10 is 
impaired [74], CD45RB transfer model [75], and mice 
expressing T cell-specific dominant negative TGFβ receptor 
II in which B cells regulate colitis in an IL-10-independent 
manner [49]. Polyclonally activated B cells have been shown 
to suppress an innate immune-mediated spontaneous colitis 
in nuclear factor of activated T cells (NFAT) C2-deficient 
RAG2 double knockout mice; this suppression is not depen-
dent on IL-10 [76]. In contrast to above studies, a pathogenic 
role of B cells has been reported in ileitis developing in the 
SAMP1/Yit congenic mouse model and in the TCRβ × TCRδ 
double knockout mouse model with the reconstitution of WT 
mouse-derived naïve CD4+ T cells [77, 78]. It is possible that 
the function of B cells differs depending on the site of inflam-
mation: a pathogenic role in small intestine (ileitis), but a 
regulatory role in large intestine (colitis). Since a recent 
study indicates that the development of IL-10-producing 
regulatory B cells is impaired in SAMP1/Yit mice [79], a 
pathogenic role of B may be exhibited in the absence of reg-
ulatory B cells.
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 Human Mucosal and Regulatory B cells

There have been a limited number of studies regarding the 
functional characterization of mucosal B cells in human 
IBD. In a recent study [8], circulating and mucosal tis-
sue B cells (isolated from surgical resection specimens) 
from CD patients showed elevated levels of basal activation 
as indicated by TLR2 expression, spontaneous IL-8 secre-
tion, and increased levels of phosphorylated signaling pro-
teins. Correlation between increased expression of TLR2 
and IL-8 and clinical activity was observed in CD but not in 
UC. Whether the hyperactivated B cells reflect a pathogenic 
role or merely reflect a secondary response to microbes in dis-
eased mucosa is not clarified in the study. A more recent study 
[80] suggests that in IBD patients B cells could be modulated 
by TLR ligands towards proinflammatory or autoinflamma-
tory activity depending on the predominance of systemic TLR 
ligands (LPS/endotoxin and high mobility group box 1). B 
cells from IBD patients also produce chemokine eotaxin in 
response to TLR ligands and may regulate directly or indi-
rectly eosinophil tissue migration patterns [81].

A unique phenotype of CD19+ CD24high CD38high CD1dhigh 
CD5+ CD27− of human IL-10 producing regulatory B cells in 
peripheral blood lymphocytes (PBL) has been reported [38]. 
These regulatory B cells require in vitro CD40 stimulation to 
exhibit IL-10 production and inhibit differentiation of Th1 
cells in vitro. This regulatory capacity is lacking in patients 
with systemic lupus erythematosus [38]. A recent study 
reports an increase of IL-35-producing CD20+ regulatory B 
cells in the inflamed colon of CD patients as compared to UC 
and healthy controls [82].

A possible role of B cells in IBD has been suggested by 
B-cell depletion studies. In one study, UC was induced in a 
patient with Graves’ disease after depletion of B cells through 
treatment with rituximab, a mouse–human chimeric anti-
 CD20 mAb [83, 84]. In another study, administration of this 
antibody in a UC patient led to the exacerbation of colitis 
[85]. Interestingly, the exacerbation of colitis was associated 
with a reduction of IL-10 production in the colon, supporting 
the possible protective role of IL-10-producing Bregs in 
UC. Recently, a clinical trial of B cell depletion by rituximab 
showed no significant effect of B cell depletion on inducing 
remission in moderately active UC [86]. However, there 
appeared to be increased in remission at week 4 but was not 
sustained.

 Concluding Remarks

It is now well established that dysregulation of mucosal 
immune response to enteric bacteria is the underlying factor 
in the development of IBD. B cells form an important 
component of mucosal immune system for maintaining an 

epithelial barrier, regulation of the enteric microflora diversity, 
and development of adequate immune response to both 
enteric floral and food antigens. A compelling case for regu-
latory B cells has been made in IBD experimental models; 
however, a pathogenic role of B cells has not been excluded. 
The presence of circulating antibodies to self-antigens and 
enteric bacteria in many patients indicates B cell involve-
ment in human IBD. Whether or not B cells play an impor-
tant role in UC and CD pathogenesis has yet to be defined. 
Further understanding of the role of B cells in IBD would 
require functional characterization of human mucosal B cells 
in normal and diseased states. Genome-wide association 
studies of IBD may lead to the identification of B-cell- 
associated genes that may be candidate genes involved in the 
pathogenesis of chronic intestinal inflammation.
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