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A pilot study of colonic B cell pattern in irritable bowel syndrome
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Departments of 1Medicine, and 2Biomedicine, Sahlgrenska Academy of Göteborg University, Sweden

Abstract
Objective. Low-grade gastrointestinal inflammation has been reported in patients with irritable bowel syndrome (IBS).
However, the colonic B-cell pattern has not been investigated in these patients. Therefore, the aim of this pilot study was to
investigate the distribution and isotype of immunoglobulin-producing B cells in the colonic mucosa of IBS patients.
Material and methods. Patients with IBS (n�12) fulfilling the Rome II criteria were compared with controls (n�11).
Immunohistochemical staining of biopsies from the sigmoid and ascending colon was performed. Results. The number of
IgA� B cells in the ascending colon was lower in IBS patients than in controls (p�0.039). Furthermore, unlike controls,
IBS patients had a reduction of IgA� B cells in the ascending colon relative to the sigmoid colon (p�0.04). Neither the
IgG�, nor the IgM� colonic B-cell numbers differed between IBS patients and controls. Very few colonic IgE� cells were
detected and there was no difference between the two subject groups. Conclusions. The reduced number of colonic IgA�

B cells in IBS patients suggests that the disorder may be associated with a modified gut immune defence. Whether this
phenomenon is causally related to symptoms remains unknown and merits further investigation in a larger group of patients.
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Introduction

Irritable bowel syndrome (IBS) is common in

Western society [1], but the pathophysiology of this

disorder is still not fully understood [2]. However, in

recent studies it is suggested that a role is played by a

limited inflammatory response in the intestinal

mucosa, although the underlying mechanisms re-

main unclear [3�6]. During the past few years several

reports have described increased recruitment of

T cells to the intestinal mucosa of IBS patients

[4,7�9]. It has been suggested that B cell mediated

food hypersensitivity reactions may contribute to the

gut immune activation, as IBS patients respond

favourably to specific elimination diets [10�13].

Alteration in intestinal bacterial composition is also

frequently discussed as an important key player in

the pathogenesis of IBS [14,15]. Moreover, in-

creased numbers of intestinal mast cells are reported

to be associated with IBS symptoms [16,17].

The immunoglobulin isotype produced by B cells

reflects the help given by T cells to the B cells at the

time of antigen recognition and activation. The

expression of IgM on the cell surface of a B cell

indicates that the cell has not encountered its

specific antigen, although IgM may also be pro-

duced and secreted during the early phase of an

adaptive immune response. The T-helper-2 cytokine

interleukin-4 induces a B-cell class switch to IgE

and IgG4, whereas the T-helper-1-associated cyto-

kines interleukin-12 and interferon-g induce a class

switch to IgG1[18]. IgA-producing B cells are most

frequently found in mucosal tissues where the level

of tumour growth factor-b is constitutively high

[19]. The IgA produced in the intestinal mucosa is

secreted out into the lumen and functions as an

‘‘antiseptic paint’’ in the defence and protection of

the intestinal tissue against various pathogens. The

large amount of IgA in the intestinal mucosa and in

the lumen is regarded as crucial in fighting and

eliminating microorganisms without activation of

inflammatory mechanisms of the gut immune

system.
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Despite the fact that previous studies have demon-

strated increased serum levels of food-specific IgG

antibodies in IBS patients [11,20], the colonic

mucosal B cell pattern has not been investigated in

this patient population. Therefore, the aim of this

pilot study was to determine the distribution and

isotype of immunoglobulin-producing B cells in the

ascending and the sigmoid colonic mucosa in a

limited number of IBS patients.

Material and methods

Study subjects

This study was approved by the Ethics Committee of

the University of Göteborg, and was performed after

receiving written informed consent from all subjects.

Study subjects were recruited among patients re-

ferred for colonoscopy at the Sahlgrenska University

Hospital, Göteborg, Sweden. Two biopsies from the

ascending (5 cm above the ileocaecal valve) and the

sigmoid colon, respectively, were taken from each

patient.

IBS patients were defined according to the Rome

II criteria [21] and underwent routine diagnostic

colonoscopy to exclude organic bowel disease. The

patients were defined as non-inflammatory as as-

sessed by routine histology. In particular, no evi-

dence of collagenous or lymphocytic colitis was

detected based on standard criteria [22]. Twelve

IBS patients were included (7 F, mean age 35.69

13.5 years; body mass index (BMI) 23.194.3 kg/

m2) and 5 had diarrhoea-predominant IBS (d-IBS)

and 7 had alternating bowel habits (a-IBS) [21]. All

of these patients had a negative diagnostic work-up,

which was determined by the clinical presentation.

Food-related symptoms were common in all the

patients, even though there was no clinical suspicion

of a specific food allergy. In 2 of the IBS patients the

symptom duration was less than 1 year, in 7 patients

the symptom duration was 1�5 years, while 3 of the

patients included in the study reported having IBS

symptoms for more than 5 years. Acute onset after

supposed infectious diarrhoea was described by two

d-IBS patients.

We included 11 healthy volunteers, recruited

through an advertisement, as control subjects (6 F,

mean age 4097.9 years; BMI 26.494.2 kg/m2).

These subjects were free from gastrointestinal symp-

toms and their colonoscopies were normal, both

macroscopically and microscopically.

Sample collection

Biopsies were assessed from the ascending colon

and the sigmoid colon, respectively, using tradi-

tional forceps. The biopsies were kept in histocon

(Histolab, Göteborg, Sweden) on ice until being

embedded in Tissue Tek OCT (Sakura Finetek,

Zoeterwoulde, The Netherlands) and snap frozen in

liquid hydrogen. The embedded biopsies were kept

at a temperature of �808C until further analysis.

Immunohistochemical analysis

For analysis of immunoglobulin production of B

cells, 5-mm cryo-cut sections from the colonic

biopsies were first fixed in 50% acetone followed

by fixation in 100% acetone. The sections were then

incubated for 40 min in 358C phosphate buffered

saline (PBS) supplemented with 0.1% glucosoxi-

dase, 0.36% D-glucose and 0.1% saponin, to block

endogenous enzyme activity. This was followed by

30-min incubation with 1% goat or mouse serum in

0.1% bovine serum albumin (BSA)-PBS solution.

The sections were then incubated with horse-radish

peroxidase (HRP) conjugated monoclonal antibo-

dies in PBS supplemented with 2% BSA and 0.05%

Tween for 1 h at room temperature. The antibodies

were specific for human IgM� B lymphocytes (goat

anti-human IgM), human IgG� B lymphocytes

(goat anti-human IgG), human IgA� B lymphocytes

(goat anti-human IgA) and human IgE� B lympho-

cytes (mouse anti-human IgE). All immunoglobulin-

specific antibodies were purchased from Southern

Biotech (Birmingham, Ala., USA).

Specific antibody reactions were developed by

adding an avidin-biotin-HRP complex (Dako,

Glostrup, Denmark) according to the manufactur-

er’s instructions. Tissue sections were developed

with chromogen 3-amino-9-ehylcarbazole containing

H2O2 (AEC substrate chromogen) (DakoCytoma-

tion) and counterstained with Mayer’s haematoxylin

(Histolab). All slides were washed in H20 and

mounted with Faramount aqueous mounting med-

ium (Dako). For negative controls, the specific anti-

body was replaced with PBS and did not give positive

staining. Tissue sections were examined by light

microscopy and the number of specifically stained

cells per mm2 was determined by using Leica Qwin

software.

The numbers of immunoglobulin-producing B

cells per mm2 in the colonic mucosa were determined

and compared between patients with IBS and healthy

control subjects. The number of the respective cell

population was measured in the ascending colon as

well as in the sigmoid colon, to determine whether

any colonic regional differences were present.

Statistical analysis

All statistical evaluations were made using the

StatView Software (SAS Institute, Cary, N.C.,

1462 J. Forshammar et al.
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USA). The Wilcoxon signed-paired test or the non-

parametric Mann-Whitney test was used to evaluate

significance of differences; p-values of less than 0.05

were regarded as significant.

Results

Fewer IgA-producing B cells in the ascending colonic

mucosa of IBS patients

We determined and compared the number and

isotype specificity of B cells in the colonic mucosa

of patients with IBS and control subjects. The

number of IgA-producing B cells was found to be

significantly lower in the ascending colon of IBS

patients compared with that in control subjects

(Figure 1A, B). The number of IgA-producing B

cells in the sigmoid colon did not differ between IBS

patients and control subjects (Figure 1A). We also

investigated whether there were any regional differ-

ences in the distribution of IgA-producing cells in

the ascending and the sigmoid colon in IBS patients

and in control subjects. The number of IgA� B cells

was significantly lower in the ascending colon

relative to the sigmoid colon of IBS patients (Figure

1C). This regional difference in the number of

colonic IgA�B cells was not seen in control subjects.

Thus, IBS patients have a reduced number of IgA�

B cells in the ascending colon but not in the sigmoid

colon.

Normal levels of IgG-, IgM- and IgE-producing B cells

in the colonic mucosa of IBS patients

The number of IgG-producing B cells did not differ

between IBS patients and control subjects in either

the ascending or the sigmoid colon (Figure 2A).

Furthermore, the segmental distribution of IgG-

producing B cells in the ascending colon and the

sigmoid colon was similar in IBS patients and

control subjects (Figure 2A). Also the numbers of

IgM� B cells were comparable in both the ascending

colon and the sigmoid colon of IBS patients and

control subjects (Figure 2B). Furthermore, there

was no variation in the number of IgM� B cells in

the different regions in the colonic mucosa in either

subject group. Very few IgE-producing B cells were

detected in the colonic mucosa and there was no

difference between IBS patients and control sub-

jects. IgE� B cells were found in the colonic mucosa

in 2 out of 11 IBS patients and in 3 out of 11 control

subjects (data not shown). In conclusion, IBS

patients displayed normal levels of IgG-, IgM- and

IgE-producing B cells in the ascending colon as well

as in the sigmoid colon.

Discussion

This study was designed to determine the immuno-

globulin isotype pattern of the colonic B cells in IBS

patients. Our main finding was that the number of

IgA� B cells in the ascending colon was lower in IBS

patients in relation to that in controls. Accordingly,

IBS patients had reduced numbers of IgA� B cells in

the ascending colon as compared to the sigmoid

colon, which was not seen in our control subjects.

The lower number of colonic IgA� B cells could

lead to reduced secretion of IgA into the lumen of

IBS patients.

Secretory IgA is important in maintaining mucosal

tolerance and in protecting mucosal surfaces from

pathogens and food antigens, and reduced intestinal

IgA production may therefore result in a defective

gut immune defence and impaired oral tolerance

[18,23,24]. It was recently reported that mice with

reduced levels of luminal IgA have a defective

tolerance to food antigens [25]. Furthermore, chil-

dren with multiple food adverse reactions have

somewhat lower levels of IgA, at least in the blood

[26], which emphasizes the importance of IgA

production in maintaining oral tolerance. Thus, the

reduced levels of colonic IgA-producing B cells in

IBS patients recorded in our study may result in

defective oral tolerance, which could be a possible

explanation for the increased gut immune activity

reported in this patient population.

It could be hypothesized that the reduction in IgA-

producing cells in IBS patients in our study was

present before the IBS symptoms developed, which

may also have increased the susceptibility of these

individuals to bacterial and viral infections. This

hypothesis is supported by a recent report demon-

strating that patients with recurrent Clostridium

difficile-associated diarrhoea (CDAD) [27], analo-

gous with the IBS patients in our study, have

decreased numbers of colonic IgA-producing B cells.

We have not ruled out the possibility that the IBS

patient group, like patients with coeliac disease [28],

may harbour individuals with undiagnosed IgA

deficiency. However, as the IBS patients and control

subjects in this study had comparable levels of IgA�

B cells in the sigmoid colon, it is less likely that IBS is

associated with a general IgA deficiency. Never-

theless, it would be of interest to address this

question in future studies concerning the presence

and function of B cells in IBS patients.

Also, the presence of specific bacterial strains or

the composition of the intestinal flora may be

important in the development of IBS symptoms.

The gut flora of IBS patients has recently been

suggested to differ quantitatively from that of healthy

controls, according to real-time polymerase chain

Reduced colonic IgA� B-cell counts in IBS 1463
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reaction (PCR) analysis of bacterial DNA from

faeces [29]. Thus, it is possible that IBS patients

have increased intestinal reactivity to gut microbiota

and pathogens which, at least theoretically, could

result from impaired IgA production and luminal

secretion in the ascending colon. However, the

limited number of subjects included in the study

restricts the number of conclusions that can be

drawn and the generalization of our findings remains

to be proven in larger series.

Food-related symptoms in IBS patients are com-

mon [30]. Previous studies have demonstrated

increased levels of food-specific IgG antibodies

[10,20,31] in the serum of IBS patients, although
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Figure 1. IgA producing B cells in the colonic mucosa of patients with irritable bowel syndrome (IBS). A. Comparison of the number

of IgA producing B cells per mm2 in the ascending colon and the sigmoid colon from patients with IBS and healthy controls (Ctrl); IBS n�
12/11 and Ctrl�11/11. B. Representative photomicrographs showing IgA� B cells in the ascending colonic mucosa of an IBS patient and a

control subject. C. Comparison of IgA-producing B cells per mm2 in the ascending colon relative to the sigmoid colon in IBS patients and

control subjects, respectively. Connecting lines show values from paired samples taken from the same individual. Median values are

indicated by horizontal bars. IBS, n�11; Ctrl,�n�11.
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the relevance of food-specific IgE serum antibodies

is not altogether clear [31�33]. However, neither the

number of colonic IgG, nor IgE-producing B cells

differed between IBS patients and controls in our

study. In fact, very few colonic IgE� B cells were

detected at all and there was no difference between

the two subject groups. Despite the normal level

of total colonic IgG� B cell counts found in IBS

patients in the present study, it cannot be ruled out

that there could be an increased production of

certain unidentified antigen-specific IgG antibodies.

Taken together, the comparable number of mucosal

total IgE- and IgG-producing B cells in IBS patients

and controls implies that the IBS symptoms in our

patient group were not associated with IgE- or IgG-

mediated reactions in the colonic mucosa.

The focus of our study was on the colonic B cell

production of total immunoglobulin, in contrast to

previous studies which determined immunoglobulin

levels in serum. Our choice of method has its

limitations, since the results obtained only reflect

the immunoglobulin production in a limited intest-

inal region. The obvious advantage of analysing the

cell populations in intestinal biopsies with immuno-

histochemistry, instead of immunoglobulin levels in

serum, is that it is possible to detect local reactions in

the gut. Results based on serum analysis may not

always be a proper reflection of subtle regional

immunological activity alterations in the intestinal

mucosa. By basing our studies on biopsies from both

the ascending and the sigmoid colon, we found a

delicate but distinct colonic segmental variation in

colonic IgA-producing B cells in IBS patients, but not

in controls. These data correlate well with a previous

study by our group in which we reported that gut

immune activity present in IBS patients was more

pronounced in the ascending colon [8]. Further-

more, Chadwick et al. have shown that the influx of

immune cells is more prominent in the ascending

colon than in the left-sided colon of IBS patients [4].

Taken together, these findings suggest that there are

regional alterations in the immune system of the

colonic mucosa in IBS patients, which may be

important in the understanding of the increased gut

immune activity in this patient population.

In conclusion, the segmental reduction in IgA-

producing B cells found in IBS patients suggests that

the disorder might be associated with a modified gut

immune defence. Whether this phenomenon is

causally related to symptoms remains unknown

and should be investigated further.
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