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Abstract
Irritable bowel syndrome (IBS) is a common functional 
gastrointestinal disorder which is characterised by 
symptoms such as bloating, altered bowel habit and 
visceral pain. It’s generally accepted that miscom
munication between the brain and gut underlies 
the changes in motility, absorpto-secretory function 

and pain sensitivity associated with IBS. However, 
partly due to the lack of disease-defining biomarkers, 
understanding the aetiology of this complex and 
multifactorial disease remains elusive. Anecdotally, 
IBS patients have noted that periods of stress can 
result in symptom flares and many patients exhibit co-
morbid stress-related mood disorders such as anxiety 
and depression. However, in addition to psychosocial 
stressors, infection-related stress has also been 
linked with the initiation, persistence and severity of 
symptom flares. Indeed, prior gastrointestinal infection 
is one of the strongest predictors of developing IBS. 
Despite a lack of overt morphological inflammation, the 
importance of immune factors in the pathophysiology 
of IBS is gaining acceptance. Subtle changes in the 
numbers of mucosal immune cell infiltrates and elevated 
levels of circulating pro-inflammatory cytokines have 
been reproducibly demonstrated in IBS populations. 
Moreover, these immune mediators directly affect 
neural signalling. An exciting new area of research 
is the role of luminal microbiota in the modulation of 
neuro-immune signalling, resulting in local changes 
in gastrointestinal function and alterations in central 
neural functioning. Progress in this area has begun to 
unravel some of the complexities of neuroimmune and 
neuroendocrine interactions and how these molecular 
exchanges contribute to GI dysfunction
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Core tip: This article assesses the importance of 
neuroimmune modulation of gastrointestinal function 
in the functional bowel disorder, irritable bowel 
syndrome (IBS). Recent progress in understanding the 
molecular mechanisms underlying the pathophysiology 
of IBS reveals the neuromodulatory effects of mast cell 
mediators, cytokines and luminal microbiota.
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INTRODUCTION
Although no overt morphological inflammation is 
evident in the functional gastrointestinal (GI) disorder 
Irritable bowel syndrome (IBS)[1], mounting evidence 
now supports the importance of immune activation 
in the pathophysiology of this disorder. This common 
condition affects between 10% and 20% of the 
world’s population. Symptoms, which significantly 
impinge on the quality of life of sufferers, include 
recurrent abdominal pain or discomfort coupled with 
bloating and disturbed bowel habits[2]. Brain-gut 
axis communication involving the neural, endocrine 
and immune systems is hypothesised to underlie 
IBS symptoms[3] but a thorough understanding of 
the disorder is still emerging, which means that 
therapeutic strategies are limited. Significant evidence 
has been garnered to demonstrate the role of stress 
in the initiation, exacerbation and persistence of 
symptoms during flares[4]. However, the contribution of 
the immune response, which is appropriately primed 
in the GI tract to protect the body’s internal milieu 
from potential luminal pathogens, is now also being 
recognised as a key player in IBS pathophysiology. 
Indeed, low-grade inflammation in the gastrointestinal 
tract, coupled with hyperactivity of the stress system, 
during periods of perceived environmental stress, may 
interact to induce and prolong symptom flares in IBS 
patients[5]. 

IMMUNE ACTIVATION IN IBS
Subtle changes in mucosal immune cell populations 
and circulating cytokine profiles have been identified 
in several studies in IBS patients[6]. Biopsies from 
IBS patients display increased numbers of immune 
cells, including mast cells and lymphocytes recruited 
to the mucosa[7,8]. Degranulated mast cells release a 
range of inflammatory mediators such as proteases, 
prostaglandins, histamine, and cytokines. Moreover, 
mast cells in IBS biopsies appear to lie in closer 
proximity to colonic nerve endings and this strongly 
correlates visceral pain sensitivity[9] and IBS biopsy 
supernatants activate enteric neurons in a manner that 
is dependent on mast cell-derived mediators[10]. It has 
been proposed that these immune mediators (Figure 1) 
modulate GI motor and sensory neurons and muscle 
function resulting in the initiation and perpetuation of 
IBS symptoms[11]. Indeed, one of best predictors of 
developing IBS is a prior history of bacterial or viral 
gastroenteritis[12], with one study showing a sevenfold 

increase in the risk of developing the functional bowel 
disorder following GI infection[13]. 

Elevated levels of pro-inflammatory cytokines 
such as interleukin (IL)-6 and IL-8[14-16] have been 
measured in IBS plasma samples, although not all 
studies detected such increases[17,18]. Furthermore, 
in peripheral blood mononuclear cells isolated from 
IBS patients, abnormal secretion of pro-inflammatory 
cytokines in response to immune challenges was 
observed[16]. However, changes in circulating levels 
of cytokines are not merely biomarkers of the 
disorder, cytokines such as IL-6[19], IL-1β[20] and 
tumour necrosis factor α[21] can in fact have direct 
effects on neuronal activity, which in turn alters gut 
contractility[22], absorption and/or secretion[19]. Buhner 
et al[10] demonstrated that soluble mediators released 
from IBS colonic biopsies stimulate enteric neuronal 
activation and we found that IBS plasma stimulates 
rat submucosal neurons using an IL-6 dependent 
mechanism[23] and myenteric neurons via IL-6 and 
IL-8[24]. IL-6 and IL-1β also influence mucosal ion 
transport and epithelial permeability[19,25]. 

Breakdown of the mucosal barrier by IL-6 and 
other pro-inflammatory cytokines[25] may allow foreign 
particles to breach the epithelial barrier, leading to an 
immune response in the submucosal and myenteric 
neuronal plexi. In IBS, where circulating IL-6 levels 
are elevated and the hypothalamus-pituitary-
adrenal stress axis is hyper-activated[14], a coincident 
compromise of the mucosal barrier is observed. Thus, 
increased permeability of the mucosal barrier and the 
subsequent initiation of an immune response may 
contribute to the increase in sensitivity to visceral pain 
in IBS patients[26]. Indeed, targeting cytokine signalling 
in the GI tract may relieve some of the functional 
symptoms of IBS such as visceral pain and altered 
motility[24].

DYSBIOSIS OF MICROBIOTA IN IBS
Microbiota-host interactions are an additional con
sideration in understanding IBS-mediated immune 
activation[27]. The intestinal epithelium is exposed to the 
bacterial antigens of both commensal and pathogenic 
microbiota which aids in sustaining the function and 
integrity of the epithelial barrier and its blood supply. 
This host-microbiota interaction also promotes the 
development of gut associated lymphoid tissue and 
is essential for normal gut motility as evidenced by 
impaired gut function in microbiota-deficient germ-free 
mice[28]. Changes in the balance and composition of 
commensal microbiota strains in the human gut have 
been reported in several IBS studies[29,30]. Such dysbiosis 
of the microbiota could allow opportunistic pathogens 
to breach the innate immune defences. The luminal 
microbiota represents a virtual organ which is also 
integrated into the bi-directional communication system 
between the gut and the brain. Indeed, manipulation 
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of the microbial environment with probiotics has been 
shown to improve symptoms in IBS patients[31] by 
suppressing pro-inflammatory cytokines[32], maintaining 
intestinal barrier integrity[33] and causing down-
regulation of T cells[34]. Moreover, probiotics have been 
shown to prevent adhesion of enteric pathogens to the 
wall of the GI tract[35]. That said, more recent studies did 
not detect an improvement in IBS symptoms following 
longer-term treatment with probiotics[36,37]. 

Expression of pattern recognition receptors such 
as toll-like receptors (TLRs), which form part of the 
innate immune system, are also altered in IBS. TLRs 
recognise and respond to a variety of pathogens. 
Thus, altered expression of TLR4, 5, 7 and 8 in 
mucosal biopsies from IBS patients further supports 
the importance of interactions between the luminal 
microbes and the host in this disorder[38]. Although this 
is an exciting new area of research, the mechanisms 
by which changes in luminal microbiota modulate 
neuro-immune signalling, both locally in the GI tract 
and also in the central nervous system, are far from 
clear. Studies are challenged by the need to account 
for a number of variables including the inter-individual 
heterogeneity of IBS, environmental factors such as 
stress and diet and the malleable nature of human 
bacterial composition. 

CONCLUSION
Despite the complexity and inter-individual heteroge

neity of this functional GI disorder, recent progress in 
the field of IBS research has begun to unravel some 
of the intricacies of neuroimmune and neuroendocrine 
interactions and how molecular crosstalk between 
these systems may contribute to GI dysfunction. These 
advances in our understanding of IBS pathophysiology 
give hope for the identification and development of 
new targeted therapeutic strategies.
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Figure 1  Illustrates a possible mechanism underlying symptom flares in irritable bowel syndrome. Breach of the mucosal barrier as a result of activation of 
the hypothalamic-pituitary-adrenal axis and/or immune activation can stimulate an antigen-induced immune response. The primed gut has increased numbers of 
immune cells present which release cytokines that are associated with exacerbation of IBS symptoms. IL: Interleukin; TNF: Tumor necrosis factor; IBS: Irritable bowel 
syndrome. 
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