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The role of intestinal microbial/immune cell interactions  
in patients with Inflammatory Bowel Disease
Aik. Chairakaki

Inflammatory Bowel Disease (IBD) is character-
ized by a chronic relapsing inflammation of the gas-
trointestinal tract (GI) and is divided into two prima-
ry forms, Crohn’s Disease (CD) and Ulcerative Colitis 
(UC). There are numerous hypotheses as to the cause of 
IBD but as yet its aetiology remains unclear. It is gen-
erally accepted however that the pathogenesis of IBD 
involves the interaction of environmental, genetic and 
immunological factors with the complexity and diver-
sity of both the CD and UC clinical pictures reflecting 
their multifactorial aetiology1. Accumulating research 
data supports the evidence that interactions between gut 
flora and commensal bacteria along with the host’s im-
mune system are responsible for the induction of IBD. 
Hence, a series of observations have led to the hypoth-
esis that there is a strong relationship between human 
microflora and the mechanisms of the initiation and the 
progression of the disease.2

In search of the principle functions of the gastrointes-
tinal tract, two main features come to mind. It is essential 
for digestion and absorption of the nutrients of the food 
and, predominant in the participation of the mucosal im-
mune response. The latter function is considered to reflect 
a physical barrier –the intestinal barrier- for the invasion 
of pathogenic organisms into the host.

Primarily, the gut barrier is the first obstacle that bacte-
ria face and is considered to be part of the mucosal immune 
system (MALT), consisting of three major components3,4 
namely; the mucus epithelia (“mechanical barrier”), the se-
creting immunoglobulin and the gut-associated lymphoid 

tissue (GALT) (“immune barrier”), and the intestinal flo-
ra (“biological barrier”).

The mechanical barrier involves tight junctions be-
tween epithelial cells in order to induce a specialised per-
meability of certain molecules into the lumen. The immune 
barrier comprises intra-epithelial lymphocytes, (Peyer’s 
patches), secreted IgAs, lymphatic follicles and mesen-
teric lymph nodes (GALT). The biological barrier con-
sists of commensal flora, the normal inhabitants of the 
gastrointestinal tract which reside in colonic mucus and 
under normal circumstances inhibit exogenous and harm-
ful bacteria from reaching the gut mucosa. Within the bac-
terial population, 600 different species have been identi-
fied and are considered to be of importance Bacteroides, 
Eubacterium, Bifidobacterium, Fusobacterium, Metha-
nogens, Peptostreptococcus, Enterobacter, Lactobacillus 
and Escherichia coli.5,6 

Under normal “symbiotic circumstances”, the presence 
of luminal bacteria is beneficial to the host as not only do 
they maintain gut homeostasis but also induce tolerance 
by “educating” the human body to reduce allergic respons-
es to food and invading environmental antigens. Notice-
ably, the residential microbiota, do not evoke an immune 
response in healthy people, contrary to the pathogenic non-
commensal microbes that have evolved numerous strate-
gies to hijack the host immune cells in patients.7

What distinguishes IBD among the vast spectrum of 
inflammatory diseases? The answer is still controversial; 
therefore, much attention has been given to the under-
standing of the mechanisms of inflammation seen in IBD 
patients. 

During the progression of the disease, tolerance to 
commensal flora appears to fail and exposure to bacteri-
al strains initiates an inflammatory response in the mu-
cosal epithelial layer. Clinical observations support the 
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data that the chronic inflammation clinically investigat-
ed in both CD and UC, is the result of an acute immune 
response against commensal luminal enteric bacteria in 
a genetically susceptible host.2 One theory is that the in-
flammatory response in IBD patients is initiated by a yet 
unidentified invading pathogen(s), leading to the recruit-
ment of inflammatory cells such as lymphocytes, mac-
rophages and plasma cells, inducing proinflammatory 
cytokine and chemokine accumulation. Therefore, the 
mucosal immune system remains chronically active due 
to the inability to cease such inflammation and the loss 
of tolerance against commensal microflora.5 Amongst 
the aforementioned commensal bacteria implicated in the 
disease, E.coli, is probably the most extensively studied. 
Alterations in the numbers of the luminal bacteria have 
been identified in IBD patients showing an increase of 
E.coli in the adherent mucosa as well as in intracellu-
lar entities.8 

In our recent study, we hypothesised that in IBD pa-
tients there is a “functional defect” in the macrophage 
population which render them susceptible to infection 
with E.coli. The primary function of the sentinel macro-
phage which resides in the subepithelial lamina propria is 
to sense danger within the local microenvironment, phago-
cytose the potent invaders of the epithelium and secrete 
cytokines and chemokines that prime and amplify the im-
mune system to abrogate any bacterial invasion. It is yet 
unclear whether the observed presence of the mucosal 
macrophage-associated E.coli in IBD patients is of path-
ogenic significance. For this reason, we tried to affiliate 

the monocytic lineage response to the bacterial invasion 
by immunohistochemically measuring its activation sta-
tus aside from its cytokine/chemokine secretory capacity. 
Concisely, existing in-vitro data provided evidence that ad-
herent invasive E.coli strains, isolated from Crohn’s gran-
ulomas, were able to intracellularly survive within murine 
macrophage-like cell lines.9 

We confirmed the in-vivo presence of E.coli in the lam-
ina proprial macrophages in 100% of patients with Crohn’s 
disease and unlike others, a 30% presence in ulcerative col-
itics, compared to controls. Furthermore, in all patients ex-
amined, we found an upregulation of the macrophage-as-
sociated activation status levels in comparison with normal 
controls. Particularly, an overall up-regulation of both che-
mokine and pro-inflammatory cytokines was defined in pa-
tients whose macrophages were laden with E.coli compared 
to those free of bacteria and controls: enhanced TNF-α, IL-
15, IL-23, IL-8 and MCP-3 expression in macrophages cor-
related well with biopsies in patients’ macrophages loaded 
with the bacteria. (Fig 1). Our data suggested that the stud-
ied monocytic lineage contributes to the chronic inflamma-
tion clinically seen in IBD. The dysfunctional macrophage 
profile in patients supported our hypothesis that E.coli up-
take may be the initiative step in the disease pathogenesis. 
It remains uncertain albeit, whether the survival of E.coli 
within macrophages is a property of the bacteria, a defect 
in innate immunity or both.

Advances in our understanding of the inflammatory 
cascade of the disease and the possibility of the develop-
ment of novel efficacious therapies to interrupt such in-

Figure 1. Co-expression of E.coli with macrophages in the study group. Graph shows individual patients’ co-localization. Table ex-
presses collective semi-quantitative data. Controls: a minority of control individuals had bacteria in their macrophages. Crohn’s dis-
ease: all patients examined had E.coli-associated macrophages. Ulcerative colitis: Three out of ten patients demonstrated E.coli with-
in macrophages.
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flammation via probiotics treatment, or genetically engi-
neered bacteria administration, seems really promising. 
If IBD develops in response to intestinal microbiota, then 
shifting the targeted antigenic milieu might be of innova-
tive therapeutic value. 
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