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Disease

Subjects: Gastroenterology & Hepatology
Contributor: Vibeke Andersen, Tue B. Bennike, Corinna Bang, John D. Rioux, Isabelle Hébert-Milette, Toshiro Sato, Axel K. Hansen, Ole H.

Nielsen

Inflammatory bowel diseases (IBD) are without cure and troublesome to manage because of the considerable diversity
between patients and the lack of reliable biomarkers. Diet, gut microbiota, genetics and other patient factors are essential
for disease occurrence and progression. The gut epithelial barrier separates the luminal contents from the underlying
tissue layers and immune cells. It controls the interactions between the patient's immune system, the gut microbiota and
environmental factors such as food components and is implicated in IBD.
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| 1. Diet and IBD

Characterising the impact of diet on any disease is challenging due to the complex composition of modern diets and
unreliability of self-reporting. In addition, an in-depth understanding of the functional effect of diet is lacking I,
Nevertheless, strong associations between diet and IBD have been demonstrated, and recent studies have highlighted
that lifestyle including diet strongly influences IBD risk BI4E, |n contrast, few randomised clinical trials have been
performed investigating the effect of diet on patients with established IBD EIEl prospective studies have demonstrated
that a Western diet, characterised by a high intake of animal-based foods, processed foods, food additives, alcohol and
sugar, is associated with IBD and increases the occurrence of flare-ups compared to a healthy diet 19 High intake of
ultra-processed foods has also been associated with an increased risk of IBD 1. On the other hand, a plant-based diet
such as a Mediterranean diet was reported to reduce inflammation in IBD B, However, other studies have failed to
demonstrate an association between a specific diet and IBD, and the association remains somewhat unclear (12]13]
Consequently, evidence-based nutritional recommendations for the individual patient are scarce 2],

| 2. The Gut Microbiota and IBD

Compared with healthy control individuals, patients with IBD consistently demonstrate gut microbiota alterations. The
changes include dysbiosis, characterised by lowered bacterial o-diversity (i.e., fewer defined microbial species) and
altered B-diversity (i.e., significant changes in microbial species composition) 24!, The systematically described collection
of microbes is known as the microbiota, while the term microbiome includes their pool of functional genes. The loss of
resident microbial species, termed the “disappearing microbes”, might help to explain the rising incidence of chronic
diseases in industrialised countries (15,

Many studies have found that patients with IBD have an increased abundance of Escherichia coli and Fusobacterium spp.
known to promote inflammation by the adhesion and invasion of the colon epithelium. Further, a lowered abundance of
the short-chain fatty acids (SCFA) producers Faecalibacterium prausnitzii and Akkermansia muciniphila has also been
observed 187 Reports indicate that a high abundance of the class Actinobacteria and the associated genus
Bifidobacterium are protective against UC 28, In contrast, species such as Ruminococcus gnavus and R. torques typically

increase gut inflammation through their production of a TNF-a inducing polysaccharide and are abundant in patients with
1BD (9,

However, apart from lower diversity, studies report inconsistent patterns of gut microbiota alterations in 1BD 121, This
inconsistency is, at least in part, due to the heterogeneity of the disease 29. Additionally, numerous factors affect human
gut microbiota composition, including the sampling method, geographic location and patient factors, such as genetics,
sex, age, diet, stool consistency and other lifestyle factors (15][21]



Importantly, changes observed in the gut microbiota can be a consequence or a cause of IBD. Recent data support the
key role of a specific bacterium, Klebsiella pneumonia, in I1BD 2. It was found in approximately 40% of patients, the
abundance correlated with disease activity, and its transfer resulted in colitis in an animal model 221 Wwhile the exact role
and mechanisms remain unclear, it is conceivable that K. pneumonia may be involved in the etiology of a subset of IBD.
Complicating the aspect of causality further is that there seems to be a critical window in early life in which perturbation of
the microbiome has a substantial effect on disease development 23],

Bacterial members of the microbiota are not the only microorganisms that can be altered in IBD [24[231128] Fyngi, archaea
and viruses can also significantly affect the gut immune response to IBD, although they only account for a minor
proportion of the mammalian gut microbiota 24!, In particular, the faecal mycobiome differed between patients with CD and
UC and between patients experiencing a flare compared to those in remission, where the mycobiome more closely
resembles a healthy mycobiome 28, In addition, viruses have been associated with IBD by activating the immune system
following invasion and replication within the epithelial cells 24, Similarly, phages can indirectly affect immune cells and
other cell types through infected bacteria (22, However, methodological biases may still complicate interpretation.

| 3. Gut Epithelium Barrier and Immune System in IBD

The gut epithelial barrier controls the interaction between the gut microbiota and food components on the one hand and
the patient immune system on the other (Figure 1) 28, In IBD, this barrier is compromised, giving rise to the condition
commonly described as a “leaky gut”. The leaky gut is probably a key pathological factor in IBD as it has been found to
precede diagnosis 22,
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Figure 1. (A) Mucusa, (B) Epithelium, (C) Epithelial cell. Diet, gut microbes and patient factors interact at the mucosal
surface. Schematic diagram of the intestinal mucosa constituting the intestinal barrier and immune system B9, From the
luminal side, it consists of the mucus and epithelial lining overlying the connective tissue. 1. (healthy) and 2. (UC). The
outermost layer from the lumen side is the mucus. In the healthy gut, commensal microorganisms interact with the outer
mucus layer and do not reach the inner mucus layer or epithelial cells. In IBD, the number of GCs is reduced, and this
barrier is compromised, giving rise to the condition commonly described as a “leaky gut”. Certain microbial molecules
activate the Toll-like receptors (TLR), and certain metabolites such as short-chain fatty acids (SCFA) activate the G
protein-coupled receptors (GPR) on the intestinal epithelial cells. Enteroendocrine cells (EEC) monitor the gut microbiota
and regulate inflammatory processes 28l These processes stimulate the innate immune system resulting in gut
inflammation by the pro-inflammatory IL-17 stimulating the IL-17 receptor A (IL-17RA), and neutrophilic granulocytes (NG)
accumulate in the intestinal mucosa. EEC, enteroendocrine cells; goblet cells (GC), goblet cells; IL-17, interleukin-17; IL-
17-RA, IL-17 receptor A; NF-kB, nuclear-factor kappa beta; NG, neutrophilic granulocytes; GPR, G protein-coupled



receptors; SCFA, short-chain fatty acids; TLR, Toll-like receptors; UC, ulcerative colitis. Created with Biorender.com
(accessed on 2 May 2023).

The fundamental structures of the gut epithelial barrier are, from the luminal side, the mucus layer and the intestinal
epithelial cells lining. The colonic mucus is a two-layered gel-like structure produced by goblet cells comprising highly
glycosylated mucin proteins. In the healthy gut, commensal microorganisms interact with the outer mucus layer and
cannot reach the inner mucus layer or epithelial cells Bl Functional mucus glycosylation is essential for feeding
microbes, and altered glycosylation patterns contribute to pronounced alterations in the gut microbiota 2. In IBD patients,
altered spatial patterns have been found to contribute to microbiota dysbiosis B, Thus, it is becoming increasingly
evident that microbiota—host interactions depend highly on the microbial communities’ nature and spatial organisation =31,
Nevertheless, few studies have analysed the luminal or mucosa-associated microbiota, which are in close contact with the
gut immune system and differs from the stool microbiota B4l The gut epithelium consists of cells capable of activating the
immune system when in contact with dietary materials, microbial components or metabolites 2. For example, pattern
recognition receptors and G protein-coupled receptors on intestinal epithelial cells respond to specific microbial structures
and metabolites B2IBEITISE] | recent years, new epithelial cell types such as intercrypt goblet cells B2, microfold-like (M-
like) cells 29 BEST4+ cells [l and Tuft cells have been identified. Tuft cells appear to be critical for specific immunologic
responses 42143l M-like cells are rarely found in healthy colons but are reported to be expanded 17-fold in inflamed
colons 49, BEST4+ cells were identified as a new population of human intestinal epithelial cells by single-cell RNA-seq
technology. Histologic analysis revealed their localization in the crypt top. The functional role of BEST4+ cells remains
unknown, but they may be associated with bicarbonate export and a pH-sensing function based on their gene expression.
Finally, the gut epithelial basement membrane is a specialized matrix that supports and separates the epithelial cells from
the interstitial space and is also considered important in maintaining the epithelial barrier 4. Understanding the host—
microbial interactions at this surface will likely prove critical to gain deeper biological insights into the etiology of IBD and
identifying clinically useful biomarkers.

In addition, understanding the role of the gut microbiome in the brain, joints and liver is emerging, indicating that the
microbiota is a driving factor for altered cell trafficking, a crucial step for the onset and progression of extraintestinal
conditions in IBD 18],
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