l’Institut

Servier scientific colloquia

2018 colloquium

Intestinal microbiota and its host: harmony or discord?

The Microbiota in Inflammatory Bowel Diseases
Professor Harry SOKOL (Paris)
Sorbonne Université, Inserm, Centre de Recherche Saint-Antoine, CRSA, AP-HP,
Gastroenterology Department, Saint-Antoine Hospital, F-75012 Paris, France
Gastroenterology Department, Saint-Antoine Hospital, Assitance Publique-Hôpitaux de Paris
(AP-HP), Paris, France
INRA, UMR1319 Micalis, AgroParisTech, Jouy-en-Josas, France

L’Institut Servier scientific 2018 colloquium
Harry SOKOL — The Microbiota in Inflammatory Bowel Diseases

Notes are linked to the references page.

INTRODUCTION
The microbial community of the human gastrointestinal tract, referred to as the “gut microbiota”, is fundamental
to health. The gut microbiota has a major role in digestive physiology and the maintenance of intestinal
homeostasis. Dysfunction in the regulation of the intestinal immune response to the microbiota can upset the
fragile balance of this complex ecosystem by modifying its composition, thus creating dysbiosis.[1-3] Because
it promotes the implantation of bacteria that induce local inflammatory reactions, dysbiosis predisposes the
individual to pathological or uncontrolled inflammation. This process is involved in many diseases including
chronic Inflammatory Bowel Diseases (IBD) such as Crohn’s disease and ulcerative colitis, two complex
diseases that evolve by inflammatory flares alternating with remission phases.
THE INTESTINAL MICROBIOTA IN THE PATHOGENESIS OF CHRONIC INFLAMMATORY
BOWEL DISEASES
Involvement of genetic and environmental factors
Crohn’s disease and ulcerative colitis are diseases that relate to an activation of the intestinal immune system
towards the microbiota in hosts who are genetically susceptible and under the influence of environmental
factors. This pattern is commonly accepted, although the pathophysiology of IBD is more complex.[4] The
intestinal microbiota is not the sole factor. Other genetic and environmental factors also impact these diseases,
regardless of the microbiota. In fact, recent large genetic analyses have made it possible to identify more than
150 genes that predispose individuals to these diseases.[5]
In addition, since the prevalence of these diseases is increasing considerably in industrializing countries,
environment is suspected to be involved in their occurrence, especially pollution (microparticles, heavy metals).[6,7]
Food and diet may also be involved.[8,9] Nevertheless, some genetic factors and some environmental factors
that are involved in Crohn’s disease and ulcerative colitis play a role via their effects on the gut microbiota;
these factors have been recently studied.
Involvement of the microbiota in the development of IBD: the arguments
The involvement of the microbiota in the development of IBD has long been suspected. Different arguments
have been put forward.
Genetic analyses have shed some light. The vast majority of genes associated with these diseases are either
genes involved in the recognition of microorganisms, or genes involved in the response to microorganisms.
In Crohn’s disease, the diversion of the fecal flow leads to the healing of downstream lesions. Once the fecal
stream is restored, inflammatory lesions reappear within days. Similarly, in research on murine models of
colitis, it is generally impossible to induce inflammation in axenic mice.
Another argument lies in the difference that may be observed between the microbiota of a patient with IBD
and that of a healthy subject. Dysbiosis, or abnormalities of the intestinal microbiota, occur in IBD. Among
our recent observations, as also reported in many previous studies, are:
1) a difference in composition between the microbiota of healthy volunteers, that of patients experiencing IBD
flare, and that of IBD patients in remission (Figure 1A),
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2) a decreased bacterial diversity in patients, all the more important while they are experiencing a flare
episode (Figure 1B).[1]
Figure 1. Anomalies of the microbiota in inflammatory bowel disease (IBD). The scatter of points (Bray Curtis distance) reveals the
significant difference (p<0.001) between the microbiotas of healthy subjects and those of patients in IBD flare or IBD remission (A).
Compared with healthy subjects, the diversity was significantly (p<0.001) decreased in IBD patients, either at an inflammatory stage
or in remission (B). In all phenotypes, the bacterial microbiota is dominated by phyla of firmicutes, bacteroidetes and proteobacteria.
During IBD, firmicutes (especially Faecalibacterium prausnitzii) are decreased in favor of proteobacteria (C).[1]
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With regards to composition, we observed, in particular, a decrease in the count of bacteria belonging to the
firmicutes phylum with an increased count of those belonging to the proteobacteria phylum (Figure 1C).[1]
Faecalibacterium prausnitzii is one of the dominant bacteria in the firmicutes phylum, and in the human
intestinal microbiota overall. The amount of Faecalibacterium prausnitzii appears particularly reduced in
patients with IBD, especially those with Crohn’s disease, and it is observed that its levels may predict the risk
of relapse.[2,3]
It has also been shown that Faecalibacterium prausnitzii has anti-inflammatory effects via various mechanisms,
including the blockade of inflammatory pathways in intestinal epithelial cells and the stimulation of a specific
subpopulation of regulatory T lymphocyte expressing both CD4 and CD8 (Figure 2).[2,3, 10-13]
IBD pathogenesis, therefore, appears to be marked by complex interactions between microbiota, host genetics
and the environment.
Figure 2. Mechanisms involved in the anti-inflammatory action of Faecalibacterium prausnitzii.

COMPLEX HOST-MICROBIOTE INTERACTIONS IN IBD
Role of host genetics in the modulation of gut microbiota and IBD
In order to determine in humans whether the genetics of the host has an effect on the microbiota when
intestinal inflammation occurs, we recently studied the intestinal microbiota of patients with three types of
rare primitive immune deficiency inducing a phenotype that resembles IBD: chronic septic granulomatous,
XIAP deficiency and TTC7A deficiency.[14] These three genetic defects have extremely different consequences
in terms of immunity and epithelial cells, resulting from different mechanisms, but all are characterized by
IBD-like intestinal manifestations. The analysis showed a clustering of patients dependent on the causal gene
of their disease. Compared with the microbiota of healthy subjects, patients with TCC7A deficiency had an
increase in some proteobacteria and a decrease in firmicutes; patients with chronic septic granulomatosis had
a different signal, as did patients with a defect in XIAP.[14] In the microbiota of the latter, we observed among
the increased bacteria a majority of bacteria usually found in the oral microbiota.[14]
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Another characteristic that should be highlighted in patients with XIAP deficiency is the sharp increase in
Lactococcus garviae, a bacterium that is found only in this type of patient and which is a pathogen of seawater
fish.
These human data suggest that alterations of the microbiota in an inflammatory context are not related to
the sole intestinal inflammation and that dysbiosis is not only a non-specific process related to inflammation.
Host genes could also actively modulate dysbiosis, with, more specifically, an effect on the type of microbiota
alteration. These correlations must be tested in experimental murine models seeking causal relationships.
Causal relationship in the genetic interactions between host and microbiota in intestinal inflammation
CARD9 (Caspase Recruitment Domain 9) is one of the most important IBD-associated genes. It is an important
gene of innate immunity against many types of microorganisms. Expressed primarily in antigen-presenting
cells, CARD9 integrates signals downstream of innate immunity receptors.
To understand the role of this gene in intestinal inflammation, knockout mice for Card9 (Card9 KO) and nongenetically modified control WT mice were submitted to a DSS (Dextran Sodium Sulphate) colitis model.[15]
Card9 KO mice are more sensitive to DSS-induced colitis than unmodified mice, with a defect in the recovery
phase following the active inflammatory phase. The susceptibility to inflammation seen in Card9 KO mice
is transferable to WT mice via intestinal microbiota transfer. The mechanism involves a defect in tryptophan
metabolism by the microbiota of Card9 KO mice.[2]
In fact, some microbiota bacteria are known to be able to use tryptophan in the production of indole derivatives,
AhR receptor agonists (aryl hydrocarbon receptor) that stimulate this receptor on a number of epithelial or
immune cells. They have very important effects on intestinal homeostasis, especially in the production of
interleukin-22 and antimicrobial peptides. Activation of this pathway also promotes the integrity of epithelial
cells.
A defect in the tryptophan metabolism of Card9 KO mice microbiota induces decreased production of AhR
agonists, AhR pathway activation, production of interleukin-22 and antimicrobial peptides, disruption of
epithelial integrity, ultimately inducing greater susceptibility to inflammation.[15]
In order to evaluate whether the observations made in mice are relevant in humans, the stools of patients with
IBD and healthy subjects were analyzed, revealing that overall AhR agonist production capacity is decreased
in patients with MICI, including a decrease in indole-acetic acid.[15] These results show that host genes have an
effect on the composition and function of the gut microbiota, altering the production of microbial metabolites
and intestinal inflammation.
Altered microbiota: cause or consequence?
There is a long-standing question about the role of microbiota in IBD, but also in other diseases: are microbiota
abnormalities the cause or the consequence of the disease? The answer seems to be “both!”. The microbiota
does not change spontaneously, it changes due to certain factors. On the other hand, if some important
protective functions are lost, or if deleterious functions appear in a modified microbiota, both disease and
inflammation are promoted. In fact, it is now established that:
1) genetics and environmental factors have an impact on intestinal inflammation and on the microbiota, and
2) the inflammation impacts the microbiota, which itself has an effect on the disease. This induces a vicious
circle (Figure 3) that the treatment will have to target.
In terms of treatment, it appears necessary to block both pathogenic immune response and microbiota at the
same time (Figure 3). Current drugs act primarily on immunity but the microbiota is not targeted.
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Figure 3. Genetics, environment and microbiota in inflammatory bowel disease: the vicious cycle between inflammation and
dysbiosis of the microbiota. For real therapeutic efficacy in IBD, both targets of pathogenesis - inflammation and microbiota must be addressed.

A TREATMENT TARGETING THE GUT MICROBIOTA IN INFLAMMATORY BOWEL
DISEASES
The treatments proposed for targeting the gut microbiota are either conventional or next-generation probiotics,
antibiotics or drugs that target bacteria to block them, and fecal microbiota transplantation (FMT). FMT is
the replacement of the dysbiotic microbiota by a healthy microbiota. Currently the only indication for this
procedure is recurrent Clostridium difficile infection. With the exception of this indication, FMT takes place
only in a research setting.
Four randomized controlled trials conducted in IBD have been published.[16-19] In these studies, the objective
was to induce remission using FMT in patients experiencing an active inflammatory phase of their ulcerative
colitis. The published results are positive, with significant differences in three of the four trials. However,
there are some limitations: a great heterogeneity in the methods applied, small samples of patients, and lack
of maintenance data.
No randomized controlled trials within this arena have been published in Crohn’s disease. Nevertheless, a
randomized controlled pilot study was conducted at Saint-Antoine Hospital (Paris) but it has not yet been
published. This trial, which included a small number of patients experiencing a flare of Crohn’s disease, aimed
to target both the immune system and the microbiota. After corticosteroid induction of clinical remission,
patients were randomized to either FMT or dummy FMT. Follow-up was carried out over 6 months, with
gradual reduction of corticosteroid therapy, in order to obtain maintenance data. The results of this study
should be published shortly.
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COMMENTS, CONCLUSIONS
Given its proven role in IBD pathogenesis, the gut microbiota is now considered a potential therapeutic target.
New generation probiotics and FMT are actively being studied.
FMT appears to be an interesting therapeutic option, but it is not yet fully controlled. The main interest of FMT
studies carried out in IBD may be the identification of microorganisms, metabolites and microbial functions
conveying therapeutic effects. These may be simpler and more controlled therapeutic tools than FMT, such as
with the new generation probiotics including Faecalibacterium prausnitzii.
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