Dysbiosis in patients suffering CDI

Germination inhibitor profile

Germination stimulating profile Theriot et al., mSphere, 2016;Palmieri, Front Microbiol, 2018;Solbach et al., PlosOne, 2018;Weingarden et al., Am J Physiol Gastrointest Liver Physiol, 2013;Mullish et al, Gut, 2019 

Correlation between susceptibility profile of rodents and decreased II bile acids

In mice, whatever the antibiotic used 

••

  Decrease of the richness and the diversity of the microbiota • Decrease of several butyrate-producing members of Ruminococcaceae and Lachnospiraceae (Firmicutes) ; decrease of some genera of Bacteroidetes and of Bifidobacterium (B. longum) • Increase of γ-Proteobacteria (Enterobacteriaceae) and of Enterococcus genera Results food poisonning and infection by V. cholerae, n=7) Gastrointestinal disturbances, regardless of their aetiology, trigger susceptibilty to C. difficile colonization and shedding.

•

  Bt releases sialic acid from mucines with no later degradation • Presence of a nan operon involved in the catabolism of sialic acid in the genome of C. difficile Ng et al., Nature, 2013 16 16 Colonization Quantification of C. difficile in ceacal contents of dixenic mice Bt mutant (sialidase deleted) Bt favors gut colonization by Cd, hypothetically thanks to the release of sialic acid Impact of sialic acid suplemented diet Bacterial cooperation in a dixenic mouse model: Bacteroides thetaiotaomicron /C. difficile Jenior et al., mSphere, 2017; Jenior, mSphere, 2018 Same colonisation level of CD regardless of inducing antibiotic therapy, but adaptation to a unique environment is evident through sporulation and toxin production 18h post-infection Omics approaches in conventionnaly reared mice A mix of 5 GlcNAc and/or NeuAc bacterial utilizers was identified. BacMix addition in a medium supplemented with the two sugars significantly lower C. difficile titers in contrast with the same medium without sugars. This suggests that depletion of these nutrient sources impacts C. difficile growth. The expression of C. difficile genes critical for the catabolism of NeuAc and/or GlcNAc (nanT, nagA, and nagB) was consistently increased in the presence of two sugars. Moderate C. difficile decrease in a mouse model. Can depletion of NeuAc and GlcNAc by selected commensals reduce C. difficile growth in vitro/in vivo ? Stickland acceptors (e.g proline, glycine) were lower in every C. difficile-colonized environment (trend or significant decrease) Stickland donors were significantly lower under all infected conditions (except in streptomycinpretreated mice). These results supported the hypothesis that amino acids are an important energy source for C. difficile during infection. Jenior et al., mSphere, 2017; Robinson, J Clin Invest, 2019 Hryckowian et al., Nat Microbiol, 2018 Humanized mice were fed either a diet containing a complex mixture of MACs (Microbiota Accessible Carbohydrates), or two diets MAC-deficient (MD). Mice fed the MD diets show persistent c. difficile colonization while mice fed the MAC+ diet clear the pathogen within 10 days of infection. The MAC diet was correlated with an increase of the microbiota diversity and an increase of SCFA levels, that negatively impact C. difficile growth. 20 Manipulation of nutrient availability thanks to the diet can modulate the host susceptibility to C. difficile Inhibition by several SCFA (acetate and butyrate) producers Ghimire et al., mSystems, 2020 Several butyrate-producers have been shown to inhibit the in vitro growth of C. difficile Identification of several bacteria inhibiting C. difficile growth by combination of phenotypic experiments and genomic analysis of microbiota sampled from significantly decreased in healthy patients that took antibiotics and even more in patients suffering CDI as compared to people with no antibiotic exposure and no CDI. Janoir et al., Infect Immun, 2013; Jenior et al., mSphere, 2017; Fletcher et al, mSphere 2019; Fletcher et al.., ACS Infect Dis, 2020 Mucin monosaccharides cleaved by commensal mucin foragers support C. difficile growth Am, Akkermansia muciniphila; Bt, Bacteroides thetaiotaomicron; Rt, Ruminococcus torques bacteria are embedded in a 3D-structure adherent to the mucus Mucus can serve as binding support for development of microcolonies Immunohistochemistry on gut sections of C. difficile mono-Soavelomandroso et al., Front Microbiol, 2017 The strain R20291 forms patchy biofilms at the surface of the mucus layer Dubois et al., Npj Biofilms, 2019; our unpublished data In vitro C. difficile biofilm and in vivo microcolonies can be induced by subinhibitory concentrations of DOC… Growth inhibition In murine axenic model, the production of C. difficile biofilm is enhanced by C. scindens Adaptive response raised against colonization factors suggesting it could protect against colonization Drudy et al., FEMS IMM, 2004 ; Wright at al., JMM, 2008 ; Péchiné et al., JMM, 2005 ; Bruxelle, Mizrahi et al., Anaerobe, 2016 ; Péchiné et al., Vaccine, 2007 Antibodies tiers in patients suffering CDI vs. healthy control of C. difficile clearance in 4 groups of mice from two different genetic backgrounds and housed separately In the two groups, clearance was associated with a higher amount of 2 OTUs belonging to the Lachnospiraceae family, regardless of the immune status of mice IL-22 favors growth of Phascolarcobacterium spp.: major consumers of succinate Nagao-Kitamoto et al., Nat Med, 2020 An example of the cross-talk between the microbiota and the immune response that impacts host colonization by C. difficile The microbial induction of IL-22 is critical for the prevention of C. difficile colonization in human microbiota-associated C57Bl/6 mice IL-22, induced by the gut microbiota, promotes the expression of host glycosyltransferases and further Nglycosylation of mucins, used, as succinate, as a nutrient to support the growth of Phascolarcobacterium. Depletion of succinate thus impairs the growth of C. difficile. The figure schematically portrays structures of four size classes of mucins as well as consensus structures for syndecans and integrins. All extracellular portions of these molecules are roughly drawn to scale. Blue squiggles represent O-linked oligosaccharides while red squiggles represent glycosaminoglycans. Integrins, syndecans and most other all surface receptors do not extend beyond 50 nm from the cell surface; however, with the exception of MUC13, mucins extend much farther due to the extende3d structures contributed by the praline-rich heavily O-glycosylated tandem repeat domains. MUC1 and MUC4 are the largest transmembrane mucins, extending >200 nm from the cell surface. The ectodomain structures of MUC16 and MUC17 are considerably shorter than those of MUC1 and MUC4, but still much larger than other surface glycoproteins. Soluble mucins, such as MUC2, 5AC, 5B and 19 are even larger, reading 500-100 nm in length.

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Shedding of C. difficile in feces of mice fed with increasing quantities of laxatives while they were exposed to non-pathogenic C. difficile spores. What consequence(s) of dysbiosis is(are) responsible for the alteration of the barrier effect? 1-Dysbiosis and bile acids

  

	Conjugated primary
	bile acids
	Primary bile acids

Wilson

KH, JCM, 1983 ; Sorg et al., J Bacteriol, 2008 ; Francis et al., Plos Path, 2013; Abt et al., Nat Rev Microbiol, 2016 11 11 

Secondary bile acids baiCD I bile acids II bile acids bsh Liver Bacterial metabolization Bile acids Effect on germination Effect on vegetative forms

  

	I	Cholate Chenodéoxycholate	Germinant Inhibitor	No effect Inhibitor
		Déoxycholate	Germinant +/-	Inhibitor
	II	Lithocholate	Inhibitor	-
		UDCA	Inhibitor	-

Primary bile acids Secondary bile acids Liver Bile salt hydrolases 7α-dehydroxylases Wilson

  

KH, JCM, 1983 ; Sorg et al., J Bacteriol, 2008 ; Francis et al., Plos Path, 2013; Abt et al., Nat Rev Microbiol, 2016 

12 12 Conjugated primary bile acids Bile salt hydrolases Primary bile acids Secondary bile acids 7α-dehydroxylases baiCD I bile acids II bile acids bsh Liver Bacterial metabolization Bile acids Effect on germination Effect on vegetative forms I Cholate Germinant No effect

  

		Chenodéoxycholate	Inhibitor	Inhibitor
		Déoxycholate	Germinant +/-	Inhibitor
	II	Lithocholate	Inhibitor	-
		UDCA	Inhibitor	-

Primary bile acids Secondary bile acids Liver 1-Dysbiosis and bile acids CA CDCA Germination inhibitor profile CA CDCA Germination stimulating profile DCA LTA Inhibition of germination and growth Transformation of primary BA by microbiota Without antibiotic With antibiotic CA CDCA CA CDCA CA Germination stimulation No transformation of primary BA microbiota 13 13 Britton

  & Young, Gastroenterology, 2014 ; Thériot et al., mSphere, 2016 ; Parades-Sabja et al., Trends Microbiol, 2014 

* p<0.05 between WT and mutant (Mann-Whitney test)