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Microbial communities in the gut

Microbial communities in the gut

Recognition of commensal motifs by host receptors downregulates inflammation and induce production of antimicrobial proteins (Reg3, a-defensins) and IgA :

• TLR2 of DCs recognizes polysaccharide A (PSA, capsular) of Bacteroides f. and induce regulatory T cells (Tregs, producing IL10).

• Bacteroides t. inhibits pro-inflammatory cytokines transcription by exporting NFB (p65) via PPARγ from epithelial cell nucleus.

• Sampling of commensal bacteria by CX3CR1+ mucosal dendritic cells induce the production and secretion of sIgA (neutralizing bacteria and toxins in the lumen). Salmonella as emblematic pathogenic enterobacteria • IL-1 and IL-18 (via caspase 1), IL-23

• IL-6 • TNF-a 21
First contact of Salmonella with intestinal epithelium

Epithelium response to Salmonella

The IL-23 -T H 17 axis:

• IL-23: production by TLR and NLR stimulated mucosal DCs  Salmonella Typhimurium: acylation of lipid A, modification with aminoarabinose.

Salmonella strategies of survival and dissemination

Live happy, live hiding : stay invisible from anti-bacterial factors  Persistance inside macrophages within phagosomes: inhibition of the fusion with lysosome.

 Probability of dissemination via circulating macrophages and dendritic cells.
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First contact of Salmonella with intestinal epithelium  Induction of apoptosis/pyroptosis in macrophages (via SipB on caspase1) and/or inflammatory response (IL-1).
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 TLR4 is critical for early cytokine production and killing of bacteria by macrophages. TLR4 and TLR2 are involved in the control of bacterial burden and the host survival1, 2

The fate of Salmonella after epithelial crossing  Important bacterial burden reduced by neutrophils: by production of ROS, nitric oxide, antimicrobial peptides,

Salmonella in circulating cells

 Salmonella does not multiply within DC but may stay and multiply within inactivated macrophages.

 Extra-intestinal dissemination of Salmonella within phagocytes/DC CD18+ 2 according to the serotype. In the spleen, 2 days after oral infection (in mice)

In the spleen, 5 days after oral infection (in mice)

Activation, probable emigration towards mucosal effector sites. Kirby et al. J. Immunol. 2002, 169:4450-4459. 32 Systemic response to infection, adaptive immunity

Lessons learned from murine models of Salmonella infection

Epithelial receptors towards immune cells:

• ICAM1: constitutive and up-regulated by Salmonella In gamma-interferon gene knock out mice (IFN- -/-), oral inoculation with an attenuated strain of Salmonella * :

• No resolution of the infection but septicemia in 2 weeks

• No increase in CD4+ and CD8+ T cell populations Comparison of chicken inbred lines divergently selected according to the level of Salmonella colonization in the caecum.

•
• Oral inoculation of S. Enteritidis.

• Analysis of bacterial burden: bacterial counts in the caecum.

• Analysis of expression of immune response target genes (in the caecal 
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  and Listeria engulf inside the cell, in a vacuole. • Microbial communities in the gut • Salmonella as emblematic pathogenic enterobacteria • First contact of Salmonella with intestinal epithelium -Initial steps -Epithelial sensing -Mucosal response • The fate of Salmonella after epithelial crossing • Systemic response to infection, adaptive immunity • Critical cytokine response: major role of IFN- Mucosal response to pathogenic enterobacteria 15 Epithelium sensing of Salmonella At the surface: LPS sensing by TLR4 -> signal transduced via MyD88 and TRIF. Intracellularly: Muramyl dipeptide (MDP) sensing by NLR NOD2; T3SS molecules sensing by NLR NOD1 and NOD2 -> signal transduced via CARD Kinase (RICK) Salmonella with intestinal epithelium When Salmonella reaches the sub-epithelial area: Flagellin sensing by TLR5 expressed -at the basolateral surface of epithelial cells => CCL20 prod 1 -at the surface of dendritic ¢ (CD11c+) of the lamina propria => IL23 prod Activation of NF-B pathway Flagellin sensing inside resident macrophages by NLRC4 2, 3 Activation of Caspase 1 (IL1 and IL18 secretion) • Microbial communities in the gut • Salmonella as emblematic pathogenic enterobacteria • First contact of Salmonella with intestinal epithelium -Initial steps -Epithelial sensing -Mucosal response • The fate of Salmonella after epithelial crossing • Systemic response to infection, adaptive immunity • Critical cytokine response: major role of IFN- Mucosal response to pathogenic enterobacteria 19 Production of chemokines attracting immune cells: • IL-8 (CXCL8) for neutrophils • MCP-1 (CCL2) for monocytes • MIP-1a (CCL3) for neutrophils and macrophages • CCL20 (MIP3a) for immature dendritic cells Correlates with histological observation of phagocytes infiltrate in infected intestinal lamina propria. Phagocytes called to fight. 20 Epithelium response to Salmonella First contact of Salmonella with intestinal epithelium Production of inflammatory cytokines:
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Salmonellosis, a major public health concern

  Associated to consumption of contaminated food products from animals

	Salmonella as emblematic pathogenic enterobacteria
	Meet, ham,  Two major Salmonella serotypes (more than 2/3 recorded Fish and saussages… derived strains), (poultry, pig, products S. Enteritidis 20,2% S.Typhimurium beef and others) 9,2%
	Ubiquist: many host animal species (by contrast to
	host specific serotypes inducing systemic typhoid disease) Sea food Cheese
	5,4%	4,6%
	 70% of foodborne outbreaks	
	 Stagnation of the sanitary situation since 5 years

• Enteric pathogens : Salmonellosis second most commonly reported zoonose, after campylobacteriosis, in humans (ECDC-EFSA source 2019: doi: 10.2903/j.efsa.2019.5926. European Union Summary Report on Zoonoses, EFSA Journal 2014;12(2):3547 9 •

major concern for veterinary and public health Salmonellosis : a One Health problem

  

	Eggs and
	egg-derived
	products
	22%
	Fruits and
	vegetables
	5,4%

• Causative contamnated food products in Europe in 2012 10 Salmonella as emblematic pathogenic enterobacteria Salmonellosis, a

contact of Salmonella with intestinal epithelium

  

	• Microbial communities in the gut
	• Salmonella as emblematic pathogenic enterobacteria
	• First -Initial steps
	-Epithelial sensing
	-Mucosal response

detection of bacterial products in the lumen: LPS by TLR4. Bacterial amyloid curli fibrils and lipoproteins by TLR2. Epithelial cell surface remodelling by Salmonella : to favor internalization by triggering process

  

	First contact of Salmonella with intestinal epithelium
	Initiated by adhesion (fimbriae of Salmonella)
	Involvement of the Type Three Secretion System (T3SS) of Salmonella,
	encoded by SPI1:
	•SipB + SipC form a « syringe » inside the host cell membrane.
	•SopE injected activates GTPases .
	•Actin polymerization stabilized par SipA , negative regulation by SptP.
	Induction of membrane remodelling, by modifications of
	cytoskeletton. Formation of pseudopodes and internalization
	Remark: If Salmonella is devoid of TTSS, entry by « zippering process ».
	13
	Initial steps
	 Luminal capture by
	dendritic cells (dendrites
	expressing tight junction
	components) 1 .
	 Active entry through M
	cells and epithelial cells:
	Salmonella TTSS

• The fate of Salmonella after epithelial crossing • Systemic response to infection, adaptive immunity • Critical cytokine response: major role of IFN- Mucosal response to pathogenic enterobacteria 11 First contact of Salmonella with intestinal epithelium 1 Rescigno M. et al., Nat. Immunol. 2001, 2: 361-367.

12  Possible

Initial steps Comparison between Salmonella, Listeria and Shigella Once inside, Listeria destroys the vacuole (with LLO) to reach the cytoplasm, aggregates actin (with ActA) to move in the cell and to neighbor cells (like Shigella).

  

	LLO: listeriolysin	Salmonella in the vacuole, inhibits fusion with lysosome
	EE: early endosome LE: late endosome Ly: lysosome	(via Rab5 et 7), survives and multiplies using genes encoded by SPI2.
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First contact of Salmonella with intestinal epithelium

Epithelium response to Salmonella The IL-23 -T H 17 axis: amplification of host defense mechanisms

  

	Defensin response: important antibacterial weapon of
	epithelium
	 FliC (flagellar protein) of Salmonella Enteritidis induce HBD2
	IL-22  Matrilysin MMP7 (maturation of a-defensins) KO mice •IL-23: stimulates T H 17, NKT, dT and ILC to produce IL-17 and expression in Caco-2 epithelial cells
	Susceptibility to lethal infections by
	•IL17 and IL22: stimulate epithelial cells to proliferate (tissue Salmonella Typhimurium
	repair), to produce lipocalin2 and calprotectin 1,2 , Fe3+ and Low efficiency in the clearance of entero-Zn2+ chelators, and to produce antimicrobial defensins pathogenic bacteria
	 Transgenic mice for the gene of human a-defensin HD5
	Resistant to pathogenisc effects of Salmonella
	Typhimurium 1

•IL-17 induces CXC chemokines-dependent recruitment of neutrophils 1 Behnsen J et al, 2014, Immunity, 40 (2): 262-73. 2 Dixon BR et al, 2016, PLOS One, 11(2):e0148514. doi: 10.1371 22 First contact of Salmonella with intestinal epithelium Godinez I et al, 2011, Cellular Microbiology, 13(11): 1639-47. 1 Salzman et al, 2003, Nature, 422:522 23 First contact of Salmonella with intestinal epithelium

Salmonella strategies of escape from defensins

  

 Salmonella Typhimurium: negative regulation of a-defensins and lysozyme expression (dependent on PhoP virulence regulator).

on the activation state of phagocytes: neutrophils, macrophages and dendritic cells

  

	Mucosal response to pathogenic enterobacteria
	• Microbial communities in the gut
	• Salmonella as emblematic pathogenic enterobacteria
	• First contact of Salmonella with intestinal epithelium
	-Initial steps
	-Epithelial sensing
	-Mucosal response
	• The fate of Salmonella after epithelial crossing
	• Systemic response to infection, adaptive immunity
	• Critical cytokine response: major role of IFN-
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Dependent

 Salmonella is taken up by macrophages and/or dendritic cells.

 Bacterial survival in macrophages if non activated. Salmonella blocks oxidative burst (inhibition of NADPH oxidase) by SPI2.
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Intestinal carriage of Salmonella in birds

Poultry is a reservoir for Salmonella:

• Contamination of the food chain (eggs, meat).

• Colonisation of the digestive tract of birds by S. Enteritidis, contamination poultry flocks.

• Chicks are susceptible to the infection : more young the animals are, more high is the level of mortality.

• Chickens and adults : intestinal persistence in the caecum, asymptomatic with fecal shedding.

• Horizontal transmission (between congeneers).

• Vertical transmission (hen to eggs).

42

Means of fight:

• Genetic selection of resistant animals • In absence of former systemic and of collateral infection.

 Heterogeneous levels of intestinal colonisation (Low Shedders/ Super Shedders) 1 :

• When transmission is reduced between congeners.

 Low shedding phenotype is intrinsic : linked to the chick • By blockage of the colonisation. P et al., Environmental Microbiology, 2018. 60 Insights into protective role of microbiota Kempf F et al., Environmental Microbiology, 2020. 
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