Learning to tell your friends from your foes by how you sample them.
Introduction

Problem one: knowing your friends and foes

Commensals inhabit the gut. They are actively tolerated

Why commensals are tolerated: usefulness

nutrients

antitoxins

pathogen related defenses: antibacterials, biofilm colonization occupancy

gut development and maintenance

But pathogens visit and need to receive a different immune response to commensals

Importance to IBD where an inflammatory response occurs to commensals

Problem two: why do TWO methods of gut sampling exist -- M-cells and intraepithelial dendritic cell protrusions?

Brief statement of conjecture

Commensals and pathogens have different evolved motility patterns to Intestinal Epithelial Cells (IEC)
These differences can be detected by contrasting the catches of two different methods of sampling, one biased towards pathogen motility (honey pot traps), and the other to that of commensals (random picking of biofilm)

M-cells and intraepithelial dendritic cell protrusions respectively have these different sampling biases

Mucosal immunity therefore has the opportunity to determine a microbe's commensality and pathogenicity by contrasting differences in its catchment by M-cells and intraepithelial dendritic cell protrusions

Friend foe recognition via molecules

Charles Janeway, PRRs and PAMPs

PAMP with PRR compartment isolation

subepithelial compartments

Intracellular compartment

basolateral vs. apical membranes of IEC

PAMPs and PRRs, however, provide inadequate, inaccurate and incomplete information for friend foe discrimination

Microbial evolved modification of PAMPs to evade PRRs (as shown, for example, by Helicobacter pylori flagellin and LPS with TLR5 and TLR4)

Commensals display PAMPs

Commensals use PAMPs to cross-talk with host gut function and development

Microbes such as Bacteroides fragilis and Escherichia coli (depending upon strain) can be commensals or pathogens

During injury and physiological stress, commensals can translocate across IEC into subepithelial and IEC basolateral compartments

The "wolves in sheep’s clothing"  problem. Without up backup validation, pathogens will evolve molecular mimics of commensal-IEC crosstalk
Friend foe recognition via microbe-IEC related motility

Commensals and pathogens have different evolved motility to IEC

The nature of evolved pathogen motility to IEC

Pathogens seek to locate, access, and invade the epithelium

Alternatively, pathogens seek to induce attaching and effacing lesions and/or secrete toxins

The nature of evolved commensal motility to IEC

Commensals seek to reside in biofilm "offshore" of the brush border

Alternatively, they attach to IEC without forming attaching and effacing lesions
Different microbe-IEC related motility allows selective friend foe sampling

(1) “honey pot traps”  that mimic easily invaded epithelium and trap a sample biased towards pathogens

(2) a random fishing  of microbes adjacent to the gut wall that is biased towards commensals

M-cells and intraepithelial dendritic cell sampling

Pathogen biased sampling by M-cells (lumen honey pot traps)

The "deceptive weakening" of M-cells to encourage pathogen invasive motility

M-cells lack a protective brush border/ glycocalyx and an "unstirred" mucus covering. This makes them  preferentially invaded by pathogens in advance of their invasion elsewhere

They occur on lumen flow disrupting "mounts" (dome regions of follicle-associated epithelium and Peyer's patches) 
Their apical microfold surface can catch mobile microbes by actin-dependent phagocytosis, and macropinocytotic engulfment

They lack surface markers that can alert pathogens that they are not IEC or mucus while providing ones with which they seek to attach

Active sampling of S-IgA (but do not secret it unlike IEC)

Below the trap are macrophages and lymphocytes ready to dispatch intrusive microflora (though many microbes have evolved means to trick them to gain entry)

Why M-cell sampling is not redundant with the sampling done by Intraepithelial dendritic cell protrusions

M-cells only exist at the cost of providing entry for many pathogens. This suggests there must be a specific advantage otherwise evolution would have their sampling function taken over by intraepithelial dendritic cell protrusions
Commensal biased sampling by Intraepithelial dendritic cell protrusions

Reasons why biased for commensals

Sampling occurs above IEC where commensals reside in biofilm

Protrusions are thin and can be evaded by mobile microbes

Protrusions carry distinctive markers that allow for their recognition by pathogens

Possible evidence for a role in commensal sampling Niess et al 2005

Friend foe information processing pathways

The need for post catchment information processing

The raw input provided by catchment is not 100% categorical due to "bycatch" -- indeed, most microbes sampled by M-cells will be commensals

Hence further information processing is required to convert a sampling bias into a categorical commensal/ pathogen distinction

The nature of mucosal friend foe information processing

Immunological interactions include those of a winner-takes-all competition type. Such competitive processes at antigen presentation could link pathogenicity and commensality to microbial antigens

APCs are proposed to vary with inhibitory and excitatory costimulatory factors linked to the origin of their antigen sampling. Such costimulatory factors would create APC competition that differentially activates lymphocytes towards a pathogen or commensal appropriate response.

A pathway schema of lymphocyte interactions is proposed. Research upon Crohn's disease argues Treg cells actively inhibit commensal Th1 response CD45RBlo T cells and this provides a possible interface where this information processing might take place

Key references behind the hypothesis (as of September 20, 2005)
1.
Xu, J. & Gordon, J.I. Inaugural Article: Honor thy symbionts. Proc Natl Acad Sci U S A 100, 10452-9 (2003).

2.
Sansonetti, P.J. War and peace at mucosal surfaces. Nat Rev Immunol 4, 953-64 (2004).

3.
Bouma, G. & Strober, W. The immunological and genetic basis of inflammatory bowel disease. Nat Rev Immunol 3, 521-33 (2003).

4.
Janeway, C.A., Jr. Approaching the asymptote? Evolution and revolution in immunology. Cold Spring Harb Symp Quant Biol 54 Pt 1, 1-13 (1989).

5.
Medzhitov, R., Preston-Hurlburt, P. & Janeway, C.A., Jr. A human homologue of the Drosophila Toll protein signals activation of adaptive immunity. Nature 388, 394-7 (1997).

6.
Iwasaki, A. & Medzhitov, R. Toll-like receptor control of the adaptive immune responses. Nat Immunol 5, 987-95 (2004).

7.
Viala, J. et al. Nod1 responds to peptidoglycan delivered by the Helicobacter pylori cag pathogenicity island. Nat Immunol 5, 1166-74 (2004).

8.
Mandell, L. et al. Intact gram-negative Helicobacter pylori, Helicobacter felis, and Helicobacter hepaticus bacteria activate innate immunity via toll-like receptor 2 but not toll-like receptor 4. Infect Immun 72, 6446-54 (2004).

9.
Rimoldi, M. et al. Intestinal immune homeostasis is regulated by the crosstalk between epithelial cells and dendritic cells. Nat Immunol 6, 507-14 (2005).

10.
Sonnenburg, J.L., Angenent, L.T. & Gordon, J.I. Getting a grip on things: how do communities of bacterial symbionts become established in our intestine? Nat Immunol 5, 569-73 (2004).

11.
Palestrant, D. et al. Microbial biofilms in the gut: visualization by electron microscopy and by acridine orange staining. Ultrastruct Pathol 28, 23-7 (2004).

12.
Sonnenburg, J.L. et al. Glycan foraging in vivo by an intestine-adapted bacterial symbiont. Science 307, 1955-9 (2005).

13.
Fleckenstein, J.M. & Kopecko, D.J. Breaching the mucosal barrier by stealth: an emerging pathogenic mechanism for enteroadherent bacterial pathogens. J Clin Invest 107, 27-30 (2001).

14.
Owen, R.L. & Jones, A.L. Epithelial cell specialization within human Peyer's patches: an ultrastructural study of intestinal lymphoid follicles. Gastroenterology 66, 189-203 (1974).

15.
Kraehenbuhl, J.P. & Neutra, M.R. Epithelial M cells: differentiation and function. Annu Rev Cell Dev Biol 16, 301-32 (2000).

16.
Neutra, M.R., Mantis, N.J. & Kraehenbuhl, J.P. Collaboration of epithelial cells with organized mucosal lymphoid tissues. Nat Immunol 2, 1004-9 (2001).

17.
Macpherson, A.J. & Harris, N.L. Interactions between commensal intestinal bacteria and the immune system. Nat Rev Immunol 4, 478-85 (2004).

18.
Rescigno, M. et al. Dendritic cells express tight junction proteins and penetrate gut epithelial monolayers to sample bacteria. Nat Immunol 2, 361-7 (2001).

19.
Niess, J.H. et al. CX3CR1-mediated dendritic cell access to the intestinal lumen and bacterial clearance. Science 307, 254-8 (2005).

20.
Schultz, M. et al. Green fluorescent protein for detection of the probiotic microorganism Escherichia coli strain Nissle 1917 (EcN) in vivo. J Microbiol Methods 61, 389-98 (2005).

