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Sansonetti pioneered cellular microbiology by designing a novel multidisciplinary framework to
decipher the complex molecular cross-talks engaged between the invasive bacterium Shigella
and its host, supporting the occurrence of dysentery. With his group, he achieved ground-
breaking contributions encompassing a unique combination of basic, applied, and clinical
research, and capitalizing on his deciphering of the strategies used by Shigella to escape host
immune responses, he could identify essential intracellular molecules and pathways sensing
and responding to pathogens.

Contributions in basic research:

Sansonetti established Shigella as a unique model to study invasive pathogens. By discovering
the Shigella virulence plasmid encoding cell invasion via a Type lll secretion system (T3SS)
and its dedicated effectors (1-9), and by providing the first exhaustive identification of the
genetic sequences (plasmid and chromosome) allowing this invasive pathogen to disrupt and
invade the intestinal epithelium (10, 11) (12-14). He developed cell assay systems that led to
discovery and characterization of key phenotypes like actin-dependent bacterial entry into
epithelial cells and bacterial escape into the cytosol (15, 16), followed by actin-dependent
intracellular motility and cell-to-cell spread (17, 18). In the following years, he deciphered the
fine molecular signals leading to actin assembly, organization and disassembly supporting the
dynamics of bacterial entry foci and cytosolic motility (19-36). He also identified essential
mechanisms linking inflammatory destruction of the epithelium to development of the invasive
process, i.e. he was the first to discover a caspase-1-dependent, proinflammatory apoptosis
process of macrophages triggered by invasive Shigella, a prelude to pyroptosis and the
inflammasome (37-42), and to describe the pro-inflammatory reprogramming of epithelial cells
themselves, also linked to expression of the Shigella invasive phenotype (43). He eventually
provided a unique integrative view of infection, in vitro and in vivo (44), leading to better
understanding how the host senses the bacterial danger and how the pathogen uses and
subverts innate immune responses to respectively disrupt the epithelial barrier and survive
humoral and cellular immune effectors (45-50). This succession of original discoveries set the
basis of the novel model of interdisciplinary study of infections called “cellular microbiology”.

In the past twenty years, they have unraveled several novel concepts:

- Intracellular sensing of bacteria, leading to the discovery of Nod molecules as cytosolic
sensors, and bacterial muropeptides as their proinflammatory agonists (51-53).

- Identification and analysis of a battery of T3SS effectors regulating host responses by post-
translational modifications (i.e. phosphorylation, dephosphorylation, ubiquitylation) of
molecules in the NF-kB and MAP-Kinase pathways, engaging genetic and epigenetic
repression of innate immunity gene expression (54-58). His group showed that transcription of
the plasmid genes encoding these effectors (i.e. ospG, ospF and several ipaH genes) is under
the control of T3SS activation sensing via MxiE, a transcriptional activator (59). In addition, we
could also show that Shigella has developed capacities to subvert essential mechanisms of
cell homeostasis such as sumoylation (60) and autophagy (61, 62).

- Subversion of cellular mechanisms of secretion by Shigella, involving Golgi disruption and
receptor recycling arrest (63), and demonstration, with Salmonella, of the essential role of villin
in engaging disruption of the apical epithelial brush border in preparation of entry (64).

- Manipulation of connexin-based hemichannel functions of ATP secretion modulating cell
surface dynamics and strongly repressing danger signals that warn the host of epithelial
engagement by a pathogen (65). However, beyond their initial demonstration that Shigella
strongly affects innate immune responses, including expression of epithelial antimicrobial
peptides (66), thereby increasing its survival chances in front of inflammation caused by its
invasive phenotype, they showed that Shigella also subverted adaptive immunity by engaging
effector cells such as T and B lymphocytes.



- Blocking of T-cell migration by hydrolysis of PI1(4,5)P2 (67, 68) and apoptotic killing of B cells
by a secreted effector, IpaD (69), both contributing to Shigella creating a strong
immunosuppressive environment (70). These studies have led to the « kiss and run » concept
whereby Shigella engages and injects T3SS effectors into lymphocytes without getting into the
dead end of cellular invasion, thereby amplifying its immunosuppressive capacity (71).

- In the more recent years, Sansonetti also engaged in identifying the environmental conditions
faced by Shigella when reaching the gut epithelial surface and developed elegant reporter
strains to explore these conditions and how the bacteria adapt accordingly. This led, for
instance, to the recognition of the presence of oxygen at the epithelial surface and the major
role plaid by Fnr, the bacterial sensor of oxygen tension in regulating the function of the T3SS
(72). By engineering a reporter strain in which expression of a fast-folding/fast quenching GFP
was put under the control of a mxiE-sensitive promoter that is active only upon activation of
the T3SS, he could demonstrate that the T3SS was functional only during the phases of
engagement of the plasma membrane for entry and cell-to-cell spread (73).

- More recently, he developed an innovative method combining global analysis of Shigella
infection foci in the Guinea pig colon, a model that he showed is susceptible to shigellosis. By
combining tiled confocal imaging of the colonic tissue with “machine learning” and big data
management, they demonstrated that Shigella primarily invades the epithelial crypt (74), a key
structure that accounts for epithelial regeneration. They also demonstrated that Shigella sonnei
harbors and uses a Type 6 secretory system (T6SS) that allows its ecological substitution to
the expense of resident Escherichia coli. A clear demonstration that subversion of the
microbiota is an obligatory first step of colonisation/invasion of the mucosal surface for a
pathogen (75). These successive discoveries represent a true “second breath” of Shigella
research and are of more global value in the study of bacterial pathogenesis, leading to the
renewed concept of “cellular microecology”.

Shigella vaccine development:

Sansonetti was first to develop a vaccine against shigellosis by rational genetic attenuation of
virulence based upon the knowledge his group had accumulated on the genetic bases of cell
and tissue invasion (76). These candidate vaccines have successfully gone through phase 1
and 2 clinical trials in USA, UK and France (77-82). In 2009, he was successful in being
awarded the coordination of a major European-Union funded grant (12 million Euros) -
STOPENTERICS - to hasten the conception and clinical development of a novel generation of
vaccines against Enterotoxigenic Escherichia coli (ETEC) and Shigella, the two major causes
of severe enteric infections in the developing world. Following this program, a novel prototype
of conjugate vaccine in which the somatic/serotype specific O-polysaccharides are chemically
synthesized (83, 84) has now completed a phase 1 trial at Tel Aviv University Vaccine Center
(85), showed strong immunogenicity to such a level that the Bill and Melinda Gates has
decided to fund its completion (4 serotypes) and the necessary future clinical trials: a challenge
study is on its way as well as a large phase Il study in sub-Saharan Africa.

Gut microbiome, from homeostasis to disease:

In the past 12 years, thanks to the support of the Howard Hughes Medical Institute and the
successive award of two prestigious European Council (ERC) Advanced grants respectively
called HOMEOEPITH and DECRYPT, Sansonetti started to tackle the field of bacterial
symbiosis, with the aim of switching it from descriptive metagenomics to a true mechanistic
“cellular microbiology of symbiosis”, capitalizing on their work on pathogens to identify the
molecular cross-talks achieving symbiotic/mutualistic interactions between the gut mucosa
and the microbiome - “from metagenomics to experimentomics”- particularly how bacteria of
the gut microbiome regulate epithelial homeostasis.

They have developed essential tools, such as exhaustive mutant libraries, and entered the
field of “culturomics” to be able to functionally analyze uncultivable microbes. Here are two
examples:

- Global mutagenesis of the genome of a bona fide symbiont, Lactobacillus casei, thereby
providing the first genome-wide functional analysis of a symbiont’s colonization of the gut (86).



- Breakthrough development of a technique of in vitro growth of the pathobiont “segmented
filamentous bacterium” (SFB), a pioneer gut colonizer that primes the maturation of the gut
mucosal immune system (87).

He also demonstrated essential/original basic mechanisms governing maintenance of the gut-
microbiota homeostasis such as:

- Unraveled an epigenetic mode of regulation controlling the expression of antimicrobial
peptides that are potent regulators of the microbiota balance. This discovery opens the way to
use epigenetic pharmacology to explore the capacity to enhance epithelial antimicrobial
peptides expression in circumstances requiring increased protection at the mucosal surface
(88).

- He was also first to show that muramyl-dipeptide (MDP) and peptidoglycan from the
microbiota exert a potent cytoprotective effect upon gut stem cells which express a high level
of Nod2, the cytosolic receptor for MDP submitted to cytotoxic/genotoxic stress (89). This
breakthrough discovery opens the way to better understanding of the role of the microbiota in
regulating epithelial regeneration. It also opens a novel angle to the pathogenesis of Crohn’s
disease that may be more of a pathology of delayed epithelial repair following an injury (90). A
recent contribution of his group illuminated the cytoprotective mechanism by demonstrating
that axtivation of the Nod2 cascade in stem cells elicited autophagy/mitophagy, hence
protecting stem cells against the deleterious effect of oxygen radicals produced under
genotoxic stress (91).

- By combining LASER-capture microdissection on murine cecal and colonic tissue sections,
DNA extraction, pyrosequencing and 16S metataxinomics, Sansonetti identified a “crypt-
specific core microbiota” dominated by a set strictly aerobic, non-fermentative bacterial genus
belonging in large majority to Acinetobacter, Delftia and Stenotrophomonas genera (92). They
were able to grow these microorganisms and confirmed their presence in the cecal/colonic
crypts in wild rodents, thereby eliminating a breeding bias. They demonstrated that endotoxins
from CSCM members were the dominant crypt bacterial agonists causing necroptosis of stem
cells and progenitor/proliferative cells, and accelerated differentiation of mature/non-cycling
cells (93). On these bases, He proposed a theory according to which a limited set of
environmental bacteria have been engaged by co-evolution in a potent symbiotic interaction
that regulates epithelial proliferation/differentiation and protects the intestinal crypt against
microbial and genotoxic aggressions.

This innovative work has implications in the regulation of epithelial development and repair —
particularly following cytotoxic stress - and addresses issues such as chronic intestinal
inflammation and rupture of the epithelial barrier in conditions of imbalanced diet, i.e. high fat
diet leading to quick and major combination of gut dysbiosis and collapse of epithelial
impermeability (94). This work is also relevant to the pathogenesis of colorectal cancer which
appears to involve the combination of a dysbiosis and the excessive presence of certain
pathobionts like Streptococcus gallolyticus whose overgrowth capacity is explained by its
production of a colicin that causes its ecological substitution to the expense of enterococci and
other firmicutes in conditions of high concentration of secondary bile salts that is caused by
the oncogenic environment (95). This is a novel angle in studies of the host-microbe
relationship.

Sansonetti’'s more recent work has progressed in defining the dysbiosis accompanying the
development of colorectal cancer in humans. They have shown that upon transplantation to
mice, samples of dysbiotic stools from CRC patients caused crypt aberrations and epigenetic
modifications corresponding to hypo/hyper methylation in promoters of tumor suppressor and
oncogenic genes similar to those observed in patients. A cellular microbiology of CRC is on its
way (96).

- Last but not least, they have shown an important role plaid by the microbiota in controlling
absorption of micelled alimentary lipids. Major bacterial effectors accounting for the control of
lipid absorption have been identified (97). This work has possible implications in infant nutrition,
considering the high concentration of lipids in maternal milk, and in adults to better control
cardiovascular risk in relation to the qualitative and quantitative parameters of absorbed lipids.



Translational research:

On these bases, in addition to our vaccine programs, we develop several translational projects
such as:

- A discovery program of molecules stimulating the expression of epithelial antimicrobial
peptides. As above-mentioned, our recent evidence indicate that induction of antimicrobial
peptides expression is strongly controlled by epigenetic mechanisms that are relaxed by
epigenetic drugs such as HDAC inhibitors (88).

- A parallel clinical study on gut bacterial translocation in leukemic patients in bone marrow
aplasia following chemotherapy and how it relates to the bactericidal role of antimicrobial
peptides. Such patients would be candidates for therapeutic strategies enhancing barriers
protection by inducing high levels of antimicrobial peptides (Wyplosz et al. manuscript in
preparation).

Sansonetti has also completed an ambitious study of the pathogenesis of child stunting and
associated Pediatric Environmental Enteropathy (PEE) in sub-Saharan Africa (Central African
Republic and Madagascar). It is the first etiology of malnutrition in infants in low-income areas
and responds to small intestinal overgrowth (SIBO) of a dysbiotic microbiota whose
composition is unknown. This dysbiosis is considered responsible for low-grade chronic
mucosal inflammation and intestinal atrophy that reduces digestive and absorptive capacities
in the duodeno-jejunum. Their study —MICROBIOTA — was largely aimed at identifying the
composition of this dysbiosis and, in this basis, disentangle the pathogenesis of PEE and offer
biomarkers for early detection, as well as preventive and therapeutic solutions to eliminate
stunting and psychomotor retardation that are the dominant consequences of PEE. Their
results show massive proliferation of oro-pharyngeal bacterial taxa in the duodenum and a
signature of this dysbiosis of the upper intestinal tract can be found in the feces in comparison
with matched non-stunted children (98).

In summary, Sansonetti has made outstanding basic discoveries that have forged the
multidisciplinary field of microbial pathogenesis, while also developing translational
research programs largely aimed at improving health of children in the most
impoverished areas of the planet, well in line with the Pasteurian tradition.

References (Selection corresponding to contributions cited in the above biosketch in
chronological order):

1. Sansonetti PJ, Kopecko DJ, Formal SB. Shigella sonnei plasmids: evidence that a large
plasmid is necessary for virulence. Infect Immun. 1981;34(1):75-83.
2. Ménard R, Sansonetti PJ, Parsot C. Nonpolar mutagenesis of the ipa genes defines

IpaB, IpaC, and IpaD as effectors of Shigella flexneri entry into epithelial cells. J Bacteriol.
1993;175(18):5899-906.

3. Demers B, Sansonetti PJ, Parsot C. Induction of type Il secretion in Shigella flexneri
is associated with differential control of transcription of genes encoding secreted proteins.
Embo j. 1998;17(10):2894-903.

4, Blocker A, Gounon P, Larquet E, Niebuhr K, Cabiaux V, Parsot C, et al. The tripartite
type lll secreton of Shigella flexneri inserts IpaB and IpaC into host membranes. J Cell Biol.
1999;147(3):683-93.

5. Mavris M, Page AL, Tournebize R, Demers B, Sansonetti P, Parsot C. Regulation of
transcription by the activity of the Shigella flexneri type Il secretion apparatus. Mol Microbiol.
2002;43(6):1543-53.

6. van der Goot FG, Tran van Nhieu G, Allaoui A, Sansonetti P, Lafont F. Rafts can trigger
contact-mediated secretion of bacterial effectors via a lipid-based mechanism. J Biol Chem.
2004;279(46):47792-8.




7. West NP, Sansonetti P, Mounier J, Exley RM, Parsot C, Guadagnini S, et al.
Optimization of virulence functions through glucosylation of Shigella LPS. Science.
2005;307(5713):1313-7.

8. Enninga J, Mounier J, Sansonetti P, Tran Van Nhieu G. Secretion of type Il effectors
into host cells in real time. Nat Methods. 2005;2(12):959-65.

9. Paz I, Sachse M, Dupont N, Mounier J, Cederfur C, Enninga J, et al. Galectin-3, a
marker for vacuole lysis by invasive pathogens. Cell Microbiol. 2010;12(4):530-44.

10. Sansonetti PJ, Hale TL, Dammin GJ, Kapfer C, Collins HH, Jr., Formal SB. Alterations
in the pathogenicity of Escherichia coli K-12 after transfer of plasmid and chromosomal genes
from Shigella flexneri. Infect Immun. 1983;39(3):1392-402.

11. Maurelli AT, Baudry B, d'Hauteville H, Hale TL, Sansonetti PJ. Cloning of plasmid DNA
sequences involved in invasion of HelLa cells by Shigella flexneri. Infect Immun.
1985;49(1):164-71.

12. Maurelli AT, Sansonetti PJ. ldentification of a chromosomal gene controlling
temperature-regulated expression of Shigella virulence. Proc Natl Acad Sci U S A.
1988;85(8):2820-4.

13. High N, Mounier J, Prévost MC, Sansonetti PJ. IpaB of Shigella flexneri causes entry
into epithelial cells and escape from the phagocytic vacuole. Embo j. 1992;11(5):1991-9.

14. Buchrieser C, Glaser P, Rusniok C, Nedjari H, D'Hauteville H, Kunst F, et al. The
virulence plasmid pWR100 and the repertoire of proteins secreted by the type Ill secretion
apparatus of Shigella flexneri. Mol Microbiol. 2000;38(4):760-71.

15. Sansonetti PJ, Ryter A, Clerc P, Maurelli AT, Mounier J. Multiplication of Shigella
flexneri within HelLa cells: lysis of the phagocytic vacuole and plasmid-mediated contact
hemolysis. Infect Immun. 1986;51(2):461-9.

16. Clerc P, Sansonetti PJ. Entry of Shigella flexneri into HeLa cells: evidence for directed
phagocytosis involving actin polymerization and myosin accumulation. Infect Immun.
1987;55(11):2681-8.

17. Bernardini ML, Mounier J, d'Hauteville H, Coquis-Rondon M, Sansonetti PJ.
Identification of icsA, a plasmid locus of Shigella flexneri that governs bacterial intra- and
intercellular spread through interaction with F-actin. Proc Natl Acad Sci U S A.
1989;86(10):3867-71.

18. Mounier J, Vasselon T, Hellio R, Lesourd M, Sansonetti PJ. Shigella flexneri enters
human colonic Caco-2 epithelial cells through the basolateral pole. Infect Immun.
1992;60(1):237-48.

19. Dehio C, Prévost MC, Sansonetti PJ. Invasion of epithelial cells by Shigella flexneri
induces tyrosine phosphorylation of cortactin by a pp60c-src-mediated signalling pathway.
Embo j. 1995;14(11):2471-82.

20. Ménard R, Prévost MC, Gounon P, Sansonetti P, Dehio C. The secreted Ipa complex
of Shigella flexneri promotes entry into mammalian cells. Proc Natl Acad Sci U S A.
1996;93(3):1254-8.

21. Adam T, Giry M, Boquet P, Sansonetti P. Rho-dependent membrane folding causes
Shigella entry into epithelial cells. Embo j. 1996;15(13):3315-21.

22. Egile C, d'Hauteville H, Parsot C, Sansonetti PJ. SopA, the outer membrane protease
responsible for polar localization of IcsA in Shigella flexneri. Mol Microbiol. 1997;23(5):1063-
73.

23. Tran Van Nhieu G, Ben-Ze'ev A, Sansonetti PJ. Modulation of bacterial entry into
epithelial cells by association between vinculin and the Shigella IpaA invasin. Embo j.
1997;16(10):2717-29.

24. Duménil G, Olivo JC, Pellegrini S, Fellous M, Sansonetti PJ, Nhieu GT. Interferon alpha
inhibits a Src-mediated pathway necessary for Shigella-induced cytoskeletal rearrangements
in epithelial cells. J Cell Biol. 1998;143(4):1003-12.

25. Tran Van Nhieu G, Caron E, Hall A, Sansonetti PJ. IpaC induces actin polymerization
and filopodia formation during Shigella entry into epithelial cells. Embo j. 1999;18(12):3249-
62.



26. Mounier J, Laurent V, Hall A, Fort P, Carlier MF, Sansonetti PJ, et al. Rho family
GTPases control entry of Shigella flexneri into epithelial cells but not intracellular motility. J
Cell Sci. 1999;112 ( Pt 13):2069-80.

27. Egile C, Loisel TP, Laurent V, Li R, Pantaloni D, Sansonetti PJ, et al. Activation of the
CDCA42 effector N-WASP by the Shigella flexneri IcsA protein promotes actin nucleation by
Arp2/3 complex and bacterial actin-based motility. J Cell Biol. 1999;146(6):1319-32.

28. Bourdet-Sicard R, Rudiger M, Jockusch BM, Gounon P, Sansonetti PJ, Nhieu GT.
Binding of the Shigella protein IpaA to vinculin induces F-actin depolymerization. Embo j.
1999;18(21):5853-62.

29. Skoudy A, Mounier J, Aruffo A, Ohayon H, Gounon P, Sansonetti P, et al. CD44 binds
to the Shigella IpaB protein and participates in bacterial invasion of epithelial cells. Cell
Microbiol. 2000;2(1):19-33.

30. Rathman M, de Lanerolle P, Ohayon H, Gounon P, Sansonetti P. Myosin light chain
kinase plays an essential role in S. flexneri dissemination. J Cell Sci. 2000;113 Pt 19:3375-86.
31. Niebuhr K, Jouihri N, Allaoui A, Gounon P, Sansonetti PJ, Parsot C. IpgD, a protein
secreted by the type lll secretion machinery of Shigella flexneri, is chaperoned by IpgE and
implicated in entry focus formation. Mol Microbiol. 2000;38(1):8-19.

32. Niebuhr K, Giuriato S, Pedron T, Philpott DJ, Gaits F, Sable J, et al. Conversion of
PtdIns(4,5)P(2) into Ptdins(5)P by the S.flexneri effector IpgD reorganizes host cell
morphology. Embo j. 2002;21(19):5069-78.

33. Tran Van Nhieu G, Clair C, Bruzzone R, Mesnil M, Sansonetti P, Combettes L.
Connexin-dependent inter-cellular communication increases invasion and dissemination of
Shigella in epithelial cells. Nat Cell Biol. 2003;5(8):720-6.

34. Bougneéres L, Girardin SE, Weed SA, Karginov AV, Olivo-Marin JC, Parsons JT, et al.
Cortactin and Crk cooperate to trigger actin polymerization during Shigella invasion of epithelial
cells. J Cell Biol. 2004;166(2):225-35.

35. Pendaries C, Tronchére H, Arbibe L, Mounier J, Gozani O, Cantley L, et al. PtdIns5P
activates the host cell Pl3-kinase/Akt pathway during Shigella flexneri infection. Embo j.
2006;25(5):1024-34.

36. Romero S, Grompone G, Carayol N, Mounier J, Guadagnini S, Prevost MC, et al. ATP-
mediated Erk1/2 activation stimulates bacterial capture by filopodia, which precedes Shigella
invasion of epithelial cells. Cell Host Microbe. 2011;9(6):508-19.

37. Zychlinsky A, Prevost MC, Sansonetti PJ. Shigella flexneri induces apoptosis in
infected macrophages. Nature. 1992;358(6382):167-9.

38. Zychlinsky A, Kenny B, Prevost MC, Holland IB, Sansonetti PJ. The ipaB gene of
Shigella flexneri and macrophage-programmed cell death. Infect Agents Dis. 1993;2(4):212-4.
39. Zychlinsky A, Kenny B, Ménard R, Prévost MC, Holland IB, Sansonetti PJ. IpaB
mediates macrophage apoptosis induced by Shigella flexneri. Mol Microbiol. 1994;11(4):619-
27.

40. Zychlinsky A, Sansonetti PJ. Apoptosis as a proinflammatory event: what can we learn
from bacteria-induced cell death? Trends Microbiol. 1997;5(5):201-4.

41. Hilbi H, Moss JE, Hersh D, Chen Y, Arondel J, Banerjee S, et al. Shigella-induced
apoptosis is dependent on caspase-1 which binds to IpaB. J Biol Chem. 1998;273(49):32895-
900.

42. Sansonetti PJ, Phalipon A, Arondel J, Thirumalai K, Banerjee S, Akira S, et al.
Caspase-1 activation of IL-1beta and IL-18 are essential for Shigella flexneri-induced
infammation. Immunity. 2000;12(5):581-90.

43, Pédron T, Thibault C, Sansonetti PJ. The invasive phenotype of Shigella flexneri directs
a distinct gene expression pattern in the human intestinal epithelial cell line Caco-2. J Biol
Chem. 2003;278(36):33878-86.

44. Phalipon A, Sansonetti PJ. Shigellosis: innate mechanisms of inflammatory destruction
of the intestinal epithelium, adaptive immune response, and vaccine development. Crit Rev
Immunol. 2003;23(5-6):371-401.



45. Fontaine A, Arondel J, Sansonetti PJ. Role of Shiga toxin in the pathogenesis of
bacillary dysentery, studied by using a Tox- mutant of Shigella dysenteriae 1. Infect Immun.
1988;56(12):3099-109.

46. Perdomo JJ, Gounon P, Sansonetti PJ. Polymorphonuclear leukocyte transmigration
promotes invasion of colonic epithelial monolayer by Shigella flexneri. J Clin Invest.
1994;93(2):633-43.

47. Perdomo OJ, Cavaillon JM, Huerre M, Ohayon H, Gounon P, Sansonetti PJ. Acute
inflammation causes epithelial invasion and mucosal destruction in experimental shigellosis. J
Exp Med. 1994;180(4):1307-19.

48. Sansonetti PJ, Arondel J, Cantey JR, Prévost MC, Huerre M. Infection of rabbit Peyer's
patches by Shigella flexneri: effect of adhesive or invasive bacterial phenotypes on follicle-
associated epithelium. Infect Immun. 1996;64(7):2752-64.

49, Wenneras C, Ave P, Huerre M, Arondel J, Ulevitch RJ, Mathison JC, et al. Blockade of
CD14 increases Shigella-mediated invasion and tissue destruction. J Immunol.
2000;164(6):3214-21.

50. D'Hauteville H, Khan S, Maskell DJ, Kussak A, Weintraub A, Mathison J, et al. Two
msbB genes encoding maximal acylation of lipid A are required for invasive Shigella flexneri
to mediate inflammatory rupture and destruction of the intestinal epithelium. J Immunol.
2002;168(10):5240-51.

51. Girardin SE, Tournebize R, Mavris M, Page AL, Li X, Stark GR, et al. CARD4/Nod1
mediates NF-kappaB and JNK activation by invasive Shigella flexneri. EMBO Rep.
2001;2(8):736-42.

52. Girardin SE, Boneca IG, Carneiro LA, Antignac A, Jéhanno M, Viala J, et al. Nod1
detects a unique muropeptide from gram-negative bacterial peptidoglycan. Science.
2003;300(5625):1584-7.

53. Girardin SE, Boneca IG, Viala J, Chamaillard M, Labigne A, Thomas G, et al. Nod2 is
a general sensor of peptidoglycan through muramyl dipeptide (MDP) detection. J Biol Chem.
2003;278(11):8869-72.

54, Kim DW, Lenzen G, Page AL, Legrain P, Sansonetti PJ, Parsot C. The Shigella flexneri
effector OspG interferes with innate immune responses by targeting ubiquitin-conjugating
enzymes. Proc Natl Acad Sci U S A. 2005;102(39):14046-51.

55. Arbibe L, Kim DW, Batsche E, Pedron T, Mateescu B, Muchardt C, et al. An injected
bacterial effector targets chromatin access for transcription factor NF-kappaB to alter
transcription of host genes involved in immune responses. Nat Immunol. 2007;8(1):47-56.
56. Harouz H, Rachez C, Meijer BM, Marteyn B, Donnadieu F, Cammas F, et al. Shigella
flexneri targets the HP1y subcode through the phosphothreonine lyase OspF. Embo j.
2014;33(22):2606-22.

57. Rohde JR, Breitkreutz A, Chenal A, Sansonetti PJ, Parsot C. Type Il secretion
effectors of the IpaH family are E3 ubiquitin ligases. Cell Host Microbe. 2007;1(1):77-83.

58. Bergounioux J, Elisee R, Prunier AL, Donnadieu F, Sperandio B, Sansonetti P, et al.
Calpain activation by the Shigella flexneri effector VirA regulates key steps in the formation
and life of the bacterium's epithelial niche. Cell Host Microbe. 2012;11(3):240-52.

59. Mavris M, Sansonetti PJ, Parsot C. Identification of the cis-acting site involved in
activation of promoters regulated by activity of the type Ill secretion apparatus in Shigella
flexneri. J Bacteriol. 2002;184(24):6751-9.

60. Fritah S, Lhocine N, Golebiowski F, Mounier J, Andrieux A, Jouvion G, et al.
Sumoylation controls host anti-bacterial response to the gut invasive pathogen Shigella
flexneri. EMBO Rep. 2014;15(9):965-72.

61. Dupont N, Lacas-Gervais S, Bertout J, Paz |, Freche B, Van Nhieu GT, et al. Shigella
phagocytic vacuolar membrane remnants participate in the cellular response to pathogen
invasion and are regulated by autophagy. Cell Host Microbe. 2009;6(2):137-49.

62. Campbell-Valois FX, Sachse M, Sansonetti PJ, Parsot C. Escape of Actively Secreting
Shigella flexneri from ATG8/LC3-Positive Vacuoles Formed during Cell-To-Cell Spread Is
Facilitated by IcsB and VirA. mBio. 2015;6(3):e02567-14.



63. Mounier J, Boncompain G, Senerovic L, Lagache T, Chrétien F, Perez F, et al. Shigella
effector IpaB-induced cholesterol relocation disrupts the Golgi complex and recycling network
to inhibit host cell secretion. Cell Host Microbe. 2012;12(3):381-9.

64. Lhocine N, Arena ET, Bomme P, Ubelmann F, Prévost MC, Robine S, et al. Apical
invasion of intestinal epithelial cells by Salmonella typhimurium requires villin to remodel the
brush border actin cytoskeleton. Cell Host Microbe. 2015;17(2):164-77.

65. Puhar A, Tronchére H, Payrastre B, Nhieu GT, Sansonetti PJ. A Shigella effector
dampens inflammation by regulating epithelial release of danger signal ATP through
production of the lipid mediator PtdIns5P. Immunity. 2013;39(6):1121-31.

66. Sperandio B, Regnault B, Guo J, Zhang Z, Stanley SL, Jr., Sansonetti PJ, et al. Virulent
Shigella flexneri subverts the host innate immune response through manipulation of
antimicrobial peptide gene expression. J Exp Med. 2008;205(5):1121-32.

67. Konradt C, Frigimelica E, Nothelfer K, Puhar A, Salgado-Pabon W, di Bartolo V, et al.
The Shigella flexneri type three secretion system effector lpgD inhibits T cell migration by
manipulating host phosphoinositide metabolism. Cell Host Microbe. 2011;9(4):263-72.

68. Salgado-Pabon W, Celli S, Arena ET, Nothelfer K, Roux P, Sellge G, et al. Shigella
impairs T lymphocyte dynamics in vivo. Proc Natl Acad Sci U S A. 2013;110(12):4458-63.

69. Nothelfer K, Arena ET, Pinaud L, Neunlist M, Mozeleski B, Belotserkovsky I, et al. B
lymphocytes undergo TLR2-dependent apoptosis upon Shigella infection. J Exp Med.
2014;211(6):1215-29.

70. Nothelfer K, Sansonetti PJ, Phalipon A. Pathogen manipulation of B cells: the best
defence is a good offence. Nat Rev Microbiol. 2015;13(3):173-84.

71. Pinaud L, Samassa F, Porat Z, Ferrari ML, Belotserkovsky |, Parsot C, et al. Injection
of T3SS effectors not resulting in invasion is the main targeting mechanism of Shigella toward
human lymphocytes. Proc Natl Acad Sci U S A. 2017;114(37):9954-9.

72. Marteyn B, West NP, Browning DF, Cole JA, Shaw JG, Palm F, et al. Modulation of
Shigella virulence in response to available oxygen in vivo. Nature. 2010;465(7296):355-8.

73. Campbell-Valois FX, Schnupf P, Nigro G, Sachse M, Sansonetti PJ, Parsot C. A
fluorescent reporter reveals on/off regulation of the Shigella type Ill secretion apparatus during
entry and cell-to-cell spread. Cell Host Microbe. 2014;15(2):177-89.

74. Arena ET, Campbell-Valois FX, Tinevez JY, Nigro G, Sachse M, Moya-Nilges M, et al.
Bioimage analysis of Shigella infection reveals targeting of colonic crypts. Proc Natl Acad Sci
U S A. 2015;112(25):E3282-90.

75. Anderson MC, Vonaesch P, Saffarian A, Marteyn BS, Sansonetti PJ. Shigella sonnei
Encodes a Functional T6SS Used for Interbacterial Competition and Niche Occupancy. Cell
Host Microbe. 2017;21(6):769-76.e3.

76. Sansonetti PJ. Slaying the Hydra all at once or head by head? Nat Med. 1998;4(5
Suppl):499-500.

77. Fontaine A, Arondel J, Sansonetti PJ. Construction and evaluation of live attenuated
vaccine strains of Shigella flexneri and Shigella dysenteriae 1. Res Microbiol. 1990;141(7-
8):907-12.

78. Sansonetti PJ, Arondel J, Fontaine A, d'Hauteville H, Bernardini ML. OmpB (osmo-
regulation) and icsA (cell-to-cell spread) mutants of Shigella flexneri: vaccine candidates and
probes to study the pathogenesis of shigellosis. Vaccine. 1991;9(6):416-22.

79. Coster TS, Hoge CW, VanDeVerg LL, Hartman AB, Oaks EV, Venkatesan MM, et al.
Vaccination against shigellosis with attenuated Shigella flexneri 2a strain SC602. Infect
Immun. 1999;67(7):3437-43.

80. Bernardini ML, Arondel J, Martini I, Aidara A, Sansonetti PJ. Parameters underlying
successful protection with live attenuated mutants in experimental shigellosis. Infect Immun.
2001;69(2):1072-83.

81.  Sadorge C, Ndiaye A, Beveridge N, Frazer S, Giemza R, Jolly N, et al. Phase 1 clinical
trial of live attenuated Shigella dysenteriae type-1 DeltaicsA Deltaent Deltafep DeltastxA:HgR
oral vaccine SC599 in healthy human adult volunteers. Vaccine. 2008;26(7):978-87.

82. Launay O, Sadorge C, Jolly N, Poirier B, Béchet S, van der Vliet D, et al. Safety and
immunogenicity of SC599, an oral live attenuated Shigella dysenteriae type-1 vaccine in



healthy volunteers: results of a Phase 2, randomized, double-blind placebo-controlled trial.
Vaccine. 2009;27(8):1184-91.

83. Phalipon A, Costachel C, Grandjean C, Thuizat A, Guerreiro C, Tanguy M, et al.
Characterization of functional oligosaccharide mimics of the Shigella flexneri serotype 2a O-
antigen: implications for the development of a chemically defined glycoconjugate vaccine. J
Immunol. 2006;176(3):1686-94.

84. Phalipon A, Tanguy M, Grandjean C, Guerreiro C, Bélot F, Cohen D, et al. A synthetic
carbohydrate-protein conjugate vaccine candidate against Shigella flexneri 2a infection. J
Immunol. 2009;182(4):2241-7.

85. van der Put RMF, Smitsman C, de Haan A, Hamzink M, Timmermans H, Uittenbogaard
J, et al. The First-in-Human Synthetic Glycan-Based Conjugate Vaccine Candidate against
Shigella. ACS Cent Sci. 2022;8(4):449-60.

86. Licandro-Seraut H, Scornec H, Pédron T, Cavin JF, Sansonetti PJ. Functional
genomics of Lactobacillus casei establishment in the gut. Proc Natl Acad Sci U S A.
2014;111(30):E3101-9.

87. Schnupf P, Gaboriau-Routhiau V, Gros M, Friedman R, Moya-Nilges M, Nigro G, et al.
Growth and host interaction of mouse segmented filamentous bacteria in vitro. Nature.
2015;520(7545):99-103.

88. Fischer N, Sechet E, Friedman R, Amiot A, Sobhani I, Nigro G, et al. Histone
deacetylase inhibition enhances antimicrobial peptide but not inflammatory cytokine
expression upon bacterial challenge. Proc Natl Acad Sci U S A. 2016;113(21):E2993-3001.
89. Nigro G, Rossi R, Commere PH, Jay P, Sansonetti PJ. The cytosolic bacterial
peptidoglycan sensor Nod2 affords stem cell protection and links microbes to gut epithelial
regeneration. Cell Host Microbe. 2014;15(6):792-8.

90. Chamaillard M, Philpott D, Girardin SE, Zouali H, Lesage S, Chareyre F, et al. Gene-
environment interaction modulated by allelic heterogeneity in inflammatory diseases. Proc Natl
Acad Sci U S A. 2003;100(6):3455-60.

91. Levy A, Stedman A, Deutsch E, Donnadieu F, Virgin HW, Sansonetti PJ, et al. Innate
immune receptor NOD2 mediates LGR5(+) intestinal stem cell protection against ROS
cytotoxicity via mitophagy stimulation. Proc Natl Acad Sci U S A. 2020;117(4):1994-2003.

92. Pédron T, Mulet C, Dauga C, Frangeul L, Chervaux C, Grompone G, et al. A crypt-
specific core microbiota resides in the mouse colon. mBio. 2012;3(3).

93. Pédron T, Nigro G, Sansonetti PJ. From homeostasis to pathology: decrypting microbe-
host symbiotic signals in the intestinal crypt. Philos Trans R Soc Lond B Biol Sci.
2016;371(1707).

94. Tomas A, Lery L, Regueiro V, Pérez-Gutiérrez C, Martinez V, Moranta D, et al.
Functional Genomic Screen Identifies Klebsiella pneumoniae Factors Implicated in Blocking
Nuclear Factor kB (NF-kB) Signaling. J Biol Chem. 2015;290(27):16678-97.

95. Aymeric L, Donnadieu F, Mulet C, du Merle L, Nigro G, Saffarian A, et al. Colorectal
cancer specific conditions promote Streptococcus gallolyticus gut colonization. Proc Natl Acad
SciU S A. 2018;115(2):E283-e91.

96. Sobhani |, Bergsten E, Couffin S, Amiot A, Nebbad B, Barau C, et al. Colorectal cancer-
associated microbiota contributes to oncogenic epigenetic signatures. Proc Natl Acad Sci U S
A. 2019;116(48):24285-95.

97. Araujo JR, Tazi A, Burlen-Defranoux O, Vichier-Guerre S, Nigro G, Licandro H, et al.
Fermentation Products of Commensal Bacteria Alter Enterocyte Lipid Metabolism. Cell Host
Microbe. 2020;27(3):358-75.€e7.

98. Vonaesch P, Morien E, Andrianonimiadana L, Sanke H, Mbecko JR, Huus KE, et al.
Stunted childhood growth is associated with decompartmentalization of the gastrointestinal
tract and overgrowth of oropharyngeal taxa. Proc Natl Acad Sci U S A. 2018;115(36):E8489-
e98.

Selection of authoritative reviews
SANSONETTI, P.J., LAGRANGE, P.H. 1981
The immunology of leprosy: speculations on the leprosy spectrum.



Rev Infect Dis, 3:422-469

SANSONETTI, P.J., FORMAL, S.B., HALE, T.L. 1983
Invasive enteric pathogens.
Rev Infect Dis, 5:5702-S707

SANSONETTI, P. J., HALE, T. L., OAKS, E. V. 1985

Genetics of virulence in Enteroinvasive E. coli.

Microbiology. New concepts in the pathogenesis of Escherichia coli diarrhea.
American Society for Microbiology. Ed. , pp. 74-77

MAURELLI, A. T., SANSONETTI, P. J. 1988
Genetic determinants of Shigella pathogenicity.
Annual Review of Microbiology, 42:127-150

SANSONETTI, P. J. 1991
Genetic and molecular basis of epithelial cell invasion by Shigella species.
Rev Infect Dis, 13:5285-S292

SANSONETTI, P.J. 1992

Molecular and cellular biology of Shigella flexneri invasiveness : from cell assay systems to
shigellosis.

In Current Topics in Microbiology and Immunology. Pathogenesis of Shigellosis, V180, P.J.
Sansonetti Ed., Springer Verlag, Berlin

PHALIPON, A., SANSONETTI, P.J., 1995

Live attenuated Shigella flexneri mutants as vaccine candidates against shigellosis and vectors
for antigen delivery.

Biologicals, 23: 125-134

ZYCHLINSKY, A, SANSONETTI, PJ., 1997
Perspective in host/pathogen interactions. Apoptosis in bacterial pathogenesis.
J Clin. Invest., 100:493-496

SANSONETTI, P.J., 1998
Vaccines against enteric infections. Slaying the Hydra all at once or head by head ?
Nature Medicine, Supplement, 4(5):499-500

TRAN VAN NHIEU, G., SANSONETTI, P.J., 1999
Mechanisms of Shigella entry into epithelial cells.
Current Opinion in Microbiology, 2:51-55

PHALIPON, A., SANSONETTI, P.J., 1999

Microbial-host interactions at mucosal sites. Host responses to pathogenic bacteria at mucosal
sites.

Curr. Topics Microbiol. Immunol., 236:163-189.

SANSONETTI, P.J., PHALIPON, A., 1999

M cells as ports of entry for enteroinvasive pathogens: mechanisms of interaction,
consequences for the disease process.

Seminars in Immunology, 11:193-203.

PHILPOTT, D.J., GIRARDIN S.E., SANSONETTI, P.J., 2001

Innate immune responses of epithelial cells following infection with bacterial pathogens
Curr Opin Immunol, 2001 13:410-416.

10



SANSONETTI, P.J., 2001

Rupture, invasion and inflammatory destruction of the intestinal barrier by Shigella, making
sense of prokaryote-eukaryote cross-talk.
FEMS Microbiology Reviews, 25:3-14.

GIRARDIN S.E., HUGOT J.-P., SANSONETTI P.J., 2003
Lessons from Nod2 studies: towards a link between Crohn's disease and bacterial sensing.
Trends in Immunol., 24 (12):652-658.

COSSART, P., SANSONETTI P.J., 2004
Bacterial invasion: the paradigms of enteroinvasive pathogens.
Science, 304 (5668) : 242-248

PHALIPON, A., SANSONETTI, P.J., 2003

Shigellosis: innate mechanisms of inflammatory destruction of the intestinal epithelium,
adaptive immune response, and vaccine development.

Critical Reviews in Immunology, 23(5&6) : 371-401.

SANSONETTI, PJ, 2004
War and peace at mucosal surfaces.
Nature Rev. Immunol., 4(12) :953-964.

SANSONETTI, P.J. 2006
The innate signaling of dangers and the dangers of innate signaling.
Nat. Immunol., 7 (12) :1237-42.

SANSONETTI, P.J. 2006
Shigellosis: an old disease in new clothes?
PlosMedicine, 3(9) : e354

SANSONETTI, PJ., DI SANTO, J., 2007
Debugging how Bacteria Manipulate the Immune Response.
Immunity 26(2):149-61.

SANSONETTI PJ, MEDZHITOV R. 2009.
Learning tolerance while fighting ignorance.
Cell. 138(3):416-20.

SANSONETTI PJ. 2011.
To be or not to be a pathogen: that is the mucosally relevant question.
Mucosal Immunol. 4(1):8-14

KUFER TA, SANSONETTI PJ. 2011.
NLR functions beyond pathogen recognition.
Nat Immunol. 12(2):121-8.

MARTEYN B, GAZI A, SANSONETTI P.2012.
Shigella: A model of virulence regulation in vivo.
Gut Microbes. 3(2):104-20.

CAMPBELL-VALOIS FX, SANSONETTI PJ. 2014.

Tracking bacterial pathogens with genetically encoded reporters.
FEBS Lett. 588(15):2428-36.

11


http://www.ncbi.nlm.nih.gov/pubmed/19665961?ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/21150896
http://www.ncbi.nlm.nih.gov/pubmed/21245903
http://www.ncbi.nlm.nih.gov/pubmed/22356862
http://www.ncbi.nlm.nih.gov/pubmed/24859085

NOTHELFER K., SANSONETTI P.J., PHALIPON A. 2015.
Pathogen manipulation of B cells : the best defence is a good offence. Nat Rev Microbiol.
13(3):173-84.

PEDRON T, NIGRO G, SANSONETTI PJ. 2016.

From homeostasis to pathology: decrypting microbe-host symbiotic signals in the intestinal
crypt. Philos Trans R Soc Lond B Biol Sci. 371(1707). pii:20150500.

VONAESCH P, ANDERSON M, SANSONETTI PJ. 2018. Pathogens, microbiome and the

host: emergence of the ecological Koch’s postulates. FEMS Microbiol Rev. 2018 Jan 9. doi:

10.1093/femsre/fuy003.

12



