
Informations générales / General Information

Langue / Language
Français-Anglais (traduction simultanée)
French-English (simultaneous translation available)

Résumés / Abstracts
Les résumés des conférences seront remis aux participants lors de l’enregistrement
The abstracts of all conferences will be available when registering at the Symposium

Publication / Publication
Comptes rendus de l’Académie des sciences, série Biologies
A special issue of the Comptes rendus de l’Académie des sciences will be devoted to
the Symposium

Lieu du Colloque / Location
Académie des sciences de l’Institut de France
Grande salle des séances
23 Quai de Conti - 75006 PARIS

Métro : lignes / lines 4 & 10 :
station Odéon
ligne / line 7 :
station Pont-Neuf
ligne / line 1 :
station Louvre-Rivoli

RER : lignes / lines B & C :
Station St Michel Notre-Dame

Inscription / Registration

L’inscription au Colloque est obligatoire et devra parvenir à l’Académie des sciences,
Service des Colloques avant le 15 avril (nombre de places limité)
Participants must register using the attached form. Registration form must be sent to
the Académie des sciences, Service des Colloques before April 15 (limited number
of places)

Une carte d’accès sera adressée une quinzaine de jours avant la tenue du colloque
A pass will be sent to participants two weeks ahead of the symposium

L’accès aux conférences est gratuit
Access to the Conferences is free

Président
Jules Hoffmann

Comité d’Organisation / Organizing Committee

Nicole Le Douarin Secrétaire perpétuelle de l’Académie des sciences

Jules Hoffmann Membre de l’Académie des sciences

Keith Peters President of the Academy of Medical Sciences of the United

Kingdom

Jean-François Bach Membre de l’Académie des sciences

Peter Lachmann Past President of the Academy of Medical Sciences of the

United Kingdom

Jean-Yves Lallemand Membre de l’Académie des sciences

Comité Scientifique / Scientific Committee

Etienne-Emile Baulieu Président de l’Académie des sciences,

Membre de l’Académie nationale de médecine

Antonio Coutinho Fundacao Calouste Gulbenkian, Lisbonne

Louis Du Pasquier Institut de zoologie de l’Université de Bâle

Fotis Kafatos Associé étranger de l’Académie des sciences

Philippe Kourilsky Membre de l’Académie des sciences

Bernard Malissen Directeur de l’Institut d’immunologie de Marseille-Luminy

Roger Monier Membre de l’Académie des sciences

Charles Pilet Correspondant de l’Académie des sciences,

Président honoraire de l’Académie nationale de médecine

Bernard Roques Membre de l’Académie des sciences

Jean Rosa Membre de l’Académie des sciences

Philippe Sansonetti Membre de l’Académie des sciences

Pierre Tiollais Membre de l’Académie des sciences

Organisation

Fabienne Bonfils, assistée de Christine Martin et Noëlla Morand
Service des Colloques, Académie des sciences, Institut de France

Colloque de l’Académie des sciences

organisé sous le haut patronage

du ministère chargé de la Recherche

et des Nouvelles Technologies

avec le concours de / with the sponsoring of

Centre national de la recherche scientifique

Institut de chimie des substances naturelles

Aventis-Pasteur

Fondation internationale pour le rayonnement de

l’Académie des sciences

British Council

Délégation générale à la langue française 

et aux langues de France

FIRAS

P
al

ai
s 

de
 l’

In
st

itu
t 

de
 F

ra
nc

e 
- 

A
nc

ie
n 

co
llè

ge
 d

es
 Q

ua
tr

e-
na

tio
ns

 c
l.

G
.F

es
sy

 -
 ©

In
st

itu
t 

de
 F

ra
nc

e

L’IMMUNITÉ INNÉE
De la drosophile
à l’homme

INNATE IMMUNITY
From flies
to humans

Institut de France
Académie des sciences

19-20 mai 2003
May 19-20, 2003



Session 1

Aspects phylogénétiques de la réponse immunitaire innée
Evolutionary Perspectives of the Innate Immune Response
Président / Chairman : Jean-François Bach, de l’Académie des sciences

9 h 00 Ouverture / Welcome address
Etienne-Emile Baulieu, Nicole Le Douarin, Jules Hoffmann,
de l’Académie des sciences

9 h 15 Conférence d’ouverture / Keynote Lecture
NF-kB, un activateur latent de la transcription de l’immunité innée
et adaptative
NF-kB, a Latent Transcriptional Activator of Innate and Adaptative Immunity
David Baltimore, de l’Académie des sciences, Prix Nobel de médecine

10 h 00 La réponse antimicrobienne de la drosophile : un paradigme de 
l’immunité innée
The Drosophila Host Defense : a Paradigm for Innate Immunity
Jules Hoffmann, de l’Académie des sciences, CNRS, Strasbourg

10 h 35 Défense immunitaire innée du moustique contre les parasites de la
malaria
Mosquito Innate Immune Defenses against Malarial Parasites
Fotis Kafatos, de l’Académie des sciences, EMBL, Heidelberg
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11 h 30 Immunité innée chez les chordés et apparition de l’immunité adaptative
Innate Immunity in Chordates and the Appearance of Adaptative Immunity
Louis Du Pasquier, Institut de zoologie de l’Université de Bâle

12 h 10 Allocution de Madame Claudie Haigneré, ministre déléguée à la
Recherche et aux Nouvelles Technologies

12 h 30 Fin de session / End of session

Session 2

Reconnaissance des agents infectieux et mécanismes effecteurs
Recognition of Infectious Non-self and Effector Mechanisms
Président / Chairman : Jean-Claude Weill, professeur des Universités

15 h 00 Conférence d’introduction / Introductory Lecture
Aspects phylogénétiques de la reconnaissance du non-soi infectieux
Phylogenetic Aspects of Recognition of Infectious Non-self
Alan Ezekowitz, Harvard Medical School, Boston

15 h 45 Les collectines et leur implication dans la modulation de l’infection,
de l’allergie et de l’inflammation
Collectins, Carbohydrate-Binding Proteins Containing Collagen-Like
Regions, Involved in Modulation of Infection, Allergy and Inflammation
Ken B. M. Reid, MRC Immunochemistry Unit, Oxford

16 h 20 Les récepteurs du complément
Complement Receptors
Mark Walport, Imperial College of Science, Technology and Medicine, London

16 h 55 Evasion microbienne vis-à-vis du complément
Microbial Subversion of Complement
Peter Lachmann, University of Cambridge, Past President of the Academy 
of Medical Sciences, London

17 h 30 Pause / Coffee Break

17 h 50 Récepteurs des macrophages pour les pathogènes
Macrophage Receptors for Pathogens
Siamon Gordon, Sir William Dunn School of Pathology, University of Oxford

18 h 25 Peptides antimicrobiens : une vue d’ensemble
Antimicrobial Peptides : an Overview
Tomas Ganz, David Geffen School of Medicine, UCLA, Los Angeles

19 h 00 Fin / End of the first day
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Session 3

Reconnaissance du non-soi infectieux : les récepteurs TLR
Toll-Like Receptors and the Recognition of Infectious Non-self
Président / Chairman : Peter Lachmann, Academy of Medical Sciences

9 h 00 Analyse génétique directe de l’immunité innée chez les mammifères 
Forward Genetic Analysis of Mammalian Innate Immunity
Bruce Beutler, Scripps Research Institute, La Jolla, California

9 h 35 Fonctions des récepteurs TLR : les leçons des souris invalidées
Functions of Toll-Like Receptors : Lessons from KO Mice
Shizuo Akira, Research Institute of Microbial Diseases, University of Osaka

10 h 10 Les récepteurs TLR et leurs fonctions dans la défense contre 
les pathogènes microbiens
Toll-Like Receptors and their Functions in Fighting Microbial Pathogens
Alan Aderem, Institute for Systems Biology, Seattle

10 h 45 Récepteurs TLR et contrôle de l’immunité adaptative
Toll-Like Receptors and Control of Adaptative Immunity
Ruslan Medzhitov, Yale University

11 h 20 Pause / Coffee Break

11 h 40 Récepteurs Nod et immunité intra-cellulaire
Nod Receptors and Intracellular Immunity
Dana Philpott, Institut Pasteur, Paris

12 h 15 Reconnaissance des pathogènes dans les défenses immunitaires 
innées des plantes
Pathogen Recognition in Plant Innate Immune Defenses
Jeff Dangl, University of North Carolina, Chapel Hill

12 h 50 Résistance des plantes aux virus
Plant Resistance to Viruses
Hervé Vaucheret, INRA, Versailles

13 h 10 Fin de session / End of session

Session 4

Défenses cellulaires et chémokines/cytokine
Cell Defenses and Cytokine Networks
Président / Chairman : Phillipe Kourilsky, de l’Académie des sciences

15 h 00 Réponses des cellules épithéliales aux pathogènes
Epithelial Cell Responses to Pathogens
Philippe Sansonetti, de l’Académie des sciences, Institut Pasteur, Paris

15 h 35 Dynamique des interactions entre cellules et microbes :
de la biologie cellulaire à la physiopathologie
Dynamics of Interactions between Cells and Microbes :
from Cell Biology to Physiopathology
Pascale Cossart, de l’Académie des sciences, Institut Pasteur, Paris

16 h 10 Phagocytose : biologie cellulaire
Phagocytosis, Cell Biology
Michel Desjardins, Université de Montréal

16 h 45 Cellules NK
NK Cells
Alessandro Moretta, School of Medicine, University of Genova

17 h 20 Pause / Coffee Break

17 h 40 Rôle des chémokines dans l’établissement d’un lien entre immunité
innée et adaptative
The Role of Chemokines in Linking Innate and Adaptative Immunity
Steven L. Kunkel, University of Michigan Medical School, Ann Arbor

18 h 15 Cytokines et macrophages
Cytokines and Macrophages
Thierry Calandra, Centre Hospitalier Universitaire Vaudois, Lausanne

18 h 50 Synthèse et conclusion
Concluding Remarks
Antonio Coutinho, Fundacao Calouste Gulbenkian, Lisbonne

19 h 15 Fin du colloque / End of the Symposium
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SPECIFICITY OF NF-κB SUBUNITS 
 
 

David Baltimore, Alexander Hoffmann and Thomas Leung 
California Institute of Technology, Pasadena 

 
 

NF-κB is a central player in both the innate and adaptive immune responses. It controls receptor 
signaling in B and T cells, granulocyte migration to sites of infection, even formation of lymph nodes. 
Interestingly, although in flies it controls early stages of differentiation, in mammals the major 
consequence of knocking out genes that encode the various NF-κB subunits is apoptosis of the liver 
arising from a deficit in a key protective role played by NF-κB. While development can proceed well in 
the absence of NF-κB, constitutive presence of the factor in animals that lack all three of the IκB 
inhibitory proteins is devastating.  
 

A question we are investigating from various angles is why there are five subunits in the NF-κB 
family of proteins. Studying endogenous genes in knockout cells, we find that NF-κB responsive genes 
exhibit different requirements for the NF-κB proteins. RelB is a particularly interesting subunit that has 
both inhibitory and activating properties.  We are using a novel methodology involving virus-mediated 
implantation of genes to allow ready access to regulatory sequences. Combining this with knockout 
cells, we can show a specific requirement for particular subunits on particular genes and correlate this 
with the sequence of the κB site in the DNA. 
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THE DROSOPHILA HOST DEFENSE : A PARADIGM FOR INNATE IMMUNITY 

 
 

Jules Hoffmann 
Institut de biologie moléculaire et cellulaire, 15 rue Descartes, 67084 Strasbourg 

 
 

The potent antimicrobial host defense of Drosophila is a multifaceted process which involves 
phagocytosis and encapsulation of invaders by blood cells, massive synthesis of antimicrobial peptides 
and activation of proteolytic cascades leading to localized melanisation and coagulation. The best 
studied facet to date is the immune-induced synthesis of antimicrobial peptides in the fat body, a 
functional equivalent of the mammalian liver. Some twenty distinct peptides, belonging to seven 
families, are produced shortly after challenge and secreted into the blood where they collectively 
concur to oppose microbial growth. Two distinct signalling pathways control the expression of the 
genes encoding these antimicrobial peptides : (i) The Toll pathway, initially discovered for its role in 
dorso-ventral pattering of the Drosophila embryo, is activated primarily upon infection by fungi and 
Gram-positive bacteria. It directs the expression of hundreds of genes and namely that of genes 
encoding antifungal and antibacterial peptides. Loss-of-function mutations in genes participating in the 
intracellular Toll-dependent regulatory cascade invariably compromise survival to infections by fungi 
and Gram-positive bacteria. (ii) The Imd (for immune-deficiency) pathway is predominantly activated 
during Gram-negative bacterial infection and also regulates expression of hundreds of genes, namely 
of those encoding peptides active against this group of bacteria. Mutations in genes of the Imd 
pathway negatively affect the survival of flies to Gram-negative bacterial infection. We have gained 
over the last years a relatively good understanding of the gene cassettes of both pathways and this will 
be reviewed in the presentation. Significant progress has also been made regarding the activation of 
the Toll and Imd pathways during infection and several groups of proteins have been identified, and 
their roles genetically assessed, which function as putative receptors of microbial structural motifs. Our 
present view of the Drosophila immune reactions points to striking similarities with innate immune 
defenses in mammals and suggests that these responses to microorganisms share a common 
ancestry. 

 
Recent reviews in the field  
 
J.A. Hoffmann & J.M. Reichhart, (2002). Drosophila Innate Immunity: an Evolutionary Perspective. Nature Immunology, 3, 
121-126. P. Tzou, E. De Gregorio & B. Lemaitre, (2002). How Drosophila Combats Microbial Infections: a Model to Study 
Innate Immunity and Host-Pathogen Interactions. Curr. Opin. Microbial. 5, 102-110. D. Hultmark, (2003). Drosophila 
Immunity: Paths and Patterns. Curr. Opin. Immunol. 15, 12-9.  P. Bulet, M. Charlet, & C. Hetru, (2002). Antimicrobial 
Peptides in Insect Immunity. Infectious Diseases: Innate Immunity Edited by R.A.B. Ezekowitz and J.A. Hoffmann. Humana 
Press Inc., Totowa, NJ.  J. Royet, M. Meister & D. Ferrandon, (2002). Humoral and Cellular Responses in Drosophila Innate 
Immunity. Infectious Diseases: Innate Immunity Edited by R.A.B. Ezekowitz and J.A. Hoffmann. Humana Press, Totowa, NJ.  
J.L. Imler & J.A. Hoffmann, (2001). Toll receptors in innate immunity. Trends Cell Biol., 11, 304-311 
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INNATE IMMUNITY IN CHORDATES AND THE ORIGIN OF ADAPTIVE IMMUNITY 
 
 

Louis Du Pasquier 
Institute of Zoology, University of Basel. Rheinsprung 9, CH-4051 Basel, Switzerland 

 
 

An ideal immune system should confer to each individual within a species the best chances of 
survival under changing environmental conditions. For this it needs a large diversity of mechanisms and 
of receptors. How did the different kingdoms adapt to these needs is what will be the subject of this 
presentation essentially dealing with the immunoglobulin superfamily (Igsf). For the sake of both 
flexibility and economy it seems that metazoans should select somatic mechanisms and adaptive 
responses. Yet we are under the impression that only vertebrates have done so even though 
immunoglobulin domains with the variable (V) domain architecture exist from sponge to chordates. How 
did they become involved in immunity? Different convergent evolutions are visible that generated 
diversity within the Igsf. Multiple gene families with many V involved in immunity are detected in 
primitive chordates such as Branchiostoma and Ciona but also in protostomes where mollusc 
fibrinogen related proteins (FREPs) seem to diversify further their germ line V domain content by still 
unclear but somatic mechanisms. Yet those molecules with an association of a V domain to either a 
fibrinogen related (FREP) or a chitin binding domain (variable region-containing chitin-binding protein 
VCBP) do not seem to be on the direct line to TCR characterized by a V domain and a constant domain 
of the Igsf C1 type. The recent publication of the genome of Ciona intestinalis, a primitive chordate 
devoid of adaptive immunity but rich in innate immunity mechanism (complement, toll-like receptors 
with the intracellular cascade components) led to the discovery of V-C1 "ancestral" genes and a 
hypothetical relationship with innate immune systems. Two Ciona Igsf genes with a V-C1like-C2-TM-cy 
architecture were identified with homology to adhesion molecule genes of the Poliovirus receptor (PVR) 
/nectin family of vertebrates. These genes are not expressed specifically in the hematopoietic lineage 
but based on the sequence of their VC1-like core, their mammalian homologues were singled out as 
having lymphocyte receptor ancestral features. Homology studies allowed to group around the VC1 
core of the nectin genes the following human sequences: the MHC linked tapasin, the T cell molecule 
CRTAM, the PVR/nectin members and when looking at the V domain only the Cortical thymocyte 
marker of Xenopus (CTX) / junctional adhesion molecule (JAM) family. It turned out that all the above 
human genes are linked on several paralogous chromosomal segments that contain other genes 
involved in immunity some of which have homologues in Ciona. Some Igsf members of this sub family 
can be expressed by lymphocytes in vertebrate (CTX) so there is no basic impossibility for an 
involvement in the adaptive immune system. Last but not least mammalian homologues of the PVR, 
JAM/CTX family can function as virus receptors via their V domain and in some cases the interaction 
with the ligand can trigger apoptosis via the NF-kB cascade (Cell 104: 441, 2001). These features offer 
the possibility to imagine how similar adhesion molecule genes could have been recruited into a 
systemic immune system and provided later with the somatic rearrangement possibility. 
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COLLECTINS, CARBOHYDRATE-BINDING PROTEINS  
CONTAINING COLLAGEN-LIKE REGIONS, INVOLVED IN THE MODULATION OF INFECTION, 

ALLERGY AND INFLAMMATION 
 
 

Kenneth B.M Reid 
MRC Immunochemistry Unit, Department of Biochemistry,  

University of Oxford, South Parks Road, Oxford OX1 3QU, U.K. 
 
 

The complement protein C1q, the collectins and the ficolins, show an overall similarity in 
structure since they are all composed of trimeric subunits containing collagen-like regions and globular 
C-terminal domains. However, these C-terminal globular regions differ in each group, the members of 
the C1q family having a TNF-like fold, the collectins having C-type lectin domains and the ficolins 
having fibrinogen-like domains (which bind to carbohydrates).  C1q is well known to be involved with 
activation of the classical pathway of complement, after binding to the Fc regions of immune 
complexes, and it is now accepted that the collectins, such as serum Mannan Binding Lectin (MBL), 
surfactant proteins SP-A and SP-D, and also the ficolins, play important roles in innate immunity, in the 
bloodstream and lungs, by binding, via their multiple C-type lectin and fibrinogen-like domains, to 
carbohydrate structures present on a range of viruses, bacteria, yeast and fungi. The resulting 
agglutination of the target pathogens provides host defence, which can be further enhanced, by killing 
and clearance mechanisms mediated by complement activation via the lectin pathway (by MBL and the 
ficolins), and by enhanced opsonisation or by modulation of inflammatory events (by SP-A and SP-D). 
It has been shown by several laboratories that C1q and the collectins, MBL, SP-A and SP-D, enhance 
the ingestion of apoptotic cells by alveolar macrophages, in vitro. However, only SP-D knock-out mice, 
not SP-A or C1q knock-out mice, show a significant defect in clearance of apoptotic cells, in vivo, and 
this defect could be corrected by over-expression of SP-D in, or administration of a 60kDa recombinant 
fragment of SP-D to, the SP-D knock-out mice. The gene-targeted SP-D deficient mice show an 
unexpected lung phenotype characterised by an excess of surfactant phospholipid, an increased 
number of foamy macrophages, overproduction of reactive oxygen species and up-regulation of 
metalloproteinase expression and the development of pulmonary fibrosis and emphysema. 
Intrapulmonary administration of the 60kDa fragment of recombinant SP-D, composed of a α-helical 
coiled-coil and three carbohydrate-recognition domains (CRDs), alleviated these symptoms and 
markedly reduced the number of apoptotic and necrotic macrophages seen in the SP-D deficient 
animals. These studies indicate that the collectin SP-D may therefore make a major contribution to 
normal immune homeostasis in the lung by recognising and enhancing the clearance of necrotic and 
apoptotic cells. The recent finding (Palaniyar et al, 2003) that collectins can specifically bind DNA, via 
their globular C-type lectin domains as well as by their collagen-like regions, suggests that DNA is a 
primary target for these proteins. Efficient clearance of DNA, released from dying microbes and necrotic 
cells is important for the down-regulation of inflammation. The collectin SP-D is very effective at binding 
free DNA, and DNA on apoptotic cells, and these findings, allied to the observations that SP-D deficient 
mice are defective in clearing DNA from the lung and accumulate anti-DNA antibodies, further 
strengthens the view that collectins, and SP-D in particular, may play a general role in clearance of 
DNA. 
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COMPLEMENT AND INFECTION 
 
 

Dr Mark J. Walport 
Division of Medicine, Imperial College, Hammersmith Hospital, 

Du Cane Road, London W12 0NN, UK.  Email:m.walport@imperial.ac.uk 
 
 

The roles of complement in host defence are starkly exposed by study of humans and animals 
with complement deficiencies.  Infections by pyogenic bacteria are prominent in individuals lacking 
complement proteins involved in the activation of C3. Humans genetically deficient in any of the 
proteins of the membrane attack complex appear to be solely susceptible to Neisserial infections – an 
observation that illustrates the importance for host defence against these bacteria by extracellular lysis 
by the complement system. 
 

There is always difficult in assessing precise risks of infection in apparently immunodeficient 
subjects because of ascertainment artefact. Unhealthy individuals are identified and reported, whereas 
their healthy counterparts with similar genetic deficiencies go unidentified. Careful epidemiological 
studies from Japan, a country in which meningococcal disease is rare, have shown that the prevalence 
of hereditary deficiency of a protein of the membrane attack complex is present in approximately 
1:1000 individuals and that around 0.05% of these subjects may develop meningococcal disease each 
year. These figures contrast with previous claims that up to 50% of humans with membrane attack 
complex deficiency develop meningococcal infection. 
 

The availability of animal models of complement deficiency, particularly of mice with gene-
targeted complement deficiencies, has enabled the detailed study of the physiological pathways for 
host defence against bacterial infection by complement. Studies of the role of complement in defence 
against pneumococcal disease will be presented, showing an important role for the “natural” IgM 
antibody repertoire in conjunction with the classical pathway of complement. 
 

The other important association of inherited deficiency of classical pathway complement 
proteins is the autoimmune disease systemic lupus erythematosus (SLE). Data will be presented 
showing a role for complement in promoting the clearance of the products of inflammatory injury, a role 
for complement in internal homeostasis in addition to its role in host defence against infection. 
Deficiency of this activity of complement in internal “waste disposal” may underlie the association 
between complement deficiency and SLE. 
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SUBVERSION OF COMPLEMENT BY MICRO-ORGANISMS 
 
 

Peter J. Lachmann 
Microbial Immunology Group, Centre for Veterinary Science, Madingley Road,  

Cambridge, CB3 0ES - Email: pjl1000@cam.ac.uk 
 
 

A microbe becomes a pathogen by virtue of successfully evading the host’s immune responses 
and the microbial strategies for so doing are legion.  They include methods to avoid recognition by the 
immune system, for example by antigenic variation as shown by influenza and HIV and by parasites or 
plasmodia or by acquiring a host coat as is done by worms and retroviruses. 

 
Another major mechanism is to avoid the effector mechanisms of the immune response.  This 

can be done by subverting cytotoxic T cells by the production of decoy HLA molecules; or by 
subverting Fc function by producing Fc receptor homologues; or by subverting the complement 
system.  Some viruses also have developed methods of subverting apoptosis in the cells that they 
infect. 

 
In this talk some examples of subversion of the complement system will be described. 
 
Viruses have evolved a number of techniques for evading the complement system.  One is the 

arrangement of epitopes in their surface proteins such that antibodies against them are not able to 
initiate complement fixation.  The measles virus is a good example of this strategy.  Antibodies to the 
measles haemagglutinin, whether IgG or IgM, fail to activate complement by the classical pathway, 
presumably because the antigenic epitopes are so spaced that effective bridging cannot be obtained 
between them.   

 
Some viruses (e.g.  HIV) have evolved mechanisms of entry into cells through complement 

receptors after fixing complement.  This is analogous to the strategy used by the Dengue virus which 
can enter cells through Fc receptors after having bound antibody.  

 
Some viruses have also evolved means of acquiring host complement control proteins.  Some 

viruses, for example HIV and vaccinia, capture these proteins from the host cell membrane as they 
leave the cell.  Other viruses, particularly pox and herpes viruses, cause the cell to synthesise specific 
molecules for this purpose.  This in turn can be done in two different ways.  One is by gene capture 
from the host as is seen in  Herpes Virus Saimiri.  The other is by convergent evolution where proteins 
with no structural similarity to host complement control proteins have evolved that complement control 
function.  This is clearly seen in Herpes Simplex Virus.   

 
Complement control proteins also occur on a number of parasites.  For example Trypanosoma 

Cruzi has a molecule that in structure resembles DAF- like and controls C3 convertases; and  
Schistosoma Mansoni has a protein known as SCIP-1, which has CD59-like properties and shows 
some cross-reactivity with antibodies to human CD59 .  SCIP-1 is made only in the mammalian host 
and not in the snail part of the parasite’s life cycle where resistance to mammalian complement is not 
needed. 

 
Bacteria generally subvert complement rather differently.  A number of bacteria bind the soluble 

mammalian complement control proteins, Factor H and C4 binding protein, onto their surface to protect 
them from complement attack.  These include Neisseria gonorrhea and Streptococcus pyogenes.  
However,  M1 Group A Streptococci (GAS) secrete a protein (SIC) that does inhibit complement – 
although this is not the major activity of this remarkable molecule which has been shown to be a 
multifunctional inhibitor of the mucosal innate immune system. 
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MACROPHAGE RECEPTORS FOR PATHOGENS 
 
 

Siamon Gordon 
Sir William Dunn School of Pathology, University of Oxford, South Parks Road, OX1 3RE 

 
 

Macrophages (MØ) and other myeloid cells including dendritic cells (DC) are antigen 
presenting cells (APC) that express a range of plasma membrane receptors that determine their 
growth, differentiation, localization within tissues and functions, such as endocytosis and phagocytosis.  
These receptors bind to a wide range of ligands e.g. cytokines, chemokines and low molecular weight 
metabolites derived from within the host.  Some of these receptors (PRR) are also able to recognize 
exogenous ligand structures, known as pattern recognition molecules, found on and within micro-
organisms.  Such innate immune recognition receptors are germ-line encoded and initiate binding, 
uptake, signal transduction, gene expression and effector killing mechanisms.  The PRR of APC play a 
role in the induction of adaptive immune responses and Th1/Th2 bias. 

 
The PRR do not discriminate between commensal and pathogenic micro-organisms.  There are 

still many outstanding questions concerning the regulation of inflammatory and host protective 
responses, versus silent clearance of modified or senescent host cells and molecules, which may in 
turn promote pathogen entry and survival within MØ. 

 
The repertoire of PRR expressed by APC is extensive, covering modified proteins and 

peptides, glycoconjugates, lipids and nucleic acids.  Recognition can be direct, or enhanced by 
opsonins, for example antibody, complement or other proteins such as surfactant molecules in the 
lung. 

 
Non-opsonic receptors include a group of scavenger receptors (SR) and lectins.  I shall present 

data on aspects of SR-A interactions with Neisseria meningitidis, an important cause of meningitis and 
septicaemia in humans and a newly defined β-glucan receptor (βGR), a lectin-like molecule involved in 
fungal recognition.  These receptors illustrate the promiscuity and specificity of non-opsonic pattern 
recognition and their host protective and injurious role against invading organisms.  Finally, we have 
established a link between proximal recognition of yeast particles by βGR and downstream Toll-like 
receptor-dependent signalling. 
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ANTIMICROBIAL PEPTIDES - AN OVERVIEW 
 
 

Tomas Ganz 
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Antimicrobial peptides are abundant constituents of cells and tissues engaged in host defense 
of plants and animals. In general, antimicrobial peptides of animals are amphipathic and cationic, and 
these properties allow them to permeabilize microbial cell membranes. Biophysical studies with model 
membranes indicate that antimicrobial peptides preferentially disrupt membranes that are rich in 
negatively-charged phospholipids characteristic of many microbes. The importance of charge 
interactions for antimicrobial peptide function is further underlined by bacterial counterresponses, often 
involving modifications that diminish the negative charge of their membranes and cell walls. 

 
In mammals, defensins and cathelicidins are the two most abundant and widely distributed 

families of antimicrobial peptides. Mammalian defensins form three related subfamilies, α-, β-, and θ-
defensins, that differ in the spacing and bonding pattern of their 6 cysteines. Structurally, θ-defensins 
are particularly interesting since they are formed by a novel posttranslational reaction that forms a 
cyclic peptide from two truncated defensins, products of defensin genes that contain termination 
codons after the third cysteine. The defensins are a very rapidly evolving gene family that appears to 
be under strong pressure for diversification of the mature defensin sequences, as indicated by the 
excess of nonsynonymous over synonymous substitutions in related genes. This pressure, presumably 
from microbial pathogens, has resulted in a variety of patterns of tissue expression. Thus granulocytes 
of humans, rats and many other mammals contain α-defensins but mouse granulocytes have no 
defensins, granulocytes of ungulates contain β-defensins, and rhesus monkey granulocytes have both 
α- and θ-defensins. Other tissues particularly rich in defensins, at least in some mammals, include 
Paneth cells of the small intestine (α-defensins) and epithelial cells of the skin, trachea, intestine, 
kidney, female reproductive tract, and the epididymis (predominantly β-defensins). 

 
Although the production of neutrophil, Paneth cell, and some epithelial defensins is largely 

constitutive, other epithelial defensins are dramatically induced by inflammatory stimuli. Bovine 
tracheal antimicrobial peptide (a β-defensin) is directly induced in response to lipopolysaccharide but in 
human skin the induction of human β-defensin-2 is indirect, and mediated by interleukin-1. Induction of 
human β-defensin-2 transcripts is detectable already at 2 hours after IL-1 stimulation. In the skin, 
human β-defensin-2 is transported by lamellar bodies that also carry lipids destined for the intercellular 
spaces. This organelle thus contains materials that make the skin impermeable to water and also 
protect it against infections. 

 
At micromolar concentrations, defensins have a broad spectrum of antimicrobial activity. These 

concentrations are reached and exceeded in the phagocytic vacuoles of neutrophils, in intestinal crypts 
exposed to microbial stimuli, and in inflamed skin. Under these conditions, any inhibitory effects of 
salts and certain serum components are likely to be overcome. Studies of defensins in transgenic 
mouse models of intestinal infection indicate that defensins have an important role in antibacterial host 
defense. 

 
The cathelicidin family of antimicrobial peptides is characterized by a conserved ~100 amino 

acid prosegment, cathelin, that is joined to the C-terminal antimicrobial peptide. The amino acid 
sequences and structures of the various C-terminal peptides are extremely variable and range from α-
helical (e.g. the sole human cathelicidin LL-37) or β-sheet (e.g. pig neutrophil protegrins) to loops and 
extended helical structures with repeating amino acid motifs. Cathelicidins are particularly abundant in 
granulocytes and in semen but are also present in various epithelia, including those of the skin, saliva 
and the digestive tract and the testis and epididymis. In granulocytes, cathelicidins are stored as 
precursors in granules of the secretory type, distinct from the phagocytic granules that contain 
defensins or the major serine proteases. Most but not all cathelicidins undergo proteolytic cleavage 
that removes the cathelin segment and activates the C-terminal peptides for antimicrobial function. 
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Bovine and porcine cathelicidins are cleaved by neutrophil elastase but the human cathelicidin LL-37 is 
activated by the closely related proteinase-3. The antimicrobial activity of cathelicidins is in general 
less salt-sensitive than that of defensins, and this may allow cathelicidins to function as antimicrobials 
in the extracellular space.  

 
Mice, like humans, have a single major cathelicidin, cathelin-related antimicrobial peptide 

(CRAMP). Disruption of the CRAMP gene made mice more susceptible to cutaneous infection with 
group A Streptococcus, indicating that cathelicidins have a nonredundant function in host defense 
against bacteria. Both defensins and cathelicidins have been reported to have several indirect host 
defense activities, including chemotactic activity and regulation of wound repair. The role of these 
activities in vivo has not yet been established. 

 
Antimicrobial peptides are important effectors of innate immunity not only in plants and 

invertebrates but also in vertebrates, including mammals. 
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FORWARD GENETIC ANALYSIS OF INNATE IMMUNITY IN MAMMALS 
 
 

Bruce Beutler 
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Innate immunity is inherited and pre-programmed.  It is the most important form of immunity in 
all organisms, and the sole form of immunity in most organisms.  In vertebrates, it is required to cope 
with infections that the host has never seen, whether the pathogens are viral, bacterial, fungal, or 
protozoan.  The adaptive immune system was built atop the pre-existing innate immune system, and in 
many details, is dependent upon it. 

 
The innate immune response may be divided into afferent (sensing), and efferent (effector) 

components.  Innate immune sensing has been studied intensively in recent years, and a clear picture 
of the molecular interactions and biochemistry that serve this process has begun to emerge.  The 
discovery of the innate immune sensors of vertebrates was rooted in the science of microbial 
pathogenesis, and in particular, in the search for the mechanism by which endotoxin (bacterial 
lipopolysaccharide; LPS) works its biological effects.  First named as a toxic component of Vibrio 
cholerae more than 100 years ago1, LPS is largely responsible for the shock syndrome that occurs in 
Gram-negative sepsis2, and has long been known for its strong immunostimulatory and adjuvant 
properties3.  It was the tumor necrotizing effect of LPS that led to the identification of tumor necrosis 
factor (TNF), a central mediator of LPS action4.  In turn, it was measurement of LPS-induced TNF 
production that permitted identification of the LPS receptor. 

 
LPS toxicity has long been taken as the premiere model of the deranged physiology that occurs 

during an authentic infection, and finding the LPS receptor seemed to be the key to understanding the 
cause of shock in sepsis.  The signaling component of the LPS receptor was identified in 1998, by 
positional cloning studies, which revealed that the genetic defect responsible for LPS resistance in 
C3H/HeJ mice was a point mutation within the Toll-like receptor (TLR) 4 gene5,6.  The realization that 
TLR4 was the sole transducer of the LPS signal suggested that other TLRs might also have unique 
specificities, each detecting broadly conserved molecules of microbial origin, many of which were 
already known to have biological effects similar to those of LPS.  During the next three years, the 
specificities of TLRs 1, 2, 3, 5, 6, 7, 8, and 9 were determined7-12, in most instances through the use of 
reverse genetic methods.  It is now known that there are ten TLR paralogs in humans, and eleven TLR 
paralogs in mice.  The evolution of the TLRs has been studied in some detail13,14, and it is clear that 
new members of the family form quite rapidly as others vanish.  For example, TLR4 first arose as a 
duplication product at the dawn of vertebrate evolution, it seems to have been lost from at least some 
vertebrate lines15, and perhaps exists only among mammals today. 

 
The mammalian TLRs seem to directly engage their specific microbial ligands16.  However, it is 

clear that at least in some cases, they do so in conjunction with other proteins (MD-2 and CD14 in the 
case of TLR4).  The biochemical pathways through which TLRs then announce the presence of 
bacteria has been explored intensively, and the story is most clear for the LPS receptor.  TLR4 
activation stimulates the recruitment of MyD8817 as well as a molecule known as Mal (or Tirap)18,19, 
and both are required for early activation of MAP kinase family members (ERK1/2, p38, and JNK, for 
example) as well as NF-?B translocation, which in turn causes transcriptional activation of 
inflammatory cytokine genes.  A second set of  “MyD88-independent” events occur even in mice that 
lack MyD88 or Mal/Tirap.  Hence, in knockout animals, MAPK activation and NF-?B activation occur 
after some delay, and there is low level production of inflammatory cytokines.  In addition, interferon-ß 
production occurs, leading to the secondary production of inducible nitric oxide synthase and various 
chemokines. 

 
All of these residual effects are abolished by a mutation affecting a locus known as Lps2 20.  

Created in our laboratory using the germline mutagen N-ethyl-N-nitrosourea, the Lps2 mutation was 
identified by screening the response of macrophages to LPS ex vivo, and was found to affect not only 
LPS sensing, but also the sensing of poly I:C, which depends upon TLR3.  Thus, Lps2 encodes a 
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transducer molecule that is shared in common by these two receptors.  Moreover, the LPS signaling 
pathway is constructed with two (and perhaps only two) primary branches:  a fact that will guide further 
investigation of precisely how the LPS signal is propagated into the cytoplasm.  The Lps2 locus has 
recently been identified by positional cloning, and further, has been shown to be a component of both 
bacterial and viral response pathways in mice.  The clinical similarity of viral and bacterial infections, 
both of which can produce fever, shock, and other constitutional symptoms that are nearly 
indistinguishable, presumably originates at the level of the TIR domains represented in TLRs and IL-
1/IL-18 receptors, and in the transducer molecules that serve them. 

 
In principle, the use of germline mutagens may lead to the identification of any and all proteins 

that are required for a robust innate immune response.  Toward this end, we have generated more 
than 30,000 germline mutant mice, and continue to screen them for defects of macrophage function, 
as well as problems in coping with authentic infections.  Several other mutations have been identified, 
and are being refined for positional identification. 
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FUNCTIONS OF TOLL-LIKE RECEPTORS: LESSONS FROM KO MICE 
 
 

Shizuo Akira 
Department of Host Defense, Research Institute for Microbial Diseases, 

Osaka University, Suita, Osaka 565-0871 Japan 
 
 

Toll-like receptors (TLRs) play an essential role in the detection of invading pathogen in the 
body. Individual TLR recognizes distinct components derived from pathogens, which is followed by 
production of cytokines. The TLR family harbors an extracellular leucine-rich repeat (LRR) domain as 
well as a cytoplasmic domain that is homologous to that of the IL-1R family. Upon stimulation, TLR 
recruits IRAK via adaptor MyD88, and finally induces activation of NF-kB and MAP kinases. Cytokine 
production in response to each TLR ligand is completely abrogated in MyD88-deficient cells, showing 
that MyD88 is an essential signaling molecule shared among IL-1R/Toll family. However, individual TLR 
exerts distinct gene expression. Evidence is accumulating, which indicates that differential utilization of 
several adaptor molecules provides the specificity in the TLR signaling. 
 



 

 
Académie des sciences, 19-20 mai 2003 

L’Immunité Innée : de la drosophile à l’homme 
Innate Immunity: from Flies to Humans 

 

FUNCTIONAL ANALYSIS OF THE TOLL-LIKE RECEPTORS 
 
 

Alan Aderem 
Institute for Systems Biology, Seattle, WA 98105, USA 

 
 

The immune system of vertebrates consists of innate and adaptive components that differ in 
their mechanisms of pathogen recognition and in the immediacy of their responses.  The innate 
immune system is the first line of defense.  It uses germ line-encoded pattern-recognition receptors 
that recognize the conserved molecular structures expressed on pathogens, but not the host.  These 
pattern recognition receptors include the Toll-like receptors, carbohydrate receptors, and the 
scavenger receptors.  The adaptive immune system has exquisite specificity mediated by antigen 
receptors that are generated by gene rearrangement.  However, the development of an effective 
adaptive response takes time, and it is governed by elements of the innate immune system. 

 
We have previously shown that Toll-like receptor-5 (TLR5) recognizes bacterial flagellin, and 

that this recognition leads to the activation of host of signalling pathways and subsequent inflammatory 
responses.  We now show that TLR5 recognizes a conserved portion of the D1 domain that is buried 
within the flagellin filament, and that the filament must be depolymerized into monomers for TLR5 
recognition.  Protein folding algorithms, developed at the ISB, suggest that flagellin binds within a cleft 
in the extracellular domain of TLR5.  We have also demonstrated that a common polymorphism in 
TLR5 (C1174T), which encodes a stop codon, is unable to mediate flagellin signalling and is 
associated with susceptibility to pneumonia caused by Legionella pneumophila, a flagellated 
bacterium.  In addition, we show that Legionella flagellin is a principal stimulant of pro-inflammatory 
cytokine production in lung epithelial cells.  Together, these observations implicate TLR5 in 
susceptibility to human infection as well as demonstrate a uniquely important role for TLR5 in the lung 
epithelial innate immune response. 

The major portion of this presentation will deal with large-scale approaches, including 
genomics, proteomics and informatics, to explore the differential responses mediated by TLR 
receptors.  In addition, new nanotechnology approaches directed at the dissection of the innate 
immune response will be presented. 
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RÉCEPTEURS TLR ET CONTRÔLE DE L’IMMUNITÉ ADAPTATIVE / TOLL-LIKE RECEPTORS 
AND CONTROL OF ADAPTATIVE IMMUNITY 

 
 

Ruslan Medzhitov 
Yale University School of Medicine 

 
 

Mammalian Toll-like receptors orchestrate multiple host defense mechanisms aimed at efficient 
elimination of invading pathogens.  Many of the cellular responses triggered by TLRs are dependent 
on inducing transcription of a variety of genes encoding inflammatory mediators and antimicrobial 
effectors, as well as signals required for the initiation of adaptive immunity.  Here, a new, transcription-
independent role of TLRs will be described in the context of a broader physiological function of 
macrophages and other phagocytes. 
 
 



 

 
Académie des sciences, 19-20 mai 2003 

L’Immunité Innée : de la drosophile à l’homme 
Innate Immunity: from Flies to Humans 

 

NOD RECEPTORS AND INTRACELLULAR IMMUNITY 
 
 

Dana Philpott 
Groupe d'Immunité Innée et Signalisation, Institut Pasteur,  

28 rue du Dr. Roux, Cedex 15,  Paris 75724 France 
 
 

Recent studies into the innate immune recognition of pathogens have highlighted the role of a 
family of membrane-bound receptors, the Toll-like receptors (TLRs), in host defense. This family of 
proteins shares homology with the Drosophila protein Toll, which mediates innate immune defense 
against fungal and Gram-positive bacterial infections. TLRs recognize so-called pathogen-associated 
molecular patterns or PAMPs, which are microbial structural components such as lipopolysaccharide 
(LPS) that are essentially conserved among microorganisms. In addition to the membrane-bound TLR 
family of pathogen receptors, we and others have recently uncovered a cytosolic surveillance system 
that is likely important during infection by invasive pathogens. This system is mediated by a family of 
cytosolic proteins, called Nod proteins, which are similar to plant disease resistance proteins or R 
proteins. The two prototypes of this family that have been best characterized are Nod1 and Nod2. 
Structurally, these proteins consist of an N-terminal caspase-activating and recruitment domain 
(CARD; two in the case of Nod2) a central nucleotide-binding site and a C-terminal leucine-rich repeat 
domain. We have shown that Nod1 plays a role in the intracellular sensing of Gram-negative bacterial 
infections of epithelial cells and initiates a pro-inflammatory response through the activation of NF- kB. 
Nod2, on the other hand, is mainly expressed in macrophages but like Nod1 is likely to also play a role 
in defense responses against bacterial infections.  This is illustrated by the fact that mutations in Nod2 
are associated with the inflammatory bowel disease, Crohn's disease, and render this molecule 
insensitive to bacterial ligands.  Studies in our laboratory focus on identification the ligands of these 
molecules, characterization of the signaling pathways down-stream of receptor activation and, finally, 
examination of the role of these proteins during in vitro and in vivo infection by bacterial pathogens. 
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THE PLANT IMMUNE SYSTEM - ANCIENT IMMUNITY WHILE STANDING STILL 
 
 

Jeff Dangl 
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University of North Carolina, Chapel Hill, N.C. 27599-3280, USA 
 
 

Plants cannot move to escape environmental challenges. Biotic stresses result from a battery 
of potential pathogens: fungi, bacteria, nematodes and insects intercept the photosynthate produced 
by plants and viruses utilize replication machinery at the host’s expense. Plants, in turn, have evolved 
sophisticated mechanisms to perceive such attacks, and to translate that perception into an adaptive 
response. Recognition is controlled by proteins in the plant that are structurally similar to mammalian 
Nod proteins—they are called R proteins. There are only 175 genes for the major class of R protein in 
the finished Arabidopsis genome sequence, which presents problems in terms of how large the 
pathogen recognition effective repertoire can be. R protein action is triggered by intracellular virulence 
factors produced by many extracellular bacterial and fungal pathogens. The bacterial pathogens 
deliver these virulence factors through the evolutionarily conserved type III secretion pilus, and the 
virulence factors are hence called type III effector proteins. I will review the current knowledge of 
recognition-dependent disease resistance in plants, with special emphasis on a model that may get 
around this repertoire problem. I will also describe our efforts to characterize the protein complex in 
the host cell that recognizes the pathogen encoded trigger. Finally, I will describe our genomics based 
efforts to identify all of the type III effector proteins produced by Pseudomonas syringae pathogens of 
plants and why this effort may help us define the number and nature of their host targets. I will 
highlight a few concepts to compare and contrast plant innate immunity from that more commonly 
associated with animals. There are appreciable differences, but also surprising parallels. 

 

Note:  
Work on these topics in my lab is funded by the NIH, DOE, NSF and USDA. 
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GENETIC DISSECTION OF IMMUNITY TO INFECTION: THE HUMAN MODEL 
 
 

Jean-Laurent Casanova and Laurent Abel 
Laboratory of Human Genetics of Infectious Diseases 

Université René Descartes-INSERM U550, Necker Medical School 
156 rue de Vaugirard, 75015 Paris, France, EU 

E-mail: casanova@necker.fr 
 
 

Humans are exposed to a variety of poorly virulent micro-organisms. Only a minority of infected 
individuals develop clinical disease. The interindividual variability of clinical outcome is thought to result 
in part from variability in the human genes that control host defense. In this well-defined microbiological 
and clinical context, the principles of mouse immunology and the methods of human genetics can be 
combined to facilitate the genetic dissection of immunity to infection in humans. The natural infections 
are unique to the human model, not being found in any of the animal models of experimental infection. 
We will review current genetic knowledge concerning the simple and complex inheritance of 
predisposition to infectious diseases in humans. Rare patients with Mendelian disorders have been 
found to be vulnerable to environmental microbes. Most cases of presumed Mendelian susceptibility to 
these remain unexplained. In the general population, common infectious diseases have been shown to 
be associated with certain human genetic polymorphisms and linked to certain chromosomal regions. 
However, the causal vulnerability genes themselves have yet to be identified and their pathogenic 
alleles biologically validated. The studies carried out to date have been fruitful, initiating the genetic 
dissection of protective immunity against a variety of microbial species in natural conditions of infection. 
The human model may well become a model of choice for the investigation of immunity to infectious 
agents. 
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EPITHELIAL CELL RESPONSES TO PATHOGENS 
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The pathogenesis of bacillary dysentery can be studied at different levels of integration of the 
cellular components that constitute the colonic mucosal barrier. Interaction of Shigella flexneri with 
individual epithelial cells shows a series of events in which the bacterium, upon contact with the rafts of 
cell surface that allows engagement of the eukaryote receptor CD44, releases Ipa proteins (i.e. 
invasins) through a specialized, activable, type III secretion apparatus (i.e. Mxi/Spa). A signaling 
process that involves signals elicited by the three GTPases of the Rho family (Cdc42, Rac and Rho) 
and pp60 c-src, mediates invasins-mediated rearrangement of the cytoskeleton, thereby allowing 
bacterial entry by a macropinocytic event. Then the bacterium lyses the vacuole and initiates 
cytoplasmic movement, due to polar nucleation and assembly of actin filaments caused by a bacterial 
surface protein, IcsA. The cytoskeletal-associated protein N-WASP and Arp2/3 play an essential role in 
initiation of actin polymerization. This eventually allows passage to adjacent cells via protrusions which 
are engulfed by a cadherin-dependent process. Recent evidence indicates that expression of 
connexins that form both gap junctions and hemi-channels in polarized epithelial cells increase 
susceptibility of adjacent cells to endoyctose protrusions and to endocytose extracellular 
microorganisms. Connexin-mediated paracrine transfer of ATP is an essential mediator that causes 
recurrent Ca++ fluxes whose function in the invasive and inflammatory process remain to be analysed. 
However, invasive Shigella deposited on the apical side of polarized monolayers of human colonic 
cells are unable to invade, indicating that bacteria need to reach the subepithelial area to invade the 
epithelium.  

Initial bacterial crossing of the epithelium occurs essentially via M cells of the follicle associated 
epithelium (FAE). Entering bacteria are then taken up by resident macrophages. In order to survive the 
phagocytic event, Shigella causes apoptotic death of the macrophages. This killing event  which is 
essential for the bacteria to escape and invade the epithelial lining baso-laterally is caused by IpaB-
activation of caspase-1, a pro-apoptotic caspase that also achieves maturation of interleukin-1 and 
interleukin-18, two strong pro-inflammatory cytokines. Shigella-induced apoptosis of mucosal 
macrophages is therefore both a survival mechanism of the invading microorganism and an early pro-
inflammatory event which triggers an inflammatory response that destabilizes the epithelial barrier and 
facilitates further bacterial invasion at distance of the FAE. 

Recent evidence also indicates that invaded epithelial cells are able to sense intracellular 
presence of bacterial peptidoglycan through proteins of the NOD/CARD family that are able to activate 
the NF-KB pathways in these invaded epithelial cells, thus reprogramming them to produce pro-
inflammatory chemokines and cytokines such as IL-8. As an increasing number of epithelial cells are 
invaded by Shigella (i.e. direct invasion considerably amplified by cell to cell spread), the colonic 
epithelium becomes a major provider of IL-8, thereby inducing massive recruitment of 
polymorphonuclear leukocyte that account for the destructive inflammatory process that is so 
characteristic of shigellosis. 

We hope that further understanding of Shigella pathogenesis will help deciphering the cross 
talks between intestinal microbes and the mucosal innate immune response that lead to intestinal 
inflammation. 
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Listeria monocytogenes has during the last decade appeared as one of the best models to 
investigate the dynamics of interactions between cells and microbes and highlight how bacteria can 
exploit cellular functions to establish an infection. This bacterium is responsible for a severe food-
borne human disease. The clinical features of listeriosis are meningitis, meningoencephalitis, 
abortions and also gastroenteritis, which are due to the capacity of Listeria to cross three barriers 
during infection, the intestinal barrier, the blood brain barrier and the feto placental barrier. Persons at 
risk are the immunocompromised individuals, the neonates and the pregant women. While the number 
of sporadic cases in France has decreased to about 200 per year, the mortality rate is still 30% and 
epidemics may always occur…  

 
In the infected host, Listeria disseminates from the intestinal lumen to its various target organs 

via the lymph and the blood. Within the various tissues that are infected, bacteria are intracellular. 
They are present in both phagocytic and non-phagocytic cells owing to their capacity to survive in 
phagocytic cells and to invade and survive in non-phagocytic cells.  

 
Once internalized, bacteria lyse the phagocytic vacuole by using a protein called listeriolysin O 

and start to move inside cells by hijacking the cytoskeleton of the infected cells. Actin is recruited and 
polymerized at the posterior pole of the bacteria, providing force for movement. This mechanism also 
permits bacteria to invade adjacent cells and by doing so, to spread from cell to cell to infect the whole 
tissue. The protein responsible for the actin-based motility is a protein named ActA that mimics 
mammalian proteins of the WASP /N-WASP family. 

 
One of the key issues to understand the infectious process is to understand how Listeria 

enters mammalian cells. What are the bacterial factors involved ? What are the receptors ? What are 
the signaling events that lead to entry ? Our laboratory is taking in vitro approaches to identify the 
mechanisms underlying the entry process. We then try to validate our conclusions in vivo. 

 
Over the years, two bacterial proteins involved in entry have been identified and characterized 

in details : internalin (also called InlA) and InlB. Both proteins belong to a family of surface proteins 
that share a common domain made of leucine rich repeats. Internalin is covalently linked to the cell 
wall by an LPXTG motif. InlB is loosely attached to the surface. These two proteins coated on latex 
beads confer invasiveness to the beads. However, internalin permits entry in epithelial cells while InlB 
permits entry  in a variety of cells including fibroblasts, hepatocytes… 

 
Entry occurs by a zipper mechanism with a tight apposition of the cell membrane around the 

bacteria followed by the closing of the phagocytic cup. This process involves a remodeling of the 
cytoskeleton that is triggered by the interactions between the bacterial invasion protein and its 
receptor(s) on the mammalian cell. 

 
The internalin receptor is the human E-cadherin. We have highlighted a very stringent species 

specificity : internalin interacts with human, chiken or guinea pig E-cadherin but  does not interact with 
murine E-cadherin, revealing that the murine model normally used to study Listeria virulence and/or 
the immune response during listeriosis is inappropriate to address the role of internalin. This finding 
has led us to generate transgenic mice expressing human E-cadherin and to demonstrate that the 
internalin/E-cadherin interaction plays a key role in the crossing of the intestinal barrier by the 
pathogen by mediating entry into enterocytes and passage to deeper tissues.  

 
We had noticed several years ago that internalin in some Listeria strains is truncated, secreted 

and therefore non functional. We have therefore analyzed internalin in a large number of Listeria 
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strains from patient or food origin. Results are striking : the proportion of full length internalin is much 
higher (98%) in clinical strains than in food strains (65%). All pregnancy-related cases are due to 
Listeria strains expressing full length internalin. Internalin is never truncated in serovar 4b strains to 
which belong all the epidemic strains. These epidemiological studies establish that internalin can now 
be considered as a bona fide virulence factor and a potential marker in food safety/controls. 

 
The intracytoplasmic domain of E-cadherin is critical in the process of entry. We have identified 

several proteins which interact with this domain and are critical for internalisation, including an 
unconventional myosin myosinVIIa. 

 
The other invasion protein InlB is a potent signaling molecule which interacts with two cellular 

protein ligands, gC1qR and the proto-oncogene c-Met and with glycosamino glycans. As a soluble 
protein, it behaves as growth factor and induces membrane ruffling. It activates PI 3-kinase, the small 
GTPase Rac, Arp2/3 and downstream pathways that lead to the cytoskeletal rearrangements 
absolutely required for internalisation. Control of the actin rearrangements is mediated by cofilin. InlB 
also activates other pathways which are not involved in the entry process and are probably essential 
for later stages of the infection, such as activation of PLC-g or NF-kB.  
Listeriolysin O is also important for entry by mediating calcium uptake.  

 
In order to get a more global picture of the components necessary for uptake or the early 

phases of the infection, we have isolated phagosomes containing beads coated with internalin or InlB 
and discovered that a novel constituant of the cytoskeleton, named septin may be important for the 
InlB mediated entry. 

 
In summary, Listeria uses two surface proteins to trigger its own entry into cells. The first 

interacts with a cell adhesion molecule normally involved in homophilic interactions. The second acts 
as a growth factor. A possible synergy between the internalin/E-cadherin pathway and the InlB/ c-Met 
pathway during infection will be discussed. Internalin and InlB are among  the best examples of 
functional mimicry displayed by bacterial proteins to trigger infection. 
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Phagocytosis, the process by which cells internalize large particles, plays key roles in several 
biological functions including embryogenesis, tissue remodeling and our innate ability to fight infection 
by intracellular pathogens.  The aim of phagocytosis is to kill and degrade, within phagosomes, the 
internalized materials for further use of their molecular constituents and, in the case of our immune 
system, for processing and presentation  of exogenous antigens at the cell surface.  Surprising 
features of phagocytosis and phagolysosome biogenesis, the transformation of phagosomes into 
functional degradative compartments, have been revealed by the systematic analysis of these 
organelles using a proteomics approach.  The phagosome, which was believed to be a simple 
organelle often molecularly described by using a handful of well known protein markers, turned out to 
be a rather complex entity made of hundreds, if not thousands, of proteins.  Its representation, as a 
compartment made of an homogenous lipidic membrane with randomly distributed proteins, was 
modified to include specialized membrane microdomains displaying specific sets of lipids and proteins.  
The fundamental concept that phagocytosis proceeded by invagination of the plasma membrane had 
to be reconsidered to propose a model according to which the endoplasmic reticulum is recruited to 
the cell surface, where it fuses with the plasma membrane and contributes to phagosome formation.  
The association of ER proteins with phagosomes confers new functional properties, among which the 
ability to process exogenous antigens for presentation by both MHC class I and II molecules.  Indeed, 
phagosomes were shown to be able to translocate peptides from their lumen to the cytoplasmic side of 
the organelles where the degradative ubiquitin/proteasome machinery associates.  Upon processing 
and translocation back to the phagosome lumen, exogenous peptides are loaded onto MHC class I 
molecules to form immune complexes which are presented at the cell surface and able to trigger a 
CD8+ T cell response.  These results indicate that the ER and endocytic mixed features of 
phagosomes enable to link the natural ability of macrophages to kill microorganisms with the elicitation 
of an efficient adaptive immune response. 
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The molecular mechanism allowing NK cells to discriminate between normal and tumor cells, 
predicted by the “missing self hypothesis”, has been clarified only in recent years. NK cells recognize 
MHC-class I molecules through surface receptors delivering signals that inhibit, rather than activate NK 
cells. In humans these receptors are essentially represented by the Killer Ig-like receptors (KIR) and by 
the CD94\NKG2A lectin-like receptor. While KIR recognize HLA class I with locus and allelic specificity, 
CD94\NKG2A molecules recognize non-classical HLA-E molecules. As a consequence, NK cells kill 
target cells that have lost (or express decreased amounts of) MHC class I molecules as it frequently 
occurs in tumors and in cells infected by certain viruses. NK cell triggering and lysis of these cells is 
mediated by several activating receptors and coreceptors that have recently been identified and cloned. 
These are represented by the Natural Cytotoxicity Receptors (NCR) that include the NKp46, the NKp30 
and theNKp44 molecules that are highly NK-specific and upon engagement by their cellular ligands, are 
capable to induce potent NK cell triggering. While normal cells are usually resistant to the NK-mediated 
attack, a remarkable exception is represented by dendritic cells (DC). In their immature form (iDC), they 
are susceptible to NK-mediated lysis because of the expression of low levels of surface MHC-class I 
molecules. Since the process of DC maturation (mDC) is characterized by the surface expression of 
high levels of MHC-class I molecules, mDC become resistant to NK cells. For example we showed that 
exposure to live bacteria induces rapid DC maturation and, thus, resistance to NK cells. The NK/DC 
crosstalk in inflamed tissues is indeed characterized by a complex series of cell to cell cognate 
interactions leading to NK cell activation and acquisition of cytotoxicity against immature DC (iDC). This 
may represent a mechanism of DC selection required for the control of down stream adaptive immune 
responses. We showed that killing of monocyte-derived iDC is confined to the NK cell subset that 
expresses CD94/NKG2A, but not KIR. Consistent with this data, the expression of HLA-E (i.e. the 
cellular ligand of CD94/NKG2A) was downregulated in iDC. On the other hand, HLA-B and HLA-C 
dowregulation in iDC was not sufficient to induce cytotoxicity in NK cells expressing KIR3DL1 or 
KIR2DL. Remarkably, CD94/NKG2A+, KIR- NK cells were heterogeneous in their ability to kill iDC and 
an inverse correlation existed between their CD94/NKG2A surface density and the magnitude of their 
cytolytic activity. It is conceivable that the reduced CD94/NKG2A surface density enables these cells to 
efficiently sense the decrease of HLA-E surface expression in iDC. Finally, most NK cells that lysed iDC 
did not kill mature DC (mDC) that express higher amounts of HLA Class I molecules (including HLA-E) 
as compared to iDC. However, a small NK cell subset was capable of killing not only iDC but also mDC. 
The cross-talk between DC and NK cells also involves the release of DC-derived soluble factors that 
may regulate the quality and\or the intensity of NK-mediated immune responses. For example DC upon 
appropriate conditions, release TGF-beta which in turn down-regulates NK-mediated cytolytic functions. 
We showed that this is possible since TGF-beta induce a specific down-regulation of the NKp30 
receptor on NK cells. Notably this receptor is the major responsible for the induction of the NK-
mediated killing of immature DC. Thus, two important players of the innate immunity may be involved in 
a coordinated regulation of critical events occurring at the interface between innate and adaptive 
immunity. Regarding the possibility of exploiting NK cells in therapy, an important field of interest is 
bone marrow transplantation. A major role for alloreactive NK cells (i.e. donor’s NK cells that are not 
inhibited by the HLA-class I alleles of the recipient) was shown in acute myeloid leukaemia patients 
undergoing allogenic bone marrow grafting. In these patients, donor’s alloreactive NK cells not only 
mediated graft-versus-leukemia (thus preventing leukemic relapses) but also abolished graft-versus-
host responses by killing DC of the patient. These findings highlight important new perspectives on 
bone marrow transplantation. 
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The initiation and maintenance of severe, acute pathogen-driven inflammation is dependent 
upon a diverse collection of cellular and molecular mechanisms. 

 
These mechanisms set in motion a cascade of events which significantly contribute to 

subsequent pathology, which can include altered physiology, immunosuppression, and impaired wound 
healing. Our laboratory has been studying the over-lapping activities of various chemokines in both 
acute and chronic inflammatory diseases and have identified specific chemokines that contribute to 
both innate and acquired responses.  

 
For example, CCR4 and TARC/CCL17 possess important activities during the innate immune 

response, as well as participating in the recruitment of leukocytes during a polarized, type 2 acquired 
response. We have demonstrated that CCR4 -/- mice are resistant to the effect of cecal ligation and 
puncture-induced peritonitis, caused by poly-microbial gut flora.  

 
These -/- animals had an augmented local inflammatory response with an increase in local 

cytokines production and local neutrophil elicitation, while the systemic inflammatory response is 
blunted.  

 
Interestingly, the ligand for CCR4, TARC/CCL17 caused a decrease in the expression of toll-like 

receptors on macrophages and a decrease in cytokine production.  
 
Thus, we believe TARC/CCL17 plays a regulatory role during acute pathogen-dependent 

processes, which includes a down-regulation of the acute response via, in part, regulation of TLR. 
 
These data suggests that specific chemokines play important and non-redundant roles as acute 

inflammation transitions into a chronic immune response. 
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Recognition of invasive microbial pathogens is an essential function of innate immunity (1). 
Positioned at the front-line of the antimicrobial host defenses, macrophages are pivotal effector cells of 
the innate immune system (2).  Activated by the binding of microbial products to pathogen-recognition 
receptors, macrophages and other innate immune cells release, within a few hours, a myriad of pro- 
and anti-inflammatory mediators and antimicrobial peptides playing a critical role in host defenses 
against infections (3-5).   

 
Cytokines are small proteins (usually of less than 30 kD), whose expression is, with few 

exceptions, induced rather than constitutive (6).  Pleiotropism (i.e. the capacity for a given cytokine to 
stimulate several cell types) and redundancy (i.e. the ability of different cytokines to exert similar 
effects) are typical features of cytokines. Moreover, cytokines have the capacity to induce each other’s 
expression, giving rise to a broad network of interacting molecules. As they transmit information within 
and between cells, cytokines display autocrine, paracrine, and endocrine activities mediated by the 
interaction with specific receptors expressed on target cells. Cytokines exert chemotactic effects for 
immune cells, enhance the expression of the MHC class I and II, and participate in the activation and 
proliferation of immune cells, especially B and T lymphocytes. Tumor necrosis factor, interleukins, 
chemokines, interferons and colony stimulating factors are important members of the cytokine family of 
messenger molecules. These pleiotropic immuno-modulating cytokines are produced and released 
promptly by activated macrophages and act in concert with other mediators to orchestrate the innate 
and adaptive immune responses that serve to eliminate or wall-off invasive pathogens (reviewed in 
(7)).  

 
The inflammatory response triggered by the release of cytokines and other mediators is a 

fundamental and vital feature of the host innate immune defense response that must be kept under 
tight control, as it may, both by default and by excess, have disastrous consequences for the host. 
Indeed, in vivo and in vitro experiments performed in mice with targeted disruption of specific cytokine 
gene or with macrophages derived from these animals have unequivocally showed the indispensable 
role played by these mediators in antimicrobial host defenses. Similar results were obtained when the 
activity of critical soluble or membrane-bound components of the innate immune system (such as the 
LPS-binding protein, CD14 or the Toll-like receptors) have been inhibited, which resulted in severe 
impairment of cytokine production promoting microbial growth (8-11). However, when released in large 
quantities either in the tissue or in the systemic circulation, cytokines contribute to the cascade of 
events that culminate in overwhelming inflammatory responses, shock, multiple organ dysfunction and 
death as can be observed in patients with severe sepsis and septic shock. 

 
As an example of a prototypic pro-inflammatory macrophage cytokine, the biological activities 

of macrophage migration inhibitory factor (MIF), one of the first cytokine ever described, will be 
reviewed. In recent years MIF has emerged to be an important effector molecule of the innate immune 
system and a critical mediator of sepsis. Constitutively expressed by immune cells, including 
macrophages, MIF is rapidly released after exposure to microbial agents (bacteria, toxins) and 
cytokines (12;13). Once secreted, MIF promotes inflammatory and immune responses.  Of note, MIF 
was found recently to up-regulate basal expression of Toll-like receptor 4 (TLR4) in the macrophage 
and thus to facilitate the recognition of endotoxin-bearing particles and Gram-negative bacteria by the 
innate immune system (14). Thereby, MIF enhances the production of inflammatory cytokines and 
enables cells that are at the front-line of the antimicrobial host defenses, such as the macrophage, to 
respond quickly to hostile Gram-negative bacteria. However, when released in large quantities, MIF 
pro-inflammatory activities become deleterious as observed in patients with severe sepsis in whom 
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plasma levels of MIF are elevated (15). Neutralization of MIF activity with anti-MIF antibodies or 
deletion of the Mif gene reduces cytokine production and confers protection in experimental models of 
bacterial sepsis and toxic shock syndromes(12;15;16). Development of strategies that interfere with 
MIF production and function may have a role in the treatment of severe sepsis and inflammatory 
diseases. 
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