
TABLE DES MATIERES

1

Page

PREAMBULE __________________________________________________________________________2
EFFECTIFS ET BUDGET DU DEPARTEMENT DE BIOCHIMIE ________________________________4
ENSEIGNEMENTS DISPENSES PAR LE DEPARTEMENT DE BIOCHIMIE ______________________8
THESES DE DOCTORAT ________________________________________________________________9
PROFESSEURS HONORAIRES __________________________________________________________10
RECHERCHES AU DEPARTEMENT DE BIOCHIMIE
• Control of epithelial stem cell potential versus differentiation and tumorigenesis

Laboratoire P. Dotto __________________________________________________________________11
• Membrane fusion and vesicle formation

Laboratoire A. Mayer _________________________________________________________________14
• Molecular mechanisms of T lymphocyte antigen recognition

Laboratoire M. Thome Miazza__________________________________________________________21
• Repair of interstrand DNA crosslinks during DNA replication in human cells

Laboratoire A. Constantinou ___________________________________________________________26
• Stromal cells in T zones of secondary lymphoid tissues

Laboratoire S. Luther _________________________________________________________________28
• TNF and TNFR families. A complex system of ligands and receptors

Laboratoire P. Schneider ______________________________________________________________32
• Immune responses to Leishmania infection

Laboratoire P. Launois (Centre de recherche et de formation en immunologie de l’OMS)____________37
• Structural and functional studies of virulence factors in the human protozoan parasite Leishmania

Laboratoire N. Fasel __________________________________________________________________41
• New approaches to malaria and cancer immunotherapy

Laboratoire G. Corradin et J.P. Mach_____________________________________________________46
• Signaling pathways leading to apoptosis and inflammation

Laboratoire J. Tschopp ________________________________________________________________55
• Differentiation of lymphoid compartments: Immune response vs. immunopathology

Laboratoire Hans Acha-Orbea __________________________________________________________61
• Mucosal vaccines against oncogenic microbial pathogens

Laboratoire J.P. Kraehenbuhl ___________________________________________________________66
• Biochemistry of lymphocyte membrane proteins

Laboratoire C. Bron __________________________________________________________________71
• Protein analysis facility

Laboratoire M. Quadroni ______________________________________________________________77
• Protein and peptide chemistry facility

Laboratoire E. Servi __________________________________________________________________80
PUBLICATIONS _______________________________________________________________________84

Département de Biochimie, Faculté de Biologie et de Médecine, Université de Lausanne, Ch. des Boveresses
155, CH-1066 Epalinges, Suisse/Switzerland
Tél. +41-21-692 57 00, fax +41-21-692 57 05, e-mail : prenom.nom@ib.unil.ch
Site web : http://www.unil.ch/ib

Page de couverture: Cytotoxic T lymphocyte - Target cell interface co-localization (yellow) of the antigenic
peptide (blue) and 1 integrins (green) in membrane lipid rafts (cholera tx: red) at the contact site.
(M.A. Doucey et al. 2003, J.B.C. 278, 26983-26991).



PREAMBULE

2

Ce rapport d’activité biennal reflète les profonds
changements intervenus au sein du corps
professoral de l’Institut, récemment devenu
Département de Biochimie. Cinq professeurs se
sont en effet retirés presque simultanément entre
2000 et 2003 après avoir consacré trente années à
la recherche et à l’enseignement de la biochimie à
l’Université de Lausanne. Un Symposium
scientifique et festif fut organisé en leur honneur
le 20 janvier 2003 rassemblant de nombreux
scientifiques de Suisse et de l’étranger avec
lesquels des liens de collaboration durables et
fructueux avaient été établis.

Cette période coïncide également avec la création
de la nouvelle Faculté de Biologie et de
Médecine, les réflexions sur la réorganisation de
la recherche et de la formation dans les sciences
biologiques au sein des institutions universitaires
lausannoises et la refonte des enseignements
destinés aux étudiants en médecine et en biologie
dans lesquels le Département de Biochimie est
fortement impliqué. C’est donc dans ces
circonstances complexes que s’inscrivent les
travaux des commissions de la Faculté chargées
d’étudier les diverses successions professorales.

Les choix se sont naturellement orientés vers des
chercheurs chevronnés apportant des idées et des
projets novateurs susceptibles de compléter les
thématiques qui ont fait la réputation du Centre de
Recherche d’Epalinges.

Ainsi, l’arrivée du Prof. G.-P. Dotto, entré en
fonction le 1er septembre 2002, renforce le
domaine de l’oncologie expérimentale reconnu
comme l’un des secteurs prioritaires de la
recherche au sein de la nouvelle Faculté de
Biologie et de Médecine. L’étude des
mécanismes moléculaires qui contrôlent
l’équilibre entre la croissance et la différenciation
des cellules épithéliales, ainsi que l’identification
des altérations de cet équilibre, sont des
démarches expérimentales propres à ouvrir la
voie à de nouvelles thérapies des tumeurs
humaines très fréquemment d’origine épithéliale.
Le maintien de liens étroits de cette équipe avec
le Cutaneous Biology Research Center du
Massachussets General Hospital (Boston)
représente également un apport potentiel
intéressant pour le Département de Biochimie et
la Faculté au plan de la recherche ainsi qu’à celui
de la formation postgraduée.

Les mécanismes biochimiques, qui règlent et
catalysent la fusion sélective des membranes
cellulaires, sont cruciaux pour de nombreuses
propriétés physiologiques de la cellule, telles que
la neurotransmission, la sécrétion d’hormones ou
d’autre facteurs régulateurs, l’endocytose induite
par des récepteurs membranaires, le transport et
l’adressage de vésicules intracellulaires, etc. C’est
ce domaine central de recherche en biochimie
cellulaire qu’apporte l’équipe dirigée par le
Prof. A. Mayer, entré en fonction le 1 er août 2003.
Le caractère fondamental de ces programmes de
recherche contribue à consolider la mission du
Département de Biochimie et son rôle
déterminant dans la formation pré- et postgraduée
de cette discipline. De plus, ce nouveau centre de
compétence offre un potentiel de collaboration et
de développement de programmes conjoints avec
les thématiques principales conduites par le
Département, soit l’étude des maladies
parasitaires et infectieuses ou les mécanismes
moléculaires de l’immunité.

La nomination du Dr. P. Launois à la tête du
Centre de Recherche et de Formation en
Immunologie de l’OMS s’inscrit dans la
continuité des missions de formation assumées
par cette unité depuis trente ans au sein de notre
Département, ainsi que des recherches sur l’agent
causal de la leishmaniose et de l’immunité
engendrée par ce parasite. Au cours du temps, les
travaux de recherche et les enseignements
dispensés par cette unité ont été à l’origine de
nombreuses collaborations scientifiques avec des
spécialistes dans les pays émergents et ont
largement contribué à engager le Département de
Biochimie dans un secteur d’activités
académiques qui relève de questions de santé
publique d’actualité et d’importance planétaire.

Ce rapport fait référence aux programmes de
développement de vaccins contre diverses
maladies infectieuses et à la progression des
essais cliniques qui s’y rapportent. Ce lien
durable avec l’OMS et la perspective académique
plus large qu’il favorise est un privilège précieux
pour le Département  de Biochimie, ses groupes
de recherche et ses étudiants, particulièrement en
regard du discours en vogue qui prône la
rentabilité et le seul quantitatif et qui tend à
réduire l’Université à “un prestataire de services à
forte valeur ajoutée”.



PREAMBULE

3

L’installation de ces nouveaux groupes a été
accompagnée d’un effort important pour recruter
des candidats à la relève académique. Ainsi, trois
jeunes collaborateurs du Département ont
récemment été sélectionnés par le FNRS et
nommés professeurs boursiers. Deux d’entre eux,
Margot Thome Miazza, intéressée par les
mécanismes moléculaires de l'activation et de la
prolifération des lymphocytes humains, et Sanjiv
Luther, qui étudie les caractéristiques des cellules
stromales des organes lymphoïdes secondaires et
leur fonction dans la migration des lymphocytes,
consolident la thématique consacrée à l’étude de
l’immunité et des mécanismes biochimiques de sa
régulation, un axe traditionnellement fort au sein
du Département de Biochimie. Le troisième
candidat, Angelos Constantinou, a été choisi pour
ses études sur les mécanismes de réparation de
l’ADN dont l’altération est à l’origine d’une
instabilité génomique et chromosomique et par
conséquent d’un risque accru de transformation
cancéreuse. Ce domaine s’intègre également bien
dans les programmes de recherche du
Département qui concernent l’oncologie
expérimentale. Enfin, Pascal Schneider complète
ce trio de jeunes chercheurs et a été nommé
professeur assistant par l’Université. Il poursuit
ses recherches au sein du laboratoire spécialisé
dans l’étude des voies de signalisation associées
aux processus de l’inflammation.

Ainsi que nous le relevions dans le rapport
précédent, le Département de Biochimie a
participé activement à la mise en place de la
plateforme de protéomique ”Protein Analysis
Facility” (PAF), officiellement inaugurée en
décembre 2002. Dirigé par le Dr. Manfredo
Quadroni, ce laboratoire, au vu du haut degré de
spécialisation technique requis et du coût élevé de
l’instrumentation, est organisé en un service pour
l’ensemble de la communauté scientifique
lausannoise qui peut ainsi accéder à cette
technologie d’investigation indispensable en
médecine et biologie expérimentales.

Les 12 thèses de doctorat soutenues durant ces
deux dernières années, les 117 publications
parues, l’importance des apports financiers extra-
budgétaires pour conduire les programmes de
recherche et finalement, le rôle déterminant joué
par le Département dans la création du Biopôle
d’Epalinges sont autant de signes de sa vitalité.
Certes, ceci résulte avant tout des compétences
réunies de tous les collaborateurs, mais
également, ainsi que nous l’avons toujours
souligné, du privilège de pouvoir conduire les
missions de recherche et de formation au sein
d’un consortium d’instituts avec des intérêts
scientifiques convergents qui assure une masse
critique scientifique optimale. Les multiples et
coûteux projets de réorganisation de la recherche
et de la formation dans les biosciences, examinés
depuis plusieurs années par les institutions
académiques lausannoises, annoncent un
démantèlement de cet ensemble. On peut
s’interroger sur le bien-fondé de telles intentions
alors que les ressources publiques dévolues à la
recherche n’augmentent pas et devraient être
affectées en priorité au soutien des jeunes
chercheurs plutôt qu’à des infrastructures
nécessitées par des regroupements géographiques
dont l’apport scientifique n’est pas
nécessairement assuré.

Après quinze années consacrées à la direction, le
soussigné tient à exprimer sa profonde
reconnaissance à tous les collaborateurs du
Département de Biochimie pour leur engagement
constant et en particulier à ses collègues qui ont
partagé avec lui cette responsabilité.
L’enthousiasme et les talents conjugués de la
nouvelle équipe de jeunes chercheurs présentés
dans ce rapport donnent un nouvel élan et offre à
notre sens les meilleures garanties pour le
maintien de la qualité de la recherche et du
rayonnement international de ce Département,
quelle qu’en soit la localisation future.

C. Bron
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Personnel rétribué par l’UNIL: 60.85 EPT (équivalent plein temps)
* Personnel rétribué par des fonds privés: 35.5 EPT

1. EFFECTIFS DU DEPARTEMENT DE BIOCHIMIE (décembre 2003)

• Corps enseignant

H. Acha-Orbea Professeur associé
C. Bron Professeur honoraire
G. Corradin Professeur associé
G.P. Dotto Professeur ordinaire
N. Fasel Professeur associé
J.P. Mach Professeur honoraire
J. Mauël Professeur honoraire
A. Mayer Professeur ordinaire
D. Rivier Maître d’enseignement et de recherche
J. Tschopp Professeur ordinaire

• Corps intermédiaire

A Constantinou Maître-assistant
M.-A. Doucey Maître-assistante remplaçante
S. Luther * Professeur assistant (boursier FNS)
C. Peters Maître-assistant
M. Quadroni * Maître d'enseignement et de recherche remplaçant
P. Schneider Professeur assistant
E. Servi * Cheffe de projet
M. Thome Miazza Maître-assistante

• Privat-Docent

S. Demotz

• Assistant(e)s

Postdoctorant(e)s

W. Bienvenut *
K. Burns
P. Chodanowski
N. Debard *
A. Didierlaurent
A. Donda *

H. Everett
E. Gärdby
M. Grossi
S. Janssens
K. Lefort
C. Mammucari

S. Masina
V. Meraldi
L. Otten
J. Romero
D. Rueda-Fernandez
S. Rybtsov *

S. Rothenberger
M. Thurau *
V. Villard

Doctorant(e)s

N. Acestor
G. Agak *
L. Agostini
T. Baars
C. Bossen
B. Brissoni
V. Cesson *

S. Cuenin
K. Gari *
C. Genton
I. Gonzalez
A. Hiou *
B. Jaccard
F. Martinon

D. Meier
E. Meylan
S. Monnerat
H. Neumann
C. Reese
C. Schaff
B. Silayuv

Q.G. Steiner
A. Tinel
R. Torgler *
A. Uttenweiler
J. Wagner
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Stagiaire

G. Ramelli Prati *

• Personnel Technique

Laborantin(e)s

G. Badic
L. Bagnoud *
J. Barblan *
D. Bonnet *
C. Desponds *
K. Fournier *

G. Frank *
M. Gonzalez *
S. Hertig
K. Ingold *
C. Lavanchy *
C. Mattmann

S. Moreno Forero
N. Olivos *
A. Potts *
L. Rodrigues *
E. Säuberli *
A. Schmidt *

A. Tardivel *
M. Rousseaux
A. Ransijn
M. Reinhardt
S. Zutter *

Aide laborantine

L. Morgado *

Stagiaire

G. Idrizi *

Apprenti(e)s

O. Froelicher O. Gaudard C. Pavlin*

• Services Généraux

Secrétariat

S. Aslan (75%)
F. Flejszman (75%)
M. Jayet Herzstein

Service de synthèse et d’analyse de peptides

N. Lévy * (laborantine)
E. Servi * (chimiste)
F. Penea (laborantine)

Bibliothèque

F. Sacco (25%)

Atelier

D. Roy

Magasin central et Travaux pratiques

P. Margot
U. Margot (50%)

Laverie

L. Skupienski

2. EFFECTIFS DU CENTRE OMS DE RECHERCHE ET DE FORMATION EN IMMUNOLOGIE

P. Launois * Directeur
F. Tacchini-Cottier * Chercheur
C. Allenbach * Doctorante
M. Breton Doctorante
Y. Hauyon La Torre * Laborantine
F. Flejszman * Secrétaire



EFFECTIFS ET BUDGET DU DEPARTEMENT DE BIOCHIMIE

6

4. MEMBRES DU PERSONNEL AYANT QUITTE LE DEPARTEMENT DE BIOCHIMIE ET LE
CENTRE OMS EN 2002-2003

• Corps intermédiaire

C. Badie (septembre 2003)
S. Corradin-Betz (décembre 2002)

M.A. Doucey (décembre 2003)
D. Finke (juillet 2003)

• Hôte sabbatique

A. Kummer (mai 2002)

• Assistant(e)s

Postdoctorant(e)s

R. Audran (octobre 2002)
C. Beghdadi (août 2003)
V. Blancheteau (octobre 2002)
M. Delgado (avril 2003)
D. Legler (juin 2002)
O. Micheau (juin 2003)

M. Mpandi (mars 2002)
K. Peter (avril 2002)
S. Rothenberger (décembre 2003)
A. Tommasi (février 2003)
H. Voigt (avril 2002)

Doctorant(e)s

R. Chakour (mars 2002)
H. Chavez (mai 2002)
B. Favier (mars 2003)
O. Gaide (mars 2003)
A. Gumy (septembre 2003)

G. Ibrahim (juin 2002)
D. Meier (décembre 2003)
F. Sierro (juillet 2003)
R. Zaru (avril 2003)
A. Zumsteg (mai 2003)

Stagiaires

S. Blaser (août 2003)
C. Hegi (février 2003)
A. Mayor (octobre 2002)
R. Moser (octobre 2003)

E. Paternot (mai 2002)
E. Rohner (septembre 2002)
P. Taymans (mai 2003)
B. Valzasina (octobre 2002)

• Personnel technique

Laborantin(e)s

D. Bonnet (décembre 2003)
M. Corthésy (septembre 2002)
V. Dutoit (août 2003)

A. Grand (décembre 2002)
S. Levrand (juin 2002)
F. Prevel (juillet 2003)

Apprenti(e)s

S. Brunetti (mai 2002) R. Cornaz (août 2002)

Stagiaires

G. Idrizi (décembre 2003) K. Oberson (juillet 2002)
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• Nominations à l’honorariat

Corps enseignant

C. Bron (août 2003)
J.P. Kraehenbuhl (août 2003)

J. Louis (avril 2003)
J. Mauël (août 2002)

5. BUDGET 2003

UNIL
56%

FNRS et autres fonds
34%

Fonds institutionnels
6%

Industrie
4%

UNIL (Etat de Vaud): CHF 6'191'711
Ressources extérieures: CHF 4'644'269
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INSTITUT DE BIOCHIMIE  -  ENSEIGNEMENTS

   Nombre d’heures/an Etudiants Nombre
C* S* TP* T* étudiants

1er cycle

Cours général I 40 médecine (1e année)
biologie (1e année)

181
128

Cours général II 34 42 60 médecine (2e année) 124

Cours intégrés 81 médecine (2e année) 124

Cours général III 42 biologie (2e année)
pharmacie (2e année)

65
24

Cours général IV 30 28 80 pharmacie (2e année) 24

2ème cycle - modules

Biologie moléculaire et cellulaire
- Structure des protéines 20 40 biologie (5e semestre) 40

Biochimie cellulaire 180 364 168 biologie (3e/4e année) 20

Immunologie moléculaire 46 23 224 biologie (3e/4e année) 20

* C = cours; S = séminaires; TP = travaux pratiques; T = travail personnel.

Enseignement postgradué sous l'égide de l'OMS, organisé en collaboration et avec le soutien de la
Direction suisse du Développement et de la Coopération internationale (DDC)

- Advanced WHO course on immunology, vaccinology and biotechnology applied to infectious diseases.
Epalinges, September 12 to October 26, 2002.
(P. Launois, F. Tacchini-Cottier and Y. Hauyon), 18 participants.

- Advanced WHO course on immunology, vaccinology and biotechnology applied to infectious diseases.
Epalinges, September 11 to October 25, 2003.
(P. Launois, F. Tacchini-Cottier and Y. Hauyon), 18 participants.
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2002

Vincent Brossard Synthèse et repliement de peptides longs. Application dans l'élaboration d'un
vaccin contre la malaria.

Sylvain Cloutier La technologie du Phage Display: Développements et applications.

Valentin Meraldi Utilisation de longs polypeptides synthétiques pour la caractérisation de
l’antigénicité et l’immunogénicité d’antigènes de la malaria dans le cadre du
développement d’un vaccin à sous-unité.

Jackeline Romero L'utilisation de microsphères comme adjuvant d'un vaccin anti-malaria à base de
peptides synthétiques.

2003

Arnaud Didierlaurent Développement de vaccins contre le SIDA: Utilisation de virus recombinants
dérivés de la vaccine et de la flagelline, un adjuvant de type Th2.

Benoit Favier Etude de la dynamique et de la signalisation du TCR à la synapse immunologique
des cellules T.

Olivier Gaide Bcl10, Carmal et EDA: des activateurs du facteur de transcription NF-κB.

Alain Gumy Evénements précoces instruisant le développement cellulaire Th1 et Th2 durant
l’infection par Leishmania major.

Fabio Martinon Characterisation of proteins implicated in apoptosis.

Frédéric Sierro Molecular mechanisms of follicular associated epithelium (FAE) differentiation.

Haroun Zangger Un lien entre l'histone H1, la condensation de la chromatine et la mort cellulaire
chez le parasite protozoaire Leishmania.

Rosanna Zaru Etude biochimique et morphologique du signal de transduction médié par
l’activation soutenue du TCR dans des lymphocytes T stimulés par l’antigène.
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Le 20 janvier 2003, le Département a honoré cinq de ses professeurs partant à la retraite. Le Département de
Biochimie est extrêmement reconnaissant pour tout le travail et l'enthousiasme qu'ils ont mis au
développement et au rayonnement scientifique du Département.
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Gian-Paolo Dotto

G. Paolo Dotto received his MD from the University of
Turin, Italy, in 1979, and his PhD in genetics from the
Rockefeller University, New York, in 1983. After
postdoctoral training at the Whitehead Institute/MIT in
Cambridge, Mass., in 1987 Dr. Dotto joined Yale University,
New Haven, Connecticut, as assistant professor of Pathology.
In 1992 he was promoted to the rank of associate professor
and soon after moved to Harvard Medical School, as
associate professor of Dermatology in the newly established
Cutaneous Biology Research Center. In 2000 he was
promoted to the rank of Professor at Harvard Medical School
and Biologist at Massachusetts General Hospital. In 2002 he
accepted a position of Professor in the Department of
Biochemistry at the University of Lausanne.

Group members 2002-2003

Silvia Moreno Forero Technician (12.2003)
Adriana Ransijn Technician
Chantal Pavlin-Dussauge Apprentice
Maddalena Grossi Postdoctoral fellow

Karine Lefort Postdoctoral fellow
Cristina Mammucari Postdoctoral fellow
Agnès Hiou Ph.D student

CONTROL OF EPITHELIAL STEM CELL POTENTIAL VERSUS DIFFERENTIATION AND
TUMORIGENESIS

We are interested in molecular mechanisms that control self-renewal of epithelial cell stem cell populations
versus their irreversible commitment to differentiation. Understanding the balance between epithelial self-
renewal and differentiation is of great importance for normal organ morphogenesis and homeostasis.
Additionally, transformation of epithelial cells is closely linked to disturbances of their normal
growth/differentiation program. An elucidation of this program and its possible alterations are of great
potential impact for new therapeutic approaches to human tumors, which are mostly of epithelial origin.

We use primary keratinocytes and skin as our main experimental model system, and are assessing how the
regulatory mechanisms elucidated in this system apply to specific types of human epithelial tumors.

Primary keratinocytes provide an ideal experimental system to dissect the signaling pathways involved in
epithelial growth/differentiation control. Relative to established cell lines, use of a primary system eliminates
the possibility of alterations in critical regulatory pathways that may occur during prolonged propagation in
culture. Primary keratinocytes are easily grown in large numbers, and their differentiation can be induced
under well-defined culture conditions, with a rapid and homogeneous response amenable to careful
biochemical analysis. Gene transfer technology (transient transfections, adenoviral and retroviral vectors)
together with the use of keratinocytes derived from gene knockout and transgenic mice, make it possible to
assess the specific contribution of individual genes to the control of the differentiation process. Finally,
grafting of cultured keratinocytes together with other "instructing" cell types (dermal fibroblasts; dermal
papilla cells) is sufficient to reproduce the complex differentiation program that occurs in vivo in the
epidermis as well as hair follicles.

Within the proliferative compartment of the epidermis, at least two kinds of keratinocyte populations are
thought to exist : totipotent "stem cells", with an indefinite self renewal potential and capable of generating
all other types of growing and differentiating keratinocytes; and "transient amplifying cells", capable of a
limited number of cell divisions and already committed towards differentiation. Primary keratinocyte
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cultures contain similarly distinct populations with different: i) integrin expression levels and/or adhesive
properties; ii) clonogenic growth potential; iii) ability to differentiate along distinct lineages of both
interfollicular epidermis and hair follicles. Additionally, keratinocyte populations that have exited the cell
cycle can be distinguished between reversibly and irreversibly committed to differentiation.

Our main working hypotheses, depicted in the
diagram below, is that there is a dynamic
equilibrium between keratinocyte stem cells,
transit amplifying populations and cells that are
reversibly versus irreversibly committed to
differentiation. According to this model, the size
of stem cell populations is likely to be influenced
by the number of surrounding transit amplifying
cells that are in turn in equilibrium with cells that
have withdrawn reversibly versus irreversibly
from the cell cycle. It is therefore likely that the
number of stem cells can be controlled through
mechanisms acting at multiple levels, including
relative late steps in the sequence of events
leading to keratinocyte maturation.

We are engaged in two main lines of research:

Basic control of keratinocyte growth and
differentiation

Within the conceptual framework illustrated
above, we will continue to explore basic
mechanisms that control the balance between
keratinocyte growth and differentiation at three
distinct levels:

1) Control of the transition between keratinocyte
stem cell populations and transit amplifying cells.
Like in other organ systems, keratinocyte stem
cells are only a small fraction of cells in the
epidermis, with no unequivocal biochemical
markers, so that their analysis is mostly limited to
functional rather than biochemical assays. A
possible role of developmental signals in control
of epithelial stem cell populations is an important
but still largely undefined area. Notch signaling
provides a highly conserved mechanism for
control of cell fate determination and
differentiation in a wide variety of developmental
and non-developmental processes. We will be

examining the role that this pathway plays in
promoting the transition of keratinocyte stem cell
populations into the transit amplifying
compartment. More mechanistically, in mouse
primary keratinocytes, we have established that
the cell cycle inhibitor p21WAF1/Cip1 is a direct
target of Notch1 signaling and that, besides the
cell cycle, both Notch1 and p21WAF1/Cip1 play a
critical role in control of keratinocyte stem cell
potential. Global analysis of gene expression has
revealed several important transcriptional targets
of Notch1 and p21 function in keratinocytes, and
we will be analyzing these genes for their
function in control of keratinocyte stem cell
renewal versus commitment to differentiation.

2) Control of the transition between growing
transit amplifying keratinocyte populations and
reversibly growth arrested cells. The vast
majority of growing keratinocytes in culture, as
well as in the basal layer of the epidermis in vivo,
is represented by transit amplifying cells.
Therefore, a detailed biochemical and genetic
analysis of the signaling mechanisms that control
the exit of transit amplifying cells from the cell
cycle and entry into differentiation can be readily
performed. More specifically, we will be
examining the functional integration of signals
that control keratinocyte cell/cell adhesion,
growth and differention, with particular emphasis
on E-cadherin adhesion complexes, Src/Fyn
tyrosine kinases and small GTPases of the Rho
family. We have recently shown that increased
activity of the Rho GTPase at early times of
keratinocyte differentiation leads to Fyn tyrosine
kinase activation which in turn results in ß- and γ-
catenin tyrosine phosphorylation and stabilization
of E-cadherin adhesion complexes. Separately
from cell/cell adhesion, we have found that the
Rho GTPase plays an important role in control of

k1  k2

 k3

k4
Stem
Cells

Transit
Ampl.

Growth Arrested
reversible

Growth Arrested
irreversible

Fig. 1.  Our working model of a dynamic equilibrium between keratinocyte populations with different commitment to
differentiation.
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keratinocyte differentiation and gene
transcription, and we will be analyzing the
transcriptional targets of Rho in the keratinocyte
cell type.

3) Control of the irreversible phase of
keratinocyte differentiation. The irreversible
phase of keratinocyte differentiation can be
considered as a specialized form of programmed
cell death, without classical features of apoptosis
(such as DNA fragmentation and cell membrane
modifications) but with possibly overlapping
regulatory pathways. We have found that
p21WAF1/Cip1 – and probably Notch1 - , besides
their involvement in control of stem cell potential,
play an important function in determining the
irreversible commitment of keratinocyte
populations to differentiation. Among the p21 and
Notch1-regulated genes we have found a number
of genes connected with TNF-α signaling and/or
downstream death triggering pathways. We will
be exploring the contribution of these genes to the
irreversibility of the terminal differentiated state.

Control of epithelial tumor development

Keratinocyte stem cell populations are the likely
targets of chemically- or ras- induced mouse skin
carcinogenesis. We have previously shown that

loss of p21WAF1/Cip1, in parallel with an increased
fraction of keratinocyte stem cells, results in
increased susceptibility to skin tumor
development and it is likely that similar
consequences may ensue from loss of Notch1.
Like in the mouse system, Notch1 activation has
been reported to promote the commitment of
human keratinocyte stem cell populations towards
differentiation. However, in contrast to the mouse
cells, we have found that increased Notch1
activity in primary human keratinocytes does not
result in induction of p21WAF1/Cip1 expression or
immediate growth arrest. Rather, increased
Notch1 activation causes drastic growth
suppression of tumor cells derived from cervical
carcinomas, a major type of human keratinocyte-
derived tumor. Besides cervical carcinoma cells,
other types of human cancer cells, most notably
prostate carcinomas and small cell lung
carcinomas, have been reported to be growth
suppressed by increased Notch1 activity. We are
therefore examining the mechanisms underlying
Notch1-mediated tumor suppression, to determine
to which extent such mechanisms overlap with
the ones that promote, in normal cells, the exit
from the stem cell compartment and entry into
differentiation.
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MEMBRANE FUSION AND VESICLE FORMATION

The work of the group has been focussed on two problems: Intracellular membrane fusion and the structural
dynamics of intracellular organelles. Using the cell-free fusion of yeast vacuoles as a model system we
biochemically characterize the late phase of membrane fusion, bilayer mixing. We establish methods to
dissect the late phase into defined subreactions and to monitor and investigate those individually.

Studies on structural dynamics of membranes were also initiated with the yeast vacuole as a model system.
We observed large, well defined invaginations of yeast vacuoles under the light microscope. From these
invaginations vesicles pinch off into the lumen of the organelle. We have recently established an in-vitro-
system reconstituting this process. Using a combination of morphological characterization in vivo and
biochemical analysis in vitro we seek factors relevant to this process.

1. MEMBRANE FUSION

General background

Subcellular compartmentation requires vesicular
traffic between organelles. Vesicles with selected
cargo bud from a donor organelle, move to the
target organelle, and fuse. In addition to this
"heterotypic" traffic between organelles,
"homotypic" fusion between like copies of an
organelle maintains low organelle copy number
and reassembles organelles after cell division.
Regulated membrane fusion is fundamental to
neurotransmission, hormone secretion, receptor
mediated endocytosis, and cell growth. It is
studied in organisms from yeast to man and by

diverse methods, yet the mechanisms which
control and catalyze selective membrane fusion
are only poorly understood.

Each intracellular membrane fusion event
requires a partially conserved set of proteins,
lipids, and cofactors. Kinetic analyses in different
systems resulted in a crude assignment of such
factors to the activation of membranes for fusion
(priming), to loose (tethering) and subsequent
tight binding (docking) of the membranes to each
other, and to final lipid and contents mixing
(fusion). Specificity of targeting is mediated by
Rab-like GTPases and their cofactors and by
SNARE proteins. Both occur in sets of isoforms
largely specific to any given membrane



MEMBRANE FUSION AND VESICLE FORMATION

15

trafficking process. Ypt/Rab proteins are
regulatory switches that bind and hydrolyze GTP
as they encounter guanine exchange factors
(GEF) and GTPase activating proteins (GAP).
Ypt/Rab proteins assume distinct conformations
in their GTP and GDP-bound states and thereby
bind distinct effector proteins involved in
membrane tethering. SNAREs are membrane
bound proteins that operate as cognate sets of v-
(vesicular) and t- (target) SNAREs which can
associate with each other by coiled coils, either in
"cis" (when the SNAREs are on the same
organelle) or in "trans" (on apposed organelles).
Binding between SNAREs in trans has a
fundamental role in docking, in signaling between
the stages of membrane fusion, and has even been
proposed to drive the final "bilayer mixing" stage
of membrane fusion.

Sec18p/NSF is an ATP-driven chaperone which,
together with co-chaperones such as Sec17p/α-
SNAP, can disassemble cis- or trans-SNARE
complexes. Calcium gradients exist between the
lumen of virtually all organelles and the cytosol,
and calcium flux across membranes is a crucial
signaling event in many membrane fusion
reactions. Phosphoinositol phosphatides recruit
fusion catalysts to organelles. Despite this
conserved array of factors which catalyze
priming, docking, and fusion from organelle to
organelle, our understanding of how they function
and interrelate is minimal.

Models of membrane fusion

The SNAREpin hypothesis postulates that fusion
activity of SNAREs relies on their ablity to force
the membranes into close contact (Fig. 1). This is
deduced from the crystal structure of their
cytoplasmic domains. They form an extended
coiled coil with the transmembrane anchors of v-
and t-SNAREs emanating from the same end of
this coil. Trans-SNARE pairing is thus believed
to induce local stresses on the membane resulting
in fusion.

Fig. 1: Model of SNARE-mediated fusion.

Pore models postulate that cylinders of membrane
integral proteins could facilitate the induction of a
fusion pore, either by transient shifting of
hydrophobic and hydrophilic surfaces, subunit
rotations (Fig. 2), or by creating amphiphilic
clefts between the membranes (Fig. 3).

Fig. 2: A pore model postulating subunit rotation and
exchange (Zimmerberg, 2001).

The latter model assumes coupling of two
proteinaceous cylinders with a hydrophilic center
into a gap junction-like pore spanning both
bilayers. If the subuits of this pore could
dissociate radially in the plane of the membrane
the resulting clefts could be invaded by lipids
with their headgroups facing the hydrophilic
lumen. Such a membrane spanning and radially
expanding multimeric channel could thus initiate
lipid transition between the membranes, the first
step of actual fusion.

Fig. 3: A pore model of fusion via amphiphilic clefts (adapted
from Lindau and Almers, 1995)

Homotypic vacuole fusion

Yeast vacuoles fragment and fuse in the course of
the cell cycle and in response to changes in
osmotic pressure or nutrient availability. During
normal growth, fragments of the mother cell
vacuole are delivered to the bud during S phase
and fuse to establish the daughter cell vacuole.
The fusion of vacuoles can be reconstituted in
vitro.

Vacuole fusion shares many crucial components
with other intracellular fusion reactions, such as a
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Rab-GTPase regulated membrane associated
protein complex involved in vacuole tethering
(HOPS complex) and a set of SNAREs required
for docking. However, in this system – so far one
of very few in which the existence of trans-
SNARE pairs could actually be assayed – fusion
could be kinetically separated from trans-SNARE
pairing and the abundance of trans-SNARE pairs
does not correlate to fusion activity.

My group has embarked on investigating the late
phase of membrane fusion, the transition from
docking to bilayer mixing, and has been using the
cell free system for vacuole fusion. We pursued
the following approaches:

A) Identification of low molecular weight
inhibitors and analysis of their target proteins

B) Isolation of binding partners of these target
proteins

C) Establishing new assays to dissect lipid and
contents mixing

RESULTS

A) Identification of low molecular weight
inhibitors and analysis of their target proteins

All key players known so far, such as NSF,
SNAPs, SNAREs and Rab-like GTPases
kinetically map to the early phases of priming and
docking the membranes. Therefore, we sought for
low molecular weight inhibitors of the final phase
of the reaction, i.e. of membrane bilayer mixing.
We have used these inhibitors to purify their
target proteins on the membrane by affinity
chromatography or to tag these targets by
chemical crosslinking. With this approach we
have identified calmodulin, protein phosphatase 1
and Vtc1p (Peters and Mayer, 1998; Peters et al.,
1999; Müller et al., 2002).

We found that Ca2+ is released from the vacuolar
lumen following completion of the docking step.
Calmodulin is the putative Ca2+ sensor. It was the
first component required in the post-docking
phase of vacuole fusion. Ca2+ control of the latest
phase of membrane fusion is a conserved feature,
relevant not only for triggered exocytosis, but
also for intracellular, "constitutive" fusion

reactions. However, the origin of the Ca2+ signal,
its receptor, and its mode of processing differ.

We could demonstrate that protein phosphatase 1
participates not only in vacuole fusion, but also in
other steps of vesicular trafficking on the endo-
and exocytic pathways. The target of this
phosphatase is not yet known, but a subject of
investigation.

B) Isolation of binding partners of these target
proteins

Both calmodulin and protein phosphatase 1 from
solubilized vacuolar membranes were found to
cofractionate with a 500 kD complex containing
at least seven other members. We could crosslink
these proteins with radioactive iodine in label
transfer experiments using chemically modified
calmodulin. The labeled proteins were
fractionated and identified by mass spectrometry.
The crosslink products contained three subunits
of the V0 sector of the vacuolar H+-ATPase, the
novel protein Vtc4p, and the GTPase Rho1.

V0 sectors are the membrane integral parts of V-
ATPases that translocate protons through the
membranes of many organelles in the secretory
and endocytic pathways. To this end they are
coupled to V1 sectors which provide the
necessary energy for this active transport process.
V0 sectors are required for the terminal phase of
vacuole fusion in vitro as well as in vivo. This
function is independent of their activity as part of
the vacuolar proton pump (Bayer et al., 2003). In
the final phase of fusion V0 sectors from the
apposed fusion partners bind to each other. The
resulting V0-V0 trans-complex is strongly
enriched in calmodulin and the vacuolar t-
SNARE Vam3p and remains stable even after
disassembly of vacuolar trans-SNARE complexes
(Peters et al., 2001). Since V0 sectors contain a
hexameric cylinder of proteolipid proteins our
results have revived the interest in pore models of
bilayer mixing. In the meantime, several groups
have reported an interaction of synaptic SNAREs
with V0. The functional implications of these
interactions are being investigated.

The VTC complex interacts with V0 and with
SNAREs. It regulates SNARE activation by NSF
and is required for the transition from docking to
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full fusion. Thus, it links very early and very late
events in vacuole fusion. We isolated the first
VTC protein, Vtc1p - at that time an unknown
ORF -, as a potential target of the low molecular
weight inhibitor mastoparan (Müller et al., 2002).
The VTC complex is a membrane integral
assembly of two 95 kDa proteins (Vtc2p, Vtc3p),
one 90 kDa protein (Vtc4p) and one 14 kDa
protein (Vtc1p) (Müller et al., 2002; Müller et al.,
2003). Vtc1p, Vtc4p and Vtc3p are required for
vacuole fusion. Vtc3p is also involved in the
fusion step of ER-Golgi transport (Anne Spang,
personal communication). Vtc1p and Vtc4p are
required for the activation of cis-SNARE
complexes by Sec18p/NSF and Sec17p/α-SNAP.
In contrast, Vtc3p is dispensable for this early
reaction. ∆vtc3 vacuoles prime as wild type, but
they are defective in a later step required for
transition from docking to fusion. Genetic and
biochemical evidence also links the VTC proteins
to the Rho-GTPase Cdc42p and suggests a link to
the actin cytoskeleton (Müller et al, 2001).

In sum, our studies have identified several factors
which are required for the transition from docking
and trans-SNARE pairing to full fusion. These
include V0, Vtc3p, protein phosphatase 1,
calmodulin, and a calcium efflux from the lumen
of the organelle which is triggered by trans-
SNARE pairing. These obeservations are not
consistent with the hypothesis that trans-SNARE
pairing drives fusion efficiently. They indicate
that other models must be developed to describe
biological fusion adequately. Therefore, we need
to create refined tools to dissect the fusion
process and study the dynamics of the involved
factors in their authentic membrane environment.

C) Establishing a new assay to dissect lipid and
contents mixing

In the fusion of artificial model membranes,
several intermediates could be inferred from
biophysical mearsurements. After apposition of
the membranes, hemifusion states can occur in
which the outer but not the inner membrane
leaflets have fused. Subsequently, small fusion

pores can form which can flicker before they
finally expand to result in complete fusion. In
biochemically accessible physiological membrane
systems, such intermediates have been hard to
analyze so far. This has been a severe limitation
to the analysis of the reaction pathway of
intracellular membrane fusion.

We have succeded to establish an assay
monitoring lipid transition between two fusing
vacuoles. To this end, a method was developed to
introduce rhodamin-labeled lipids at self-
quenching concentrations into isolated vacuolar
membranes. Fusion of these labeled vacuoles
with unlabeled vacuoles results in lipid dilution,
decreased self-quenching and hence in an
increase of relative fluorescence. This assay could
be validated using numerous mutants and
inhibitors of vacuole fusion, demonstrating that it
reports the authentic fusion pathway.
Interestingly, inhibitors such as GTPγS could be
identified that permit lipid flux between the
fusion partners but do not permit opening of a
fusion pore. Thus, we can define a hemifusion
intermediate. Kinetic analysis suggests that this
hemifusion state is created after trans-SNARE
pairing and calcium efflux. This new assay will
be instrumental for the elucidation of the fusion
pathway.

2. STRUCTURAL DYNAMICS OF THE
YEAST VACUOLE

Many intracellular compartments do not adopt a
spherical shape which would be expexted in the
absence of specific mechanisms organizing their
structure. Prominent examples are the cisternae of
the Golgi and of the endoplasmatic reticulum,
mitochondria, or endosomes. Since the typical
structure of organelles is often maintained after
their extraction from the cell, it cannot solely be
determined by interactions with the surrounding
cytoskeleton. This poses the general question
which components and biochemical principles
determine the structure of compartments. We use
yeast vacuoles as a model to study this question.
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Fig. 4: A) Vacuolar invaginations in living yeast cells stained
with the vital dye FM4-64 which accumulates in vacuolar
membranes. The left panels show the fluorescence image of
the stained vacuole and the right panels the corresponding
Nomarski image of the cell. Arrows indicate the membrane
invagination of the vacuole. Bar is 2 µm. B) Schematic
representation of different types of vacuolar invaginations
which can be identified in living yeast cells.

We have observed very defined structural
changes of the yeast vacuolar membrane which
can easily be traced in the light microscope. A
yeast vacuole can form a large tubular
invagination from which vesicles bud into the
lumen of the organelle (Fig. 4). The tube is highly
dynamic, often branched, and defined by a sharp
kink of the vacuolar membrane at the site of
invagination. The tube is formed by vacuoles in
an autonomous fashion. It persists after vacuole
isolation and is therefore independent of
surrounding cytoskeleton. There is a striking

lateral heterogeneity along the tube, with a high
density of transmembrane particles at the base
and a smooth zone devoid of transmembrane
particles at the tip where budding occurs (Fig. 5).
We therefore postulate a lateral sorting
mechanism along the tube which depletes
transmembrane proteins from the tip. The
invaginated vesicles have cytosolic contents and
are rapidly degraded in the lumen. Therefore, the
observed process is equivalent to
microautophagocytosis. It could be a means to
regulate vacuolar membrane homeostasis. The
vacuole (as any lysosomal compartment) is the
endpoint of many routes of vesicular trafficking.
Membrane influx is particularly strong under
conditions inducing macroautophagy. Since there
are barely any vesicular traffic routes exiting
vacuoles, the size of the organelle would have to
grow rapidly. Invagination and degradation of the
vacuolar boundary membrane could provide a
means of compensation.

Fig. 5: Distribution of transmembrane particles along
autophagic tubes. A, B and C) show three vacuoles from cells
processed for freeze fracture analysis. The boxed areas are
shown at higher magnifications in panels D, E and F. Note
the higher density of transmembrane particles at the more
basal areas of the tube (arrows) and the absence of particles
at the tips (arrowheads). VM: Vacuolar membrane. Encircled
arrowheads indicate the shadowing directions. The bars are
0.5µm, except for D (0.25 µm).
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Attempts to characterize vacuolar membrane
invagination developed in two directions:

A) Establishment of an in vitro system
reconstituting vacuolar membrane
invagination

B) Analysis of the genome-wide collection of
yeast deletion mutants

C) Isolation and analyis of the vesicular
products of the invagination reaction and
characterization of their membrane proteins
and lipids.

A) Analysis in vitro

We have begun to analyze the invagination
process by reconstituting it in a cell-free system.
Isolated yeast vacuoles took up fluorescent dyes
or reporter enzymes in a cytosol-, ATP- and
temperature-dependent fashion (Sattler et al.,
2001). During the uptake reaction, vacuolar
membrane invaginations, autophagic tubes, were
observed. The reaction resulted in the transient
formation of autophagic bodies in the vacuolar
lumen which were degraded upon prolonged
incubation. The system reproduced the induction
of autophagocytosis by starvation and its
dependence on gene products identified in screens
for mutants deficient in autophagocytosis.
Microautophagic uptake was independent of
known factors for vacuolar fusion and vesicular
trafficking. Therefore, although scission of the
invaginated membrane is topologically a
homotypic fusion reaction, it must occur via a
novel mechanism operating independently of the
components involved in homotypic fusion of
vacuolar membranes.

The in vitro assay was used to screen for low
molecular weight inhibitors. So far, ten inhibitors
could be identified. They were used to kinetically
analyze the reaction and dissect it into four
biochemically distinguishable phases. These
biochemically defined intermediates could be
correlated with the morphologically observable
events of membrane invagination and vesicle
scission (Kunz et al., 2003). This separation will
be instumental for further analysis. In a next step,
we will try to isolate potetial target molecules of
these inhibitors in order to characterize the
reaction molecularly.

B) Screening the deletion collection of yeast
mutants

A forward genetic sreen for mutants in vacuolar
invagination is difficult because the phenotype
cannot be selected on plates. Microscopy of the
process is quite tedious, rendering it impossible to
screen high numbers of clones after random
mutagenesis. However, projects for functional
analysis of the yeast genome have established a
collection of mutants in which each of the approx.
5000 non-essential genes of yeast have been
inactivated by targeted disruption. The strain
background used for this enterprise has multiple
small vacuoles in which vacuolar invaginations
cannot be clearly resolved in the light
microscope. Nevertheless, we used the deletion
collection in a screen based on the hypothesis that
the actual function of vacuolar membrane
invagination might be membrane homeostasis.
Mutants defective in the process might show
drastically enlarged vacuoles. The deletion
collection was screened for such mutants by
fluorescence microscopy yielding 25 hits. Aside
from identifying several new ORFs they suggest a
role for phosphoinositide metabolism and for
components of the multivesicular body pathway.
These mutants are analyzed by raising antibodies,
isolating vacuoles and testing their activities in
vitro in order to determine whether the effects of
the mutations are direct or indirect.

C) Isolation and analysis of the vesicular
products of the invagination reaction

Autophagic bodies, the vesicular products of
autophagy, can be accumulated in mutant
vacuoles lacking most of their hydrolytic activity.
We have isolated vacuoles containing autophagic
bodies and developed a technique to selectively
open the vacuolar membrane but leave the
autophagic bodies intact. Released autophagic
bodies were purified by density gradient
centrifugation followed by free flow
electrophoresis. The isolated vesicles were lysed
by hypotonic shock to release the cytosolic
proteins. The isolated membranes are subjected to
protein and lipid analysis, a collaboration with the
group of Günther Daum (Graz).

The role of PI-3-phosphate has been studied in
detail, using various approaches. The lipid was
localized by electron and fluorescence
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microscopy, revealing a striking enrichment on
the invagination (Fig. 6). The region enriched in
PI3P starts exactly where the vacuolar boundary
membrane bends to form the invagination.
Mutants in PI3P synthesis (vps34) show few
invaginations in vivo and no activity in the in
vitro assay. Furthermore, vacuole invagination in

vitro could be suppressed by wortmannin (a PI3-
kinase inhibitor), or by adding purified PX or
FYVE domains (these bind and sequester PI3P).
Kinetic analysis is being performed in order to
analyze whether the step requiring PI3P is
membrane invagination itself, or rather vesicle
scission.
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Fig. 6: Phosphatidylinositol-3-phosphate is enriched on a vacuolar invagination in vivo, as shown by the
distribution of GFP fused to the PI-3-P-binding domain FYVE. Most PI3P localizes along the vacuolar rim and
on vacuolar invaginations or invaginated vesicles. Fluorescence intensity was quantified along the black line,
crossing the vacuolar boundary membrane and an invagination.
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MOLECULAR MECHANISMS OF T-LYMPHOCYTE ACTIVATION

T lymphocytes play a crucial role in the defense against pathogens and tumor cells. They become activated
upon triggering of the T-cell antigen receptor by MHC-bound antigen, which leads to the initiation of
multiple signaling pathways that regulate gene transcription and subsequent cytokine production and
cellular proliferation (Fig. 1).

The signaling pathway that leads to the activation of transcription factors of the NF- B family is crucial for
the regulation of lymphocyte proliferation, and is controlled by a signaling pathway that is similar in both T-
and B-cells. Genetic deficiencies in NF- B family members or signaling components acting upstream of NF-

B have been linked to immune deficiencies, while aberrant constitutive NF- B activation has been
associated with the development of autoimmune and neoplastic disorders.

The goal of our research is to elucidate the signaling pathway by which the T-cell receptor activates the
transcription factor NF- B, to identify novel components in this pathway and to understand how these are
linked to known common downstream components of the NF- B signaling machinery.

Antigen-presenting cell
(virally infected or tumor cell)

T lymphocyte

TCR

Antigen
 fragment

A B
T lymphocyte

NF- B 
 

Cytokine production
Proliferation

Immune response

 
Antigen

 fragment
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Fig. 1 (A) T-cells become activated upon engagement of the T-cell receptor by MHC-bound antigen on the surface of the
antigen-presenting cell. (B) T-cell receptor triggering leads to the activation of the transcription factor NF- B, which
controls the expression of genes responsible for cytokine production and proliferation and thereby plays an important
regulatory role in the generation of the adaptive immune response.
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The transcription factor NF-κB plays a key role in
the expression of genes that are essential for
lymphocyte activation and the generation of the
immune response. NF-κB family members are
present in the cytoplasm in an inactive form,
bound to inhibitory κ-B (IκB) proteins. The
activation of NF-κB is tightly controlled by the
IκB kinase (IKK) complex. Activated IKK
complexes phosphorylate IκB proteins, leading to
their ubiquitination and subsequent proteolytic
degradation by the proteasome.

Several receptors of the innate and adaptive
immune system have the capacity to activate NF-
κB using specific sets of adaptor proteins and
enzymes that link the receptors and the IKK
complex (Fig. 2). Receptors of the TNF-receptor
family, for example, activate IKK via adaptors of
the TNF receptor-associated factor (TRAF)
family and RIP-family kinases, while the IL-1β
receptor and the Toll-like receptors recognizing
pathogen-associated molecules activate IKK via
the MyD88 adaptor, TRAF6 and IRAK family
kinases. The signaling events controlling T-cell
receptor- and B-cell receptor-induced NF-κB
activation are only beginning to be elucidated,
and appear to depend on a novel adaptor protein
called Bcl10.

I B

IKK

P Proteasomal
degradation

P
P
P

TCR/CD3

Carma1
Bcl10

TNFR

TRAF2
IRAK

TRAF6

RIP
MyD88

Toll-like / IL1 -
receptor

NF- B

NF- B

transcription

Fig. 2 Several receptors of the immune system activate
NF- B-dependent transcription of target genes by IKK-
dependent phosphorylation of the NF- B inhibitor,
I B, which becomes then ubiquitinated and degraded
by the proteasome. Specific sets of adaptor proteins
and enzymes are used by the different receptors to link
receptor triggering to activation of the I B kinase
(IKK) complex.

The Bcl10 gene was originally identified as a

candidate gene localized close to a chromosomal
translocation, t(1;14)(p22;q32), that is found in B-
cell lymphomas of the mucosa-associated
lymphoid tissue (MALT). Independently and at
about the same time, we and others had identified
Bcl10 by sequence database searches for novel
proteins with a caspase recruitment domain
(CARD). Bcl10-deficient mice are
immunodeficient, and show impaired antigen-
dependent NF-κB activation and lymphocyte
proliferation. This suggests that Bcl10 plays a key
role in signal transduction from the antigen-
receptor, but the molecular mechanism of action
of Bcl10 remains poorly understood.

We have investigated the molecular function of
Bcl10, and found that Bcl10-dependent NF-κB
activation can be induced by two independent
pathways that are initiated either by T-cell
receptor engagement or by the expression of a
membrane-associated herpesvirus protein (Fig. 3).

TCR/CD3

Carma1
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?
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Fig. 3 Bcl10 plays a central role as a signal
transducing adaptor protein for the activation of the
NF- B pathway in lymphocytes. The herpesvirus
protein v-E10 associates with the plasma membrane
and induces constitutive NF- B activation by plasma
membrane recruitment of Bcl10. Engagement of the T-
cell receptor induces NF- B activation via the Bcl10-
binding protein Carma1.

The herpesvirus protein v-E10 induces NF- B
activation in lymphocytes

Members of the γ-herpesvirus family are
characterized by the ability to establish latent
infections in lymphoid cells, and some of the
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primate γ-herpesviruses such as Epstein-Barr
virus (EBV) and Kaposi’s sarcoma-associated
human herpesvirus-8 are closely associated with
abnormal cell proliferation and cancer. EHV-2 is
a slow-growing lymphotropic γ-herpesvirus
widely distributed in the equine population. The
virus has been reported to induce chronic
pharingitis associated with lymphoid proliferation
in infected animals, but the precise molecular
mechanisms involved are unknown. Some γ-
herpesviruses encode membrane proteins that
actively induce proliferation of the infected cells
by activation of the NF-κB transcriptional
pathway. This is the case for example for the
EBV latent membrane protein (LMP)-1, which
activates the NF-κB pathway in a TRAF-
dependent manner, and for the herpesvirus
Saimiri transforming protein which was also
shown to activate NF-κB through interaction with
TRAFs.

We have identified a viral protein of the equine
herpesvirus-2 (EHV-2), designated viral E10 (v-
E10), which activates the NF-κB transcriptional
pathway as well as the c-jun kinase (JNK) and
p38 MAP kinase pathways. v-E10 has a cellular
homologue, Bcl10, which shares with v-E10 the
presence of a highly homologous N-terminal
caspase-recruitment domain (CARD). The CARD
motif is evolutionarily related to the death domain
(DD) and the death effector domain (DED),
which act as protein-protein interaction domains
in a variety of signaling pathways. By two-hybrid

and co-immunoprecipitation assays, we could
show that v-E10 and Bcl10 interact via a
CARD/CARD interaction (Fig. 4A). The C-
terminal extensions of the two proteins differ
considerably in their length and amino acid
composition, and appear to have distinct
molecular functions. v-E10 contains a glycine-
rich C-terminal extension of approximately 200
amino acids, which shares very little sequence
homology with the shorter, serine/threonine-rich
C-terminus of Bcl10. Moreover, the C-terminus
of v-E10 contains a consensus motif for
geranylgeranylation, a lipid modification that
targets proteins to cellular membranes.

We have investigated the subcellular distribution
of v-E10 and of Bcl10 and found that v-E10
constitutively associated with the plasma
membrane and induced partial redistribution of
cytoplasmic Bcl10 to the membrane. The C-
terminal geranylgeranylation consensus site was
responsible for the plasma membrane localization
of v-E10 (Fig. 4B). Moreover, both membrane
localization and an intact CARD motif of v-E10
were important for the activation of the NF-κΒ,
but not for activation of the JNK pathway, which
instead required v-E10 binding to TRAF6. These
results provide new insights into the molecular
mechanism underlying v-E10 and Bcl10 function,
and suggest that v-E10-induced membrane
recruitment of Bcl10 is important for NF-κB-
activation (Fig. 3).

CARDBcl10

CARDv-E10

LPL RS RA LS R Q
PPL RT RR FF C C…

Geranylgeranylation on 
C-terminal Cys residues

A B

Fig. 4 (A) The herpesvirus protein v-E10 and the cellular protein Bcl10 interact with each other via their highly similar
N-terminal CARD motifs. v-E10 contains a C-terminal CysCys consensus motif for geranygeranylation that targets the
protein to the plasma membrane. (B) Deletion of the CysCys (CC) consensus motif abolishes the membrane localization
of v-E10.
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Identification of Carma1 as a key signaling-
component of the T-cell receptor

Based on the observation that Bcl10 is recruited
to the plasma membrane by a CARD-containing
viral protein, we have predicted and subsequently
cloned a cellular CARD-containing protein and
interaction partner of Bcl10, called Carma1,
which acts upstream of Bcl10 in the T-cell
receptor-induced NF-κB signaling pathway.
Carma1 was found to be predominantly expressed
in lymphocytes, and to bind to Bcl10 upon T-cell
receptor engagement. Carma1 is a member of the
membrane-associated guanylate kinase
(MAGUK) family of scaffold proteins, which
typically localize to sites of close cell-cell
contact. In the neuronal synapse, for example,
MAGUKs have been shown to bind to the
cytoplasmic tails of transmembrane proteins and
to intracellular signaling proteins, and to thereby

act as scaffold proteins organizing
macromolecular signaling complexes at
submembraneous sites. Structurally, MAGUKs
are characterized by a conserved C-terminal array
of protein-protein interaction domains: one to
three PDZ domains that mediate binding to the
cytoplasmic portion of cellular receptors, an SH3
domain that can potentially bind proline-rich
target sequences, followed by a linker region and
a guanylate kinase (GUK) domain, that most
likely serves as a protein-protein interaction motif
rather than as an enzymatically active kinase.

We found that T-cell receptor stimulation induced
a physical association of Carma1 with the TCR

and with Bcl10, which was paralleled by co-
capping of Bcl10 and Carma1 with the TCR
complex (Fig. 5).

Moreover, Carma1 was found to be constitutively
associated with the plasma membrane and with
lipid rafts, whereas cytoplasmic Bcl10
translocated to lipid rafts upon TCR engagement.
A Carma1 mutant, defective for Bcl10 binding,
had a dominant negative (DN) effect on TCR-
induced NF-κB activation and IL-2 production,
but did not affect Ca2+ mobilization nor interfere
with the TCR-induced activation of the ERK
pathway. We conclude that Carma1 plays a
crucial role upstream of Bcl10 in TCR-induced
NF-κB activation (Fig. 3). The generation of
Carma1-deficient mice (in collaboration with the
laboratory of Dan Littman, New York) has
allowed us to address the biological function of
Carma1 in the immune system. The Carma1-

deficient mice showed a profound defect in both
T-cell and B-cell activation and proliferation to
antigen, reduced serum immunoglobulin levels
and impaired development of peritoneal B1 B
cells. Moreover, T-lymphocytes from Carma1-
deficient mice revealed an impaired Bcl10
recruitment to the TCR, confirming a critical role
for Carma1 upstream of Bcl10 in antigen-
receptor-induced NF-κB signaling. We currently
try to advance in the molecular understanding of
the mechanism of the Carma1 membrane-
association, the identification of the link between
the T-cell receptor and the Carma1-Bcl10
complex and the exact role of Bcl10 in T-cell
activation.

Carma1 CD3Bcl-10 Merge

CD3 CD45 P-Tyr Merge

Fig. 5 Artificial aggregation (capping) of the T-cell receptor by anti-CD3 antibodies leads to the recruitment and co-
localization of Carma1 and Bcl10 into CD3-caps, while the CD45 transmembrane protein is excluded from these
structures
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REPAIR OF INTERSTRAND DNA CROSSLINKS DURING DNA REPLICATION IN HUMAN
CELLS

The DNA molecule is of limited chemical stability and incurs continuous damages as a result of chemical
assaults from endogenous and environmental agents. During DNA replication, our genome is at high risk of
facing gross chromosomal rearrangements because lesions or natural pause sites in the DNA can act as
roadblocks and collapse the replication machinery. To cope with the need to replicate damaged DNA
molecules, all living organisms have evolved along with sophisticated repair systems. If repair or replication
restart goes wrong, the ensuing genomic instability can lead to the progressive conversion of normal cells to
cancer cells. Several human disorders are associated with spontaneous chromosomal instabilities that confer
a high susceptibility to cancer.

We are developing in vitro replication systems to
investigate the repair of interstrand DNA cross-
links (ICLs). Cross-linking agents are amongst
the most potent anti-tumour drugs because
covalent cross-linking of two DNA strands will
prevent any process requiring the separation of
those strands. Despite a lengthy history of clinical
use, the repair of lesions induced by cross-linking
agents in mammalian cells is poorly understood.

Several hamster and human cell lines are known
to be unusually sensitive to ICL-inducing agents.
We are now focusing our efforts on the product of
genes involved in Fanconi anemia (FA). FA is a
cancer-susceptibility syndrome that is
characterised by congenital abnormalities, bone
marrow failure and cellular sensitivity to ICL-
inducing agents. To date, eight genes associated
with FA have been identified. Recent studies

implicate the FA proteins in the repair of
chromosomal defects during DNA replication and
suggest connexions with the recombination
machinery. However, the functions of the FA
proteins remain largely unknown.

We are purifying and investigating the properties
of FA proteins. In collaboration with Manfredo
Quadroni, we are seeking factors that interact
with the FA proteins by mass spectrometry. We
wish to define the interplay between the FA
proteins and the recombination/replication
machineries in order to elucidate their functional
integration within an emerging network of
proteins involved in several cancer predisposition
syndromes. Our long-term objective is to
reconstitute in vitro systems that accurately
reproduce repair machines that act during DNA
replication.
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STROMAL CELLS IN T ZONES OF SECONDARY LYMPHOID TISSUES

Secondary lymphoid tissues, such as lymph nodes and spleen, are the only sites where lymphocytes are
efficiently activated during primary immune responses. While we have made considerable progress in
understanding the biology of lymphocytes that recirculate through these organs, we know very little about
the resident cells that form the ‘niches’ within this unique microenvironment. It has been recently discovered
that stromal cell networks within these secondary lymphoid tissues not only serve as support structure, but
actively control lymphocyte and dendritic cell migration and positioning by secreting chemotactic factors.

Our recent work has shown that stromal cells found within the T cell rich zone are an important source of
the chemoattractants SLC and ELC responsible for bringing together antigen-presenting dendritic cells and
recirculating T cells. Given the critical importance of this process for the initiation of adaptive immune
responses, the interest of the lab is focused on further dissecting the phenotype, development and function of
these poorly characterized T zone stromal cells.

Architecture and function of secondary
lymphoid tissues

Experiments in mice lacking secondary lymphoid
tissues have established that spleen, lymph nodes
and Peyer’s patches are the only sites where
adaptive immune responses are efficiently
initiated. This efficiency is believed to be based
on two distinct features: First, their strategic
localization where foreign antigen can be trapped
and brought together with lymphocytes; second,
their organized structure that optimizes and
regulates cellular interactions and thereby
enhances the sensitivity for foreign antigens. A
key feature of the secondary lymphoid tissue

organization is the very distinct
compartmentalization into a B cell follicle (B
zone) and a T cell rich zone (T zone). The B zone
consists mainly of a network of stromal cells, that
include follicular dendritic cells, and naive
recirculating B cells. The T zone consists of a
network of stromal cells, mature dendritic cells
and recirculating T cells of both the CD4+ and
CD8+ subset. It is within the T zone where
thousands of recirculating T cells enter through
high endothelial venules and scan the
microenvironment for the antigen they are
specific for. This antigen is usually presented
within the T zone by dendritic cells that have
captured foreign antigen in the periphery and
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migrated into these tissues to encounter the rare T
cell specific for the antigen. Interestingly, it is the
resident T zone stroma that brings these two cell
types together by secreting chemotactic factors
(chemokines).

Secondary lymphoid tissues have also been
shown to be important for peripheral T cell
homeostasis. T helper cells receive survival
signals during their passage through the T zone
when they recognize MHC class II molecules and
cytokines such as IL-7. However, the cellular
source of these molecules remains controversial.

Fig. 1: T zone stromal cells form a dense network
throughout the T zone of secondary lymphoid tissues.
gp38+ T zone stromal cells are depicted in brown, sites
of lymphocyte entry (PNAd+ high endothelial venules)
in blue

T zone stromal cells as source of
chemoattractants

T zone stromal cells have been mainly
characterized morphologically. They display
fibroblast like morphology, associate with
collagen fibres and can be selectively stained for
the marker gp38 (Fig.1). Because of their fixed
location, T zone stromal cells were proposed to
form migrational corridors along which
lymphocytes travel. A more active function was
suggested by our finding that T zone stromal cells
are the major constitutive source of the
chemokines ELC (CCL19) and SLC (CCL21)
that promote the attraction of CCR7-bearing
dendritic cells and T cells (Fig.2). Both the
development and function of T zone stromal cells
is strongly dependent on the membrane-bound
cytokine lymphotoxin αβ and to a lesser extent on

the cytokine TNFα. The cellular source of LTαβ
during development remains unclear, however,
LTαβ expressed by B cells appears to play an
important role for development of T zone stroma
in spleen but not lymph nodes.

The importance of these stromal cells and the
CCR7 ligands secreted by them is best illustrated
in a natural mouse mutant (plt/plt) that we and
others have shown to lack expression of both
CCR7 ligands within lymph nodes and spleen. As
a consequence, CCR7-expressing dendritic cells
and T cells fail to accumulate in the T zone
leading to a delayed onset of T cell activation. At
present it is unclear, whether both ELC and SLC
are required for this function. To start addressing
this question, we have used transgenic mouse
technology to either overexpress SLC or ELC in
vivo, or to delete ELC (Luther and Cyster,
unpublished) using gene targeting.

Fig. 2: Stromal cells resident in the T zone produce
large amounts of the two CCR7 ligands, SLC and ELC.
CCR7-expressing cells, such as naïve T cells entering
from the blood stream and mature dendritic cells (DC)
entering from the lymph respond to these
chemoattractants by migrating into the T zone allowing
their physical interaction.

T cell stromal cells as source of survival and
growth factors

Stromal cells in the bone marrow, thymus and B
zone of secondary lymphoid tissues have been
extensively studied and shown to be important for
the generation of niches allowing the localization,
differentiation and proliferation of various
haematopoietic cell types. Besides providing a
structural framework, they do so by providing
several factors such as cytokines, chemokines,
adhesion molecules and extracellular matrix
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proteins. Therefore, we propose that resident T
zone stromal cells are ideally positioned not only
to attract T cells and dendritic cells into their
proximity but also to influence their survival,
interaction, proliferation and differentiation.

To address these issues, we plan:

1) to characterize the respective roles of SLC
and ELC in lymphoid tissue development
and function using ELC knockout mice,

2) to study the phenotype and development of
ELC/SLC-expressing stromal cells within the
T zone of spleen and lymph nodes,

3) to identify and study factors produced by
these T zone stromal cells that are involved
in shaping dendritic cell and T cell survival,
migration and interaction.

Perspective

Our present and future studies aim at improving
our understanding of the T zone stromal cells
responsible for generating the unique
microenvironment where antigen-specific T cells
are induced to proliferate and differentiate. These
studies should help in designing intervention
strategies to enhance or suppress immune
responses within secondary lymphoid tissues and
at sites of inflammation or cancer.
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TNF AND TNFR FAMILIES. A COMPLEX SYSTEM OF LIGANDS AND RECEPTORS

Ligands of the TNF family and their cognate receptors have a profound impact on the maintenance and
function of the immune system, controlling numerous aspects of cell survival, differentiation and death. They
are implicated in a number of widespread diseases such as rheumatoid arthritis, Crohn's disease and other
autoimmune conditions. In addition, mutations in their genes are also directly associated to five inherited
diseases. The TNF/TNFR family not only provides a number of therapeutic targets, but also intervention
tools that are used or being developed as anti-inflammatory or anti-cancer drugs.

Receptor-ligand interactions can be either specific
or involve more than one binding partner. The
current status of interactions in the TNF family is
depicted in Figure 1. It is noteworthy that several
receptors still have no known ligands. We are
focusing special attention on two ligands called
BAFF and EDA. BAFF is essential for the
formation and maintenance of mature B cells
because BAFF depletion results in a marked
reduction of mature B cells, which can be largely
rescued by expression of Bcl-2. This strongly
suggests that BAFF acts as a B cell survival

factor regulating anti-apoptotic genes. The role of
EDA is quite different. EDA is required for
proper development of skin appendages such as
hair and sweat glands. We are interested in the
development of recombinant EDA that could be
used for the treatment of a genetic disease,
XLHED, in which the EDA gene is deficient. In
relation with these projects, we investigate
structural requirements for  recombinant ligands
to efficiently engage their cognate receptors, and
we develop methods to detect receptor-ligand
interactions.
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Fig. 1: The TNF and TNFR families of ligands and receptors.

Initiation of signaling in the TNF family

Ligands of the TNF family are homotrimeric type
II membrane proteins, some of which can be
released in a soluble form after proteolysis. This
is the case of FasL, a cytotoxic protein able to
induce apoptosis through the death receptor Fas.
In its trimeric, soluble form, FasL can bind Fas

but is virtually unable to initiate the apoptotic
program. However, as little as two trimers of
FasL held together in the same molecule regain
full activity, probably because they mimic
clustered membrane-bound FasL (Fig. 2). These
data are in support of the theory that some ligands
of the TNF family are active as soluble cytokines,
whereas others need to be membrane-bound.

Fig. 2. Molecular clustering of recombinant soluble
FasL. The C-terminal, trimeric, receptor-binding
domain of FasL was expressed alone (FasL), fused to
the collagen domain of ACRP30 (ACRP:FasL), or
fused to the Fc portion of an immunoglobulin
(Fc:FasL). Proteins were visualized by electron
microscopy, and assayed for their abilities to bind Fas
and to initiate cell death in a FasL-sensitive cell line.
Biological activity was only observed with ACRP:FasL
and Fc:FasL, in which two trimers of FasL are
retained in close proximity.
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BAFF and its receptors. Factors for B cell
survival

BAFF (also known as BLyS/TALL-1), its close
homologue APRIL and their receptors are
relatively recent addition to the TNF family (Fig.
1). Mice transgenic for BAFF have vastly
increased numbers of mature B and effector T
cells, and develop autoimmune-like
manifestations. This phenotype is reminiscent of
certain human autoimmune disorders and
suggests that dysregulation of BAFF expression
may be a critical element in the chain of events
leading to autoimmunity.

In contrast, a BAFF-deficiency leads to severe
reduction of the mature B cell compartment,
implicating BAFF as an indispensable survival
and/or differentiation factor for B cells in the
periphery (Fig. 3). This effect is not mediated via
TACI and BCMA, two receptors that also bind to
APRIL, but by the BAFF-specific receptor
BAFF-R. Indeed, the BAFF-R locus is disrupted
in A/WySnJ mice, which display a B cell
phenotype qualitatively similar to that of the
BAFF-deficient mice. Thus, BAFF-R appears to
be the principal receptor for BAFF-mediated
survival of mature B cells. Interestingly, the
phenotype of BAFF-deficiency (as induced by
transgenic expression of a soluble, decoy form of
TACI) is largely rescued by expression of Bcl-2
in B cells (Fig. 3). This result suggests that the
main effect of BAFF on B cells is to upregulate
anti-apoptotic genes.

Ectodysplasin A (EDA). A potential drug for
an inherited genetic disorder

EDA and its receptor, EDAR, have been
originally cloned in an effort to determine the
cause of a genetic disorder called X-linked
ectodermal hypohidrotic dysplasia (XLHED,
OMIM 305100). XLHED is characterized by the
absence or deficient function of hair, teeth and
sweat glands. Life-threatening hyperpyrexia
secondary to a reduced ability to sweat can be a
major problem in affected children.

Tabby mice share many symptoms with the
human patients because both XLHED and Tabby
phenotypes are caused by mutations of the
syntenic Ectodysplasin A (Eda) gene on
chromosome X.

A detailed study on the ligand EDA, based on
mutations identified in over 80 families with
HED, allowed the identification of three major
functional domains in this ligand:  a) the receptor-
binding, TNF-homology domain; b) a collagen
domain that apparently allows assembly of
several trimeric ligands into a single
macromolecular structure (similar to what is
observed with ACRP:FasL); c) a protease
cleavage site, which is necessary for efficient
processing of EDA to an active, soluble form.

We have shown that treatment of pregnant Tabby
mice with a recombinant form of EDA (Fc:EDA),
engineered to cross the placental barrier, is

Fig. 3: Immunohistochemistry of frozen lymph nodes of A) wild type,  B) TACI-Ig (BAFF-
deficient) and C) TACI-Ig x Bcl2 transgenic mice. Sections are double stained for B cells
(anti B220, brown) and T cells (anti-CD3 , purple). Note the highly reduced numbers of B
cells in the absence of BAFF, and the rescue of B cells upon expression of the anti-apoptotic
protein Bcl-2.
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sufficient to permanently revert most of the
Tabby phenotype in the offspring. Remarkably,
sweat glands can also be induced by EDA1 after
birth (Fig. 4). This is the first example of a

developmental genetic defect that can be
permanently corrected by a short-term treatment
with a recombinant protein.

Fig. 4: Sweat test in sweat-deficient Tabby (EDA-deficient) mouse (left) and in a wild type control (right). The middle
panel shows a Tabby mouse that has been exposed to Fc:EDA in utero. This treatment is sufficient to restore functional
sweat glands in the mutant mouse (sweat is visualized as black spots).
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IMMUNE RESPONSES TO LEISHMANIA INFECTION

The role of early IL-4 in the development of susceptibility and Th2 cell development in mice susceptible to
infection with L. major is well admitted. However recent results suggest that if IL-4 is necessary for Th2
development, IL-4 is not the only Th differentiation factor. The goal of our center is to analyse different
factors implicated in the Th differentiation induced by infection with L. major. The role of
- the antigen presenting cells and particularly B cells in Th2 cell development and susceptibility to infection

with L. major
- the microenvironmentat the site of infection
have been extensively analysed.

Upon experimental infection with Leishmania
major, distinct features of the spectrum of clinical
manifestations seen in patients with cutaneous
leishmaniasis can be reproduced in inbred mice of
different genetic backgrounds. Mice from the
majority of inbred strains (C3H/He, CBA,
C57BL/6, 129Sv/Ev) develop locally cutaneous
lesions, which spontaneously resolve. These mice
do not develop lesions after a second inoculation
of L. major and belong to the resistant phenotype.
Mice from a few strains (BALB/c, DBA/2)
develop severe and uncontrolled lesions without
becoming immune to re-infection and are
representative of the susceptible phenotype. This
murine model of infection has been used to

characterize the immune responses developing in
both resistant and susceptible mice.

Two functionally distinct CD4+ T cell subsets, T
helper (Th)1 and Th2, distinguishable by the
pattern of cytokines they produce upon
stimulation in vitro have been described in the
late 80’s. Th1 cells are characterized by secretion
of IFN-γ and LT that are known to active host
defenses against intracellular pathogens while
Th2 cells produce IL-4, IL-5, and IL-13 that favor
the development of humoral responses protecting
against extra cellular pathogens. The murine
model of infection with L. major provided the
first correlation in vivo between 1) the
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development of protective immunity and an
expansion of Th1 CD4+ T cells in resistant mice
and 2) the expression of progressive disease and
the development of a CD4+ Th2 cell response in
susceptible mice.

Several parameters have been reported to
influence the pathway of differentiation of CD4+

T cells precursors but cytokines have been
recognized as a crucial inducers of CD4+ Th1 and
Th2 differentiation. For example, it is well
established that IL-4, during the early phase of
infection with L. major, plays an important role in
the development of specific Th2 CD4+ T cells. In
this context, our recent work has demonstrated
that a specific subpopulation of Vβ4 Vα8 CD4+ T
cells provide the IL-4 necessary for Th2
maturation within one day of infection and that a
single antigen (LACK) from the complex
organism such as L. major drives the early IL-4
response that underlies subsequent Th2 cell
maturation resulting in progressive disease.
However, using multivalent MCH peptides and
IL-4 reporter mice, it has been shown that the
precursor frequency and the expansion of IL-4
expression are identical in resistant and
susceptible mice. Thus, if IL-4 is an important
factor for Th2 differentiation, it is not the only
signal necessary for Th2 differentiation. If other
Th2 cytokines such as IL-10, IL-13 and TGF-β
have been implicated in some conditions in the
development of Th2 cell development during
infection with L. major, new aspects accounting
for Th2 differentiation should be assessed.

Role of B cells in the development of Th2
responses in susceptible mice

It has been shown that DCs and macrophages
induce preferentially a Th1 response whereas B
cells promote Th2 cell response. In the murine
model of infection with L. major, it has been
demonstrated that treatment with anti-IgM mAbs
inducing depletion of B cells rendered susceptible
mice resistant to infection and resulted in a
sustained Delayed Type Hypersensibility
response to parasite, likely a Th1 response. These
results have been confirmed by studies
demonstrating the requirement of B cells in the
induction of the Th2 cell response observed in
reconstituted SCID mice infected with L. major.
Indeed, SCID mice reconstituted with T cells
alone expressed a Th1 response and are resistant
to infection with L. major whereas SCID mice

reconstituted with T and B cells develop
progressive lesions and mount a Th2 phenotype.
Furthermore B cells from susceptible BALB/c
mice were better in inducing Th2 responses than
B cells from C57BL/6 mice whereas
macrophages from C57BL/6 mice were better to
induce Th1 responses than macrophages from
BALB/c mice.

In this context, we have demonstrated that B cell
deficient BALB/c mice do not mount an early IL-
4 mRNA in response to L. major, consequently
control the infection. Draining lymph node T cells
from infected B cell deficient mice mature
towards Th1 cell effector cells. Interestingly,
LACK was unable to induce IL-4 mRNA
expression in B deficient BALB/c mice.
Furthermore, adoptive transfer of B cells prior to
infection restore expression of the susceptible
phenotype of BALB/c mice, however, adoptive
transfer of MHC class II deficient B cells could
not restore early IL-4 production. Altogether
these results demonstrated that B cells present
LACK to Vβ4 CD4+ T cells trough MCH class II
molecules.

In addition, adoptive transfer of anti-HEL IgM
transgenic B cells (B cells expressing exclusively
an IgM specific for HEL) could not restore early
production suggesting that these B cells are
unable to either internalize LACK or present
LACK to specific CD4+ T cells. To analyse these
two hypothesis we have constructed a fusion
protein between the LACK protein and HEL
molecules by linking the two-biotinylated
molecules to avidine. As control, ovalbumine
coupled to HEL was designed using the same
methods. First, using the constructs coupled to
fluorochrome (phycoerythrin or Cy5), we
demonstrated that the constructs, either LACK-
HEL or OVA-HEL, were able to bind to B cell in
a single cell suspension from HEL Tg BALB/c
mice by FACS. Internalisation of the constructs
(LACK-HEL and OVA-HEL constructs) was
then demonstrated by stripping experiments that
allows the evaluation of internalisation efficiency
of the constructs. Finally, the presentation of
LACK by purified B200 + B cells from HEL Tg
BALB/c mice to LACK-specific Vβ4 Vα8 CD4+

T cells from BALB/c mice was demonstrated by
the proliferation of the LACK specific CD4+ T
cells. In contrast, no proliferation was detected in
the presence of OVA-HEL construct.
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Since presentation of LACK was effective in
vitro, in vivo studies was performed. BALB/c
mice deficient in B cells were reconstituted with
B cells derived either from BALB/c or from HEL
Tg BALB/c mice and IL-4 mRNA expression
after LACK-HEL injection analysed. Results
obtained demonstrated that LACK-HEL construct
was effectively presented by HEL Tg B cells to
LACK-specific CD4+ T cells since IL-4 was
detected 16 hours after injection in BALB/c
deficient in B cells reconstituted with B cells
from HEL Tg BALB/c mice. Furthermore, since
LACK was unable to induce IL-4 in BALB/c
mice deficient in B cells reconstituted with B
cells from HEL Tg BALB/c mice, we might
hypothetise that an Ig receptor for LACK is
expressed at the surface of B cells.

Altogether the results obtained in vitro and in vivo
demonstrated that LACK is effectively
internalised by B cells and presented by B cells to
LACK specific cells in the context of MCH class
II.

Role of Fas Ligand and Tumor Necrosis
Factor in the control of L. major replication

Resolution of L. major induced lesions has been
shown to involve several factors contributing to
the killing of L. major within macrophages. The
most efficient mechanism of parasite destruction
involves the production of IFN-γ  by CD4+ Th1
cells, which induces the synthesis of inducible
nitric oxide synthase (iNOS) generating the
production of reactive nitrogen radicals toxic for
the intracellular parasite. TNF was shown to be

also involved in parasite killing in a process that
depended on NO production, and endogenously
produced TNF was reported to be necessary for
NO production by macrophages in vitro.
However, in addition to TNF, we have previously
reported that Fas L also contributed to the
resolution of lesions. Mice deficient for
functional Fas ligand (gld), due to a point
mutation in FasL resulting in a nonfunctional
form of FasL on the cell surface, failed to heal
their lesions and did not successfully control
parasite multiplication despite the development of
a Th1 type of response.

In order to investigate the respective contribution
of TNF and FasL in the control of parasite
replication and lesion development after infection
with L. major, we infected gld x TNF -/-  (gld/TNF-

/-) mice on the C57BL/6 resistant background and
compared the course of disease, the primary
response within the site of parasite inoculation
and the developing CD4+ T cell response with
that observed in mice deficient in functional FasL
or TNF pathway. We showed that the control of
parasite replication within the site of parasite
inoculation requires not only iNOS and IFN-γ but
also functional FasL, while TNF contributes only
minimally to to this process. Thus, we show here
that early after infection, TNF does not play an
important role in parasite control during infection
with L. major.  We further demonstrate that FasL
acting in synergy with IFN-γ and iNOS appears
essential in the control of parasite replication
within the lesions acting on both apoptosis of
macrophage and their microbicidal function.
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STRUCTURAL AND FUNCTIONAL STUDIES OF VIRULENCE FACTORS IN THE HUMAN
PROTOZOAN PARASITE LEISHMANIA

The human parasite Leishmania is the causative agent of leishmaniasis, one of the most important human
protozoan diseases. Leishmaniasis may lead, depending on the species, to self-healing cutaneous lesions,
mucocutaneous lesions, or fatal generalised visceral infection. Currently, the world-wide prevalence of
leishmaniasis is 12 million cases, with 350 million people living in high risk areas. With the spread of the
HIV epidemy to areas that are traditionally endemic for leishmaniasis, together with the emergence of drug
resistant parasites, a dramatic increase in the number of Leishmania infections has been reported.
Leishmania protozoan parasites differentiate from non infective to infective promastigote forms in the
alimentary tract of the sandfly vector, and then transform into non-motile intracellular amastigotes in host
macrophages. These transformations are necessary for the successful transmission of the parasite into the
host. Understanding the molecular events underlying these developmental changes in the parasite will lead
to the identification of new target molecules which could be used in chemotherapy and vaccine development,
thus contributing significantly to the control of leishmaniasis in the Old and New World.
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In recent years, our contribution to the
Leishmania pathogenicity was aimed mainly at
the characterization of one locus (the histone H1
locus) and its role in parasite survival (Part A),
the identification of new antigens and their
protective capacities in mice and in monkeys
(Part B) and finally on the identification of
virulent markers in Leishmania of the Viannia
subgenus (Part C).

A) ORGANISATION OF THE GENOME
AND GENE EXPRESSION IN LEISHMANIA

Histone H1 and its locus

The regulation of gene expression in Leishmania
is poorly understood. At the level of regulation of
gene expression, trypanosomatids are unusual
organisms. In contrast to higher eukaryotes, in
which gene expression is controlled mainly at the
level of transcription initiation, gene expression
in trypanosomatids is primarily regulated at the
post-transcriptional level. Protein encoding genes
are arranged into polycistronic transcription units
which are processed to monocistronic mRNAs by
trans-splicing. This peculiar RNA processing
generates multiple mRNAs that are differentially
regulated during parasite development. During
the last few years, our research has focused upon
analysing the structure and function of genes
expressed in the infectious stages of the parasite.

To this end, we have focused our research on
analysing the regulation of histone H1 in
Leishmania. The deduced amino acid sequence of
Leishmania major histone H1 cDNA revealed the
presence of characteristic histone H1 amino acid
motifs. However, the open reading frame was of
an unusually small size for histone H1 (105
amino acids) because it lacked the coding
potential for the central hydrophobic globular
domain of linker histones present in other
eukaryotes. We provided biochemical and
immunocytochemical evidence to prove that the
H1 protein was indeed a L. major  nuclear histone
H1, and that it was differentially expressed during
the life cycle of the parasite. Together, these
observations suggested that the different levels of
this histone H1 protein could influence the
varying degrees of chromatin condensation
during the life cycle of the parasite. We
characterized the genomic organisation of the
locus and identified two copies of histone H1 in

the genome of Leishmania. A similar
transcriptional organisation and translational
pattern seem to be present in other Leishmania
species since two transcripts and two
polypeptides have been detected using strand
specific probes and specific antibodies
respectively. Transfection of a cosmid carrying a
single L. major H1 gene into L. guyanensis was
sufficient to obtain production of two
polypeptides and confirmed that complementary
DNA strands are used to synthesize histone H1
and an antisense polypeptide. This would add
complexity to the gene regulation and expression
in Leishmania. Our preliminary results indicate
that a specific AT rich region could serve as an
entry site for RNA polymerase II and be involved
in this anti-sense process.

The histone H1 locus (30kb) was completely
sequenced. 115 open reading frames (ORFs) of
more than 200 nucleotides have been identified
on both strands. Using computer analysis for
Leishmania, only 10 of these ORFs, localised on
the same strand, were predicted to be coding for
proteins, which show homologies with known
proteins. We are currently verifying whether
these predicted ORFs are effectively transcribed
and translated. Nine transcripts and seven
proteins have already been identified for these
predicted ORFs. Transcripts were also identified
for 4 non-predicted ORFs, which are localised on
the “non-coding” strand. Our results demonstrate
that the transcriptional organisation of the
Leishmania genome could be more complex than
previously predicted, and that computer
predictions may not be exhaustive.

Programmed death in the intracellular stage of
Leishmania

In the course of our studies on the expression of
histone H1 and differential chromatin
condensation during the life cycle of the parasite,
we observed a DNA fragmentation pattern at
specific stages of the parasite life cycle. This was
reminiscent of cells undergoing apoptosis. The
DNA fragmentation which was observed, without
induction, in the infectious stages of the parasite
(metacyclics and amastigotes), correlated with the
presence of internucleosomal nuclease activity,
visualisation of 45 to 59 kDa nucleases and
detection of TUNEL-positive nuclei. These data
prompted us to test for the presence of a specific
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DNase. We showed that this nuclease was present
in very high levels in the amastigote stage, at a
low level in metacyclics and barely detectable in
procyclic parasites. Death of the amastigote in the
macrophage was confirmed by specific cell death
assays. However, we were not able to
demonstrate any caspase synthesized by the
amastigote. Our recent work demonstrated that
under a variety of stress conditions such as serum
deprivation, heat shock and nitric oxide, cell
death can be induced leading to genomic DNA
fragmentation into oligonucleosomes. The DNA
fragmentation was not dependent on active
effector downstream caspases nor on the
lysosomal cathepsin L-like enyzmes CPA and
CPB. These data are consistent with the presence
of a caspase-independent cell death mechanism in
Leishmania, induced by stress and differentiation
that differs significantly from metazoa. We are
currently evaluating the role of histone H1 in
chromatin condensation and its effect on parasite
survival.

Fig. 1: Parasite killing by nitric oxide in the mouse
liver

B) THE IMMUNOGENICITY AND THE
PROTECTIVE CAPACITIES OF
ANTIGENS HIGHLY EXPRESSED IN THE
INFECTIOUS STAGES OF LEISHMANIA
AGAINST CUTANEOUS LEISHMANIASIS

Histone H1 as a protective antigen against
cutaneous leishmaniasis

Polypeptides expressed at high level in the
infectious stages of the parasites could have
potential immunoprotective capacities. Histone
H1 and cysteine proteinases are such polypeptides
under current investigation. We investigated the

protective potential of the nuclear protein histone
H1. This protein is developmentally regulated
during the life cycle of L. major being
overexpressed in the metacyclic infective
promastigote, and in the amastigote. BALB/c
mice, which are susceptible to infection with L.
major, were immunized with histone H1 and the
immune response was investigated. Histone H1
elicited high levels of protection even in the
absence of adjuvant. These results indicated that
nuclear-derived immunogens from an
intracellular parasite could serve as vaccines in
murine cutaneous leishmaniasis. Furthermore,
either recombinant or synthetic peptides
corresponding to histone H1 were able to
specifically induce the proliferation of PBLs from
naturally infected donors, as well as the secretion
of IFN-γ.

Recently, we investigated the protective potential
of the histone H1 antigen against cutaneous
leishmaniasis in an outbred population of
monkeys. To this end we performed the trial in
the African green monkey, more commonly
known as the vervet monkeys, which are one of
the Old World primate species. This study was
unique in that protection was observed in a
genetically diverse population of monkeys using a
single antigen formulation of recombinant H1
antigen. Furthermore, the challenge infection
consisted of a mixture of vector sandfly salivary
gland lysate and a low dose of in vitro derived
parasites, thus more closely mimicking natural
infection induced by L. major. Our data argue in
favour of a thorough examination of the
possibility of including the histone H1 antigen in
a vaccine against human leishmaniasis.

Identification of Leishmania major cysteine
proteinases as targets of the immune response
in humans

In this study, performed in collaboration with Dr.
Rafati (Pasteur Instiute in Tehran), we studied the
identification of two parasite polypeptides
recognized by human sera of patients infected
with L. major. Isolation and sequencing of the
two genes encoding these polypeptides revealed
that one of the genes was similar to the L. major
cathepsin L-like gene family CPB, whereas the
other gene coded for the L. major homologue of
the cysteine proteinase a (CPA) from L.
mexicana. Restriction enzyme digestion of
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genomic DNA, showed that the CPB gene was
present in multiple copies in contrast to the
cysteine proteinase CPA gene which could be
unique. Specific antibodies directed against the
mature regions of CPA and CPB expressed in
Escherichia coli, were used to analyze the
expression of these polypeptides in different
stages of the parasite's life cycle. Polypeptides of
27 and 40 kDa in size, corresponding to CPA and
CPB respectively, were detected at higher levels
in amastigotes than in stationary phase
promastigotes. Purified recombinant CPs were
also used to examine the presence of specific
antibodies in sera from either recovered or active
cases of cutaneous leishmaniasis patients. Unlike
sera from healthy uninfected controls, all the sera
reacted with recombinant CPA or CPB. This
finding indicates that individuals having
recovered from cutaneous leishmaniasis or with
clinically apparent disease have humoral
responses to cysteine proteinases, demonstrating
the importance of these proteinases as targets of
the immune response and also their potential use
for serodiagnosis.

A protective cocktail vaccine against murine
cutaneous leishmaniasis with DNA encoding
cysteine proteinases of Leishmania major

The protection elicited by the intramuscular
injection of two plasmid DNAs encoding L.
major cysteine proteinase type I (cpb) and type II
(cpa) was evaluated in a murine model of
experimental cutaneous leishmaniasis. Mice were
immunized either separately, or with a cocktail of
the two plasmids. Only when the cpa and cpb
genes were co-injected, protection against
challenge with parasites was achieved. Analysis
of the immune response showed that protected
animals developed a specific Th1 immune
response to Leishmania lysate and this response
was associated with an increase of IFN-γ
production which persisted at least for 14 weeks
after challenge. Similarly, this is the first report
demonstrating that co-injection of two genes
expressing different antigens induces a protective
response, whereas the separate injection of
cysteine proteases genes is not protective.

C) PROTEOMICS OF LEISHMANIA AND
IDENTIFICATION OF VIRULENT
MARKERS IN LEISHMANIA VIANNIA
SPECIES

In collaboration with Prof. Nancy Saravia and Dr.
John Walker, CIDEIM, Cali Colombia.

Establishing two-dimensional (2-D) gels for the
analysis of Leishmania proteomes

DNA sequences alone provide little information
about the biological phenotype and processes
which occur post gene expression in the parasite,
including the levels of translated proteins and
post-translational modifications. Therefore, as
most therapeutic and prophylactic vaccine
candidates are found among translational
products, the data which is generated from
Leishmania genome sequencing needs to be
linked to the characterization of the parasite
proteome. Proteome analysis is concerned with
the global changes in protein expression in a cell
at any given moment. In the field of proteomics,
proteins are most commonly identified with the
techniques of two-dimensional gel electrophoresis
(2-DE) and mass spectrometry (MS) analysis,
complemented with database searching. Little is
known about the proteomics of Leishmania,
especially with regard to analysis of the proteome
by 2-DE. We described the comparison of 3
different sample preparation methods for
Leishmania parasites. The aim of this work was
to identify a method which provides maximal
sample solubilization and which produces 2-D
gels of high resolution and reproducibility. High
quality gels such as these will be of fundamental
importance for comparative analysis and
identification of proteins in the developing field
of proteomics of Leishmania.

Proteomic analysis of metastatic and non
metastatic clones of L. guayanensis

Previous work established phenotypic
heterogeneity within parasites of the L. Viannia
subgenus with respect to their capacity to produce
secondary metastatic lesions in hamsters
(Martinez et al., 1991) and enabled the isolation
and characterisation of a range of clones (derived
from the L. guyanensis strain
WHI/BR/78/M5313) which exhibited stable
phenotypes ranging from highly metastatic (M+)
to infrequently metastatic (M-) (Martinez et al.,
2000). We have recently used the latter clones
(together with clinical isolates of L. Viannia from
mucocutaneous or cutaneous lesions) as tools to
identify the differentially-expressed proteins
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potentially associated with the metastatic
phenotype in New World Leishmania species.
Comparative proteome analyses using 2-DE
coupled with mass spectrometry (MS) and

bioinformatics enabled the isolation of
polypeptides which were expressed as mutually-
exclusive isoforms in (M+) and (M-) clones.
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MALARIA: SEARCH OF ANTIGENS FOR THE DEVELOPMENT OF PROTECTIVE VACCINES

Malaria is a world-wide parasitic disease which affects millions of people especially young children and
pregnant women. Among the measures directed toward the prevention of this disease, vaccines represent a
cost-effective approach. Identification of molecules important in the elicitation of a protective immune
response and their use in experimental animals to be followed by testing in human volunteers has been a
constant goal of our laboratory.

CANCER: ANTIBODY-MEDIATED TUMOR TARGETING OF ANTIGENIC MHC/VIRAL
PEPTIDE COMPLEXES

Taking advantage of our experience in tumor targeting with antibodies and in T lymphocyte cytotoxicity, we
designed a new type of conjugates, consisting of antibody fragments coupled to Major Histocompatibility
Complexes (MHC) containing antigenic viral peptides. We demonstrated that Fab fragments from different
anti-tumor marker antibodies, conjugated to MHC viral peptides, can target these very active T lymphocyte
antigens on the surface of human cancer cells and thus induce the efficient lysis of the target cells by viral
peptide-specific human cytotoxic T lymphocytes. Furthermore, we recently demonstrated the feasibility of
this new immunotherapy strategy in a syngeneic carcinoma model.

MALARIA: search of antigens for the
development of protective vaccines

Malaria is a parasitic disease transmitted during
the blood meal of infected mosquitoes which
inoculate sporozoites into the mammalian host.
Within minutes, sporozoites invade hepatocytes
and develop into merozoites intracellularly by
asexual schizogony. The merozoites then invade
red blood cells, producing the various symptoms
associated with the disease. The life-cycle is
completed when gametocytes are ingested during
the blood meal of the mosquito vectors.

Protective immunity against malaria can be
obtained by immunizing mice and humans with
irradiation-attenuated sporozoites. This immunity
is the result of the effect of neutralizing
antibodies recognizing free sporozoites in the
blood stream and of CD4+ and CD8+ T cells
which prevent the development of the parasite
hepatic forms. Experiments performed in B cell
deficient mice have demonstrated that, despite the
absence of anti-sporozoite antibodies, protection
is induced by irradiated sporozoite immunization.
This suggests that T cells specific for proteins
present in the intracellular hepatic stage play a
predominant role in protection. Therefore, one of
the aim in malaria vaccine research is to mimic
the protective immune response induced by
injection of irradiated sporozoites.

The impossibility of culturing sporozoites outside
the mosquitos renders this vaccination approach

impracticable on a large scale. Thus, considerable
effort has be devoted to the identification of
highly antigenic sporozoite derived antigens
which can substitute for the whole sporozoite in
the design of anti-malaria vaccines.

Our approach to mimic the immune response
observed upon immunization with irradiated
sporozoites involves the use of long polypeptides
containing various B, T-helper, and T-cytotoxic
epitopes. The use of longer fragments of the
protein will also provide epitopes capable of
binding to the various MHC class I and II
molecules, thus overcoming the MHC restriction
observed in response to smaller epitopes. This
approach has lead to numerous malaria phase I
clinical trials in record time (CS, MSP-3.
GLURP).

Implicated in the protective effect observed with
irradiated sporozoites is an abundant surface
molecule, the circumsporozoite (CS) protein. The
recombinant CS protein has been shown to inhibit
sporozoite liver invasion. The region of the CS
protein responsible for binding to the hepatocytes
has been located in the C-terminus. In particular,
region 2 segment (RII, aa 342-363 of the NF-54
sequence) from different parasite strains or
species is highly conserved and is homologous to
other mammalian proteins such as
thrombospondin.

Both the N- and C-terminal fragments of P.
falciparum parasites are recognized by human
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sera from donors living in endemic areas and are
very immunogenic in Aotus monkeys. In
addition,they contain numerous CD8+ T cells
epitopes. In particular, peptide CS327-335 is
recognized by 40% of HLA-A2.1 donors. Finally,
we have shown that mice immunized with a
synthetic peptide corresponding to the C-terminal
domain of the CS protein from P. berghei were
efficiently protected from sporozoite challenge.

This has led to the exploration of the best
combination of antigen and adjuvant for an
optimal elicitation of an immune response in
experimental animals first and then in humans.
Among the adjuvant systems tried, biodegradable
microspheres made of poly-lactate and glycolate
are of particular interest since they hold the
promise of obtaining a strong immune response
with a single injection.

Phase I clinical trial

Based on the results described above we have
undertaken a phase I clinical trial of vaccination
in normal volunteers in order to evaluate the
safety and immunogenicity of peptide 282-383
corresponding to the C-terminal region of the CS
protein from P. falciparum NF-54 strain. No
adverse reactions were observed upon repeated
intramuscular administration of the peptide in
alum or Montanide 720. Immunization resulted in
the elicitation of high titer specific antibodies as
well as specific helper and cytotoxic T cell
responses. A new phase I trial sponsored by

WHO, Johnson Foundation and Dictagene RFM,
Lausanne, is presently testing differents
adjuvants. A phase II efficacy trial is planned for
2004.

Malaria cycle



NEW APPROACHES TO MALARIA AND CANCER IMMUNOTHERAPY

49

CANCER: antibody-mediated tumor targeting
of antigenic MHC/viral peptide complexes

Antibody-MHC viral peptide conjugates for
cancer cells targeting, in vitro results
Alena Donda, Valérie Cesson, Bruno Robert,
Giampietro Corradin and Jean-Pierre Mach, in
collaboration with Philippe Guillaume, Immanuel
Luescher, Marie-Agnès Doucey and Pedro
Romero from the Ludwig Institute.

Antibodies are large soluble proteins, which have
the property of binding with high specificity to
almost any kind of native antigen or marker
present on bacteria, viruses, or tumor cells.
Monoclonal antibodies (mAbs) binding with high
affinity to tumor markers can be selected by the
classical hybridoma method or by the phage
display technology. We and others have shown,
both in experimental models and in clinical
studies, that intravenously injected radiolabeled
mAbs can target tumors with a good degree of
specificity (for review, Mach 2002). However,
despite some recent encouraging clinical results
obtained in the therapy of breast carcinoma and B
cell lymphoma patients with anti-ErbB-2 mAbs
(Herceptin) and anti-CD20 mAbs (Rituximab)
respectively, antibodies are not very efficient in
killing tumor cells.

In contrast, CD8 cytotoxic T lymphocytes (CTL)
have the capacity, as a major natural effector
function, to efficiently kill cells that are infected
by a virus. For that purpose, they possess specific
receptors recognizing processed antigens in the
form of short peptides expressed in the context of
the MHC. In recent years, several groups have
shown that some human cancer cells may express
specific peptides and can be lyzed by CTL. Thus,
major efforts are being made to boost or to induce
CTL anti-tumor responses by various strategies of
vaccination. However, despite some well-
documented encouraging CTL responses against
tumor antigens, the percentage of tumor
remission observed in patients has remained
relatively low. Furthermore, one of the obstacles
to active T lymphocyte immunotherapy is that
tumor cells can escape CTL recognition by
deletion of their MHC.

A new bridge between antibody and T
lymphocyte attack on cancer cells

Our idea was to combine the advantage of the
above-mentioned high binding and targeting
properties of antibodies with the powerful
cytotoxic capacity of CD8 T lymphocytes. For
that purpose, we prepared chemical conjugates
between Fab’ fragments from anti-tumor marker
antibodies and soluble MHC peptide complexes
containing antigenic viral peptides such as the
common Influenza Flu matrix peptide.

HLA-A2/Flu-matrix peptide complexes (HLA-
A2/Flu-ma-peptide) were coupled to Fab’
fragments from mAbs directed against cell
surface markers, such as carcinoembryonic
antigen (CEA), ErbB-2 or CD20. These
conjugates were first shown to be able to target
the antigenically active HLA-A2/Flu-ma-peptide
on cancer cells expressing the relevant tumor
marker, by flow cytometric analysis. We then
asked the question: will these tumor cells,
originally HLA-A2 negative, but now coated with
HLA-A2/Flu-ma-peptide, become susceptible to
lysis by HLA-A2 restricted, Flu-ma-peptide
specific CTL, as expected from the schematic
diagram below (Fig. 1).

The results, obtained in a classical 4 hour 51Cr
release assay, showed that a very efficient and
sensitive lysis of the CEA expressing colon
carcinoma cells LoVo was obtained, when the
cells were preincubated with anti-CEA-HLA-
A2/Flu peptide conjugate, while control CEA-
negative breast carcinoma cells SK-BR-3 coated
with the same conjugate were not lyzed. In
contrast, when ErbB-2 expressing SK-BR-3 cells
were preincubated with an anti-ErbB-2-HLA-
A2/Flu peptide conjugate, they were lyzed, while
control ErbB-2 negative Daudi cells were not.
Finally, when Daudi cells were preincubated with
anti-CD20-HLA-A2/Flu-ma peptide, they were
lyzed, while LoVo colon carcinoma cells were
not. In brief, the cancer cells coated with the
relevant anti-tumor marker-MHC/viral peptide
conjugate were lyzed by specific CTL, as
efficiently as if they were infected by the virus.
The sensitivity of the lysis induction by antibody-
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MHC/viral peptide conjugates was high: 50% of
cancer cell lysis was induced with conjugate
concentrations as low as 0.5 to 10 ng per ml,
overall the conjugates were active at 5 to 10
picomolar range. (Robert et al. 2001)

In vivo therapy in a syngeneic colon carcinoma
model

a) Systemic injection of anti-CEA Fab--H-
2Kb/ova conjugate inhibits tumor growth in
OT-1 transgenic mice

OT-1 transgenic C57BL/6 mice carry the TCR
genes (Vα2, Vβ5.1) isolated from a T cell clone
reactive with an H-2Kb/ovalbumin
immunodominant octapeptide257-264 (SIINFELK).
More than 90% of CD3 positive cells express the
transgene which provides a large pool of specific
CTL precursors to test our strategy. In a first
approach, 7.5 x 105 syngeneic colon carcinoma

cells MC38-CEA+ expressing human CEA were
grafted subcutaneously in ten OT-1 mice. A
group of five mice was injected i.v. with 20 µg of
anti-CEA--H-2Kb/ova conjugate followed by 6 i.p.
injections at days 1, 4 and 8, and at days 18, 21,
24. The control group of five mice was injected in
parallel with 20 µg of F(ab')2 fragment from the
anti-CEA mAb (having about the same MW of
100 kDa as the conjugate, but without
MHC/peptide complex). Tumor size was
measured every two days. The individual tumor
growth curves of all mice from the 2 groups
showed a significant delay in tumor development
in the mice treated with the conjugate, as
compared to the control group. Indeed, by day 25
in the conjugate treated group, two mice had no
detectable tumor, one mouse developed only a
tiny nodule and two mice had small tumors not
exceeding 70 mm3. In contrast, all mice in the
control group had rapidly growing tumors ranging
from 300 to 600 mm3 (Donda et al. 2003).

Fig. 1: Upper part: schematic description of the binding to TAA and oligomerization of antibody Fab' fragment-
MHC/peptide conjugates on the surface of a tumor cell, which induce the cooperative binding of several T-cells
receptors leading to activation of the T effector lymphocyte, which will kill the target tumor cell. Note that the free
conjugates do not bind to T cells due to the low affinity of monomeric MHC/peptide complexes to individual T cells
receptors. Lower part: enlarged schematic structure of the antibody Fab' fragment-class I MHC/peptide conjugate
which represents an "adaptor molecule" able to transform an antibody-defined antigen into an antigen recognized by
T lymphocytes.
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b) Injection of anti-CEA Fab--H-2Kb/ova
conjugate induces regression and growth
inhibition of palpable tumors grafted in
syngeneic mice adoptively transferred with
OT-1 splenocytes

We also tested the model of adoptive transfer of
OT-1 mouse splenocytes into CEA-transgenic
C57BL/6 mice for two reasons. First, this strategy
gives the opportunity to immunize and actively
stimulate the transferred ova specific CTLs in a
normal immune environment which is closer to
that of future real cancer immunotherapy
conditions. Second, the CEA-transgenic mice are
less likely to produce anti-CEA antibodies or T
cells directed against the CEA expressed by the
transfected tumor graft. Fifty million OT-1
splenocytes were transferred intraperitoneally into
CEA transgenic C57BL/6 mice, which were
immunized one day later with 200 µg ovalbumin
in adjuvant. As shown in figure 2A, the peak of
activation of H-2Kb/ova specific T cells
determined by H-2Kb/ova tetramer plus CD8
double staining, was reached 10 days after
immunization and their frequency ranged
between 12 and 40% of total CD8. Figure 2B
gives a representative FACS dot blot on PBMC at
the peak of response. To exclude a non-specific
tumor growth inhibition due to cytokines released
during the peak of the primary immune reaction,
106 MC38-CEA+ carcinoma cells were grafted 19
days after ovalbumin immunization (Fig. 2A).

In contrast to the previous experiments in which
conjugate treatment was started one day after

tumor graft, here we waited until tumor nodules
were palpable in the 10 mice (about 8 days). Two
groups of five mice were then injected either with
the anti-CEA Fab--H-2Kb/ova conjugate or the
control anti-CEA F(ab')2. In both groups, the first
injections were given i.v. and the following
injections every two days i.p. Results from the
treatment are shown in figure 3. Panel A
compares the tumor growth curves from
individual mice in the two groups during the 24
days after tumor graft. At 24 days, four out of five
mice from the conjugate treated group had tumor
volumes of less than 20 mm3, while all mice from
the control F(ab')2 group had tumors bigger than
200 mm3, as did one of the conjugate treated
mice, which escaped tumor treatment. At day 20
after tumor graft, a boost of 100 µg ovalbumin
was given in all 10 mice and a smaller secondary
specific T cells response was observed (data not
shown). Figure 3B shows the evolution over 36
days after tumor graft of the mean tumor volume
in conjugate treated and control groups, excluding
the tumor which escaped therapy. The mean
tumor volume at day 35 for the conjugate treated
mice (100 mm3) was significantly smaller than for
the control mice (676 mm3), (p = 0.0209
Wilcoxon test). If we include the tumor which did
not respond to therapy, the mean tumor volume in
the treated mice increases to 227 mm3, but the
difference with the controls is still significant (p =
0.05). The results, thus, demonstrate that the anti-
CEA Fab--H-2Kb/ova conjugate can induce tumor
growth inhibition even when treatment is started
8 days after tumor graft, when the tumors are
established and palpable (Donda et al. 2003).

Fig. 2: Immune response of CEA-transgenic mice transferred with OT-1 splenocytes and immunized with ovalbumin and adjuvant.
(A) kinetics of the immune response to ova peptide followed by double colour fluorescence staining with anti-CD8 FITC and H-2Kb/ova
tetramer-PE. As indicated by the arrow, tumor grafting was performed 19 days after immunization. Results are expressed as the
percentage of specific H-2Kb/ova over total CD8 T cells. (B) Representative FACS dot blot at the peak of response 11 days after
injection (Donda et al. 2003).
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Fig. 3: Injection of anti-CEA--H-2Kb/ova conjugate induces regression and growth inhibition of palpable tumors grafted in
syngeneic mice adoptively transferred with OT-1 splenocytes. (A) Individual tumor growth curves of all five mice treated with the
conjugate and five control mice during the first 24 days after tumor graft. Treatment was started at day 8 (arrow), when all ten mice
had palpable nodule. Systemic injection of 20 µg of conjugate (filled symbols) or anti-CEA F(ab')2 fragment (empty symbols) was
repeated every two days until the end of experiment. (B) Mean values and SD of tumor volumes from four treated and four control mice
followed until day 35. One mouse, which did not respond to treatment as shown in A (black circle), was excluded from the mean value,
as was a control mouse which died with a growing tumor at day 18, as shown in A (open triangle). (Donda et al. 2003)

Perspectives and future clinical applications

The theoretical advantages of this immunotherapy
strategy are: First, that the monomeric MHC-
peptide complexes conjugated to antibody
fragments will not bind to circulating T
lymphocytes due to their low affinity for T cell
receptor (TCR) ; thus, only when oligomerized on
target tumor cells (as schematically described on
figure 1), can they induce the activation and
cytotoxic activity of peptide-specific T
lymphocytes due to multiple binding sites for
their TCR. Second, the size of the conjugate of
about 95 kDa is optimal for in vivo tumor
localization, as we have demonstrated for F(ab’)2

fragments from anti-CEA mAbs. Third, the
antibody-MHC will target multiple copies of the
same selected antigenic peptide to the surface of
the tumor cells, without the limitation of
autologous antigenic peptides, which have to
compete with a host of normal cellular peptides
for expression on MHC. Fourth, the
oligomerization of antibody-MHC peptide

conjugates on tumor cells will provide binding
sites, not only for the TCRs of specific CTL, but
also for CD8 molecules, which have been shown
to play an essential role in the interaction with
MHC peptide complexes.

For potential clinical application, we could
consider to give to cancer patients a strong
vaccination or boost with a common attenuated
virus, such as Influenza, Cytomegalo, or Epstein-
Barr virus (or by an oligopeptide containing the
viral immunodominant peptide), followed a week
later by the intravenous injection of a conjugate
consisting of anti-tumor antibody fragment
coupled to autologous MHC containing the
relevant immunodominant viral peptide. Thus, we
can expect that the patient anti-viral cytotoxic
lymphocytes will attack the cancer cells targeted
with the conjugate as well as if they were infected
by the virus (a patent application for the new
immunotherapy strategy has been deposited in the
U.S.A. with the Ludwig Institute and our
University).
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SIGNALING PATHWAYS LEADING TO APOPTOSIS AND INFLAMMATION

Apoptosis is a naturally occurring process of cell suicide that plays a crucial role in the development and
maintenance of multicellular organisms by eliminating superfluous or unwanted cells. All mammalian cells
constitutively express the basic machinery that mediates apoptotic cell death, a family of cysteine proteases,
designated the caspases. Pro-apoptotic caspases are generally activated by death-receptors or damaged
mitochondria and inhibited by a number of cytoplasmic proteins including the caspase-8 homologue FLIP.
Modulators of caspase activation are aberrantly expressed in pathological processes such as
neurodegenerative diseases or cancer.
The inflammatory caspase-1 and caspase-5 are involved in the proteolytic activation of IL-1  which
activates the rapidly acting innate immune sytem, placing the organism in a state of readiness to deal with
injury or infection. Inflammatory caspases are activated by a complex, called inflammasome, which
comprises NALPs, ASC, caspase-1 and caspase-5. The importance of the NALP3 inflammasome in
inflammation is underscored by the observation that mutations of the NALP3 gene are associated with
several autoinflammatory diseases.

RESEARCH OBJECTIVES

We are mostly interested in:

• the role of caspases in cell death and in
proliferation.

• the understanding of signaling pathways that
lead to apoptosis and cell survival, in
particular of those triggered by members of

the TNF receptor family (Fas, TRAIL-R,
TNF-R).

• the identification of protein complexes and
signaling pathways that lead to inflammation
(NF-κB, Toll-receptors, IL-1 receptor, NODs,
NALPs).

• the possibility that altered inflammatory and
pro-apoptotic signaling pathways contribute to
diseases such as cancer and autoimmunity.
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APOPTOSIS

Death receptors, a subfamily of TNF receptors
inducing apoptosis

The 'death receptors', as their name implies, link
extracellular signals to apoptosis. They are
members of the TNF-receptor family and are
characterized by the presence of a protein-protein
interaction motif of about 80 amino acids called
the 'death domain' (DD) in the cytplasmic tail.
The best studied signaling pathway is the one
triggered by Fas (Fig. 1). Clustering of Fas upon
FasL binding recruits the adaptor protein FADD
which in turn bind procaspase-8 and procaspase-
10, resulting in the formation of the 'death
inducing signaling complex' (DISC). The initiator
caspases-8 and -10 are activated autocatalytically
and cleave and activate effector caspases
(caspase-3. –6, -7).

The effector caspases cleave other substrates, the
death substrates -for example structural proteins
(actin), signaling proteins (RIP-1) and the
inhibitor of a nuclease (ICAD)-eventually leading
to the biochemical and morphological changes of
the apoptosis.
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Fig. 1: Following the binding of the homotrimeric Fas
ligand, Fas oligomerizes and recruits the adaptor
protein FADD to form the death-inducing signalling
complex (DISC), causing the activation of caspase-8.
Caspase-8 in turn activates other effector caspases
such as caspase-3. The death signal can be amplified
through cleavage of Bid and activation of the
APAF/caspase-9 complex via cytochrome c.

Fas signals induce apoptosis and necrosis

Cell death is achieved by two fundamentally
different mechanisms, apoptosis and necrosis
(Fig.2).

Fig.2: FasL-induced, caspase-independent T cell death
is associated with necrotic morphological changes that
are independent of cytochrome c release. Electron
micrographs of Jurkat cells incubated with or without
FasL in the presence or absence of the caspase-
inhibitor zVAD-fmk.

Apoptosis is dependent on caspase activation,
while the caspase-independent necrotic signaling
pathway remains largely uncharacterized.
Triggering of Fas and TRAIL-R2 by its
respective ligands (FasL/TRAIL) is known to
rapidly induce cell death leading to apoptosis.
However, we found that Fas kills activated
primary T cells efficiently in the absence of active
caspases, resulting in necrotic morphological
changes, late mitochondrial damage but no
cytochrome c release. This Fas ligand-induced
caspase-independent death is absent in T cells
that are deficient in either FADD or RIP. RIP is
also required for necrotic death induced by TNF
and TRAIL. Importantly, in contrast to its role in
NF-kB activation, RIP requires its kinase activity
for death signaling. Thus, Fas, TRAIL and TNF
receptors can initiate cell death by two alternative
pathways, one relying on caspase-8, the other
dependent on the kinase RIP.

TNF-induced cell death

Apoptosis induced by the death receptors Fas and
TNFR-1 is proposed to proceed through
recruitment of FADD and caspase-8 to the
receptor complex (see above). It was unclear,
however, why Fas-induced cell death occurs
within minutes, whereas several hours are
required for the effector function of TNFR1. We
found that TNFR1-induced apoptosis (in contrast
to Fas) is a two-step process, mediated by two
sequential signaling complexes (Fig. 3).
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Fig. 3: After binding of TNF to TNFR1, rapid
recruitment of TRADD, RIP1 and TRAF2 occurs
(Complex I). Subsequently TNFR1, TRADD and RIP1
become modified ( ) and dissociate from TNFR1. The
liberated death domain (DD) of TRADD (and /or RIP1)
now binds to FADD, resulting in caspase8/10
recruitment (forming complex II) and resulting in
apoptosis. If  NF- B activation triggered by complex I
is successful, cellular FLIPL levels are sufficiently
elevated to block apoptosis and cells survive.

The initial plasma membrane-bound complex
(complex I) consists of TNFR1, TRADD, RIP1
and TRAF2 and rapidly signals activation of the
transcription factor NF-κB. In this complex,
TRADD and RIP1 undergo important
posttranlational modifications and subsequently
dissociate from the receptor. In a second step,
TRADD and RIP1 associate with FADD and
caspase-8, thereby forming a cytoplasmic
complex II. In surviving cells where NF-κB is

activated by complex I, complex II harbors the
caspase-8 inhibitor FLIPL. In apoptosis sensitive,
NF-κB signal-defective cells, substantial amounts
of caspase-10 are found in complex II while
FLIPL levels are highly reduced. Thus, TNFR1-
triggered signal transduction includes a check-
point, resulting in cell death (via signal complex
II) in instances where the initial signal (via
complex I, NF-κB) fails to be activated.

INFLAMMATION

Activation of inflammatory caspases

Similar to other caspases, the 45-kD precursor of
caspase-1 is initially synthesized as an inactive
zymogen that becomes activated by cleavage at
aspartic residues to generate the enzymatically
active hetrodimer composed of a 10 and a 20-kD
chain. The exact mechanism by which this occurs
remains unclear, but recent observations concur
with the mechanism proposed for the apoptototic
caspases such as caspase-9 (see Fig. 1). In an
analogous manner, caspase-1 and -5 become
activated through oligomerization induced via
association with one of two identified candidate
adaptor proteins Ipaf or NALP1/ASC  complexes.

Ipaf is a multi-domain protein resembling NALP1
and Apaf1 that also contains a CARD domain.
Through CARD/CARD interactions, Ipaf was
found to trigger caspase-1 cleavage in
overexpression, but the capacity for Ipaf-activated
caspase-1 to process proIL-1β has not yet been
demonstrated.
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Fig. 4: Engagement of Toll-like receptor (TLR)-4 triggers assembly of the NALP1-containing inflammasome, which
results in the activation of the pro-inflammatory caspases-1 and -5 and subsequent processing of pro-interleukin (IL)-1.
Active caspases are then rapidly secreted along with the processed, active IL-1. The NALP3 inflammasome contains
NALP3 and Cardinal and activates only caspase-1.
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NALP1 is the member of a family of proteins
called the NALPs. It has modular structure
(comprised of six distinct domains) including an
N-terminal PYD domain and a C-terminal CARD
domain (Fig. 4). Via these domains, NALP1
interacts with the PYD domain of ASC, a
bipartite adapter protein containing a N-terminal
PYD domain and a C-terminal CARD domain,
and with the CARD domain of caspase-5. The
CARD module of ASC in turn recruits capase-1
forming a complex which we coined the
inflammasome. In coimmunoprecipitation
experiments, we found that caspase-1 associated
with the full length and mature p20 fragment of
caspase-5, suggesting the potential for cross-
activation. Of the various adaptor molecules
identified so far the most compelling evidence
exists for the involvement of ASC in IL-
1β processing. Indeed, a dominant negative
version of ASC (containing only the PYD
domain) blocked LPS induced IL-1β maturation
in THP-1 cells and removal of ASC in a cell-free
system abolished caspase-1 and caspase-5
activation.

The NALP3 inflammasome

Akin to NALP1, NALP3 (Pypaf1/Cryopyrin,
CIAS1) binds ASC and activates caspase-1.
Three splice variants have been described, one of
which lacks all LRRs. However, even the longest
one is devoid of the FIIND and the CARD
present in NALP1. Interestingly, a protein with a

domain organization corresponding to this unique
carboxyl terminus, designated Cardinal (TUCAN,
CARD8, NDDP1) has been identified. Not
surprisingly, therefore, we found Cardinal to be a
constituent of the NALP3 inflammasome, which
like the NALP1 inflammasome, spontaneously
assembles in cell extracts of THP.1 cells.
Formation of a complex consisting of NALP3,
ASC, caspase-1 and Cardinal but no caspase-5 is
detectable. This is in agreement with the
observation that Cardinal does not activate
caspase-5 upon overxpression, while moderate
activation of caspase-1 occurs. Thus in contrast to
the NALP1 inflammasome, the NALP3
inflammasome activates only caspase-1 (Fig. 5).
The importance of the NALP3 inflammasome in
inflammation became apparent by the discovery
that mutations of the NALP3 gene are associated
with autoinflammatory diseases.

In autoinflammatory diseases MWS, FCU and
CINCA usually develop during childhood and are
typically inherited as autosomal-dominant traits.
In MWS a triad of progressive sensorineural
deafness, rashes, and systemic amyloidosis and
nonspecific limb pain is frequent. Four years ago,
MWS and FCU disease were mapped to
chromosome 1q44 at a site that overlaps with the
we and other groups found several point
mutations in the NALP3 gene in MWS and FCU
but also in CINCA. More than 42 families have
been characterized to date with 23 different
mutations.

Fig. 5: Diseases associated with mutations in NALP3. All mutations are found in exon 3. CINCA, chronic infantile
neurologic cutaneous and articular syndrome; FCAS, familial cold autoimmune syndrome; FCU, familial cold urticaria;
LRR, leucine-rich repeat; MWS, Muckle–Wells syndrome; PYD, pyrin domain. The amino acid in NOD2 corresponding
to the R260W mutation in NALP3 is mutated in patients with Blau syndrome (blue line).
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Inhibition of IL-1 Receptor/Toll-like Receptor
signaling through a short form of MyD88

Toll-like receptors (TLR) and members of the
pro-inflammatory interleukin-1 receptor (IL-1R)
family are dependent on the presence of MyD88
for efficient signal transduction. The bipartite
nature of MyD88 (N-terminal death domain (DD)
and C-terminal TIR domain) allows it to link the
TIR domain of IL-1R/TLR with the DD of the
Ser/Thr kinase termed IL-1 receptor-associated
kinase-1 (IRAK-1). This triggers IRAK-1
phosphorylation and in turn activation of multiple
signaling cascades such as activation of the
transcription factor NF-κB. We found that

expression of MyD88 short (MyD88s), an
alternatively spliced form of MyD88 that lacks
only the short intermediate domain separating the
DD and TIR domains, leads to a shutdown of IL-
1/LPS induced NF-κB activation. MyD88 but not
MyD88s strongly interacts with IRAK-4, a newly
identified kinase essential for IL-1R/TLR
signaling. In the presence of MyD88s, IRAK-1 is
not phosphorylated and neither activates NF-κB
nor is ubiquitinated. MyD88s thus acts as a
negative regulator of IL-1R/TLR/MyD88
triggered signals, leading to a transcriptionally
controlled negative regulation of innate immune
responses.
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MOLECULAR AND CELLULAR DISSECTION OF T LYMPHOCYTE-DEPENDENT B
LYMPHOCYTE DIFFERENTIATION

The main focus of the laboratory concerns the molecular and cellular mechanisms resulting in T lymphocyte-
dependent immune responses with the main focus on:

a) B lymphocyte differentiation into memory/plasma cells during the germinal center reaction,
b) interactions between lymph node stroma and differentiating lymphocytes,
c) the role of regulated MHC class II expression for immune response and immune tolerance.

B CELL DIFFERENTIATION DURING AN
IMMUNE RESPONSE

To address questions on B cell differentiation
during an immune response we use the following
experimental systems:
- Mouse mammary tumor virus (MMTV)
- Hapten-carrier conjugates such as NP-CGG to

measure affinity maturation and germinal
center formation

- Vaccinia virus and other viruses
- Transgenic, knockout and knockin mouse

strains

Naïve T lymphocytes encounter antigen presented
by dendritic cells in the paracortex of the lymph
node. After differentiation into effector cells
cytotoxic T lymphocytes leave the lymph node

whereas a proportion of antigen-primed CD4+ T
cells initiate T cell-B cell collaboration in the
interfollicular regions of the lymph node. B cells
then differentiate along either an extrafollicular
pathway of differentiation, that leads to quick
isotype switched antibody production of rather
low affinity or, alternatively, to formation of
germinal centers. Such germinal centers are
seeded by 1-3 B cells that start dividing and
mutating their immunoglobulin V regions to
reach more than 10’000 cells after a few days.
Only the highest affinity B cells are selected in
this highly competitive environment to pick up
some antigen from the follicular dendritic cells
and to present it to germinal center T cells. These
cells receive cognate T cell help to develop either
into plasma or memory B cells.
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Mouse mammary tumor virus: a subverter of
the immune response in the lymph node

Viruses have developed a large variety of tools
and strategies to evade or exploit the immune
response. The understanding of these mechanisms
gives insights into the in vivo immune response.

The retrovirus mouse mammary tumor virus
(MMTV) has found a strategy to exploit the
immune response by infecting antigen presenting
cells and expression of a superantigen (SAg) at
the cell surface. There is a high frequency of
SAg-reactive T cells in naïve animals since the
less polymorphic lateral part of the T cell receptor
beta chain is involved in interaction with the SAg.
The reactive cells can be detected with T cell
receptor Vβ-specific antibodies. This induces an
extremely strong classical immune response by
dendritic cell priming of naïve T cells followed
by SAg-mediated T cell help to infected B cells
and long-lasting immune responses. These
responses are similar to long-lasting immune
responses against classical antigens leading to
long-lasting germinal center formation. Instead of
eliminating the virus, this immune response is a
key step for the establishment of a chronic
infection. With each division the number of
infected B cells doubles and the SAg-induced
normal chronic immune response leads to long-

lived infected memory and effector B cells. The
ensuing long-term lymph node reaction, the
emigration of the cells from the lymph node to
other tissues and the tolerance mechanisms
preventing cells from making a fulminant
immune response are important features also
observed in classical immune responses.

Using the MMTV biology we could show that the
lymph node draining the site of infection are
required for maintenance of a chronic virus
neutralization response. Removal of the draining
lymph node after the neutralizing antibody
response is established, leads to non-recoverable
loss of virus neutralization. This loss is observed
despite systemic spread of virus-infected cells.
These results point to an important role of the
draining lymph node in maintenance of virus
neutralization for longer than expected time
periods. Taking advantage of this observation the
behavior of the virus in the absence of virus
neutralization could be observed. Absence of
neutralization lead to a strongly increased
infection in several secretory organs including
mammary gland, skin, pancreas and salivary
glands but infection in lymphoid organs remained
similar to infected mock-operated mice. As a
consequence the lack of neutralizing antibodies
strongly accelerated mammary cancer
development.
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immunization: analysis of plasmablasts

Fig. 1
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Spontaneous polyclonal B cell differentiation
in mice expressing a mutant LAT molecule, a
gene primarily expressed in T cells
(In collaboration with Marie and Bernard
Malissen, Marseille, France)

During classical immune responses, activated T
lymphocytes can provide help for B cell
differentiation into memory and plasma cells. In
Malissens lab a knockin mouse was generated by
mutating the tyrosine residue at position 136 into
a phenylalanine in the LAT adaptor molecule.
The changed tyrosine is thought to link the LAT
adapter to the PLCγ pathway. The consequence of
this knockin practically all mature T cells become
chronically activated CD4+ Th2 cells. Due to
these abundant Th2 cells, practically all the B
cells that are formed in the bone marrow become
activated and differentiate into germinal center,
effector or memory B cells upon encounter with
these effector T cells. We are currently analyzing
the B cell response by immunohistology, FACS
and ELISA. Surprisingly, this polyclonal
activation did not only lead to an unorganized
polyclonal B cell activation but to a full B cell
differentiation program comparable in quality
(but strongly exaggerated in quantity) to MMTV
or NP-CGG responses. Numerous germinal
centers, plasma cells, and memory B cells were
formed. Using these mice we can now address the
co-stimulation requirements for the full B cell
differentiation program in vivo and in vitro. In
addition, we have access to different
effector/memory B cell population for detailed
analysis and comparison to B cells found in
classical immune responses.

PNA staining on lymph node from
4 week-old mice

LATY136F

Wild type

Germinal centers

CD4/CD3
Fig. 2

Role of B cells in chronic inflammations and
lymph node development

In many chronic inflammations activated B cells
are found. To address the question on the role of
activated B cells in tertiary follicle formation we
transferred naive wild type B cells into LTα-/-

mice which cannot mediate LTβ-dependent
signals and activated them polyclonally in vivo.
We did not only observe activation-dependent
formation of numerous large tertiary lymphoid
follicles in he small intestine but also formation
of one large mesenteric lymph node. These
formations were dependent on LTβ receptor
signaling. These rapidly developing lymph nodes
contain high endothelial venules and have a clear
B/T separation. This first signal given by
activated B cells leads to induction of adhesion
molecules, stromal chemokine production, and
attraction of recipient CD3-CD4+ lymphoid tissue
inducer cells. Importantly, RANK that is crucial
for fetal lymph node development, was strongly
expressed in the newly forming lymph node.
These observations suggest a critical role for
activated B cells in lymphoid tissue
neoformation, and illustrate how different cell
types can collaborate in lympho-organogenesis
after birth.

Role of the stroma in B cell differentiation
during an immune response

The role of stromal cells in immune responses in
secondary lymphoid organs has for long been
underestimated. Our lab focuses on the role of
stromal cells in germinal center reactions with
special attention to follicular dendritic cells.
These cells are localized in the cortex of
secondary lymphoid organs and are part of the
germinal centers. They capture three-dimensional
antigens via their Fc and complement receptors
and present them to maturing B cells for selection
of the highest affinity centrocytes. B cells pick up
some of these antigens and can present them in
form of MHC class II bound peptides to germinal
center T cells that drive their survival and
differentiation into memory or plasma cells. Little
is known about these cells. They are very rare and
difficult to isolate. We are currently isolating
these cells to analyze their gene expression
profile. Once follicular dendritic cell-specific
genes are known, transgenic approaches can be
initiated to better understand their in vivo roles.
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Role of regulated MHC class II expression in
immune response and tolerance

MHC class II expression is tightly regulated.
Dendritic cells show constitutive high expression
and B cells intermediate levels. On most other
cells, MHC class II expression is inducible by
interferon-γ. To address questions on the role of
the tightly regulated MHC class II expression for
immune response and tolerance we analyze
transgenic and knockout mice having different
MHC class II expression profiles which were
produced in Walter Reiths lab in Geneva. The
master regulator of MHC class II expression is
the transactivator CIITA. The gene expression of
this transactivator is regulated by three different
promoters which are thought to be either dendritic
cell-specific, B cell-specific or interferon−γ-
inducible. Knockouts of the different CIITA
promoters were generated and so far the lack of
the interferon-inducible promoter IV was

analyzed. Lack of this promoter lead to a
complete absence of inducible MHC class II
expression on non-hematopoietic cells.
Hematopoietic cells, however, showed normal
inducible or constitutive expression (10). In
normal mice cortical epithelial cells express MHC
class II constitutively. In these knockout mice no
MHC class II expression was observed on cortical
epithelia leading to an absence of positive
selection of CD4+ T cells (10, 17). To obtain
normal CD4+ T cells we re-introduced CIITA
expression in the thymic cortical epithelium by
transgenesis using the K14 promoter. These mice
are now available for immune response/tolerance
experiments. In addition we generated transgenic
mice with constitutive ubiquitous MHC class II
expression (15). These mice show a surprising
bias towards IL-4 secretion when polyclonally
activated (figure 3 for a typical TH1/TH2
experiment).
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MUCOSAL VACCINES AGAINST ONCOGENIC MICROBIAL PATHOGENS

Most microorganisms infect humans through mucosal tissues. Some viruses and bacteria can eventually
cause tumors. The human papilloma virus (HPV) chronically infects the female genital mucosa where some
strains in association with other cofactors induce cervical cancers. Helicobacter pylori causes persistent
gastric infection and  inflammation and epithelial metaplasia, that is a risk factor for gastric
adenocarcinoma. The prevention or the cure of such infections can protect against cancers. Vaccines against
HPV, Helicobacter pylori and the human immunodeficiency virus (HIV) are developed in Lausanne as a
team effort between groups at the University Hospital and our group.

Our objectives are:
1. Understand how antigens, microorganisms and candidate vaccines are sampled and processed by

mucosal tissues.
2. Elucidate how immune effector molecules (antibodies) and cells (cytotoxic T lymphocytes) protect

mucosal surfaces.
3. Design efficient mucosal vaccines that elicit long lasting mucosal and systemic humoral and cellular

immune responses.
4. Study mucosa-associated lymphoid tissue formation and epithelia metaplasia.

Since 2001, Jean-Pierre Kraehenbuhl is project leader of a Swiss Virtual Campus project Immunology on
line. This web based teaching program is destined to the medical and biology student of Switzerland and to
students and public health workers in developing countries.
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Microbial and vaccine sampling in mucosal
tissues

The airways, the gut and the genital tract are
covered by epithelia that protect the host from
environmental pathogens by innate and adaptive
immune mechanisms. To elicit a adaptive
immune response the antigen must cross the
epithelial barrier in order to interact with the
immune system. Depending on the structure of
the epithelial barriers, different antigen sampling
strategies have evolved. Dendritic cells of
hematopoietic origin migrate into all epithelia
where they sample antigens for subsequent
presentation in local or distant organized
lymphoid tissue. Dendritic cells can take up
antigens either directly in the environment via
extensions that open the tight junctions between
the epithelial cells or once the antigens have
crossed the epithelial barrier. Lymphoid follicles
in the gut and the airways, including the
appendix, the Peyer’s patches, and the single
follicles in the colon and the airways are covered
by a follicle-associated epithelium (FAE)
specialized for antigen sampling that lacks
digestive and defence functions found elsewhere.
The FAE via a chemokine program recruits
immune cells that either participate in antigen

sampling or convert some cells into specialized
resident M cells that transport antigens across the
epithelial barrier and deliver samples to
underlying lymphoid tissues. Dendritic cells and
M cells constitute the major portals of entry for
pathogenic organisms, including viruses, bacteria,
and parasites.

The gastrointestinal tract, including the anorectal
region, is considered as a major entry site for
HIV-1. Using a human colon carcinoma cell line,
we have shown that HIV-1 can infect enterocyte
monolayers. Infection of, and transcytosis across,
the epithelial monolayers is mediated by CXCR4
or the CCR5 chemokine receptors together with
galactosylceramide mediate infection of epithelial
cells as well as transcytosis by HIV-1 across
enterocytes and M cells. Transcytosis results in
productive infection of underlying lymphocytes
and monocytes. The chemokine receptor
expression profile of intestinal epithelial cells are
rate limiting in HIV-1 transport through an intact
epithelium and the subsequent infection. These
observations are supported by in situ experiments
indicating that CCR5 and galactosyl cerebroside
are expressed by the epithelium over human
mucosa associated lymphoid tissue.

Fig. 1: Follicle-associated epithelium (FAE) of human Peyers’ patches
The FAE expresses CCR5, but not CXCR4, the co-receptor of monotropic HIV-1. This allows HIV-1 to
cross and infect underlying dendritic cells and macrophages and constitutes a novel receptor mediated
infection pathway.
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Differentiation of the follicle-associated
epithelium

Like the intestinal epithelial cells of the villi, the
epithelial cells of the follicle-associated
epithelium arise from precursor stem cells located
in the crypts that proliferate, and differentiate as
they migrate to the apex.

Epithelial differentiation along the crypt to villus
axis requires interaction between epithelial and
mesenchymal cells for the elaboration of the basal
lamina. The cells present in the lymphoid tissue
also contribute to the formation of the follicle
associated epithelium and M cells (figure 2). The
membrane lymphotoxin β on activated B
lymphocytes mediates in part M cell formation.

We have found that CD4+CD3- cells are the
predominant hematopoietic cells found in mouse

fetal intestine and are essential for Peyer's patch
organogenesis. To test the requirement of
chemokines and adhesion molecules in induction
of Peyer’s patches by CD4+CD3- cells mouse
models deficient for CXCR5 and/or activation of
α4β1-integrin/VCAM-1-mediated adhesion.
CXCL13 the ligand of CXCR5 activates β1-
integrin expressed on CD4+CD3- cells.
Engagement of activated β1 with VCAM-1+

stromal cells triggers cell cycle arrest of
CD4+CD3- progenitor cells and induces Peyer’s
patch organogenesis. Adoptive transfer of
CD4+CD3- cells restores PP development in
CXCR5-/- mice, indicating that chemokine
receptors and cell adhesion molecules regulate
CD4+CD3- progenitor cell homeostasis and thus
participate in the formation of Peyer’s patches
and the follicle-associated epithelium.

Fig. 2: Peyer’s patches formation. Five steps have been identified. Peyer’s patches form once the blood and the
lymphatic vessels have formed between embryonic days 9.5 and 13.5. As soon as the endodermal/epithelium
transition at day E14.5 has occurred, some stromal cells start to express VCAM-1 and agggregate. They then release
chemokines (CXCL13) that allow the recruitment of hematopoietic progenitor CD4+ CD3+ cells. These cells express
LTb which in turn acts on the mesenchymal cells that differentiate in follicular dendritic cells rather than
myofibroblasts. As a result the epithelium undergoes a phenotypic change and expresses an immune program rather
than the digestive program typical of the adjacent enterocytes of the villi. This process is reminiscent of epithelial
metaplasia whereby epithelial cells undergo a phenotype conversion upon interaction with inflammatory and immune
cells.
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Antigen presentation in mucosal tissues

We have previously reported efficacy of
Salmonella vaccine strains in the development of
immune responses able to prevent or cure
infection such as H. pylori and HPV. As a tool to
study the fate of antigens in Peyer’s patches, we
express the green fluorescent protein (GFP) in
Salmonella and injected them into the stomach of
mice. Dendritic cells were identified as the first
Peyer’s patch cells that internalized bacteria, after
transport through the M cells of the follicle-
associated epithelium.

Recently we have identified a bacterial product
that triggers the recruitment of immature dendritic
cells to the epithelium. Flagellin, the major
component of the bacterial flagellum simulates
the NFκB (nuclear factor κ B) pathway via the
Toll-like receptor 5. Flagellin triggers the
expression of the chemokine (CCL20) which in
turn recruits immature DCs.

Flagellin also acts as n adjuvant by activating the
maturation of DCs, thereby enhancing the
proliferation of antigen-specific CD4 cells,
inducing strong antibody responses and triggering
antigen specific CTL responses.

This novel mucosal adjuvant is currently tested in
preclinical trials for safety and adjuvancy.

Mucosal vaccine design

Our objectives are to test vaccine vectors for
mucosal delivery and presentation of antigens that
induce CTL and antibody at mucosal sites. Our
purpose is to administer vaccines specific for
HIV-1 and HPV nasally, a route that we have
shown to be best to trigger cervical and vaginal
antibody responses. In mice trials using
humanized HLA-A2 transgenic mice, we have
shown that an attenuated poxvirus vaccine, MVA
(modified virus Ankara), expressing HIV-1 clade
B gagpolnef is both safe and immunogenic. We
have developed novel mucosal readouts for
cellular immune responses. Tetramer complexes
bind CTLs expressing the appropriate T cell
receptor on regular frozen section. We have
started macaque trials in collaboration with
Jonathan Heeney, from the Primate Research
Center of Delft, Netherlands to test nasally
different prime boost regimens with several
recombinant vaccines, i.e. DNA, MVA, SFV
(Semliki forest virus) for safety and efficacy. One
phase I trial is planned in 2003 to test in human
volunteers the safety of the vaccine administered

2 h in vivo
incubation

Fig. 3: Flagellin when injected into the small intestine triggers the release of CCL20, a chemokine that
recruits CCR6 + dendritic cells. Sections of injected (ovalbumin as a control) were processed for in situ
hybridization. While CCL20 is restricted to follicle-associated epithelium of Peyer’s patches in control
mice, CCL20 appears in the villi and crypt enterocytes.
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nasally that gave the best results in macaques.
This work is carried out in the frame of the
EuroVac cluster, the European effort for an HIV-
1/AIDS vaccine. Similar experiments are carried
out with recombinant MVA vaccines that express
the HPV E7 protein. This project is part of the
project A8 of the NCCR Molecular oncology
program.

Part of this work was done in collaboration with
Denise Nardelli-Haefliger and Pierre de Grandi
(Gynecology, CHUV), Hans Acha Orbea
(Institute of Biochemistry and Ludwig Institute),
Giuseppe Pantaleo (Allergy and Immunology,

Pierre Michetti (Service of Gastroenterology,
CHUV), Frank Heppner and Adriano Aguzzi,
(Institute of Neuropathology, University of
Zurich), Sophie Kernéis, Armelle Phalipon and
Philippe Sansonetti (Institut Pasteur, Paris),
Marian Neutra (Children Hospital, Harvard
Medical School, Boston), Anna Rescigno and
Paola Ricciardi-Castagnoli (Cellular and
Molecular Pharmacology Centre, Milano). The
HPV vaccine effort is conducted jointly with the
members of the A8 project of the NCCR program
on Molecular Oncology. HIV vaccine studies are
carried out within the frame of EuroVac, the
european effort for an AIDS/HIV vaccine.
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Claude Bron

Claude Bron studied biochemistry at the University
of Lausanne and received his Ph.D in 1967. He then
joined the laboratory of Dr M.D. Poulik at the Child
Research Center (Wayne State University, Detroit,
Michigan) to work on the structure and function of
red cell membrane. In 1970, he returned to the
Institute of Biochemistry as Assistant Professor and
set up a laboratory centered on the biochemistry of
lymphocyte membrane proteins. He was promoted
full professor of Biochemistry in 1974 and was
chairman of the Institute from 1988 to 2003. His
present interests have focused on the role of
membrane lipid rafts in glycolipid anchored and
transmembrane receptor-mediated lymphocyte
signaling.

Group members 2002-2003

Léonard Bagnoud Technician
Sandra Levrand Technician (06.2002)
Marga Rousseaux Technician (12.2003)

Marie-Agnès Doucey Postdoctoral fellow (12.2003)
Daniel Leger Postdoctoral fellow (06.2002)
Sylvia Rothenberger Postdoctoral fellow (12.2003)

BIOCHEMISTRY OF LYMPHOCYTE MEMBRANE PROTEINS

A number of functionally diverse cell surface proteins are anchored in the plasma membrane by a complex
phosphatidylinositol-containing glycolipid (GPI) with a structure well conserved in evolution. Such
membrane proteins differ from conventional cell surface proteins in that they lack transmembrane and
intracellular regions. This peculiar mode of association with the membrane provides GPI-anchored proteins
with distinct properties such as increased membrane mobility, novel mechanisms of shedding and
intercellular protein transfer. In addition, cell surface cross-linking of GPI-anchored molecules triggers
transmembrane signaling events. This is of particular importance for leukocytes which express a large
number of GPI-anchored proteins whose perturbation initiates cellular activation or modulates activation
signals delivered by transmembrane receptors.

Although the exact physiological significance of this mode of membrane anchoring is not yet understood,
several recently described properties of GPI-anchored proteins point toward a unifying concept according to
which specialised plasma membrane domains called lipid rafts which are the preferred location of GPI-
anchored and dualy acylated signaling molecules, could function as " message centers " for the cell and may
play a role in the reception, conversion and transmission of external stimuli. Lipid rafts are tightly packed,
liquid-ordered domains enriched in sphingolipids and cholesterol that resist solubilisation in non-ionic
detergent (Fig. 1).

Over the past years, our laboratory has studied the structural and biochemical features required for the
post-translational maturation and surface expression of GPI-anchored molecules. Experiments undertaken
more recently were aimed at clarifying some questions which bear on the functional significance of lipid
rafts particularly in the initiation of the signaling ability displayed by various cell surface receptors and
GPI-anchored proteins.
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Fig. 1: Identification and purification of membrane lipid rafts of T lymphocytes (D. Legler, M.A. Doucey et al. 2001).

ROLE OF RAFTS IN CELL SIGNALLING

Recruitment of TNF Receptor 1 to lipid rafts is
essential for TNF-  mediated NF- B
activation
In collaboration with Olivier Micheau and Jürg
Tschopp (Institute of Biochemistry, UNIL)

Engagement of TNF receptor 1 by TNFα
activates the transcription factor NF-κB but can
also induce apoptosis. Our experiments show that
upon TNFα binding, TNFR1 translocates to
cholesterol- and sphingolipid-enriched membrane
microdomains, termed lipid rafts, where it

associates with the Ser/Thr kinase RIP and the
adaptor proteins TRADD and TRAF2, forming a
signaling complex. In lipid rafts, TNFR1 and RIP
are ubiquitylated. Furthermore, we provide
evidence that translocation to lipid rafts precedes
ubiquitylation, which leads to the degradation via
the proteasome pathway. Interfering with lipid
raft organization not only abolishes ubiquitylation
but switches TNFα signaling from NF-κB
activation to apoptosis. We suggest that lipid rafts
are crucial for the outcome of TNFα-activated
signaling pathways.
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Fig. 2: Lipid rafts are essential for TNF -induced TNFR1 and RIP ubiquitylation. Blocking lipid rafts switches from NF-
kB activation to apoptosis. (D. Legler et al. 2003)
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ROLE OF CELL ADHESION IN ANTIGEN-
MEDIATED ACTIVATION OF T
LYMPHOCYTES

The 1 and 3 Integrins Promote T Cell
Receptor-mediated Cytotoxic T Lymphocyte
Activation
In collaboration with Immanuel F. Luescher,
(Ludwig Institute for Cancer Research, Lausanne
Branch) and Salvatore Valitutti, (INSERM
Toulouse, France)

Recognition by CD8 cytotoxic T lymphocytes
(CTLs) of antigenic peptides bound to major
histocompatibility class I (MHC) molecules on
target cells leads to sustained calcium
mobilization and CTL degranulation resulting in
perforin-dependent killing. We report that β1 and
β3 integrin-mediated adhesion to extracellular
matrix proteins on target cells and/or surfaces
dramatically promotes CTL degranulation. CTLs,
when adhered to fibronectin but not CTL in
suspension, efficiently degranulate upon exposure
to soluble MHC peptide complexes, even
monomeric ones. This adhesion induces
recruitment and activation of the focal adhesion
kinase Pyk2, the cytoskeleton linker paxillin, and
the Src kinases Lck and Fyn in the contact site.
The T cell receptor, by association with Pyk2,
becomes part of this adhesion-induced activation
cluster, which greatly increases its signaling.

Fig. 3: Adhesion molecules and cytoskeleton linkers
cluster at T cell-target cell interface (paxillin: green;
cholera toxin (rafts): blue; target cell (red).

Regulation of Ly49a NK cell receptor
accessibility and function by interaction with
MHC-class I molecules
In collaboration with Werner Held (Ludwig
Institute for Cancer Research, Lausanne Branch)

Despite an innate ability to fight infection or kill
tumor cells, Natural Killer (NK) cells are
functionally adapted to self-Major
Histocompatibility Complex (MHC) class I. NK
cells express inhibitory receptors specific for
MHC class I molecules, which counteract NK cell
activation signals, preventing the cytolysis of
cells as long as these express self-MHC class I
1,2. In this study we show that the inhibitory
Ly49A NK cell receptor does not only bind to its
H-2Dd ligand in trans (i.e. on apposed
membranes of target cells) but is associated with
Dd in cis (i.e. on the same cell). Cis association
excludes trans interaction by the same Ly49A
molecule. Indeed, the capacity to bind MHC class
I and to inhibit NK cell effector functions is
strongly reduced when Ly49A NK cells co-
express Dd. Cis exclusion of trans interaction
adapts NK cell function to the self-MHC class I
environment in a cell-autonomous fashion. It
lowers the threshold at which NK cell activation
exceeds NK cell inhibition, allowing an optimal
discrimination of normal and abnormal host cells.
(M.A. Doucey, W. Held et al. 2004)

CELL-SURFACE INSERTION OF GPI-
ANCHORED PROTEINS INTO
MEMBRANE RAFTS

Differential insertion of cell surface painted
GPI-anchored GFPs into lipid rafts of T
lymphocytes

Partitioning of proteins in cholesterol and
sphingolipid enriched plasma membrane
microdomains, lipid rafts is critical for many
signal transduction and protein sorting events.
While raft partitioning of many signaling
molecules remains to be determined,GPI-
anchored proteins possess high affinity for lipid
rafts and are currently exploited as markers to
investigate fundamental mechanisms in protein
sorting and signal transduction events. In this
study we demonstrate that two recombinant GPI-
anchored green-fluorescence proteins (GFP-GPIs)
that differ in their GPI addition signal sequence
confer distinct localization in plasma membrane
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microdomain.GFP fused to the GPI-signal of the
decay accelerating factor, GFPGPI(DAF),
partitioned exclusively in lipid rafts, whereas
GFP fused to the GPI-signal of TRAIL-R3, GFP-
GPI(TRAIL-R3), associated only minimally with
microdomains. In addition, we investigated the
unique ability of purified GFP-GPIs to insert into
membrane microdomains of primary
lymphocytes. This cell surface “painting” allows
rapid, stable and functional association of the
glypiated proteins with the target cell plasma
membrane. The distinct membrane localization of
the two GFP-GPIs was observed irrespective of
whether the glypiated molecules were painted or
transfected. Furthermore, we show that painted
GFP-GPI(DAF) was totally dependent on the
GPI-anchor and that the membrane insertion was
increased by the addition of raft-associated lipids
such as cholesterol, sphingomyelin and
dipalmitoyl-phosphatidylethanolamine. Thus, this
study provide evidence that different GPI signal
sequences lead to distinct membrane
microdomain localization, and that painted GFP-
GPI(DAF) serves as an excellent fluorescent
marker for lipid rafts in live cells.

The v 3 integrin as a tumor homing ligand
for lymphocytes
In collaboration with B. Imhof (Dept. of
Pathology, University of Geneva)

Despite the presence of tumor-specific effector
cells in the circulation of cancer patients, the
immune response of the majority of these patients
is not sufficient to prevent the growth and spread
of their tumors. That tumor cells can be killed in
vitro by tumor-reactive cytotoxic T cells is
testament to the fact that the tumors are not
inherently resistant to T cell killing, but rather
that there is a failure in immune recognition and
effector cell activation. Many reasons for this
failure of the body’s defence system have been
suggested, including the inability of tumor
reactive lymphocytes to migrate to tumor tissue.
Here we designed a strategy to improve homing
of primary lymphocytes into expressed by
antigenic vascular endothelium in tumors. To
promote lymphocyte adhesion to αvβ3 we
‘painted’ primary lymphocytes with a
recombinant, glycosyl-phosphatidyl-inositol
(GPI)-linked high affinity ligand for αvβ3. These
painted lymphocytes bound specifically to αvβ3
in vitro and homed to vascularized, solid tumors

in vivo. This novel strategy may provide a
significant advance in anti-tumor treatment such
as adoptive immune therapy.

Fig. 4: Tumor homing of painted primary lymphocytes
(D. Legler et al. 2004).

IDENTIFICATION OF PROTEINS
INTERACTING WITH CAVEOLIN-1, A
"RAFT" ASSOCIATED PROTEIN

Caveolin-1 interacts with the chaperone
complex TCP-1 and modulates its protein
folding activity
In collaboration with Jan Hofsteenge (Miescher
Institute, Basel)

These experiments demonstrate that caveolin-1
the major structural protein of caveolae interacts
with the chaperone complex TCP-1, a hetero-
oligomeric complex present in all eukariotic cells
that contributes mainly to the folding of actin and
tubulin. Caveolin-TCP-1 interaction involves the
last 32 amino acids of the N-terminal segment of
caveolin and occurs preferentially in the
specialized endocytic vessels called caveosomes.
These data support the notion that caveolin by
interacting with TCP-1 blocks the actin folding
function of the chaperone protein. Furthermore,
insulin-mediated phosphorylation of caveolin at
tyrosine residue 14 induces the dissociation of
TCP-1 from caveolin thus allowing the release of
active chaperone molecules. In addition caveolin
also binds the cytoskeleton linker filamin which
is known to function as a negative regulator of
insulin-mediated signaling by interacting with the
insulin receptor. The data show that the
sequestration of filamin by caveolin can restore
its insulin-mediated phosphorylation and in turn
promote the release of active TCP-1.
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FUNCTIONAL SIGNIFICANCE OF THE
LOCALIZATION OF THE LATENT
MEMBRANE PROTEIN 1 (LMP1) OF
EPSTEIN-BARR VIRUS IN MEMBRANE
RAFTS OF LYMPHOCYTES

The association of LMP1 with lipid rafts is
mediated through its N-terminal region.

LMP1 functions as a constitutively activated
receptor of the tumor necrosis factor family.
LMP1 has been recently shown to partition
constitutively in lipid rafts in lymphoid and
epithelial cells.Using a transient expression
system in HEK293 cells, we demonstrate that
LMP1 binds endogenous adapter molecule
TRAF3 molecules and recruit TRAF3 to lipid
rafts. A deletion of the N-terminal region of
LMP1 has no effect on TRAF3 binding. However
the lipid raft localization of this mutant is lost.
Moreover, this LMP1 deletion mutant is unable to
activate NF-κB and interferes with LMP1
signaling, This LMP1 shorter form thus acts as a
dominant inhibitor of LMP1 signaling. Taken
together our results indicate that the raft
localization of LMP1 is critical for the expression
of its functional properties.

Ubiquitination of LMP1 depends on the
integrity of the TRAF binding site

LMP1 is a short-lived protein that is ubiquitinated
and degraded by the proteosome. We have
previously shown that LMP1 recruits TRAF3 to
lipid rafts. To test if TRAFs are involved in

LMP’s ubiquitination, we have mutated the
LMP1 CTAR1 site that has been identified as a
TRAF binding site. We show that the CTAR1
mutant (CTRA1-) is expressed after transfection
at a similar level to wild -type LMP1 and behaves

as wild-type LMP1 with respect to membrane
localization. However, CTRA1- does not bind
TRAF3. We demonstrated that ubiquitination of
CTRA-1 is significantly reduced when compared
to wild-type LMP1. In addition the expression of
wild-type LMP1 induces the ubiquitination, an
effect that is significantly reduced when the
CTAR1- is expressed. Taken together, our results
suggest that TRAF proteins are involved in the
ubiquitination of LMP1 and that their binding to
LMP1 may facilitate their own ubiquitination.

Identification of a cytoplasmic region of LMP1
required for ubiquitination and lipid raft
localization

The ubiquitination of LMP1 is not affected by the
mutation of the unique Lysine residue of the
proteins. This suggest that LMP1 is ubiquitinated
following a novel type of modification involving
the N-terminal residue. We have constructed a
collection of N-terminal deletion mutants of
LMP1 (N∆2-5, N∆2-10, N∆2-15, N∆2-20 and
N∆7-20) in order to determine the structural
determinants necessary  for the ubiquitination of
LMP1. Our results show that residue 2 to 5 are
important for the recognition of the N-terminus
by the ubiquitination complex. Interestingly, the
lipid raft localization of LMP1 and the overall
cellular distribution are affected by this deletions.
In contrast, the dimerization, the binding of
TRAF3 and the capacity to induce the
transcription factor NF-κB are conserved. Our
results show that residue 2 to 5 are important for
the recognition of the N-terminus by the
ubiquitination complex. This region is probably
involved in the formation of a higher order
assemblage of proteins that influences the lipid
raft localization of LMP1.
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Manfredo Quadroni graduated in Biochemistry at
the ETH Zürich and then received his PhD from
the same institution for work centered on
calcium-mediated signalling and protein
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laboratory of Dr. Peter James. During a post-
doctoral stay at the University of British
Columbia, Canada, he also became familiar with
signal transduction in immunology. A second
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he worked on the development of methods for
proteome analysis. He joined the Institute of
Biochemistry in February 2000.

Group members 2002-2003

Jachen Barblan Technician
Alexandra Potts Technician

Willy Bienvenut Postdoctoral fellow
Bastienne Jaccard Ph.D student

RESEARCH PROJETS

Proteomics is a rapidly growing field that deals with the fast, large scale identification and quantification of
proteins. By mining the information contained in genomic databases, proteomics experiments identify
changes in protein expression, protein-protein interactions or protein modifications that correlate with
various biological processes. The discipline is developing very quickly, thanks to increases in sensitivity and
throughput that make it now possible to analyse very complex systems.

Development and improvement of proteomics
methods for the qualitative and quantitative
analysis of protein complexes
(in collaboration with the groups of J. Tschopp
and A. Constantinou)

In the post-genomic era one of the main focuses
of molecular biology is the characterisation of
protein-protein interactions, which can lead to
essential information on the role played by
individual molecules in the cell. Proteins often
perform their functions in the context of large
non-covalent complexes assembled around one or
more scaffolding molecules. Such complexes can
be purified by biochemical means - most often,
by pulling down a tagged « bait » protein of
interest. The composition of the complex can then
be analysed in detail by mass spectrometry. Such
experiments, though conceptually simple, are
often complicated by the scarcity of material
recovered and the high levels of nonspecific

contaminants that co-purify. We are developing
and optimising methods for the comprehensive
analysis of samples obtained from « pull-down »
experiments, to i) identify even minor
components of the samples and ii) discriminate
between specific bait-binding partners and non-
specific co-purifiers. To achieve the first goal we
are applying electrophoresis as well as liquid-
phase protein separation techniques to decrease
sample complexity.  For the second purpose we
apply isotopic labelling strategies and
quantification techniques by mass spectrometry
based on multiple reaction monitoring (MRM)
measurements.

We are validating our developed methods by
applying them to the analysis of two types of
protein complexes:

1) Death-Inducing Signalling Complexes
(DISC's),   which  are  multimolecular  assemblies
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Database matches
DHX9_HUMAN ATP-dependent RNA helicase A
NFM_HUMAN  Neurofilament triplet M protein
Q9BQG0 Hypothetical protein
MYO6_HUMAN Myosin VI. 
TP2A_PIG DNA topoisomerase II, alpha isozyme
Q7Z5Y2 Rho-interacting protein 3. 
FLIH_HUMAN Flightless-I protein homolog. 
TP2B_MOUSE DNA topoisomerase II, beta isozyme
S3B1_HUMAN Splicing factor 3B subunit 
Q8VCW5 Similar to alpha internexin neuronal 
Q8CHF9 MKIAA0376 protein (Fragment). 

Protein sequence 
database

Database searching 
Software (MASCOT)

Complex protein mixture

Typical work flow of a proteomics experiment aimed at characterizing a complex protein mixture

forming around "death receptors" such as Fas and
Tumor Necrosis Factor Receptor after binding of
cognate ligands (J.Tschopp).

2) Protein complexes involved in the repair of
double-strand DNA breaks following DNA cross-
links (A. Constantinou)

Proteomics of Leishmania parasites in
correlation with pathogenicity
(in collaboration with the group of N. Fasel)

We are studying differential protein expression
correlated to the emergence of a virulent
(metastasis) phenotype in strains of the New
World protozoan parasite Leishmania viannia.
By 2D gel electrophoresis we were able to
identify differentially expressed protein forms
that appear to be specific to the methastatic
clones. Interestingly, rather than proteins unique
to the virulent strain, these probably represent
isoforms or post-translational modified variants
of polypeptides that are present in the non-

virulent strain.  The significance of these findings
are under investigation.

The Protein Analysis Facility (PAF) of the
University of Lausanne

Link : www.unil.ch/paf

Contact : e-mail : wwwpaf@unil.ch

A project for the creation at the University of
Lausanne of a proteomics core facility has been
promoted during 2001 by the Faculty of Medicine
and has now been taken in charge by the
University of Lausanne. The overall goal was to
make complex and expensive techniques such as
biological mass spectrometry (MS) available to
academic researchers in and around Lausanne and
at the same time to diffuse the know-how on
proteomics technologies and how to exploit them.

The Protein Analysis Facility (PAF) is
operational since December 2002.
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During its first year the PAF has analysed more
than 600 samples, originated from 24 different
research groups located in 10 different institutions
in the Lausanne area, other parts of Switzerland
as well as abroad.

The service: the core of the service activities of
the PAF will be to provide fast, high sensitivity
identification of proteins by mass spectrometry
(MS).

Research: in parallel to the service activity, the
PAF will also perform independent and
collaborative academic research in the field of
proteomics. In addition to addressing relevant
biological problems, the research activity will
also serve to implement new techniques for
proteome analysis (such as ICAT, 2D-LC-MS,
etc.) as these become available.

Teaching: in collaboration with proteomics
researchers at the University of Geneva, the PAF
offers postgraduate courses on selected
proteomics technologies (i.e. separation
techniques or biological mass spectrometry).
These teaching activities are open to all academic
researchers: www.expasy.org/gpc/training.

Funding: start of the activity has been possible
thanks to public financing accorded to the
Institute of Biochemistry (EMPD from the
Canton Vaud) and a very generous contribution
from the Leenaards Foundation.

For more information and access to the services,
please see the PAF web site: www.unil.ch/paf.
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SERVICES

The objective of this facility is to provide information on selected aspects of peptide synthesis and protein
structure and to create the resources to investigators to extend their capabilities on peptide synthesis,
peptide/protein purification and mass spectroscopic analysis through the aid of protein chemists operating
this facility.

The range of services provided by the
Peptide/Protein Chemistry Laboratory are listed
below:

• Peptide synthesis (linear or branched e.g.
MAPS)

• Peptide purification
• Peptide coupling to proteins
• Peptide modification
• Protein purification
• Peptide labeling (Radioactive, Fluorescent,

Photoreactive)
• Amino acid analysis
• Mass spectroscopic analysis

1. Identification of naturally processed peptide
antigens: Natural peptides extracted from
antigen presenting cells by acid extraction are
separated by HPLC and then identified by
MS.

2. C-terminal sequencing: Peptides up to 3,000
da are digested by carboxypeptidases and the
digestion products are identified by MS.

EQUIPMENT

Equipment currently in place in the Facility
includes:

• Peptide synthesis is performed using two
automated Applied Biosystems peptide
synthesizers (431A and 433A) (up to 0.2 mmol)
and an ACT348 OMEGA Advanced ChemTech
multiple synthesizer (0.025 and 0.1 mmol), both
employing Fmoc chemistry. Standard synthesis
provides 20-100 mg of peptide with a delay of
two-three weeks. Quality control includes
analytical HPLC and mass spectroscopic
analysis.

• High Performance Liquid Chromatography
(HPLC) is performed by three Waters HPLC
systems for analytical or preparative HPLC and
a Hewlett Packard HPLC system for analytical
applications.

• Mass spectroscopic analysis is performed using
a Voyager-DE™ RP Biospectrometry™
Workstation by Perseptive Biosystems.
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CHARGES

Service BIL (CHF) Others (CHF)

Peptide synthesis
• per aa
• incorporation of special amino acids and groups
The charges include HPLC and mass spectroscopic analysis.

30.-
Inquire

60.-
Inquire

Peptide/protein analysis
• HPLC
• Amino Acid analysis
• MALDI-TOF MS

200.-
200.-
200.-

Inquire
Inquire
Inquire

Peptide/protein purification Inquire Inquire

RESEARCH PROJECTS

In vitro degradation assay as a means to
analyze the production of peptide tumor
antigens
In collaboration with Frédéric Lévy (Ludwig
Institute for Cancer Research, Lausanne Branch)

The proteasome plays a crucial role in the
proteolytic processing of antigens presented to T
cells in the context of MHC class I molecules.
However, the rules governing the specificity of
cleavage sites are still largely unknown.

We developed a new technique for the
identification of degradation products. Using
purified proteasome and MALDI mass
spectrometry for identification, it has been
possible to rapidly and unambiguously identify
degradation products corresponding to antigenic
peptides .  We can analyze the production of a
limited number of candidate peptide tumor
antigens, which has been identified on the basis
of their restricted expression pattern and binding
motif for particular MHC class I molecules. We
can now analyze several precursors of peptide
tumor antigens and include this test in the
characterization of each newly identified potential
peptide tumor antigen. Introduction of this new
technique may prove important as several
potential peptide tumor antigens have been shown
to be destroyed by the proteasome.

Yeast Barren-a component of the condensin
complex-Its role, localization and regulation
during cell cycle
In collaboration with Didier Leroy and Susan
Gasser (Institute of Molecular Biology, Faculty of
Sciences, University of Geneva)

Barren is a protein essential for chromosome
segregation and has been identified in D.
melanogaster in events affecting PNS. In D.
melanogaster barren is required for sister
chromosome segregation and colocalizes with
TopoII during mitosis. At low concentration,
Barren activates TopoII in DNA relaxation
assays, whereas at high concentration, Barren
inhibits TopoII.

Barren or XCAP-H is part of the condensin
complex in Xenopus laevis.

In yeast (S. cerevisae) the condensation of DNA
is rather weak as compared to other eukaryotic
organisms. This could be due to a different
function of one of the components of the
condensins.

The major questions we are trying to answer in
this study are the following:

• What is the biological role and the localization
of the S. cerevisae homolog of Barren?
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• What are the potential partners of yeast Barren?
• What is the regulation of yeast Barren during

the cell cycle?

In order to answer these questions, the ORF
encoding Barren in yeast was fused to DNA
encoding the c-Myc epitope directly within the
yeast genome. This allows expression of a tagged
Barren under the control of the promoter of its
own gene, a prerequisite to perform studies under
physiological conditions.

The localization of Barren-13Myc was studied by
confocal microscopy.

Immunopecipitation coupled to SDS-PAGE, in-
gel digestion and peptide mass fingerprinting by
mass spectrometry allows the  identification of
peptides belonging to partners of Barren.

Plasticity of protein expression during culture
of fetal skin cells
In collaboration with Jean-Daniel Tissot (Service
Régional Vaudois de Transfusion Sanguine)

In order to gain insight into the biology of fetal
skin during culture, cellular proteins were studied
during four culture passages (P00, P01, P04 as
well as P10) using high-resolution two-
dimensional (2-D) gel electrophoresis and mass
spectrometry (MS). Bioinformatic analyses were
focused on a region of each gel corresponding to
pI between 4 and 8 and Mr from 8000 to 35 000.
In this area, 373 ± 42 spots were detected (N =
18). Twenty-six spots presented an integrated
intensity that increased in the higher passages,
whereas five spots showed a progressively lower
intensity in subsequent passaging. MS analysis

was performed on spots that were unambiguously
identified on preparative 2-D gels. Among the 26
spots showing an increased size between P00 and
P10, 9 were identified, and corresponded to 3
proteins: (i) peptidyl-prolyl cis-trans isomerase A
(P05092; cyclophilin A or cyclosporin A-binding
protein), (ii) triosephosphate isomerase (P00938),
and (iii) enoyl-CoA hydratase (P30084). Among
these nine identified spots, three were absent at
P00, but were present at P10. They corresponded
to isoforms of peptidyl-prolyl cis-trans isomerase
and triosephosphate isomerase, respectively.
Liquid chromatography-tandem mass
spectrometry (LC-MS/MS) analyses of the acidic
isoforms of triosephosphate isomerase showed
modifications of cysteine residues to cysteic acid.
All these isoforms were clearly present in the skin
cells of a 4-year-old child, as well as in skin cells
from a 80-year-old man, at P00. These
observations probably reflect either an oxidative
stress related to cell culture, or, alternatively,
maturation, differentiation and the aging of the
cells.

The identification of new peptide tumor
antigens derived from alternatively spliced
variants expressed specifically in neoplastic
cells (NCCR)

Within this project, our main focus is the analysis
(separation and identification) and quantitation of
potential HLA class I-restricted ligands generated
by proteasomal degradation of precursor peptides
encoded by alternatively expressed exons. The
proteolytic activities of other peptidases involved
in the antigen processing pathway will also be
studied and analyzed.
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