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L’étude du système immunitaire et des
mécanismes biochimiques de sa régulation
demeure un axe de recherche important à
l’Institut de Biochimie (IB), ainsi qu’en
témoignent les 134 publications originales et
revues produites par les divers laboratoires durant
ces deux années écoulées. Soulignons en
particulier les travaux du laboratoire du Centre
OMS qui, en collaboration avec plusieurs équipes
internationales, ont mis en évidence les effets
opposés que la cytokine IL-4 peut exercer sur la
différentiation des lymphocytes T en cellules
effectrices Th1 et Th2 et les mécanismes
cellulaires et moléculaires responsables de ces
effets (réf. 11). D’autre part, les recherches de
base orientées vers le développement de vaccins
contre diverses maladies virales (HIV, HPV) ou
parasitaires (Malaria, Leishmaniose) ont
progressé et sont pour certaines entrées dans des
phases d’études cliniques destinées à tester des
substances vaccinales obtenues par synthèse ou
recombinaison génétique. Ainsi, par exemple, un
peptide de synthèse du Plasmodium falciparum,
qui induit une forte réponse immunitaire
humorale et cellulaire chez l’être humain (réf.
63), fait actuellement l’objet d’une étude clinique
soutenue par la European Malaria Vaccine
Initiative et s’inscrit dans un effort de coopération
internationale entre onze pays.

Progressivement cependant, la pertinence
biologique des questions abordées dans les
recherches de l’IB a dépassé le cadre de
l’immunologie. Ainsi, l’étude des voies
biochimiques de signalisation cellulaire, en
particulier celles qui sont contrôlées par les
facteurs de la famille TNF (Tumor Necrosis
Factor), est devenue un sujet central à l’IB
comme le reflète l’importance des ressources et
des publications consacrées à ce domaine. Parmi
les contributions faites au cours de cette dernière
période, citons la mise en évidence du facteur
BAFF (réf. 94, 95), un nouveau membre de la
famille des TNF, essentiel pour la survie et la
différenciation des lymphocytes B. Ces travaux
ouvrent d’importantes perspectives pour la
compréhension et le traitement de maladies
autoimmunes et de lymphomes.

Les projets qui concernent l’étude des voies
biochimiques qui sous-tendent les mécanismes de
signalisation, de prolifération, de différenciation
ou d’apoptose cellulaire relèvent à la fois de

l’immunologie, de l’inflammation et de
l’oncologie expérimentale. Ils renforcent donc les
thématiques du Centre de Recherche Biomédicale
et accroissent le potentiel de coopération entre les
instituts partenaires du Centre, l’Institut Suisse de
Recherche Expérimentale sur le Cancer (ISREC),
l’Institut Ludwig de Recherche sur le Cancer
(ILRC) et l’Institut Suisse de Bioinformatique
(ISB). Plusieurs groupes de l’IB ont dès lors été
associés au Programme de Recherche National
(PRN) ”Oncologie moléculaire, de la recherche
fondamentale aux approches thérapeutiques” dont
la conduite a été confiée dès janvier 2001 à
l’ISREC, centre d’excellence dans ce domaine.
Ces exemples de l’évolution des projets de
recherche de l’IB reflètent également le
renforcement de l’orientation vers des questions
d’intérêt clinique et thérapeutique intensifiant
ainsi la collaboration avec des services du CHUV,
du HUG et d’autres centres hospitaliers
universitaires.

La convergence des intérêts scientifiques du
consortium d’instituts d’Epalinges facilite la
concertation lors du recrutement de nouveaux
collaborateurs, de la mise en place de plates-
formes technologiques ou de l’acquisition d’une
instrumentation coûteuse. La complémentarité
scientifique recherchée dans les thématiques des
divers partenaires a pour but d’aborder des
programmes de recherche plus ambitieux,
d’atteindre un niveau de qualité des contributions
scientifiques qui puisse assurer la participation à
un réseau de coopération internationale et créer
des conditions susceptibles d’attirer des jeunes
chercheurs talentueux.

La diversification des projets de recherche, des
modèles expérimentaux et des techniques
d’investigation opérée par l’IB dans le cadre des
thématiques du Centre de Recherche Biomédicale
permet de surcroît de maintenir l’expertise
requise pour assurer avec compétence les
nombreux enseignements de biochimie dont notre
institut a la responsabilité, en particulier en
Faculté de médecine. Les progrès rapides de la
biologie, de la génétique et de la technologie
moléculaire ont un impact direct sur la
compréhension et le traitement des maladies ; ils
exigent plus que jamais une réflexion permanente
sur l’adéquation de nos enseignements en
médecine. La pluridisciplinarité du Centre offre
précisément les conditions qui nous permettent de
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garder un éventail de compétences dans plusieurs
domaines de la biochimie et nous confère ainsi la
capacité d’assurer cette responsabilité
primordiale. A cet égard, il convient une fois
encore de souligner la coopération souvent
bénévole de l’ensemble de la communauté
scientifique du Centre dans la réalisation de cette
mission. L’attrait et le bénéfice pour les étudiants
sont manifestes puisque le Centre accueille en
permanence près de 70 doctorants de l’UNIL, de
Suisse ou de l’étranger.

C’est dans ce contexte que s’inscrit le premier
d’une série de remplacements au sein du corps
enseignant de l’IB : le Dr. Gian-Paolo Dotto,
actuellement professeur à la Harvard Medical
School, a été appelé à succéder au Prof. Jean-
Pierre Mach. Par ses intérêts pour les mécanismes
moléculaires de la croissance et de la
différenciation des cellules épithéliales,
l’homéostasie de la peau et la biologie des
cellules souches, le Dr. Gian-Paolo Dotto
renforcera le potentiel de coopération scientifique
de l’IB avec l’ISREC et divers services cliniques,
en particulier du CHUV. Il entrera en fonction en
septembre 2002. Au bénéfice d’importants
subsides de recherche et libéré de ses tâches
universitaires, le Prof. Jean-Pierre Mach poursuit
ses travaux axés sur le développement de
méthodes immunologiques destinées à
l’identification, le dépistage précoce et le
traitement de tumeurs cancéreuses ; travaux qui
lui ont valu une réputation internationale. D’autre
part, les Drs Walter Hunziker et Salvatore
Valitutti, tous deux professeurs assistants à l’IB,
au bénéfice de bourses START, Leenaards et
SCORE A, ont quitté l’IB suite à leur nomination
à des postes professoraux sédentarisés,
respectivement à l’Institute of Molecular and Cell
Biology de l’Université de Singapour et à
l’INSERM, Institut Claude de Preval de
l’Université Paul Sabatier de Toulouse. On peut
regretter le départ de ces deux chercheurs faisant
partie de la relève académique et espérer que la

création à l’Université de Lausanne de nouveaux
postes de professeurs assistants avec pré-
titularisation conditionnelle permettra à notre
Institut d’être mieux soutenu dans une politique
de relève académique appliquée depuis de
nombreuses années et d’éviter le départ de
chercheurs talentueux à l’étranger.

L’accès des chercheurs à toutes les techniques les
plus modernes d’investigation de la génétique
moléculaire, de la structure des protéines et de la
morphologie est un paramètre indispensable à la
progression efficace des projets de recherche.
C’est donc également dans la mise à jour de ces
technologies de pointe et dans l’acquisition des
savoir-faire spécifiques et d’une instrumentation
coûteuse que la politique concertée entre les
instituts trouve sa pleine justification. Dans ce
contexte, l’IB a entrepris, au cours de ces deux
dernières années, avec le soutien de la Faculté de
médecine et de l’Université dans le cadre du
projet ”Science, Vie et Société”, la mise en place
d’une plate-forme de protéomique destinée à
terme à être accessible à la communauté
scientifique de Lausanne (p. 67-69).

Enfin, dans notre dernier rapport, nous faisions
état de la progression des travaux d’installation
d’une première unité de transfert de technologie
émanant du Centre de Recherche Biomédicale.
Depuis plus d’une année, le Biopôle est
opérationnel et abrite six entreprises de
technologie biomédicale. Grâce au soutien de
l’Etat de Vaud et l’intérêt manifesté entre autres
par les Départements de l’Economie et des
Infrastructures, cette première unité, qui contribue
à la symbiose entre la recherche biomédicale
fondamentale et la technologie qui en découle,
devrait être le catalyseur de développements plus
importants sur le site de Vennes dont l’Université
et les Hospices Cantonaux Vaudois seront deux
partenaires déterminants.

C. Bron
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Personnel rétribué par l’UNIL: 47.4 EPT (équivalent plein temps)
* Personnel rétribué par des fonds privés: 33.7 EPT

1. EFFECTIFS DE L’INSTITUT DE BIOCHIMIE (décembre 2001)

• Corps enseignant

H. Acha-Orbea Professeur associé (50% Institut Ludwig de Recherche sur le Cancer)
C. Bron Professeur ordinaire - Directeur
G. Corradin Professeur associé
N. Fasel Professeur associé
J.P. Kraehenbuhl Professeur ordinaire (50% ISREC)
J. Louis * Professeur extraordinaire (OMS)
J.P. Mach Professeur honoraire
J. Mauël Professeur ordinaire
D. Rivier Maître d’enseignement et de recherche
J. Tschopp Professeur ordinaire

• Corps intermédiaire

S. Corradin-Betz * Chargée de recherche
M. Quadroni Maître-assistant
P. Schneider Professeur assistant remplaçant
E. Servi * Cheffe de projet
M. Thome Miazza Maître-assistante

• Privat-Docents

F. Buchegger
S. Demotz
S. Valitutti

• Assistant(e)s

Postdoctorant(e)s

R. Audran *
C. Beghdadi *
V. Blancheteau *
C. Bochud *
K. Burns

N. Debard *
M. Delgado
M.-A. Doucey
D. Legler
S. Masina

O. Micheau
M. Mpandi
L. Otten *
K. Peter *
B. Robert *

S. Rothenberger
M. Thurau *

Doctorant(e)s

N. Acestor
L. Agostini
B. Brissoni
V. Brossard *
V. Cesson *
H. Chavez *

A. Didierlaurent
B. Favier *
O. Gaide *
G. Ibrahim
B. Jaccard
F. Martinon

V. Meraldi
S. Monnerat
J. Romero
C. Schaff
F. Sierro
Q.G. Steiner

A. Tinel
J. Wagner
R. Zaru *

Stagiaires

B. Valzasina *
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• Personnel Technique

Laborantin(e)s

G. Badic
D. Bonnet *
C. Desponds *
K. Fournier *

S. Levrand *
N. Lévy *
N. Olivos *
F. Prevel *

L. Rodrigues *
A. Tardivel *
M. Corthésy *
S. Hertig

M. Rousseaux
A. Ransijn
M. Reinhardt
C. Mattmann

Aide laborantine

L. Morgado *

Apprenti(e)s

S. Brunetti (IBCM) R. Cornaz S. Zutter

• Services Généraux

Secrétariat

S. Aslan (75%)
F. Flejszman (80%) *
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

E. Margot
U. Margot (50%)

Laverie

L. Skupienski

• Hôte sabbatique

A. Kummer Free University Hospital, Dépt de pathologie, Amsterdam, Pays-Bas

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

J. Louis * Professeur extraordinaire - Directeur
F. Tacchini-Cottier * Chercheur
H. Voigt Postdoctorante
A. Gumy Doctorant
R. Chakour * Doctorant
A. Grand * Laborantin
Y. Hauyon * Laborantine
F. Flejszman * Secrétaire

3. EFFECTIFS DE LA FONDATION “INSTITUT SUISSE DES VITAMINES”

M. Bui* Cheffe de laboratoire
M. Desbes * Laborantine
D. Schütz-Geser * Laborantine
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4. MEMBRES DU PERSONNEL AYANT QUITTE L’INSTITUT DE BIOCHIMIE, LE CENTRE
OMS ET LA FONDATION ISV EN 2000-2001

• Corps enseignant

W. Hunziker (avril 2000) S. Valitutti (novembre 2000)

• Corps intermédiaire

M. Kovacsovics (septembre 2001)

• Assistant(e)s

Postdoctorant(e)s

A. Aseffa (décembre 2000)
F. Bender (août 2001)
J.L. Bodmer (septembre 2001)
D. Deperthes (mars 2000)
V. Estienne (juillet 2000)
L. Hathaway (septembre 2000)
R. Jones (septembre 2000)

S. Lens (décembre 2000)
F. Niedergang (janvier 2001)
J. Peli (septembre 2000)
M. Reichert (septembre 2000)
F. Rharbaoui (janvier 2001)
V. Rochat (juin 2001)
H. Takatsuka (mars 2001)

Doctorant(e)s

A. Bonelo (mars 2000)
S. Cloutier (mars 2000)
G. Fotopoulos (septembre 2000)
H. Himmelrich (mars 2000)
N. Holler (octobre 2000)
M. Hunn (janvier 2000)

D. Penna (juin 2001)
A. Praetor (août 2000)
B. Saucy (octobre 2000)
I. Segura (juin 2001)
H. Zangger (août 2001)

Diplômant(e)s

V. Crivelli (mai 2000)
K. Giddey (mai 2000)

L. Marguerat (avril 2000)
K. Soudani (octobre 2000)

Stagiaires

M. Bazzaro (septembre 2000)
G. Bonomi (novembre 2000)
A. Dohrman (août 2001)
V. Dutoit (juin 2001)
F. Estévez (mai 2000)
C. Hetz (mars 2001)
J. Khaldoune (juillet 2000)
S. Janssens (mai 2001)
O. Kalyuzhnity (mai 2001)

M. Kaufmann (juin 2001)
S. Lauriault (août 2001)
C. Perrier (octobre 2001)
N. Restrepo (septembre 2001)
B. Rodriguez (novembre 2001)
R. Rodriguez (avril 2001)
E. Rojas (mars 2000)
A. Schmid (octobre 2001)
M. Sissoko (octobre 2001)
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• Personnel technique

Laborantin(e)s

C. Aletti (août 2001)
R. Castillo (février 2001)
J. Clerc (septembre 2000)
L. Martin (janvier 2001)

C. Mossu (juin 2000)
S. Reynard (septembre 2001)
S. Valitutti (avril 2001)

Apprenti(e)s

I. Bassi (juin 2000)

Stagiaires

K. Ingold (mai 2001)
M. Gonzalez (novembre 2000)

A. Thiocone (juillet 2000)

• Services Généraux

Comptabilité

D. Reichen (octobre 2001)

Photo- Infographie

P. Gschwend (août 2001)

• Départ à la retraite

Magasin central et Travaux pratiques

E. Margot (décembre 2001)

5. BUDGET 2001

UNIL
51%

FNRS et autres fonds
31%

Fonds institutionnels
11%

Industrie
7%

UNIL (Etat de Vaud): CHF 5'134’629
Ressources extérieures: CHF 4'782’503
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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)

172
106

Cours général II 36 160 médecine (2e année) 110
Cours intégrés 76 médecine (2e année) 110
Cours général III 44 - biologie (2e année)

pharmacie (2e année)
65
23

Cours général IV 54 105 pharmacie (2e année) 23

2ème cycle - modules

Biologie moléculaire et cellulaire
- Structure des protéines 12 32 biologie (5e semestre) 40
Biochimie cellulaire 138 19 254 168 biologie (3e/4e année) 23
Immunologie moléculaire 72 56 224 biologie (3e/4e année) 23

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

3ème cycle

Enseignements postgradués des Instituts du Centre de Recherche d'Epalinges (BIL):

2000 - Immunology
- Cell division and cell death

H. Acha-Orbea
M. Peter (ISREC) et J. Tschopp

27 participants
35 participants

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 13 to October 28, 2000.
(J. Louis, F. Tacchini-Cottier and C. Aletti), 19 participants.

- Cours OMS de spécialisation en immunologie, vaccinologie et biotechnologie appliquées aux maladies
infectieuses
Epalinges, 10 mai au 23 juin 2001.
(J. Louis, F. Tacchini-Cottier et C. Aletti), 16 participants.

- Advanced WHO course on immunology, vaccinology and biotechnology applied to infectious diseases.
Epalinges, September 13 to October 27, 2001.
(J. Louis, F. Tacchini-Cottier and Y. Hauyon), 16 participants.
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2000

Antoine Attinger Etude du comportement des lymphocytes T activés par un superantigène
bactérien.

Jean-Luc Bodmer Les nouveaux récepteurs de la mort cellulaire programmée.

Nils Holler Signalisation par le récepteur FAS.

Asja Praetor Transport Intracellulaire et Structure Oligomérique du Récepteur aux IgG,
homologue aux Molécules de Classe I du Complexe Majeur d'Histocompatibilité,
FcRn.

Bérangère Saucy Régulation de la Protéine Kinase C: Rôle des lipides, des protéines et de la
localisation intracellulaire.

Véronique Steiner FIST-3, une protéine qui interagit avec Fas, un récepteur induisant la mort
cellulaire, et qui bloque des facteurs de transcription.

2001

Grigorios Fotopoulos L'infection et le franchissement par transcytose de monocouches de cellules
épithéliales par le virus VIH-1 dépend de leur état de différenciation et de
l'expression des récepteurs aux chimiokines.

Michel Mpandi Rôle des anticorps dirigés contre la protéine majeure d'enveloppe (gp52) dans la
prévention systémique et mucosale contre l'infection par le rétrovirus de la tumeur
mammaire de la souris.

Doris Penna La dégradation de ZAP-70 fait partie des mécanismes impliqués dans le contrôle
de la réponse immunitaire par les lymphocytes T.
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Jacques Mauël et Denis Rivier

Denis Rivier graduated in medicine and
biological sciences from the University of
Lausanne in 1964 and 1972. He did an MD at
the Institute of Pharmacology of the University
of Bern. He studied mucosal immune reponses
in the Institute of Biochemistry (University of
Lausanne) and in the gastrointestinal
department (University of California, San
Diego). He was appointed Research associate
in 1986. His recent interests are in Leishmania
vaccine and immunomodulators.

Jacques Mauël graduated in Biological
Sciences from the University of Lausanne in
1967. He then did a PhD at the Swiss Institute
for Experimental Cancer Research, on the
cytotoxic mechanisms of T lymphocytes. He
then moved to the Wistar Institute in
Philadelphia, where he studied macrophage
differentiation, before joining the WHO
Laboratories at the Institute of Biochemistry,
Lausanne, to work on macrophage interaction
with Leishmania parasites. He was appointed
full professor in 1980. His recent interests have
focused on nitric oxide production by human
macrophages and on macrophage down-
regulation by Leishmania.

Group members 2000-2001

Florence Prevel Technician
Adriana Ransijn Technician
Josiane Smith Clerc Technician (09.2000)
Sally Corradin-Betz Research associate

Maria Delgado Postdoctoral fellow
Michel Mpandi Postdoctoral fellow
Iris Segura Ph.D. student (06.2001)
Sébastien Brunetti Apprentice

LEISHMANIA PARASITES: BIOLOGY, INTERACTION WITH HOST MACROPHAGES, AND
VACCINE STUDIES

Leishmania is a protozoan parasite which can infect man, causing leishmaniasis. Leishmaniasis is a serious
disease which affects millions of people worldwide, particularly in tropical and subtropical countries
(Fig. 1). Existing drugs are toxic and vaccination is not available. Leishmania is an obligate intracellular
microorganism which resides within phagolysosomes of macrophages (mø) (Fig. 2), cells that help our body
fight infection and are responsible for destruction of many microbes. However, for reasons that are under
investigation, mø do not easily kill Leishmania.
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MacMARCKS (McM) is an abundant mø protein believed to be involved in processes such as cell division,
migration and phagocytosis. Recently, the observation was made that infection of mø by Leishmania
parasites results in downregulation of McM (Fig. 3). Our laboratory is investigating this interesting
phenomenon. In addition, an experimental model of vaccination in the mouse is used to test the effect of
various novel adjuvants on the immune response. Finally, our lab is investigating the capacity of nicotine
conjugates on protein carriers to be used as potential vaccines against smoking addiction.

Fig. 1 Fig. 2 Fig. 3

A case of cutaneous leishmaniasis
(Credit : Dr. R. Behin)

Leishmania in macrophages (a) McM (green) in macrophages
(b) Disappearance of McM in
Leishmania-infected macrophages

1. Leishmania , MacMARCKS, "trojan"
peptides, and macrophage apoptosis

• McM degradation by Leishmania gp63.

Infection by Leishmania modulates mø signaling
pathways leading to inhibition of mø functions. In
particular, PKC-dependent signaling, a process
perhaps critical to parasite establishment in the
host, appears to be strongly affected. If the
mechanisms whereby Leishmania downregulates
PKC activity could be determined, new tools to
combat the disease might be designed.

MARCKS (Myristoylated Alanine-Rich C Kinase
Substrate) and MacMARCKS (McM;
macrophage MARCKS) are major protein kinase
C (PKC) substrates postulated to regulate the
structure of the actin cytoskeleton and thereby
participate in characteristic mø responses such as

phagocytosis, secretion and membrane recycling.
We therefore examined the effect of infection by
Leishmania on McM. Leishmania was found to
dramatically reduce McM levels in activated
murine mø, apparently due to proteolytic
degradation. This effect could be ascribed to the
L e i s h m a n i a  surface metalloproteinase
leishmanolysin (PSP, gp63). Cleavage was found
to occur within a specific 20-amino acid sequence
of McM called the effector domain (ED), also
known as the phosphorylation site domain, since
it contains serine residues that may be subject to
PKC-dependent phosphorylation. Strikingly,
rMcM degradation by gp63 in a cell-free system
was inhibited by prior PKC-dependent
phosphorylation or by deletion of its
phosphorylation site domain, clearly identifying
this region as being the target of gp63 proteolytic
activity.
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• Inhibition of gp63 by McM ED peptides.

Determining the role of gp63 in Leishmania
physiology has been hampered by the lack of
specific, non-toxic inhibitors of the protease. We
postulated that such inhibitors could be designed,
based on the ED sequence of McM (McMED) that
is recognized by the enzyme (see above). Indeed,
McM degradation by gp63 in a cell-free assay
was efficiently blocked by addition of free ED
peptides. As phosphorylation of ED had been
found to render the molecule insensitive to gp63
mediated degradation, we wondered if a
phosphorylated McMED peptide might indeed be
an even better inhibitor of gp63 than the non-
phosphorylated peptide. Phosphorylated peptides
are unstable however ; we therefore constructed a
"pseudo-phosphorylated" peptide in which 3
phosphorylatable serine residues were substituted
by aspartate (hence the designation of this peptide
by the acronym "3D"), which because of its
charge and size mimics to some extent
phosphoserine. Interestingly, this 3DMcMED
peptide was ten fold more efficient than the
unmodified peptide as an inhibitor of McM
degradation by gp63.

These observations might serve as basis for
developing more potent and specific inhibitors of
gp63 and possibly of the parasite itself (see
Section “Effects of cell permeable...”).

• Tat-McM peptides and mø apoptosis.

For any agent aimed at interfering with the
activity of an intracellular microorganism, one
major difficulty is to reach the microbe in its
intracellular compartment. Fortunately, a newly
recognized set of molecules may help us do just
that. Indeed, the HIV protein Tat contains a
highly basic eleven amino acid region known as
the transduction domain (TD) which allows the
protein to cross cell membranes by an as yet
uncharacterized mechanism. Several similar
sequences have been described in unrelated
proteins and the corresponding peptides have
been termed "trojan peptides" based on their
ability to allow other peptides or proteins
synthesized in tandem with the trojan moiety to
cross the plasma membrane.

We have now synthesized a series of Tat TD
peptides (TATTD) including TatTD-McMED and an
analog containing the 3DMcMED sequence. These

peptides do enter both mø and other cells, and
their effect on the parasite are being investigated.
Surprisingly however, exposure of murine or
human mø to TatTD-McMED resulted in rapid
apoptosis of the cells. The same effect was
observed on other cell types, such as HeLa cells
(fibroblasts). Apoptosis correlated with cleavage
of poly-ADP ribose polymerase (PARP) and
activation of caspases 3, 7 and 9 (but not of
caspase 8), characteristic of the stress-induced
pathway of apoptosis. However, no release of
cytochrome c was observed, except at late time
points following exposure to TatTD-McMED. DNA
laddering was also demonstrated, and cell death
could be prevented by the caspase inhibitor Z-
VAD-fmk, confirming that death is a result of
apoptosis. In addition, rapid and profond
disruption of actin stress fibers in fibroblasts as
revealed by phalloidin staining could be observed
(see Fig 4). Interestingly, in all of these
experiments, the 3D analog of McMED coupled to
Tat (TatTD-3DMcMED) was much less toxic.

In attempts to understand the mechanisms by
which TatTD-MCMED induces apoptosis, we tested
analogs including a scrambled peptide identical to
the TatTD-McMED in amino acid composition but
containing an altered ED sequence. Surprisingly,
the scrambled peptide was as effective as TatTD-
McMED suggesting that charge and not sequence
is responsible for its effect on cells. These results
suggest that the recently described capacity of
McMED to bind and sequester PIP2 v i a
electrostatic interactions may be relevant to the
apoptotic response of the cells.

• McM in human macrophages.
McM is also expressed in human macrophages.
When cells of the monocytoid line U937 were
differentiated with vitamin D3 plus retinoic acid,
strong downregulation of McM expression was
observed. As for murine macrophages, McM is
reinduced by stimulation with LPS or a
phagocytic stimulus. The intracellular localization
of McM was investigated by immunofluorescence
and confocal microscopy. McM appeared as a
population of small vesicles throughout the
cytoplasm but concentrated to some degree at the
cell periphery. Although McM was previously
proposed to cycle between the plasma membrane
and lysosomes in a PKC-dependent manner (as
demonstrated for MARCKS), antibodies against
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Fig. 4 : HeLa cells stained with phalloidin to reveal actin stress fibers

Control cells : actin fibers are Same cells, but treated with Same cells, treated with
clearly visible TatTD-McMED(10 µM) for TatTD-McMED(10 µM) for

Note disappearance of stress fibers.

McM and the lysosomal marker LAMP1 gave
distinct patterns of staining with or without
pretreatment by the PKC activator PMA. An
association was also reported between McM and
dynamitin, a subunit of the dynactin complex
which is a positive regulator of the microtubule-
dependent motor protein dynein. When we
costained cells with antibodies against McM and
dynamitin, a similar distribution of the two
proteins was indeed observed. However, McM
and dynamitin did not appear to colocalize to a
significant degree.

• Effects of cell permeable analogs of McMED
on parasite viability and function.

Inasmuch as TatTD-McMED induced apoptosis in
various cell types, we examined the effect of
TatTD-MCMED on Leishmania promastigotes.
Parasites treated with TatTD-McMED showed a
striking decrease in motility as well as decreased
incorporation of [3H]thymidine and increased
staining with a membrane impermeant dye which
becomes fluorescent upon binding to DNA.

Confocal microscopy with FITC analogs
confirmed that TatTD-MCMED (but not McMED
alone) entered the parasites. Moreover, the effects
of TatTD-McMED on [3H]thymidine incorporation
were equally pronounced when peptide was
added to parasites at 0° or 26° C suggesting that

entry occurs by a nonreceptor mediated
mechanism as previously shown for Tat-mediated
transduction in other systems. These and other
results suggest that Leishmania were undergoing
apoptosis in analogy to mammalian cells treated
with TatTD-McMED although it remains unclear as
to whether or not apoptosis as such exists in
protozoan parasites. Attempts to demonstrate
DNA fragmentation in peptide-treated
promastigotes have been unsuccessful to date.

Higher concentrations of TatTD-McMED were
required to observe effects than those required to
induce apoptosis in mammalian cells. However, a
strain of L. mexicana which lacks surface gp63
was significantly more sensitive to TatTD-McMED
than its reconstituted counterpart or wildtype L.
mexicana. This suggests that surface gp63 cleaves
TatTD-McMED before it enters the parasites, thus
decreasing its toxic effects. Moreover, the
enhanced sensitivity of gp63-deficient parasites
indicates that inhibition of gp63 activity is not
involved in the toxic effects of TatTD-McMED.
Considering the multiple effects which TatTD-
McMED might exert intracellularly (PIP2 binding
or sequestration, PKC activation or inhibition,
actin or calmodulin binding, etc), it is likely that
the effects of TatTD-McMED on parasites are due
to pathways unrelated to gp63. Recently, a novel
peptide capable of forming a noncovalent
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complex with diverse peptides and proteins was
reported to induce transduction of these
molecules. Experiments using this peptide are in
progress to determine if it will allow the
transduction of McMED in parasites and
macrophages. This technology may be of value in
investigating the mechanisms by which TatTD-
McMED affects cell function(s). For example,
transduction of purified calmodulin might be able
to reverse the TatTD-McMED -induced effects if
calmodulin-dependent processes are involved.
Moreover, it will be of interest to determine if
transduction of full length recombinant McM
occurs and is able to mimic certain effects of the
McMED alone.

2. In search of an anti-Leishmania vaccine

In the search for a Leishmania vaccine, the design
of immunoadjuvants potentiating preferentially
the TH1 response is important, since immune
protection against this parasite is mediated largely
by CD4+ T cells of TH1 lineage. Microorganisms
are known to be a source of compounds (CpG
motifs, lipid A from the wall of Gram-negative
bacteria, etc.) that stimulate immune responses.
To study in details the immunoadjuvant potential
of some of these molecules, different analogs and
derivatives of lipid A have been tested and shown
to strongly stimulate specific T-cell proliferation
and antibody production in mice immunized
against purified proteins of Leishmania. Studies
of the effects of these molecules on the course of
L e i s h m a n i a  infection are in progress.
Furthermore, to test for activity and study the
mechanisms of action of these different analogs,
in vitro models of immunization against
Leishmania are being developed, using murine
spleen cells and human peripheral blood
mononuclear cells.

3. A vaccine against smoking addiction ?
Cigarette smoking constitutes a major public
health problem in both developed and developing
countries, where treatment of the pathologies
associated with tobacco consumption represents
an ever increasing financial burden for health
authorities. Nicotine is a strongly addictive drug
and smoking creates a state of dependence in
many individuals. Although different ways of
combating nicotine addiction are available
(nicotine patches, chewing gums, psychological
help, etc.), these often fail and other avenues must
be explored. One such approach consists in
developing a vaccine capable of eliciting humoral
antibodies that might inhibit nicotine from
accessing its receptors in the brain, thus rendering
the drug physiologically inert. This concept is
also being tested in several other laboratories as
an aid in the fight against other drugs of abuse
such as cocaine and heroin.

Mice immunized with nicotine conjugated to
different protein carriers do produce antibodies
capable of recognizing the hapten coupled to
bovine serum albumin, as well as free nicotine.
Even intra-nasal instillation of nicotine-carrier
conjugates is capable of eliciting anti-nicotine
serum IgG as well as secretory IgA antibodies,
which might have the advantage of blocking
nicotine already at its port of entry, i.e. the
mucosal surfaces. The presence of antibodies
appears to markedly alter the distribution of the
drug in the immunized animals, particularly by
restricting its access to the brain. These
experiments are a prerequisite for clinical studies
which should be initiated in the near future.
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IMMUNOBIOLOGY OF INFECTION WITH AN INTRACELLULAR PARASITE: LEISHMANIA
MAJOR

Previous work by our group demonstrated an early burst of IL-4 transcripts in the draining lymph nodes of
mice susceptible to infection with L. major. The cognate recognition of a single epitope of the LACK antigen
of L. major was shown to drive this rapid IL-4 response by a restricted CD4+ T cell population expressing
the Vβ4Vα8 TCR chains. The importance of these cells and the IL-4 they produce rapidly for Th2
development and susceptibility to infection was established. We have now documented the functional
plasticity, in terms of cytokines production, of these LACK-reactive cells, strongly suggesting that they are
not differentiated Th2 memory cells. The early IL-4 production by Vβ4Vα8 T cells was found to be under the
regulatory influence of IL-2 and CD25 regulatory T cells. The rapid IL-4 response to L. major, which was
never found in resistant mice, could be induced in these mice by neutralization of IL-12 or IFN-γ at the
initiation of infection. Remarkably, early IL-4 mRNA expression in anti-IL-12 or –IFN-γ treated resistant
mice also occurred in CD4+ cells expressing the Vβ4Vα8 TCR chains and reactive to LACK. Together these
results indicate that the genetically determined susceptibility to L. major in mice stems from a deficiency in
mechanism(s) able of down-regulating the early IL-4 response by LACK-reactive Vβ4Vα8 T cells rather
than from a greater frequency of these cells.
In contrat to its well documented role in Th2 maturation, IL-4 appears to also instruct Th1 development in
some systems. Using the murine model of infection with L. major we showed that when present during the
initial activation of dendritic cells (DC) by L. major, IL-4 instructed DCs to produce IL-12 and promoted
Th1 development. This Th1 response established resistance to L. major even in susceptible mice. When
present later during the period of T cell priming, IL-4 induced Th2 differentiation and progressive
leishmaniasis even in resistant mice. These results show that the opposite effects that IL-4 can have on Th
cell development depend upon the cells targeted for IL-4 signaling.
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The mechanism underlying T helper (Th)
subsets differentiation in vivo.

The elimination of several pathogenic
microorganisms by their hosts depends upon the
differentiation of naïve CD4+ T cells into effector
cells secreting cytokines decisive for protection.
Control of intracellular pathogens depends upon
the activity of CD4+ T cells that produce
activating cytokines such as Interferon-γ (Th1
cells) and containment of extracellular
microorganisms usually requires CD4+ T cells
producing other cytokines such as Interleukin 4
(Th2 cells). Over the past two years, our group
has continued to focus on the study of the cellular
and molecular mechanisms underlying genetically
determined differences in the differentiation of
CD4+ Th subsest in vivo. We have used the
murine model of infection with an intracellular
parasite: Leishmania major. In this model,
genetically determined resistance and
susceptibility to infection are clearly related to the
development of polarized Th1 and Th2 responses,
respectively.

Several factors have been reported to play a role
in Th subsets differentiation. Among those
factors, cytokines themselves have been described
as the most important stimulus. Interleukin 12
(IL-12) is the main cytokine instructing Th1 cell
maturation whereas Interleukin 4 (IL-4) plays a
crucial role in Th2 cell development.

Th2 cell development in susceptible mice
following infection with L. major: IL-4 is
required.

We have previously demonstrated a burst of IL-4
mRNA expression in the draining lymph node of
BALB/c mice within 16 hours after infection with
L. major. Importantly, this IL-4 production
occurred during the period in which neutralizing
IL-4 antibodies was capable of redirecting
protective Th1 development in BALB/c mice.
After this initial IL-4 mRNA burst, IL-4 mRNA
expression returned to base line values before the
occurrence of a second and permanent wave of
IL-4 transcripts which reflects the establishment
of a Th2 response. The cognate recognition of a
single epitope of the Leishmania homolog of
mammalian RACK1, designated LACK was
demonstrated to drive this early IL-4 response by

a restricted population of MHC class II restricted
CD4+ T cells that express the Vβ4Vα8 TCR
chains. The importance of Vβ4Vα8 CD4+ T cells
for subsequent Th2 cell development following
infection with L. major was studied in BALB/c
mice rendered deficient in Vβ4 cells as a result of
neonatal exposure to MMTV (SIM). Vβ4 CD4+
T cell-deficient BALB/c mice did not exhibit
early IL-4 mRNA expression after inoculation
with L. major and Th2 cell differentiation was
abrogated in these mice. Strikingly, the presence
of these cells was required for establishment of
progressive disease. The requirement of LACK-
reactive Vβ4Vα8 CD4+ for Th2 cell development
and susceptibility to L. major in BALB/c mice
stems from their capacity to produce rapidly IL-4
in response to infection and it appears that they
are not essential at the effector phase of the Th2
response.

Functional plasticity of LACK-reactive
Vβ4Vα8 CD4+ T cells in terms of cytokine
production.
The kinetics of IL-4 production by LACK-
reactive T cells suggests that these cells were at
an activated stage prior to antigen exposure. In
contrast to naïve CD4+ T cells, differentiated cells
have been shown to exhibit cell cycle-
independent gene expression that is stable and
inheritable. The previously demonstrated
possibility to modulate the rapid IL-4 response to
L. major by exogenous IL-12 or IFN-γ suggested
that the LACK-reactive Vβ4Vα8 cells were not
yet mature Th2 cells. Experiments were then
designed to assess whether the lineage-specific
gene expression of these cells was irreversibly
fixed or could be redirected. The functional
plasticity of LACK-reactive Vβ4Vα8 cells was
studied using BALB/c mice inoculated with L.
major shortly after infection with MMTV(SIM),
i.e. before deletion of Vβ4+ cells. These mice
failed to produce the early IL-4 response to L.
major and instead exhibited an IFN-γ response
that also occurred within the same population of
LACK-specific Vβ4Vα8 cells. Strikingly,
neutralization of IFN-γ in these mice restored the
production of IL-4 by these cells. These data
strongly suggest that the functional properties of
LACK-reactive cells are not irreversibly fixed in
BALB/c mice, indicating that these cells are not
differentiated memory cells.
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Regulation of rapid IL-4 production by
LACK-reactive Vβ4Vα8 CD4+ T cells in
BALB/c mice.

•  Interleukine-2

Early IL-2 responses following infection of
BALB/c mice with L. major were also recently
observed in our laboratory and kinetics analysis
of this response revealed that it precedes the early
peak of IL-4 transcription. Strikingly, the early
IL-4 response by LACK-reactive Vβ4Vα8 CD4+

T cells was found IL-2 dependent. Interestingly,
neutralization of IL-2 in BALB/c mice abrogated
the early IL-4 response to L. major/LACK and
redirected protective Th1 response. Although IL-
2 was found to be produced by CD4+, expressing
various TCR chains, and B cells following
infection with L. major, recent and still
preliminary data strongly indicates that IL-4
production by LACK-reactive Vβ4Vα8 cells
requires IL-2 production (in an autocrine fashion)
by the same subset of cells in response to the
same antigen.

Figure 1: Activation of a
highly restricted population of
Vβ4Vα8 CD4+ T cells after
recognition of a single antigen
of L. major, LACK, results in a
rapid production of IL-4. The
IL-4 produced instructs the
differentiation of CD4+ T cell
precursors, with specificities
for different antigens from L.
major, towards the Th2
phenotype. IL-2 production (in
an autocrine fashion) by the
LACK-specific Vβ4Vα8 CD4+

T cells is required for
induction of the early burst of
IL-4 transcription.

•  Antigen presenting cells

Analysis of the accessory cells requirement for
the expression of IL-4 transcripts in Vβ4Vα8
CD4+ T cells following infection with L. major or
injection of LACK in BALB/c mice has further
and unexpectedly demonstrated that B cells were
essential. A B cell-dependent enhancement of IL-
4 production by T cells has also been described in
other systems and B cell-deficient mice have
recently been shown to mount enhanced Th1
responses. Experiments aiming at determining
whether the early IL-4 response by Vβ4Vα8
CD4+ T cells requires cognate recognition of their
specific epitope on B cells are currently in
progress. The hypothesis that simultaneous
recognition by T cells of their specific epitope on
B and professional APC (i.e. dendritic cells)
could signal B cells to produce cytokine(s) able to

interfere with the Th1 inducing signals from DC
in the close vicinity is attractive and being
experimentally tested.

•  CD25 regulatory T cells:

In the past few years, the concept that
subpopulations of T cells are specialized in the
suppression of immune responses has been
revisited and considerable attention has been
given to a minor subpopulation of CD4+ T cells
constitutively expressing CD25, the α chain of
the IL-2 receptor. Both in mice and human, these
CD25+ T cells, named regulatory T cells, have
been shown capable of suppressing the
proliferation of other T cell populations. Results
of experiments recently completed have shown
that CD4+CD25+ regulatory T cells somehow
control the magnitude of the early IL-4 response
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to L. major by LACK-reactive Vβ4Vα8 CD4+ T
cells in BALB/c mice. Furthermore, depletion of
CD4+CD25+ regulatory T cells prior to infection
with L. major was observed to exacerbate the
development of lesions in BALB/c mice. Similar
results were obtained using an adoptive cell
transfer system in SCID mice reconstituted with
BALB/c T cells. Using such system it was shown
that CD4+CD25+ regulatory cells inhibit the
proliferation of CD4+ cells following infection
with L. major.

•  Polymorphonuclear leukocytes
It appears that polymorphonuclear leukocytes
exert some role in CD4+ T cell differentiation in
BALB/c mice infected with L. major. Indeed, the
transient depletion of PMN, which normally
accumulated in the site of the lesion very rapidly,
totally prevented the expression of the early IL-4
burst in response to infection in BALB/c mice.
Such treatment also resulted in inhibition of Th2
cell maturation at later times during infection,
which was paralleled to partial resolution of the
lesions. The cellular and molecular bases for this
effect are being investigated.

Together these results strongly indicate that the
early IL-4 response to L. major responsible for
Th2 cell development and susceptibility to L.
major  in BALB/c mice can be the target of
regulatory processes.

Why are resistant C57BL/6 mice unable to
mount early IL-4 responses following infection
with L. major?
In contrast to susceptible BALB/c mice, C57BL/6
and other resistant mice do not mount an early IL-
4 response following infection with L. major or
injection of LACK. Therefore, we had
hypothesized that the LACK-specific Vβ4Vα8
CD4+ T cells represent a unique subpopulation in
BALB/c mice that produce great amounts of IL-4.
Alternatively, a higher frequency of these cells in
BALB/c mice could account for the ability of the
initial IL-4 response to LACK to exceed the
threshold required for Th2 cell development.
Both of these hypotheses are unlikely because of
our recent findings demonstrating that
neutralization of either IL-12 or IFN-γ at the
initiation of infection also allows the expression
of this rapid IL-4 response to L. major in resistant

C57BL/6 mice. Strikingly, this early IL-4
response in resistant mice also occurs in CD4+ T
cells that express the Vβ4Vα8 TCR chains and
that are specific for the LACK antigen. Further,
the ability of treatment with anti-IFN-γ to allow
the expression of a rapid IL-4 response to L.
majoring resistant C57BL/6 mice was shown
experimentally to account for its effect on the
subsequent development of IL-4 producing T cell
resulting in progressive disease in these otherwise
resistant mice. Together with previous data
showing that treatment of BALB/c mice with
recombinant IL-12 suppresses the early IL-4
response to L. major, these results indicate that an
impairment in mechanism(s) that down regulate
the early IL-4 response by Vβ4Vα8 T cells might
underlie the susceptibility of BALB/c mice.

The use of the murine model of infection with
L. major to study the contrasting effects that
IL-4 can exert on Th subset differentiation.

Several recent reports indicate that, paradoxically,
IL-4 may also promote Th1 cell development. For
instance, IL-4-deficient mice have been shown by
other to be defective in developing Th1-responses
when infected with certain strains of L. major or
Candida albicans (C. albicans). Similarly, a
critical role for IL-4 and STAT6 was
demonstrated in the development of efficient
Th1-responses against haptens, and auto-, allo-
and even tumor-antigens.

While the effects of IL-4 on Th2 differentiation
are well described (also see above), the
mechanisms underlying the opposite effects of
IL-4 on the instruction of Th1 responses remain
enigmatic. In collaboration with the group of
Martin Röcken, we have directly shown that
when present during the initial activation of APC
by L. major  in vivo, IL-4 instructs the
differentiation of CD4+ T cells toward a Th1
phenotype and establishes resistance to L. major
in susceptible BALB/c mice. In sharp contrast,
when also present during the period of T cell
priming, IL-4 induces Th2 differentiation and
susceptibility to L. major, even BALB/c mice
rendered resistant to infection as a result of
deletion of LACK-reactive Vβ4Vα8 CD4+ T
cells. Thus, the effects of IL-4 on APC on the one
hand, and on recently activated T cells on the
other hand, lead to differentiation of effector Th
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cells with opposite functions. These results
support the concept that the opposite effects that
IL-4 can exert on Th subset differentiation
depends upon the nature of the cells targeted for
IL-4 signaling. Since receptors for IL-4 and most
other cytokines are expressed by a variety of

cells, it is likely that, beyond cytokine
concentration, the kinetics of cytokine action,
including consecutive or preferential interactions
with distinct cell subtypes, significantly
contribute to their pleiotropic effects in vivo.
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STRUCTURAL AND FUNCTIONAL STUDIES OF VIRULENCE FACTORS IN THE HUMAN
PROTOZOAN PARASITE LEISHMANIA

Currently, the world-wide prevalence of leishmaniasis is 12 million cases, with 350 million people living in
risk areas. Since the mid-1980s, 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.

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 and testing their protective capacities in a murine model of cutaneous
leishmaniasis.
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1. Organisation of the genome and gene
expression in Leishmania

Histone H1 and its locus
Among various genes exhibiting significantly
higher levels of expression in the infectious
stages of the parasite, we have focused upon
analysing the regulation of sw3, a gene which
encodes histone H1 in Leishmania. The deduced
amino acid sequence of Leishmania major sw3
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 that the sw3
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. Using pulsed-field gel
electrophoresis, the sw3 gene has been localized
to a band corresponding to chromosome 27
providing evidence that the H1 gene cluster is
present on only one chromosome. This work was
included in the Leishmania genome network to
establish a complete chromosomal organisation of
Leishmania major, thus providing an essential
tool for mapping and sequencing the whole
genome. The histone H1 locus (30kb) was
completely sequenced and additional open
reading frames were identified inbetween the two
histone H1 copies. We are currently analyzing the
coding potential of this 30kb locus. The analysis
is performed at the transcription and post-
transciptional level. Our results show that
addional genes are expressed inbetween the two
H1 copies at the RNA and protein level. In
contradiction with the transcription modrl
proposed in trypanosomatidae, both DNA strands
are transcribed and used to generate mRNAs.

Our preliminary data had shown that histone H1
in Leishmania like in lower eukaryotes, does not
express an histone H1 with hydrophobic globular
domain. Based on the sequence of the locus we

identified an open reading frame with the coding
potential for histone H1 with a globular domain.
The mRNA coding for this polypeptide would be
synthesized by alternative trans-splicing.
Preliminary results show that histone H1 with a
globular domain could exist. If confirmed, these
results would indicate that we identified an
ancestral histone H1, but it would also suggest
that the coding potential of the Leishmania
genome could be larger than estimated thus far.

Transcriptional organization of Leishmania
genome

In the course of our analysis concerning the
coding potential of the sw3 regions, we detected
the presence of overlapping open reading frames
on both the sense and antisense DNA strands of
regions comprising the sw3.0 and sw3.1 genes.
When a search was carried out for antisense
expression in L. major parasites, it revealed the
presence of two poly(A)+ RNA transcripts, a
predominant one at 0.8 kb and a less abundant
one at 2.5 kb. Both transcripts were shown to be
developmentally regulated but in a pattern
different from the histone H1 expression pattern.
Two products of 19kDa (462.0 polypeptide) and
36kDa (462.1 polypeptide) were detected by
immunoblotting using an antibody raised against
a common amino acid peptide sequence.
Although encoded in different regions of the
locus, the two antisense polypeptides had the
same C-terminal sequence and both coding
regions included a sw3 gene segment in their 3'
end sequence. Thus, the 462.1 polypeptide
contains the complete sequence of the 462.0.

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 sw3.0 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 served as an
entry site for RNA polymerase II and be involved
in this anti-sense process.
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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. In
addition to a condensation status which increased
during differentiation towards the infectious
stages of the life cycle,we observed DNA
laddering corresponding to a typical
internucleosomal cleavage only in the infectious
stages of the life cycle (metacyclic and
amastigote) but not in the non infectious stage.
The degradation was even more pronounced in
the amastigote nuclei. These data prompted us to
test for the presence of a specific DNase. We
showed that this nuclease was present in very
high levels in the amastigote stage, at a low level
in metacyclic 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 current data study demonstrate
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. DNA
fragmentation was observed, without induction,
in the infectious stages of the parasite, and
correlated with the presence of internucleosomal
nuclease activity, visualisation of 45 to 59 kDa
nucleases and detection of TUNEL-positive
nuclei. 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.

Identification of virulent markers in
Leishmania Viannia species

Little is known about the pathogenesis of
mucocutaneous leishmaniasis, especially
regarding the dissemination of the infection from
the site of inoculation to secondary sites
(metastasis). Our project is to elucidate the
genetic basis of this metastatic process in New

World Leishmania species. Our approach is based
on the comparison of the proteomes of various
clones exhibiting different metastatic phenotypes
and the isolation of specific genes which can then
be used as probes, or to produce recombinant
proteins and corresponding antibodies. In
preliminary studies to identify molecular factors
associated with metastasis, clones derived from
the Leishmania Viannia guyanensis metastatic
strain WHI/BR/78/M5313 have been isolated.
They exhibited different phenotypes in the animal
and were classified as highly metastatic clones,
and infrequently or non-metastatic clones. The
proteomes of these different clones has been
obtained and is currently compared to the
proteome of representative metastatic and non-
metastatic strains. The gene(s) that are associated
with metastatic behavior in the hamster model or
metastatic lesions in the human host will be
identified and their effect after transfection into
non metastatic strains will be tested in animal
models. Polypeptides identified by the proteomic
approach may play an important role in
pathogenicity and have potential as diagnostic
markers as well as antigens for the production of
vaccines.

2. 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 antigen histone
H1 encoded by the sw3 gene. This protein is
developmentally regulated during the life cycle of
Leishmania major being overexpressed in the
metacyclic infective promastigote, as well as in
the amastigote. We investigated the protective
capacity of histone H1 isolated from parasites by
perchloric acid extraction, a recombinant H1
protein produced in E. coli and also as long
synthetic H1 peptides. BALB/c mice, which are
susceptible to infection with L. major, were
immunized with these molecules and the immune
response was investigated. Histone H1, in all
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forms, elicited levels of protection ranging from
60 to 100 %, even in the absence of adjuvant.
These results indicated that nuclear-derived
immunogens of an intracellular parasite could
serve as vaccines in murine cutaneous
leishmaniasis. To determine which part of the
Sw3 protein was involved in protection, we used
a series of 20-mer overlapping synthetic peptides,
spanning the entire deduced sequence of the Sw3
protein. 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 g-IFN. These observations
argue in favour of a thorough examination of the
possibility of including the nuclear antigen
described here in a cocktail vaccine against
human leishmaniasis.

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

In this study performed with Dr. Rafati (Pasteur
Instiute in Tehran), we studied the identification
of two parasite polypeptides recognized by
human sera of patients infected with Leishmania
major. Isolation and sequencing of the two genes
encoding these polypeptides revealed that one of
the genes is similar to the L. major cathepsin L-
like gene family CPB, whereas the other gene
codes for the L. major homologue of the cysteine
proteinase a (CPA) of L. mexicana. By restriction
enzyme digestion of genomic DNA, we show that
the CPB gene is present in multiple copies in
contrast to the cysteine proteinase CPA gene
which could be unique. Specific antibodies
directed against the mature regions of both types
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 level 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 and 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
Leishmania 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-
g 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.
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NEW STRATEGY OF TUMOR TARGETING WITH ANTIBODIES

The goal of our group has been for many years to produce anti-tumor marker antibodies and peptabodies
capable of specifically targeting diagnostic or therapeutic radionuclides on cancer cells. During the last two
years, in collaboration with the Lausanne branch of the Ludwig Institute, we have developed a novel tumor
targeting approach. We demonstrated that Fab fragments from different anti-tumor marker antibodies, when
chemically conjugated to major histocompatibility complexes (MHC) containing viral peptides, can target
these very active T lymphocyte antigens on human cancer cells. Then, the presence of the new viral antigens
oligomerized on the surface of cancer cells can induce the efficient lysis of the target cells by viral peptide-
specific human cytotoxic T lymphocytes.

1. Antibody-MHC viral peptide conjugates
for cancer cells targeting

Bruno Robert 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. However, despite some recent
encouraging clinical results obtained with anti-
ErbB-2 mAbs (Herceptin) and anti-CD20 mAbs
(Rituximab) in the therapy of breast carcinoma
and B cell lymphoma patients, 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



NEW STRATEGY OF TUMOR TARGETING WITH ANTIBODIES

27

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 clinical results, the CTL
response against tumor antigens has remained
relatively weak. 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, using a
fluorescent labeled anti-HLA-A2 mAb. 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 and Flu-ma-peptide
specific CTL, as expected from the schematic
diagram below (Fig. 1).

Figure 1. Schematic diagram illustrating the mechanism of induction of CTL effector function by anti-tumor-
associated antigen Fab-HLA-A2/Flu conjugates oligomerized on the surface of tumor target cells. Note that the free
conjugates should not bind to T cell receptor (TCR) due to the low affinity of the monomeric MHC/peptide complex-TCR
interaction. The unique advantage of the conjugate is that their antibody site (in red) can associated with highly
expressed non-MHC-restricted, tumor-associated antigens, while their MHC/peptide site (in blue and yellow), when
coated at high density on the target cell surface, can induce the binding and effector function of specific cytotoxic T
lymphocytes. Thus, the Fab-MHC/peptide conjugates do make a functional bridge between antibody and T cell
recognition of tumor cells (ref. 10).

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 (Fig. 2, upper panel),
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
anti-ErbB-2-HLA-A2/Flu peptide conjugate, they
were lyzed, while control ErbB-2 negative Daudi
cells were not (middle panel). Finally, when
Daudi cells were preincubated with anti-CD20-
HLA-A2/Flu-ma peptide, they were lyzed, while
LoVo colon carcinoma cells were not (lower
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panel). The results in figure 2 demonstrate not
only the specificity, but also the sensitivity of
CTL-mediated cancer cells lysis induction by
antibody-MHC/viral peptide conjugates. Indeed,
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 (ref. 10).

Figure 2. Demonstration of the specificity and
sensitivity of the cytotoxic T lymphocyte lysis of
cancer cells by antibody-MHC/viral peptide
conjugates. Titration of increasing concentrations,
ranging from 0 to 1 µg/ml (abscissa), of the three anti-
tumor marker Fab HLA-A2/Flu conjugates, which were
incubated for 1 h at 37°C with different tumor target
cell lines, followed by the addition of specific CTL for a
4 h 51Cr release assay. (A) Anti-CEA Fab-HLA-A2/Flu
was incubated with LoVo cells (filled squares) or SK-
BR-3 cells (open circles). (B) Anti-ErbB-2 Fab-HLA-
A2/Flu was incubated with SK-BR-3 cells (filled
circles), LoVo cells (open squares) or Daudi cells
(open diamonds). C. Anti-CD20 Fab-HLA-A2/Flu was
incubated with Daudi cells (filled diamonds) B
lymphoma cells and with SK-BR-3 (open circles)
carcinoma cells. Results are expressed as % specific
target cell lysis. The conjugate concentration, which
induces 50% specific lysis, is indicated in each panel
(ref. 10).

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. This
represents a major progress compared to
conjugates between an antibody and a tetramer of
MHC/peptide that we reported last year (ref. 6),
or the peptide directly coupled to antibodies that
we tested in 1998 (ref. 1). 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. F o u r t h , the
oligomerization of antibody-MHC peptide
conjugates on tumor cells will provide binding
sites, not only for the TCRs from specific CTL,
but also for CD8 molecules, which have been
shown to play an essential role in the interaction
with MHC peptide complexes.

Overall, tumor cells targeted with antibody-MHC
conjugates containing selected immunodominant
viral peptides should be killed by viral peptide
specific CTL, as efficiently as cells infected by
the virus. 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, 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 (a patent application for the
new immunotherapy strategy has been deposited
in the U.S.A).
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2. Activation of the complement alternative
pathway on the surface of human cells by
transfection of recombinant properdin.

Bernard Vuagnat, Jean-Marc Le Doussal and
Jean-Pierre Mach

Human blood normally contains grams of
circulating toxin precursors : the proteins of the
complement system. The important role of
complement in the innate and acquired immunity
against microorganisms, as well as in various
immunopathologies, has been well documented.
However, the few attempts to direct the large
potential cytotoxicity of the complement system
towards invading tumor cells, namely by coupling
the cobra venom factor to antibodies, have
reached until now a limited success. We propose
here a new strategy based on the activation of the
alternative pathway of complement.

Complement activation is a cascade of enzymatic
cleavage and conformational changes of proteins,
driven either by antibody aggregation « classical
pathway », or by the « abnormal » biochemical
composition of bacterial or parasite cell surfaces
« alternative pathway » In its resting steady-state,
complement is activated at a low rate, but
activated components are rapidly inactivated,
spontaneously, or by either fluid-phase, or cell-
surface regulatory proteins. Properdin is a serum
glycoprotein that stabilizes the labile component
C3 convertase (C3b-Bb) of the alternative
pathway. Thanks to its oligomeric nature,
properdin specifically upregulates the alternative
pathway on the surface of bacteria in the fluid
phase.

Here we have demonstrated that human cells
displaying properdin on their membrane can
activate autologous alternative pathway. The
cDNAs encoding human properdin and the
transmembrane domain of human platelet derived
growth factor receptor were fused together and
expressed in human embryo kidney cells (HEK-
293). Transfected cells displayed properdin at
their surface as shown by flow cytometry. In
contact with human serum at 37°C, the membrane
bound properdin molecules triggered the
alternative pathway-mediated C3 deposition.
SDS-PAGE analysis showed C3 covalently
bound to various membrane proteins, but not to
properdin itself. Furthermore, properdin
expressed on transfected cells can bind, at 4°C,

the hydrolyzed form of C3 (C3i) present in serum
or added in the purified form. C3 binding was
restricted to the cells expressing properdin, it was
inhibited by an anti-properdin mAb and did not
require serum properdin. Bound C3 allowed
further C5, C7 and C9 deposition, as well as cell
lysis after blocking CD59 function. In contrast,
wild type cells, or cells displaying a truncated
form of properdin (deleted from its 6th

thrombospondin-like repeat) did not activate the
alternative pathway.

We hypothesized that properdin expressed on cell
surface activates the alternative pathway by
stabilizing bystander C3b and/or by capturing
serum C3iBb convertase. Our results suggest that
properdin could be used for retargeting
autologous complement to tumor cells (ref. 4).

3. Selection of peptides and synthesis of
pentameric « peptabody » molecules
reacting specifically with ErbB-2 receptor
on the surface of cancer cells.

Mehdi Houimel, Alexey Terskikh, Pascal
Schneider and Jean-Pierre Mach

The Her-2/ErbB-2 is a member of the epidermal
growth factor (EGF) receptor family, which is
overexpressed on the surface of tumor cells and
has been shown to have a clear implication in the
malignant phenotype. Thus, ErbB-2 represents
one of the rare oncoproteins directly accessible on
the surface of tumor cells. Major efforts have
been made to identify the natural ligand of ErbB-
2, or to raise antibodies against this particular
receptor. The production of monoclonal
antibodies (mAb) against ErbB-2 has been
successfully achieved by several groups and a
humanized mAb, called Herceptin has been
approved for therapy of patients with ErbB-2-
overexpressing carcinomas. However, the search
for an ErbB-2 ligand has led to controversial
results, and the current consensus opinion is that a
specific natural ligand for ErbB-2 (analogous to
EGF or the neuregulins for ErbB-1, ErbB-3 or
ErbB-4, respectively) does not exist. Despite this
absence of known ligand, ErbB-2 was shown to
play a central role in both normal development
and malignant cell growth. ErbB-2 possesses a
cytoplasmic autophosphorylating tyrosine kinase
domain, which is activated following
heterodimerization with ligand-occupied ErbB-1,
ErbB-3 and ErbB-4.
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In view of this puzzling apparent absence of
natural ligand for ErbB-2, it appears interesting to
select peptide sequences, which could substitute
for the natural ligand and act as agonists or
antagonists for this receptor. For this purpose, we
used the extracellular domain of recombinant
ErbB-2, that we have fused to the Fc, hinge, CH2
and CH3 domains of human IgG1, to select
receptor binding peptides from two phage display
libraries recently developed in our laboratory. By
screening the constrained and unconstrained
hexapeptide libraries, we isolated 37 phage
clones, which bound specifically to ErbB-2
extracellular domain. Among them, we found 6
constrained and 10 linear different hexapeptide
sequences. Interestingly, in the linear sequence, 5
consensus motifs, all with a common methionine
and a positively charged residue at positions 1
and 3, respectively, were identified (ref. 8).

Furthermore, our group has recently shown that
the functional affinity of selected peptides for
their target receptor was highly increased by
fusion with the coil-coiled domain of cartilage
oligomeric matrix protein (COMP) via a semi-
rigid hinge region, resulting in a high avidity
pentameric recombinant molecule called
«peptabody ». Thus, 3 of the selected
hexapeptides were used to synthesize new
peptabody molecules. The 3 peptabodies bound
specifically to the ErbB-2 extra cellular domain,
as determined by enzyme-linked immunosorbent
assay and BIA-core analysis and to tumor cells
overexpressing ErbB-2, as shown by flow
cytometry. Interestingly, one of the free selected
linear peptides and all 3 peptabodies inhibited the
proliferation of tumor cells overexpressing ErbB-
2.

In conclusion, a novel type of ErbB-2-specific
ligand was described, that might complement
presently available monoclonal antibodies (ref. 8)
(The newly identified peptide sequences were
submitted for a patent protection).

4. Synthesis of high avidity streptabody
molecules, by tetramerization of in vivo
biotinylated single chain Fv fragments on
streptavidin.

Sylvain M. Cloutier, David Deperthes, Laurent
Marguerat and Jean-Pierre Mach, in collaboration
with the Urology Research Unit at the
Department of Urology from the CHUV.

The phage display represents a powerful method
for the isolation of antibody fragments from
highly diverse naïve human antibody repertoires.
However, the affinity of the selected antibodies is
usually low (refs. 2 and 7) and current methods of
affinity maturation are complex and time-
consuming.

We have described an easy way to increase the
functional affinity (avidity) of single chain
variable fragments (scFvs) by tetramerization on
streptavidin, following their intracellular site-
specific biotinlylation by the enzyme BirA.
Expression vectors have been constructed that
enable addition of the 15 amino-acid biotin
acceptor domain on selected scFvs. Different
domains were cloned at the C-terminus of scFv in
the following order: a semi-rigid hinge region (of
16 residues), the biotin acceptor domain and a
histidine tail. Two such recombinant scFvs
directed against the carcinoembryonic antigen
(CEA) were previously selected from a human
non-immune phage display library and a murine
immune library. The scFvs were synthesized in
Escherichia coli carrying the plasmid encoding
the BirA enzyme, and purified from the
cytoplasmic extracts by Ni-NTA affinity
chromatography. Purified biotinylated scFvs were
then tetramerized on the streptavidin molecule to
create a « streptabody » (StAb).

The avidity of various forms of anti-CEA StAbs,
tested on purified CEA by competitive assays and
surface plasmon resonance showed an increase of
more than one log, as compared with the
monomeric scFv counterparts. Furthermore, the
percentage of direct binding of 125I-labeled StAb
on CEA-Sepharose beads, as well on CEA-
expressing cells, showed a dramatic increase for
the tetramerized scFv (>80%), as compared with
the monomeric scFv (< 20%). Interestingly, the
percentage binding of 125I-labeled anti-CEA
StAbs to CEA-expressing colon carcinoma cells
was definitely higher (>80%) than that obtained
with a reference high affinity murine anti-CEA
mAb (30%). Another advantage of using scFvs in
a StAb format was demonstrated by Western blot
analysis, where tetramerized anti-CEA scFv could
detect a small quantity of CEA at a concentration
100-fold lower than the monomeric scFv.

Our results support the idea that the biotin
acceptor domain separated by a hinge, as
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described here, should be systematically added,
either within the phagemid used for construction
of scFv libraries, or in the vectors used for
expression of soluble form of scFv, to produce
scFvs, which can be directly biotinylated in vivo
and used for assembly in the StAb format (ref. 5).

5. Improved tumor localization of
radiolabeled Iododeoxyuridine in human
glioblastoma xenografts by preinjection of
Fluorodeoxyuridine.

Yves M. Dupertuis, Franz Buchegger and Jean-
Pierre Mach, in collaboration with Nicolas de
Tribolet, Neurosurgery Department from the
HUG and CHUV, Daniel O. Slosman and
Angelika Bischof Delaloye, Nuclear Medicine
Service from the HUG and the CHUV.

In previous years, in collaboration with Franz
Buchegger and Angelika Bischof Delaloye, we
performed pioneer work in the study of in vivo
tumor localization of radiolabeled antibodies and
fragments, which contributed to the development
of a new treatment modality called
radioimmunotherapy (ref. 3). Thanks to this
personal experience, we were able to initiate the
first radioimmunotherapy trial of B cell
lymphoma in Switzerland. This trial is now
progressing at the clinical level, in collaboration
with Industry. Furthermore, the first radiolabeled
antibodies for B cell lymphoma treatment has
been recently approved by the FDA.

Here, we report on the improvement of a
completely different approach of tumor targeting
with a radiolabeled molecule The concept of
using radiolabeled Iododeoxyuridine as a marker
of tumor cells, is not new. Indeed, it is known that
the Van der Waal’s radius of the iodine atom is
similar and can replace the 5-methyl group of
thymidine on the pyrimidine ring, thus its
incorporation is increased in dividing cells. What
is more original is our demonstration of increased

tumor cel l  uptake of  radiolabeled
Iododeoxyuridine after preincubation in vitro or
injection in vivo of Fluorodeoxyuridine, which is
known to inhibit the biosynthesis of thymidine.

The results showed that coincubation of
Fluorodeoxyuridine substantially increased the
incorporation of 125Iododeoxyuridine in the 3
glioma cells lines tested. The biodistribution and
tumor localization 24 hours after i.v. injection of
125Iododeoxyuridine was measured in nude mice
xenografted with glioma cells, and pretreated or
not with Fluorodeoxyuridine. The results showed
that an i.v. injection of 10 mg/kg of
F luorodeoxyur id ine  1  hour  before
125Iododeoxyuridine increased the uptake
radiolabeled pyrimidine 4.8 to 6.8 fold in the 3
human glioma xenografts tested. The tumor
uptake was found to increase up to 13.6 fold with
a stepwise decrease of Fluorodeoxyuridine to 1.1
mg/kg. There was also an increased uptake in
rapidly dividing normal tissues, such as bone
marrow, spleen and intestine but to a lower extent
(1.7 to 5.8 fold). There was almost no increase of
uptake in quiescent tissues. Scintigraphy of
glioma xenografted mice was performed at
different times after i.v. injection of
F l u o r o d e o x y u r i d i n e  f o l l o w e d  b y
125Iododeoxyuridine and the tumor imaging was
greatly improved. Background activity could be
greatly reduced by p.o. administration of KC104,
in addition to potassium iodide (ref. 9).

We conclude that Fluorodeoxyuridine
preadministration may improve positron or single
photon emission tomography with cell division
tracers, such as radio-Iododeoxyuridine and
possibly other thymidine analogues. Furthermore,
the  inc reased  tumor  up takes  o f
125Iododeoxyuridine observed are encouraging for
the improvement of a radiotherapy strategy of
gliomas by local injection of different forms of
radiolabeled pyrimidine molecules.

Recent publications
1. Eberl, E., Jiang, S., Yu, Z., Schneider, P.,
Corradin, G. and Mach, J.-P. (1998). An anti-
CD19 antibody coupled to a tetanus toxin peptide
induces efficient Fas ligand (FasL)-mediated
cytotoxicity of a transformed human B cell line
by specific CD4+ T cells. Clin. Exp. Immunol.
114, 173-178.

2. Waibel, R., Alberto, R., Willuda, J., Finnern,
R., Schibli, R., Stichelberger, A., Egli, A.,
Abram, U., Mach, J.-P., Plückthun, A., and
Schubiger, P. A. (1999). Stable one-step
technetium-99m label ing of  His-tagged
recombinant proteins with a novel Tc(I)-carbonyl
complex. Nat. Biotechnol. 17, 897-901.



NEW STRATEGY OF TUMOR TARGETING WITH ANTIBODIES

32

3. Buchegger, F., Roth, A., Allal, A., Dupertuis,
Y.M., Slosman, D.O., Bischof Delaloye, A. and
Mach, J.-P. (2000). Radioimmunotherapy of
colorectal cancer liver metastases: Combination
with radiotherapy, Annals New York Acad. Sci.
910, 263-269.

4. Vuagnat, B,, Mach, J.-P. and Le Doussal, J.-M.
(2000). Activation of the alternative pathway of
human complement by autologous cells
expressing transmembrane recombinant
properdin. Mol. Immunol. 37, 467-478.

5. Cloutier, S.M., Couty, S., Terskikh, A.,
Marguerat, L., Crivelli, V., Pugnières, M,, Mani,
J.C., Leisinger, H.J., Mach, J.-P. and Deperthes
D. (2000). Streptabody, a high avidity molecule
made by tetramerization of in vivo biotinylated,
phage display-selected scFv fragments on
streptavidin. Mol Immunol. 37, 1067-77.

6. Robert B, Guillaume P, Luescher I, Romero P
and Mach JP (2000). Antibody-conjugated MHC
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Buchegger F. (2001). Fluorodeoxyuridine
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IMMUNE RESPONSES TO VIRUSES

The main interests of the lab are 1) interactions between viruses and the host immune system, and 2) the
molecular and cellular mechanisms of immune responses to T dependent antigens in vivo. For this purpose
we utilize either viruses or classical hapten-carrier conjugates as immunogens. Recombinant viruses
expressing foreign genes are utilized to analyze their effect on the immune response. In addition, we utilize
transgenic and knockout mice to analyze the impact of the transgenes or knockouts on different phases of the
immune response.

1. Virus host interaction

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.
In the last years we have mostly been working
with the retrovirus mouse mammary tumor virus
(MMTV) and started working now with other
viruses such as adenovirus and vaccinia 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. 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 immune response leads to long-lived
infected memory and effector B cells. The life
cycle of MMTV with the questions addressed in
our laboratory are shown in figure 1. A deeper
understanding of antigen priming, the ensuing
long-term lymph node reaction, the emigration of
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the cells from the lymph node to other tissues and
the tolerance mechanisms preventing cells from
making a fulminant immune response are
important features for efficient therapy.

The role of the draining lymph node in chronic
immune responses

Lymph nodes draining the site of tumors or
infection often show a strong antigen-specific
immune response. In MMTV infection we found
germinal centers and increased levels of SAg-
reactive CD4+ T cells in the draining lymph node
up to 1 year after infection. This finding was
surprising since previous studies indicated
induction of anergy in SAg-reactive T cells. In
other lymphoid compartments SAg reactive T cell

became slowly deleted. Neutralizing antibodies
were detectable throughout life. We studied the
role of the draining lymph node in this chronic
immune response by removing the draining
lymph node at different time points after footpad
MMTV injection. At all time points the virus
achieved a chronic systemic infection and a
complete deletion of SAg-reactive T cells.
Therefore systemic spread and peripheral deletion
was not dependent on the draining lymph node.
Neutralization, on the other side, was strongly
reduced shortly after removal of the draining
lymph node. Therefore the initial site of antigen
priming seems to control the maintenance of a
strong neutralizing antibody response. These
results suggest that the chronic immune response
of CD4+ T cells and B cells is dependent on the
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presence of the draining lymph node. We are
currently investigating the role of the neutralizing
antibodies on viral spread and mammary cancer
development as well as on long-term
neutralization.

2. Immune response: from antigen priming to
the germinal center reaction

The immune response in a lymph node develops
as outlined in figure 2. Naïve T cells encounter
antigen in the paracortex of the lymph node
presented by dendritic cells. After differentiation
into effector cells cytotoxic T cells leave the

T Cell

B Cell

Dendritic Cell

Antigen

F

EF

Follicular and extrafollicular B 
cell differentiation

F:  Follicle
EF: Extrafollicular differentiation

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.

The events have been analyzed in many
knockout, transgenic and normal mice. To obtain
a clearer picture on the role of the numerous
cytokines, chemokines and cell surface molecules
at precise time points of the immune response we
expressed soluble molecules that interfere or
stimulate specific receptors on the B and T cell
surface. We utilize B-7 family members and their
receptors, TNF and TNFR family members,
chemokines and their inhibitors etc. that can be
expressed continuously at precise time points of
the immune response. The effect on the immune
response is then analyzed by immunohistology,
FACS analysis, affinity maturation etc.

A special interest is being put in the
characterization of stroma cells in lymph node
and spleen. Their role in the immune response is
poorly understood. We are currently cloning
stroma-specific genes with special interest in
genes specifically expressed by follicular
dendritic cells.

We generated a knockout mouse that has normal
MHC class II expression on all the bone marrow-
derived cells but lacks inducible expression on all
the other tissues. These mice are currently
investigated for immune tolerance and immune
response in skin, mucosa and peripheral lymphoid
tissues.
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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. Helicobacter pylori causes persistent infection and inflammation in the stomach, which is a
risk factor for gastric adenocarcinoma and malignant lymphomas. The human papilloma virus (HPV)
chronically infects the female genital mucosa where some strains in association with other cofactors induce
cervical cancers. Skin tumors (Kaposi sarcomas) are associated with AIDS. The prevention or the cure of
such infections can protect against cancers. Vaccines against H. pylori, HPV and human immunodeficiency
virus (HIV) are developed in Lausanne as a team effort between our group and groups at the University
Hospital.

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

mucosal tissues,
2. analyze the development mucosa-associated lymphoid tissue,
3. elucidate how immune effector molecules (antibodies) and cells (cytotoxic T lymphocytes) protect

mucosal surfaces,
4. design efficient mucosal vaccines that elicit long lasting mucosal and systemic humoral and cellular

immune responses.

Antigen sampling in mucosal tissues

The airways, the gut and the genital tract are
covered by epithelia that protects the host from
environmental pathogens by innate and adaptive
immune mechanisms. Depending on the structure

of the epithelial barriers, different antigen
sampling strategies have evolved. Dendritic cells
of hematopoeitic origin migrate into all epithelia
where they sample antigens for subsequent
presentation in local or distant organized
lymphoid tissue. The simple epithelia over
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lymphoid follicles in the gut and the airways,
including the tonsils, the appendix, the Peyer’s
patches, contain specialized resident M cells that
transport antigens across the epithelial barrier and
deliver samples to underlying lymphoid tissues.
Thus, dendritic cells can take up antigens either
directly in the environment via extensions able to
open the junctions between the epithelial cells or
once the antigens have crossed the epithelial
barrier. Dendritic cells and M cells constitute the
major portals of entry for pathogenic organisms,
including viruses, bacteria, and parasites.
Dendritic cells have the capacity to open the tight
junctions and to sample antigens across epithelia.
They express tight junction proteins such as
occludin, claudin 1 and zonula occludens 1,
which enable them to establish junctions with
neighboring epithelial cells thus preserving the
integrity of the epithelial barrier. Moreover, the
fine regulation of the expression of occludin
enables dendritic cell to migrate out the
epithelium after antigen uptake.

The gastrointestinal tract, including the anorectal
region, is considered as a major entry site for
HIV-1, where dendritic and M cells are
particularly abundant. Using a human colon
carcinoma cell line, we have shown that HIV-1
can infect monolayers of poorly, but not fully,
differentiated enterocytes. The 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 stage of differentiation and
the chemokine receptor expression profile of
intestinal epithelial cells are rate limiting in HIV-
1 transport through an intact epithelium and the
subsequent infection. HIV-1 infection may
potentially generate favorable environmental
conditions in the intestinal tract for virus
replication. On the basis of these considerations,
the role of epithelial infection in establishing a
reservoir in the intestinal tract needs careful
reevaluation.

Figure 1 Model for HIV-1 penetration across the epithelial barrier
HIV-1 viruses (       ) bind to receptors expressed on the apical surface of epithelial cells, enter and cross the
epithelial monolayer. For binding, uptake, infection of epithelial cells and transcytosis through the
epithelium, both a glycolipid (    )and chemokine receptors (            ) are required. Lack of a chemokine
receptor restricts HIV entry into epithelial cells. Uptake of particles (   ) as found in M is not sufficient to
mediate HIV-1 infection. HIV-1 integrates and replicates inside the host epithelial cells and is released,
probably by budding, into the serosal compartment of the mucosa.
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Target cells

M cells

monocyteCD4+Tcells
monocyte
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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 (FAE) 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 developed custom made gut DNA
microarrays to identify which genes are
specifically activated in the follicle associated
epithelium compared to the crypt and villus
associated epithelium.

Figure 2: The follicle associated epithelium over a Peyer’s patch of a wild type (WT) and a B lymphocyte
deficient mice. B lymphocytes control the size of the epithelium. M cells (white cells) are reduced in number
in the absence of B lymphocytes

Microarrays are hybridized with cDNA from
undifferentiated and differentiated human
intestinal cells to study the changes in gene
expression participating in the cell differentiation.
RNA extracted from these cells serve as a
template to make fluorescently-labelled cDNA

probes that are used to probe a microarray
consisting of DNA representing different genes
spotted onto a glass slide. Among the genes
induced differentiation, one finds the homeotic
transcription factor cdx-2, which in turn controls
several differentiation genes.

Figure 3: Microarray hybridized with cDNA
from human intestinal cells
Genes preferentially expressed in undifferentiated
cells appear in green and those present in
differentiated cells in red.

With these techniques we are identifying the
genes that are selectively activated along the
follicle-associated epithelium and in M cells. This

information is crucial for the design of vaccine
delivery systems that efficiently target M cells to
trigger strong mucosal immune responses.

WT B cell-deficient mice
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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 use Salmonella

typhimurium. To trace the bacteria in vivo, we
designed bacteria that express the green
fluorescent protein (GFP). 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.

Figure 4: Uptake of Salmonella by dendritic. Left: Bone marrow derived dendritic cells in the absence of
bacteria. Middle: dendritic cells infected with wild type Salmonella (note the membrane ruffles). Right:
dendritic cells infected with Salmonella deleted for invasion virulence genes

We further characterized the interactions between
Salmonella and dendritic cells in vitro, (Figure 4)
and found that dendritic cells efficiently
internalize, and present antigens derived from
attenuated Salmonella  that are defective for
invasion of mammalian cells. By contrast, these
attenuated Salmonella are unable to enter and
survive in macrophages and recombinant antigens
are not presented by this type of cells. Thus,
dendritic cells may play a major role in the
induction of an immune response against a
recombinant Salmonella vaccine. whereas
macrophages would be more implicated in the
clearance of such bacteria.

Role of antibodies in protection of mucosal
surfaces.

To study the effect of neutralizing antibody
responses on mucosal infection we use the mouse
mammary tumor virus (MMTV) as a model. The
target cells of early MMTV infection are B
lymphocytes which become activated, infected,
and can present a retroviral superantigen to
specific T cells. We have immunized rats with

MMTV to generate neutralizing antiviral
monoclonal antibodies. The antibodies were able
to prevent superantigen-specific T cell responses
following oral, nasal or systemic challenges.
However, they failed to prevent infection of B
lymphocytes, the classical target cells for MMTV
infection. This suggest that neutralizing
antibodies can inhibit the amplification of
retroviral infection in mucosal tissues but cannot
prevent uptake of viral particles by B cells. We
are currently studying whether B cell infection in
the presence of neutralizing antibodies
contributes to virus dissemination and chronic
infection.

Mucosal vaccine design

Our objectives are to develop live vectors for
delivery and presentation of antigens in MHC
class I pathway and for generation of CTL in
mucosal sites, especially for vaccination against
oncogenic pathogens. CD8-mediated immunity is
induced by intravacuolar microbes including S.
typhimurium, Leishmania s p e c i e s  or
Mycobacteria. We confirmed that CTL are
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stimulated against ovalbumin produced by S.
typhimurium. However, this process is not only
poorly efficient but is dependent on the nature
and the level of antigen. Efforts are currently
conducted to improve stimulation of CTL by
Salmonella producing ovalbumin as a model
antigen by either screening for mutants highly
efficient in delivery of antigen in MHC class I
pathway or by using inducible bacterial
promoters.

The epithelial and dendritic cell in vitro systems
that we have developed are now used to screen
Salmonella strain that efficiently cross M cells
triggering the recruitment of dendritic cells but
not inflammatory cells, that are targeted and taken
up by dendritic cells and that induce both strong
CTLs and neutralizing antibodies. In parallel we
test the immunogenicity of Salmonella vaccines
specific for the clade B and C of HIV-1 in
humanized HLA-A2 transgenic mice using novel
neutralizing antibody assays and tetrameric
complexes specific for various HIV-1 specific
CTLs epitopes expressed in Salmonella. The
immunogenicity of different attenuated
Salmonella strains is compared to that of two

vaccinia strains (modified Ankara vaccinia virus
and NYVAC) and a recombinant parvovirus
(Adenovirus-associated virus (AAV) carrying the
same CTLs epitopes. Several phase I trials are
planned to test different routes of vaccine
administration. This work is carried out in the
frame of the EuroVac cluster, the European effort
for a HIV/AIDS vaccine.

Part of this work was done in collaboration with
Hans Acha Orbea (Institute of Biochemistry and
Ludwig Institute), Giuseppe Pantaleo and
François Spertini, (Allergy and Immunology,
CHUV), Denise Nardelli-Haefliger and Pierre de
Grandi (Gynecology, CHUV), Irène Corthésy-
Theulaz (Nestlé, Vers chez les Blancs), Pierre
Michetti (Beth Israel Hospital, Harvard Medical
School, Boston), Frank Heppner and Adriano
Aguzzi, (Institute of Neuropathology, University
of Zurich), Sophie Kernéis and Eric Pringault
(Institut Pasteur, Paris), 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).
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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. This occurs during
development, normal cell turn over, hormone-induced tissue atrophy, and pathological processes such as in
Alzheimer's disease. Cells undergoing apoptosis show characteristic morphological changes, including
shrinkage of the cell and its nucleus, plasma membrane blebbing, chromatin condensation and DNA
fragmentation (Figure 1).  All mammalian cells appear to constitutively express the basic machinery that
mediates apoptotic cell death (a family of cysteine proteases, the caspases), but the initiation of apoptosis is
carefully regulated. Signals diverse as viral infection, extracellular survival factors, cell interactions, and
hormones may act to either suppress or promote the activation of the death program.

One of the most fascinating problems in immunology is understanding how the host organism detects the
presence of infectious agents and disposes of the invader without destroying self tissues.  IL-1 is a key
inflammatory cytokine that mediates profound effects in virtually every organ system of the body. It activates
the rapidly acting innate immune response leading to inflammation and places the organism in a state of
readiness to deal with injury or infection.
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Fig. 1: Cytotoxic T cell (left), attacking a tumor cell
and inducing apoptosis.

Our research objectives are:

• The elucidation of signaling pathways that lead to apoptosis and cell survival, in particular those triggered
by members of the TNF receptor family (Fas, TRAIL-R, TNF-R, BCMA, TACI, BAFF-R). Their implication
in diseases such as cancer, graft-versus-host diseases and autoimmunity will be evaluated.

• The identification of proteins and signaling pathways that lead to inflammation (NF-kB, Toll-receptors, IL-
1R).

1. 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 (Figure 1). Clustering of Fas
upon FasL binding recruits the adaptor protein
FADD which in turn binds procaspase-8,
resulting in the formation of the 'death inducing
signaling complex' (DISC). Procaspase-8 is
cleaved autocatalytically and cleaves other
caspases further downstream. Some of the
caspases cleave other substrates, the death
substrates -for example structural proteins (actin,
fodrin), signaling proteins (Akt-1) and the
inhibitor of a nuclease (ICAD)-eventually leading
to the biochemical and morphological changes of
the apoptosis.

Fig. 2: 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.
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• Fas signals induce apoptosis and necrosis

Cell death is achieved by two fundamentally
different mechanisms, apoptosis and necrosis.
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-κB 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.

• FIST, a novel kinase, is recruited to Fas

Several proteins have been identified that bind to
the cytoplasmic death domain of Fas such as
FADD, RIP and Daxx, which couples Fas to the
Jun N-terminal kinase pathway. We have
identified a 130 kDa kinase designated
FIST/HIPK3 as a novel Fas-interacting protein.
Binding to Fas is mediated by a conserved
sequence in the C-terminus of the protein.
FIST/HIPK3 is widely expressed in mammalian
tissues and is localized both in the nucleus and in
the cytoplasm. In transfected cell lines,
FIST/HIPK3 causes FADD phosphorylation,
thereby promoting FIST/HIPK3-FADD-Fas
interaction.  Whereas Fas ligand-induced
activation of Jun N-terminal kinase is impaired by
overexpressed active FIST/HIPK3, cell death is
not affected. Thus, Fas-associated FIST/HIPK3
modulates one of the two major signaling
pathways of Fas.

• Identification of novel receptors and
signaling proteins involved in apoptosis

Based on the observation that most proteins
implicated in the death signaling pathways
contain DD, the related DED or CARD domains,

we have cloned and characterized a number of
novel pro- and anti-apoptotic proteins. These
include various receptors for TRAIL and several
signaling proteins such as RIP-2 and Bcl-10
which are crucial signaling proteins leading to
NF-kB activation and thus resistance to apoptosis.
We also identified a novel CARD-containing
protein and interaction partner of Bcl-10, named
Carma1. Carma1 is predominantly expressed in
lymphocytes and represents a new member of the
membrane-associated guanylate kinase family,
Carma1 induces phosphorylation of Bcl10 and
activation of the transcription factor NF-kappaB.

2. Inhibitions of death receptor pathways

Since Fas expression is widespread and the
cellular machinery to undergo apoptosis is present
in all nucleated cells, cells need to keep undesired
suicide or fratricide under control. Despite the
expression of abundant surface Fas, cells are
frequently resistant to FasL, indicating that the
Fas signaling pathway is blocked intracellularly.

• Identification of FLIPs as potent inhibitor of
death receptors

Since Fas-induced apoptosis is a critical element
in the elimination of virally infected cells it is not
surprising that viruses have evolved particularly
elegant strategies to evade this facet of the
immune response. We have identified a new
family of viral and mammalian inhibitors (FLIPs)
which interfere with Caspase-8 recruitment to the
DED of FADD.

Fig. 3: Structure of FLIPs.
The longest form, FLIPL or FLIPa contains two DEDs
and a caspase-like domain with significant homology to
caspase-8 (or-10). In contrast to caspase-8, however,
FLIPL lacks key features that are required for
substrate catalysis. The proteolytic activity of caspases
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is dependent on a catalytic diad composed of a Cys and
a His residue. Both amino acids are absent in FLIP
and replaced by Tyr and Arg, respectively rendering
FLIP catalytically inactive. The shortest variant
identified, FLIPs corresponds in length to the v-FLIP
and comprises 2 DED3 only.

FLIPs are able to protect cells from apoptosis
induced by Fas, TNF-R1, TRAMP, and TRAIL-
receptors. Two distinct splice variants of cellular
FLIP are found:

The 55 kDa FLIP protein (FLIPL) is expressed in
many tissues. In lymphatic tissues an additional
25 kDa FLIP species (FLIPS) is detectectable. The
expression of FLIP in T lymphocytes is
dependent on the degree of activation.and
correlates with the lymphocytes' resistance to
FasL. Activation-induced cell death (AICD) of
lymphocytes is an important mechanism of self-
tolerance. AICD is mediated by Fas and is
enhanced by IL-2. We found that IL-2
upregulates FasL and decreases transcription and
expression of FLIP, rendering T cells sensitive to
apoptosis. The finding that IL-2 promotes T cell
death seems paradoxical, considering that its most
clearly established function is as growth and
survival factor. The unregulated accumulation of
lymphocytes seen in mice lacking IL-2, however,
suggests that the major obligatory function is
lymphocyte homeostasis.

• Fas/FLIP signals induce proliferation

Fas signals do not always result in apoptosis but
can also trigger a pathway that leads to
proliferation. We investigated the level at which
the two conflicting Fas signals diverge and the
protein(s) that are implicated in switching the
response. Under conditions in which proliferation
of CD3-activated human T lymphocytes was
increased by recombinant FasL, there was
activation of the transcription factors NF-kappaB
and AP-1 and recruitment of the caspase-8
inhibitor and FADD-interacting protein FLIP.
Fas-recruited FLIP interacted with TNF-receptor
associated factors 1 and 2, as well as with the
kinases RIP and Raf-1, resulting in the activation
of the NF-kappaB and extracellular signal
regulated kinase (Erk) signaling pathways. In T
cells these two signal pathways are critical for
interleukin-2 production. Increased expression of
FLIP in T cells resulted in increased production
of interleukin-2. Thus, FLIP is not simply an

inhibitor of death-receptor-induced apoptosis but
it also mediates the activation of NF-kappaB and
Erk by virtue of its capacity to recruit adaptor
proteins involved in these signaling pathway.

• Expression of FLIP

Activation of the transcription factor NF-kappaB
is a major effector of the inducible resistance to
death receptor-mediated apoptosis. Previous
evidence indicates that the combined
transcriptional activation of TRAF-1, TRAF-2,
IAP-1, and IAP-2 is required to suppress cell
death by tumor necrosis factor. We found that
NF-kappaB activation upregulates FLIP, resulting
in increased resistance to Fas ligand or TNF.
Resistance to either FasL- or TNF-induced
apoptosis is overcome when cells are incubated in
the presence of a protein synthesis inhibitor
which leads to the rapid downregulation of. Our
findings suggest that FLIP is an important
mediator of NF-kappaB-controlled antiapoptotic
signals. Moreover we found  that p53 enhances
the degradation of FLIP via a ubiquitin-
proteasome pathway. Thus, p53-mediated
downregulation of FLIP may explain the potent
sensitization of human cancer cells to the
apoptotic suicide program induced by wild-type
p53 gene transfer.

• Bcl-Rambo

The Bcl-2 family of proteins plays a central
regulatory role in apoptosis. We have identified a
novel, widely expressed Bcl-2 member which we
have named Bcl-rambo. Bcl-rambo shows overall
structural homology to the anti-apoptotic Bcl-2
members containing conserved Bcl-2 homology
(BH) motifs 1, 2, 3, and 4. Unlike Bcl-2,
however, the C-terminal membrane anchor region
is preceded by a unique 250 amino acid insertion
containing two tandem repeats. In mammalian
cells, Bcl-rambo was localized to mitochondria,
and its overexpression induces apoptosis that is
specifically blocked by the caspase inhibitors,
IAPs, whereas inhibitors controlling upstream
events of either the 'death receptor' (FLIP,
FADD-DN) or the 'mitochondrial' pro-apoptotic
pathway (Bcl-x(L)) had no effect. Surprisingly,
the Bcl-rambo cell death activity was induced by
its membrane-anchored C-terminal domain and
not by the Bcl-2 homology region. Thus, Bcl-
rambo constitutes a novel type of pro-apoptotic
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Bcl-2 member that triggers cell death
independently of its BH motifs.

3. Members of the TNF family that stimulate
cell survival

Members of the tumor necrosis factor (TNF)
family induce pleiotropic biological responses,
including not only cell death but also cell growth
and differentiation. We characterized two novel
structurally related members of the TNF family
designated APRIL and BAFF.

• APRIL, a ligand that supports tumor cell
growth

APRIL is expressed at low abundance in normal
tissues, but high levels of mRNA are detected in
transformed cell lines, and in human cancers of
colon, thyroid, and lymphoid tissues in vivo. The
addition of recombinant APRIL to various tumor
cells stimulates their proliferation. Moreover,
APRIL-transfected NIH-3T3 cells show an
increased rate of tumor growth in nude mice
compared with the parental cell line.  We
identified B cell maturation antigen (BCMA) and
transmembrane activator and calcium modulator
and cyclophilin ligand (CAML) interactor
(TACI), two predicted members of the TNF
receptor family, as receptors for APRIL. A
soluble form of BCMA, which inhibits the
proliferative activity of APRIL in vitro, decreases
tumor cell proliferation in nude mice. Growth of
HT29 colon carcinoma cells is blocked when
mice are treated once per week with the soluble
receptor. These results suggest an important role
for APRIL in tumorigenesis and point towards a
novel anticancer strategy.

• BAFF controls B cell growth

The second member that we have identified,
designated BAFF  is expressed by T cells and
dendritic cells. Membrane-bound BAFF is
processed and secreted through the action of the
protease furin. BAFF induces proliferation anti-
immunoglobulin M-stimulated peripheral blood B
lymphocytes. Moreover, increased amounts of
immunoglobulins are found in supernatants of
germinal center-like B cells costimulated with
BAFF. Mice transgenic for BAFF have vastly
increased numbers of mature B and effector T

cel ls ,  and develop autoimmune-l ike
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.

Fig. 4: Immunohistochemistry of frozen spleen of
control and TACI:Fc (BAFF-deficient) transgenic
mice. Serial sections were double stained with B cells
(anti B220, brown), T cells (anti-CD3ε, purple). Note
the highly reduced numbers of B cells.

There is an absolute requirement for BAFF in
normal B cell development. Examination of
secondary lymphoid organs from BAFF-deficient
mice reveals an almost complete loss of follicular
and marginal zone B lymphocytes (Fig. 4). BAFF
therefore plays a crucial role in B cell
development.

Although BAFF is already known to bind two
receptors, BCMA and TACI, we have identified a
third receptor for BAFF that we have termed
BAFF-R. BAFF-R binding appears to be highly
specific for BAFF, suggesting a unique role for
this ligand-receptor interaction. Consistent with
this, 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 mature B cell
survival.

4. Inflammation: The IL-1 receptors and
activation of NF-kB

The cytokine interlenkin-1 (IL-1) is a key
regulator of immune and inflammatory responses
and a determining cytokine in the pathogenesis of
inflammatory diseases such as rheumatoid
arthirits. IL- 1 induces a variety of inflammatory
proteins such as acute phase proteins, cytokines
and adhesion molecules whose genes are mainly
regulated by activation of NF-kB and AP- 1. The
receptor system and signal transduction pathway
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that leads to the changes in gene expression has
only relatively recently begun to be elucidated.
An intriguing theme has emerged in that there are
a number of IL-1 receptor like molecues in
mammals, insects and plants which are all
involved in the responses to infection. These
systems utilize remarkably conserved molecular
components, many of which contain homologous
protein-protein interaction domains such as the
Toll/interleukin-1 receptor (TIR) domain or the
death domain (DD).

• MyD88 is an adapter protein in IL-1 signal
transduction

IL- 1 signaling is initiated by formation of a
complex composed of type I interleukin- 1
receptor I (IL-1RI) and IL-1R associated protein
(IL-lRAcP) (IL-lRs) which contain cytoplasmic
TIR domains. Binding of IL-1 to the IL-1RI
induces recruitment of the serine/threonine IL-lR-
associated kinase (IRAK) which contains a N-
terminal DD. Subsequently, IRAK becomes
highly phosphorylated leading to its dissociation
from the IL-lRs and association with TRAF6, the

link to the NF-KB/JNK activating machinery. We
found that with its dual domain organization
MyD88 (a N-terminal DD and a C-terminal TIR)
has ideal properties to function as an adapter
linking Toll and death modules. Overexpression
of MyD88 induces activation of the c-Jun N-
terminal kinase.

• Characterization of Tollip, a crucial
component of the IL-1R signalling pathway

We have identified a new component of the IL-1
signaling complex which we have named Tollip.
We found that, before IL-1beta treatment, Tollip
is present in a complex with IRAK, and that
recruitment of Tollip-IRAK complexes to the
activated receptor complex occurs through
association of Tollip with IL-1RAcP. Co-
recruited MyD88 then triggers IRAK
autophosphorylation, which in turn leads to rapid
dissociation of IRAK from Tollip (and IL-1Rs).
As overexpression of Tollip results in impaired
NF-kappaB activation, we conclude that Tollip is
an important constituent of the IL-1R signalling
pathway.
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MALARIA: IN THE 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.

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.
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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.

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
sera from donors living in endemic areas and are
very immunogenic in Aotus monkeys. In addition
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.

The immunogenic and/or protective properties of
long polypeptides covering the flanking regions
of the CS protein of Plasmodium berghei (Pb) and
P. yoelii (Py) were studied in vivo in BALB/c
mice. Peptides PbCS 21-91, PbCS 242-310, PyCS
20-138 or PyCS 277-345 were injected in
combination with Incomplete Freund's Adjuvant
(IFA) or aluminum hydroxide (Alum). Two doses
were sufficient to generate a specific proliferative
response in the presence of the immunizing
antigen, a high level of antibodies directed to the
synthetic peptides and the native protein on the
infecting sporozoite, and also a high level of

cytotoxic activity. Interestingly, immunization
with the long peptides induced an efficient
cytotoxic response not only in the draining lymph
nodes and spleen, but also in the liver. This result
is very encouraging, since the liver appears to be
the first organ in which the immune system may
encounter the parasites. Furthermore, an infective
challenge with P. berghei sporozoite-bearing
mosquitoes performed 10-15 days after the
peptide boost resulted in 50-100% protection.
Peptides corresponding to the N- and C- terminal
ends of the CS protein of P. falciparum have also
been tested as immunogens in mice. Both
antibody production and lymphocyte proliferation
were observed; moreover, a strong cytotoxic
activity was also detected, which led us to the
description of a new CTL epitope in the CS
protein.

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.

Malaria specific cytotoxic response in humans

The role of antigen specific CD8+ T-lymphocytes
in mediating protection against sporozoite-
induced malaria has been well established in
murine models. In humans, indirect evidence has
accumulated suggesting a similar protective role
for antigen-specific CD8+ T-lymphocytes.
Nevertheless, the low frequency of circulating
specific cells together with the lack of sensitive
and reliable methods for the quantitation of class I
restricted CD8+ T-lymphocytes have hampered
the direct assessment of their function in malaria
exposed individuals. We determined the optimal
conditions for the evaluation of CD8+ T-
lymphocytes recognizing single epitopes in
humans, using the model peptide of the influenza
virus matrix protein 58-66 presented by the HLA-
A*0201 molecule. A combination of short term
cell culture and IFN-γ ELISPOT, allowed the
identification of new CD8+ T-lymphocyte
epitopes derived from various proteins of pre-
erythrocytic stages of Plasmodium falciparum.
Some of these epitopes were also strongly
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recognized in classical chromium release assay
after repeated in vitro stimulation of peripheral
blood lymphocytes. The frequency of peptide
specific IFN-γ spot forming cells was found to be
higher in donors coming from a region of high
malaria endemicity in Burkina Faso compared to
donors coming from a low endemic region or
donors which had not been exposed to malaria.

We conclude that the IFN-γ ELISPOT assay is a
sensitive technique to monitor antigen-specific
CD8+ T-lymphocyte responses in human malaria
which may help in the improvement and
assessment of the efficacy of malaria subunit
vaccines.

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
resulted in the elicitation of high titer specific
antibodies as well as specific helper and cytotoxic
T cell responses. A phase II trial is planned for
2002.

Malaria cycle
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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 GPI-anchored proteins.
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Fig. 1 Identification and purification of membrane
lipid rafts of T lymphocytes.

1. Thy-1 binds to integrin β3 on astrocytes and
triggers formation of focal contact sites

Thy-1 is a glycosyl phosphatidylinositol (GPI)-
anchored glycoprotein of the immunoglobulin
superfamily (IgSF) expressed in various cell
types, particularly those of the T cell lineage and
the neuronal system. In neurons, Thy-1
expression is developmentally regulated, whereby
both initial appearance and ultimate distribution
are controlled to ensure that Thy-1 is excluded
from regions of axonal growth. Thy-1 expression
is preferentially initiated toward the end of axon
extension, consistent with the idea that it might
participate in stabilizing existing neuronal
connections and inhibiting future neurite
outgrowth. However Thy-1 function remains
largely obscure in the absence of a defined ligand.
Astrocytes, ubiquitous cells of the brain, express
a putative Thy-1 ligand that prevents neurite
outgrowth. We identified ligand molecule for
Thy-1 and investigated the consequences of Thy-
1 binding for astrocyte function.

Thy-1 has been implicated in cell adhesion and,
indeed, all known Thy-1 sequences were found to
contain an integrin binding, RGD-like sequence.
Thy-1 interaction with β3 integrin on astrocytes
was demonstrated in an adhesion assay using a
thymoma line (EL-4) expressing high levels of
Thy-1. EL-4 cells bound to astrocytes five times
more readily than EL-4-f, control cells lacking
Thy-1. Binding was blocked by either anti-Thy-1
or anti-β3 antibodies, by RGD-related peptides,
or by soluble Thy-1-Fc chimeras. However,

neither RGE/RLE peptides nor Thy-1(RLE)-Fc
fusion protein inhibited the interaction.
Immobilized Thy-1-Fc, but not Thy-1(RLE)-Fc
fusion protein supported the attachment and
spreading of astrocytes in a Mn2+-dependent
manner. Binding to Thy-1-Fc was inhibited by
RGD peptides. Moreover, vitronectin, fibrinogen,
denatured collagen (dcollagen), and a kistrin-
derived peptide, but not fibronectin, also
mediated Mn2+-dependent adhesion, suggesting
the involvement of β3 integrin. The addition of
Thy-1 to matrix-bound astrocytes induced
recruitment of paxillin, vinculin, and focal
adhesion kinase (FAK) to focal contacts and
increased tyrosine phosphorylation of proteins
such as p130Cas and FAK. Furthermore, astrocyte
binding to immobilized Thy-1-Fc alone was
sufficient to promote focal adhesion formation
and phosphorylation on tyrosine. In conclusion,
we demonstrated that Thy-1 binds to β3 integrin
and triggers tyrosine phosphorylation of focal
adhesion proteins in astrocytes, thereby
promoting focal adhesion formation, cell
attachment, and spreading.

2. Cell surface insertion of GPI-anchored
proteins into lipid rafts

(in collaboration with Beat Imhof, Dept.
Patholology, Faculty of Medicine)

Isolated GPI-anchored proteins have the capacity
to integrate with cell surface membranes and to
exert their function. Thus a recombinant GPI-
Green Fluorescence Protein (GFP) was
constructed and shown to selectively insert into
lipid rafts upon exogenous addition to cultured
cells. This alternative approach to gene transfer
might be particularly suitable for labeling rafts of
specific T cell clones and for studying the
dynamics of lymphocyte lipid raft mobility and
clustering in the plane of the membrane upon
antigen stimulation (Fig. 2).

The usefulness of such cell surface engineering of
GPI-anchored proteins is presently explored in a
murine model of cancer immune therapy based on
targeting cytotoxic lymphocytes to tumors. In
fact, invasion of tumors by T lymphocytes is not
efficient due to the absence of adhesion
mechanisms leading to tumor specific homing.

ανβ3 is an integrin which is upregulated in
tumor-associated blood vessels of small caliber in
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invasive breast carcinoma. A chimeric ligand for
ανβ 3 on angiogenic endothelial cells of
vascularized tumors was created to facilitate
tumor homing. This ligand, termed KISS31,
consists of the soluble kistrin from the viper
venom which binds specifically to integrin ανβ3
and αIIbβ3, and the N-terminal region of
PECAM-1 (CD31) the platelet endothelial cell
adhesion molecule which among other adhesion
properties interacts heterotypically with integrin
ανβ3. Lymphocytes stably expressing KISS31 as
a transgene bound recombinant soluble ανβ3
integrin in vitro and mediated homing to
vascularized tumor in vivo. We generated a GPI-
linked KISS31 fusion protein. Cells expressing
this recombinant GPI-KISS 31 as a transgene at
the plasma membrane, bound soluble ανβ3 in
vitro. Primary human and mouse lymphocytes
were then incubated with purified KISS31-GPI.
This exogenous insertion into the plasma
membrane (cell surface “painting”) was stable
and fully functional when tested by solid phase
adhesion assay. In addition, cell surface painted
primary lymphocytes with KISS 31-GPI mediated
specific homing to vascularized tumors in vivo.

Fig. 2

3. Functional significance of the localisation of
latent membrane protein 1 (LMP1) of
Ebstein-Barr virus (EBV) in membrane
rafts of lymphocytes

The latent membrane protein 1 (LMP1) encoded
by the Epstein-Barr virus acts like a constitutively
activated receptor of the tumor necrosis factor

receptor (TNFR) family. In this study we analyze
the structural elements of the EB virus LMP1
required for insertion into membrane rafts of
infected cells and investigate the biological
significance of such a localization in view of the
fact that LMP1 can bind TNF receptor associated
factors, a property which might provide the virus
with a means of interfering with cell apoptosis.
This 386 amino acid protein consisting of a short
cytoplasmic N-terminal  domain,  s ix
transmembrane regions and a long cytoplasmic C-
terminal segment is targeted to lipid rafts in
transfected HEK 293 cells. The endogenous
TNFR-associated factor 3 binds LMP1 and is
recruited to lipid rafts upon LMP1 expression. An
LMP1 mutant lacking the C-terminal 55 amino
acids (CΔ55) behaves like the wild-type (wt)
LMP1 with respect to membrane localization. In
contrast, a mutant with a deletion of the 25 N-
terminal residues (NΔ25) does not concentrate in
lipid rafts but still binds TRAF3, demonstrating
that the N-terminal segment is crucial for
targeting the protein to lipid rafts. Moreover,
NΔ25 inhibits wt LMP1-mediated induction of
the transcription factors NF-κB and AP-1.
Morphological data indicate that NΔ25 hampers
wt LMP1 plasma membrane localization and
blocks LMP1 function (Fig. 3).

Fig. 3

4. Role of lymphocyte membrane rafts in
TCR-mediated signaling

(in collaboration with I.F. Luescher, Ludwig
Institute for Cancer Research, S. Valitutti,
INSERM, Toulouse, France)
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Specific T-cell activation is initiated by
interaction of the T-cell receptor (TCR) with
antigenic peptides presented by major
histocompatibility complex (MHC) molecules on
the surface of antigen-presenting cells (APC).
Engagement of the TCR by cognate MHC peptide
results in the rearrangement of signaling
molecules at the site of T-cell contact with the
APC. This process is crucial for signaling,
because it induces apposition of protein kinases
with their substrates at the contact site.
Specialized subdomains of the T-cell membrane
participate in the initiation of this process by
being recruited to the site of TCR engagement.
These membrane microdomains, also called lipid
rafts or detergent-insoluble glycolipid-enriched
membranes (DIG), contain various acylated
proteins involved in the early steps of T-cell
activation, such as the Src kinases p56lck (Lck)
and Fyn, the adaptor protein LAT (linker for
activation of T cells), and the coreceptors CD4
and CD8.

CD8 plays a crucial role in cytolytic T cell
activation and development. By binding to TCR-
associated MHC molecules, CD8 greatly
strengthens TCR-ligand interaction on cells.
Because CD8 can associate with Lck, as well as
with LAT, this coordinate binding recruts these
two important signaling molecules to engaged
TCR. We examined the role of CD8 and rafts in
the activation of cloned CD8+ CTL by soluble
MHC-peptide complexes and observed that
monomeric complexes co-engaging TCR and
CD8 promote association of TCR/CD3 with
CD8/Lck and that cross-linking of these adducts
induces the initial and essential activation of Lck
in rafts.

Palmitoylation and myristoylation of Lck, Fyn,
LAT, CD4 and CD8 are essential for their
partitioning in lipid rafts and for contribution to
TCR signaling. Mutation or deletion of the
acylation sites of these molecules compromises
their functional integrity. In addition, 2-
bromopalmitate and 1-hydroxymyristate,
analogues of palmitate and myristate,
respectively, have been shown to prevent
localization of these molecules to lipid rafts and

hence T-cell activation. Likewise, prolonged
incubation of T cells in the presence of
polyunsaturated fatty acids has been shown to
inhibit protein acylation and TCR signaling.

On the basis of these observations, we
investigated whether insertion of palmitoyl-
containing lipids into T-cell membrane interferes
with the molecular sorting and TCR signaling in
lipid rafts,  without disrupting these
microdomains. In fact exogenous dipalmitoyl-
phosphatidylethanolamine (DPPE) partitions in
lipid rafts and inhibits CTL activation induced by
sensitized APC or soluble MHC/peptide antigen
complexes tetramers. In contrast, the closely
related dioleoyl-phosphatidylethanolamine
(DOPE), which contains unsaturated oleic acid in
place of saturated palmitic acid, failed to partition
in lipid rafts and had no effect on CTL activation.
Moreover, we provide evidence that DPPE
prevents activation-induced translocation of
acylated molecules to lipid rafts and hence
induction of TCR signaling (Fig. 4).

Fig. 4

More recently we showed that CTL adhesion in
extracellular matrix proteins is required for
efficient activation of the CTL effector function
by soluble antigen complexes. Hence the
convergence of the β1 integrin and the antigen-
mediated specific signals leads to the formation
of large clusters of lipid rafts associated with the
cell cytoskeleton in the focal adhesion areas thus
contributing to amplify the activation process.
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MOLECULAR MECHANISMS OF T LYMPHOCYTE ANTIGEN RECOGNITION

T lymphocytes play a crucial role in the immune-surveillance against pathogens and neoplastic cells. The
recognition of foreign antigens by helper or cytotoxic T lymphocytes initiates a complex cascade of events,
eventually leading to the production of specific antibodies by B cells, or to the destruction of infected or
neoplastic cells.

T lymphocytes are activated by the engagement of their antigen receptors with peptide-MHC complexes
displayed on the surface of the antigen presenting cells (APCs). The T cell antigen receptor (TCR) is a
multimeric protein complex composed of six different subunits, α, β , γ , δ, ε and ζ. The αβ heterodimer is
responsible for antigen recognition, while the associated CD3 chains (γ, δ, ε) and the ζ homodimer are
necessary for the surface expression of the receptor complex and for signal transduction.

Antigen recognition by the T cell is exquisitely sensitive. Indeed helper T cells can proliferate and produce
cytokines in response to APCs displaying as few as 50-100 specific peptide-MHC complexes. Even more
striking, cytotoxic T cells can reportedly kill target cells presenting a single antigenic complex. Such high
sensitivity of T cell responses requires a strict control to avoid exaggerated T cell activation. A key element
in this control is the rapid and long-lasting down-regulation of triggered TCRs. TCR down-regulation leads
to the extinction of signaling in T-APC conjugates and affects T cell responsiveness to further antigenic
stimulation.

Our early studies on the relationship between the
quality, the duration and the intensity of TCR-
mediated signal transduction and corresponding T
cell responses led to the following observations:
i) a small number of specific peptide-MHC

complexes present on the APC surface can
engage and trigger a large number of TCRs,
eventually leading to their internalization and
degradation in the lysosomes; ii) the level and the
duration of TCR signaling control the type and



MOLECULAR MECHANISMS OF T LYMPHOCYTE ANTIGEN RECOGNITION

60

magnitude of the T cell biological response.
These observations have challenged current
models of TCR triggering based on receptor
cross-linking, introducing the variable "time" in
the paradigm of T cell activation (Figure 1).

Fig 1. The serial engagement model of T cell
activation. (From S. Valitutti and A. Lanzavecchia,
Immunology Today, 1997, 18: 299, ref. 1)

Our current studies concern the assembly of
TCR-coupled signaling cascade and the signal
transmission from engaged TCRs to T cell
biological response.

1. Definition of the three-dimensional
structure of the T cell-APC immunological
synapse

We apply three innovative and complementary
morphological approaches to the study of T
cell/APC interaction: (i) high resolution tri-
dimensional confocal microscopy of the T cell-
APC contact area, and (ii) time lapse video
recording of [Ca2+]i and of the dynamics of
various GFP/fusion proteins of TCR/CD3-ζ
complex and signaling components in living T
cells, (iii) measurement of lateral mobility of
TCR and recruited signaling components using
techniques based on photo-bleaching recovery.

In a first study we visualized T cell–APC contact
sites using confocal microscopy and three-
dimensional reconstruction of z-sections. We
show the rapid formation of a specialized
signaling domain at the T cell–APC contact site
that is characterized by a broad and sustained area
of tyrosine phosphorylation. The T lymphocyte

cell-surface molecule CD2 is rapidly recruited
into this signaling domain, whereas TCRs
progressively percolate from the entire T cell
surface into the phosphorylation area.
Remarkably, the highly expressed phosphatase
CD45 is excluded from the signaling domain.
These results indicate that physiological TCR
triggering at the T cell-APC contact site is the
result of a localized alteration in the balance
between cellular kinases and phosphatases. We
therefore provide experimental evidence to
support current models of T cell activation based
on CD45 exclusion from the TCR signaling area
(Figure 2, O. Leupin et al. Curr. Biol., 2000,
10:277).

We are presently interested in pursuing and
extending our studies on the mechanism that
control T lymphocyte activation by specific
antigen, by focusing on the molecular dynamics
occuring at the T cell-APC contact site.

Role of CD2 in fine tuning of the
immunological synapse

Even though the formation of a specialized
signaling domain has been documented at the T
cell-APC contact site, its role in T cell activation
is still elusive. Our results show that blocking
CD2/CD58 interaction in T cell-APC conjugates
with anti-CD58 antibodies results in: i) block of
CD2 recruitment to the contact site (Fig 1); ii)
inhibition of CD45 exclusion; iii) inhibition of
PKCθ recruitment to the T cell-APC contact site;
iv) reduction of the sensitivity of T cell biological
response to antigenic stimulation. Conversely,
this treatment does not affect TCR internalization
and polarizaton of T cell tubulin cytoskeleton
versus the APC.

Our observations also indicate that when T cells
are stimulated with peptide/MHC complexes
coated on polystyrene beads, tyrosine
phosphorylation and calcium fluxes are clearly
detectable in the absence of immunological
synapse formation. Co-immobilization of anti-
CD2 antibodies with peptide/MHC complexes
results in CD2 recruitment and in a marked CD45
exclusion. These observations indicate that a
structured immunological synapse is not required
for productive TCR engagement and signaling.
Conversely, the formation of such specialized
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Fig. 2. CD2 recruitment in the area of contact requires its engagement by CD58.
T cells were conjugated by centrifugation with peptide-pulsed EBV-transformed B cells, previously loaded for 10 minutes
at 37o C with 0.5 µM Orange-CMTMR (Molecular probes, Leiden, The Netherlands) (RED). EBV-B cells where either
untreated (upper panels) or treated with anti-CD58 antibodies (lower panels). Immediately after conjugation the cells
were gently re-suspended and laid on poly-L-lysine-coated slides for 5 minutes. Cells were fixed, permeabilized and
stained with an anti-phosphotyrosine mAb (BLUE) and an anti-CD2 mAb (GREEN). The samples were mounted in 90%
glycerol-PBS containing 2.5% 1-4-diazabicyclo (2.2.2) octane (DABCO; Fluka AG, Buchs, Switzerland) and were
examined using a Carl Zeiss, LSM 510, confocal microscope (Carl Zeiss, Germany). z-sections were taken at a 0.2 µM
distance. Images' processing was performed using Imaris software (Bitplane, Zürich, Switzerland). In B, C , E and F
either the green or the blue staining have been removed to better show CD2 and PTyr staining (R. Zaru et al. submitted
for publication).

domains reduces T cell activation thresholds by
amplifying TCR mediated signal transduction.
This peculiar mechanism of signal amplification
may have been developed, in parallel with serial
TCR engagement, to ensure sensible detection of
a low number of antigenic determinants at the cell
surface (R. Zaru et al.: "TCR engagement and
triggering in the absence of a large scale
molecular segregation at the T cell-APC contact
site", submitted for publication).

Molecular dynamics living T lymphocyte

T lymphocyte activation by specific antigen
requires prolonged TCR occupancy and sustained
signaling. This is accomplished by the formation
of a specialized signaling domain, the
immunological synapse, at the T cell-antigen
presenting cell contact site. Surface receptors and
signaling components are progressively recruited
into this domain where they are organized in

defined three-dimensional structures. To better
understand how TCRs are supplied to the
signaling domain during the activation process,
we measured (using confocal microscopy and
photo-bleaching recovery techniques) lateral
mobility of GFP-tagged TCRs on living Jurkat
cell surface.

We show that: i) surface expressed TCRs exhibit
an intrinsic, actin cytoskeleton independent,
lateral mobility which allows them to passively
diffuse over the entire T cell surface within ~60
minutes; and ii) non-stimulated TCRs rapidly
enter the signaling domain.

Our results indicate that TCR lateral mobility per
se is sufficient to ensure TCR supply to the
immunological synapse in the course of sustained
T cell activation. (B. Favier et al.:"T cell antigen
receptor dynamics on the surface of living T
cells". Int. Immunol., 2001, 13:1525, Fig. 3).
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Fig. 3. Rapid TCR/GFP photo-bleaching recovery. Cells were irradiated with a strong laser beam in the indicated
region. Two T cells either non-stimulated (A) or conjugated with anti-TCRVβ3 coated beads (B) are shown either before
or immediately after photo bleaching. Regions were drawn at the T cell surface in the bleached area and on the
remaining cell surface and the GFP fluorescence values were plotted against time for non-stimulated (C) and for-
antibody stimulated (D) T cells (From B. Favier et al. Int. Immunol., 2001, 13:1525).

2. Understanding the mechanisms that
control sustained signaling in antigen-
stimulated T lymphocytes

We have shown that T cell activation to
interleukin production requires a sustained
[Ca2+]i increase, which results from serial TCR
engagement and prolonged PTK activation (S.
Valitutti et al., Nature, 1995, 375:148). We
therefore investigated how inositol lipid
metabolism can be activated for a prolonged time
to ensure a sustained link between receptor
triggering and downstream signaling effectors.
Four lines of evidence indicate that an extensive
phosphoinositide turnover induced by TCR and
CD28 engagement allows this task to be
accomplished: i) continuous phosphoinositide
breakdown is required for a sustained [Ca2+]i
increase in antigen-stimulated T cells; ii) TCR

triggering results in a continuous release of
inositol phosphates from the cell membrane
paralleled by a massive and sustained
phosphoinositide re-synthesis due to free inositol
re-incorporation; iii) TCR-induced phospho-
inositide turnover is strongly increased by CD28
ligation; and iv) CD28 engagement augments and
sustains the TCR induced [Ca2+]i increase. Our
results show that the T cell pool of
phosphoinositides is continuously re-formed
during T cell-APC cognate interaction, thereby
explaining how sustained receptor triggering can
transduce an equally sustained [Ca2+]i increase.
Importantly, our data identify a novel step in the
signaling cascade where co-stimulation converges
with TCR-generated signals to sustain and
amplify the activation process (R. Zaru et al. Eur.
J. Immunol., 2001, 32:2438).

Recent publications

Leupin, O., Zaru, R., Laroche, T., Müller, S. and
Valitutti, S. (2000). Exclusion of CD45 from the
T-cell receptor signaling area in antigen-
stimulated T lymphocytes. Curr. Biol. 10, 277-
280.

Favier, B., Burroughs, N.J., Wedderburn, L. and
Valitutti, S. (2001). TCR dynamics on the surface
of living T cells. Int. Immunol. 13, 1525-1532.
Zaru, R., Berrie, C.P., Iurisci, C., Corda, D. and
Valitutti, S. (2001). CD28 co-stimulates
TCR/CD3-induced phosphoinositide turnover in
human T lymphocytes. Eur. J. Immunol. 31 ,
2438-2447.
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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
• Protein purification
• Peptide modification
• 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 an
automated Applied Biosystems 431A peptide
synthesizer (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 (SFr.) Others (SFr.)
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
• Purification Inquire Inquire

RESEARCH PROJECTS

1. 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.

By using mass spectrometry we developed a new
technique for the identification of degradation
products. Using this technique and purified
proteasome, it has been possible to rapidly and
unambiguously identify degradation products
corresponding to antigenic peptides. This
technique has also allowed to analyze the
production of a limited number of candidate
peptide tumor antigens, which had been identified
on the basis of their restricted expression pattern
and binding motif for particular MHC class I
molecules. We will further analyze several
precursors of peptide tumor antigens and plan to
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.

2. Identification of new proteases responsible
for the final trimming of MHC class I-
restricted antigenic peptides

In collaboration with Frédéric Lévy and Jean-
Charles Cerottini (Ludwig Institute for Cancer
Research, Lausanne Branch)

Using a precursor peptide derived from several
proteins we demonstrated that proteasomes
generate the proper C-terminus of the antigenic
peptide. However, in many instances the fully
processed antigenic peptide is not produced;
rather, the antigenic peptide carries an N-terminal
extension of several amino acids. It is, thus,
generally concluded that the C-terminus of
antigenic peptides is directly produced by the
proteasome, while the proper N-terminus results
from the trimming of a longer precursor by
another protease. The exact cellular localization
of this protease is unknown. However,
preliminary results have demonstrated that this
protease can be enriched from specific cytosolic
fractions of cells that normally process and
present the antigenic peptide and is able, in vitro,
to generate the appropriate N-terminus of the
antigenic peptide.

Our plans are twofold: i) to isolate and
characterize this aminopeptidase and ii) to
investigate whether the same protease is
responsible for the N-terminal trimming of all
model antigenic peptide precursors.



PROTEIN AND PEPTIDE CHEMISTRY LABORATORY

65

To identify the aminopeptidase responsible for
the final processing of a specific CTL-defined
epitope, human cell cytosol is fractionated at a
preparative scale. Each fraction is assayed for
activity on the defined epitope precursor and
analyzed by mass spectrometry. Fractions
containing an activity trimming the N-terminus of
the precursor to the correct size of the epitope, but
leaving intact the C-terminal end of the precursor,
are separated by 2-D gels. Individual protein
spots are excised, digested with trypsin, the
peptides are extracted, purified on microcolumns
and subjected to analysis by mass spectrometry.
The search programme Prowl is used for peptide
mass fingerprinting.

Our findings are summarized as follows:

1. We have identified two cytosolic peptidases
that are mediating the N-terminal trimming of an
antigenic peptide precursor. These peptidases,
Tripeptidyl peptidase II (TPP II) and puromycin
sensitive aminopeptidase (PSA), act sequentially
on peptide fragments liberated by the proteasome
and lead to the accumulation of a species
displaying the final N-terminus of the antigenic
peptide sequence.

2. We did not detect any proteolytic activity
against the peptide precursor in membranes. We
showed that proteasome and TPP II inhibitors
blocked the presentation of the antigenic peptide
RU134-42 by HLA-B51+ tumor cells.

3. The two identified peptidases, TPP II and PSA,
have already been implicated, in different
experimental conditions, in the MHC class I
antigen processing pathway.

4. The fact that the same peptidase (PSA) has
been identified using two different peptide
precursors may not be coincidental and leads us
to postulate that a limited number of peptidases
will be responsible for the final editing of MHC
class I ligands. At present, we do not know
whether this sequence of action is identical in all
cell types nor in situations where the expression
of other peptidases is induced.

5. We directly searched for membrane-embedded
or luminal peptidases that would mediate the final
trimming of our precursor. Although we could
detect proteolytic activity in our membrane
preparation, we did not detect any N-terminal
trimming of our precursor peptide. We conclude
that the trimming of our precursor to the size of
the antigenic peptide RU134-42 is directly made
in the cytosol.

6. Our work has identified cellular components
acting between the proteasome and the peptide-
specific endoplasmic reticulum transporters
(TAP1/2) and may thus constitute a potentially
relevant target for the modulation of the MHC
class I-restricted antigen processing pathway.

Recent publications
Roggero, M.A., Servis, C. and Corradin, G.
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purification of synthetic polypeptides by a
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Maryanski, J.L., Casanova, J-L., Falk, K.,
Gournier, H., Jaulin, C., Kourilsky, P.,
Lemonnier, F.A., Lüthy, R., Rammensee, H-G.,
Rötzschke, O., Servis, C. and Lopez J-A. (1997).
The diversity of antigen-specific TCR repertoires
reflects the relative complexity of epitopes
recognized. Human Immunol. 54, 117-128.

Roggero, M.A., Servis, C. and Corradin, G.
(1998). Purification of Synthetic Polypeptides by
Immobilised Metal Affinity Chromatography and
Methionine Chemistry. In: “Innovation and
Perspectives in Solid Phase Synthesis and
Combinatorial Libraries”, Roger Epton, Ed.,
Mayflower Scientific, London, England.
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RESEARCH PROJETS

1. Characterization of the components of
apoptotic signalling complexes.

(in collaboration with the group of J. Tschopp )

Death-Inducing Signalling Complexes (DISC's)
are multimolecular assemblies forming around
"death receptors" such as Fas and the receptor for
TNF after binding of ligands of the TNF family
that are presented on the surface of cytotoxic T
lymphocytes (CTL's). Formation of the DISC's is
essential for instructive apoptosis, the
mechanisms by which CTL's eliminate tumour
cells, virus-infected cells and superfluous immune
cells. Only some of the pathways activated by
DISC's are known, in part because of the
limitations of the methods used for studying
intermolecular interactions. We plan to study by
proteomics techniques the DISC's of FasL
(CD95L), TRAIL and other non-apoptotic
molecules of the TNF family involved in immune
system regulation and tissue development. We
will isolate the complexes after stimulation of the
cells and lysis, and separate the proteins by 2D-

PAGE. Single polypeptides will be digested and
the proteolytic peptides analyzed by high-
sensitivity mass spectrometry to obtain mass
profiles and partial sequence data. This should
allow us to characterize new molecules that
mediate the multiple functions that are attributed
to the DISC complexes.

We will aim at establishing experimental tools
that can be used to analyze the signalling
complexes of all the members of the TNF family
of ligands. Such tools could then be modified to
apply them to other signalling complexes
recruited by cytokines, growth factors and
regulatory molecules.

One line of investigation will be through the use
of the so-called "TAP-tag" (Tandem Affinity
Purification), an expression system that allows
the highly specific recovery of a protein of
interest together with interacting partners. The
TAP system has been developed for use in the
yeast system but we are adapting it for use in
mammalian cells.
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2. Whole-cell  proteome analysis of
Leishmania parasites in correlation with
pathogenicity

(in collaboration with the groups of N. Fasel,
D. Rivier )

Proteomics is a good tool for analyzing
differential global protein expression in
unicellular organisms. Parasitic protozoans
undergo dramatic changes in their physiology and
cellular structures according to their life stage.
These changes are essential for survival in
different hosts and compartments (body fluids,
cell cytoplasm) and for evading immune
responses. We propose to apply proteomics
techniques to study these changes in protozoan
pathogens of the genus Leishmania. A model
system is available, in which parasites can be
cultured in vitro in conditions that mimic the
extra- or intracellular environment. We will
analyze and compare the total protein pool
("proteome") of the parasite in the pro-
(extracellular) and amastigote (intracellular) form
 to identify in the genomic sequence those
proteins whose expression is reduced respectively
increased while going from one form to the other.
In addition we will compare different isolates
with varying virulence levels to look for
differences at the protein level. Polypeptides
identified by one or the other approach may play
an important role in pathogenicity and have a
potential as diagnostic markers as well as
antigens for the production of vaccines.

So far, we have established the methodology for
the analysis of Leishmania whole cell lysates by
2D-PAGE and are in the process of setting up
master gels (reference images). Preliminary
analysis of metasthatic vs nonmethastatic
clones of L. viannia guayanensis were analyzed
and found to differ in the expression of several
proteins. Indeed, more than 10 spots were found
to be unique to the methastatic strain and will be
object of analysis soon. For this comparisons, the
technique of "zoom gels" (gels covering narrow
pH ranges) has been used and found to be very
useful.

3. Establishment of the UNIL Protein
Analysis Facility (PAF)

Link :  www.unil.ch/paf
Contact : e-mail :  wwwpaf@unil.ch

Proteomics is a new discipline based on the fast,
large scale identification and quantification of
proteins. By mining the information contained in
genomic databases, proteomics identify changes
in protein expression, protein-protein interactions
or protein modifications that correlate with
various biological processes. The discipline is
booming due to increases in sensitivity and
throughput that make it now possible to analyse
very complex systems.

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.  The unit is being set up and should
officially start operation during the second half of
2002.

The overall goal is to make complex and
expensive techniques such as 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 service: the core of the service activities of
the PAF will be to provide fast, high sensitivity
identification of proteins by mass spectrometry
(MS). In addition, the facility will offer advice
and support on protein separation techniques,
proteome-related bioinformatics and data
management.

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,
…) as these become available.
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Teaching: in collaboration with proteomics
researchers at the University of Geneva, the PAF
will offer postgraduate courses on selected
proteomics technologies (i.e. separation
techniques or biological mass spectrometry).
These teaching activities will be primarily for
academic researchers of the Lausanne area.

Access: researchers of the UNIL and associated
institutions (CHUV, ISREC, Ludwig Inst.) as
well as of the EPFL will have privileged access to
the services of the facility.  Samples from the
industry will also be accepted, if the capacity will
permit it.

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 generous contribution of the
Leenaards Foundation.

Equipment: presently comprises i) a SCIEX
QSTAR quadrupole-time of flight mass
spectrometer coupled to an LC Packings Ultimate
nanobore-HPLC ii) liquid handling robots
ProGEST and ProMS from Genomic Solutions
for automated in-gel digestion and MALDI
sample preparation  iii) a Perseptive Biosystems
Voyager  DE-RP MALDI-TOF mass
spectrometer.
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