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INTRODUCTION



Human values are the real driving force behind theoretical and practical 

disciplines and, above all, behind medicine and biomedical research. The con-

tents of these pages are the expression of this fundamental principle, which

inspires everyone who works with faith and dedication at San Raffaele Founda-

tion of Monte Tabor.

Competitive and updated scientific research cannot be separated from an

equally advanced clinical activity. In recent years, a new type of medicine – mol-

ecular medicine – has developed: researchers and physicians work together to

import research results into clinical practice, aiming at curing diseases 

which were previously considered untreatable.

This is still not enough should our cultural heritage not be handed down

to the new generation of the XXI century; for this very reason, the University

Vita-Salute was founded.

To my beloved Raffaelliani all my thanks and my best wishes for a future

full of success and enthusiasm!  

VII

don Luigi Maria Verzé
President and Rector



SCIENTIFIC DIRECTION

The San Raffaele H Scientific Institute was established in 1971 and was one of the
first examples in Italy of a fully independent private hospital. Shortly after its foundation,
San Raffaele became affiliated with the Medical School of the University of Milan and was
granted the status of an IRCCS (Research Hospital). It became a centre of clinical research,

originally specializing in diabetes and metabolic disorders. In 1992, San Raffaele expand-
ed further and built the DIBIT (Department of Biotechnologies), a basic science institute
with a dedicated research space of about 12,000 square meters. DIBIT currently employs
270 people, including scientists, technicians and administrative staff, and an additional 100
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fellows, trainees and graduate students work there. DIBIT is part of the largest biomedical
science park in Italy, which includes San Raffaele Hospital with 1,036 beds, Science Park
Raf created to support the Foundation’s development objectives, and the University 
Vita-Salute San Raffaele. Our University began in 1996 with a degree course in Psychology,
followed in 1998 by the new Faculty of Medicine and Surgery. Courses offered by the 
university include the first international Ph.D. in Cellular and Molecular Biology, which
has been sponsored by the Open University of London since 1993.

We have invested considerable resources in basic preclinical and clinical research.
Our scientific production has progressed for both the number of publications and the
overall quality of the papers. In 2000, we published 506 scientific papers, with a total
impact factor of 2,872; these figures confirm the Institute’s leading position in Italy. 
The Institute’s excellent reputation has attracted even more support from public sources
(Ministry of Health, Superior Institute of Health, Ministry of University and Scientific and
Technological Research, European Union and, to a small extent, the CNR) and private
organisations (mainly Telethon and the Italian Association for Cancer Research). Telethon
funds two research centres at San Raffaele: San Raffaele-Telethon Institute for Gene Therapy
of Genetic Diseases (HSR-TIGET), which is a pioneer in the clinical application of gene
transfer technology, and the Stem Cell Research Institute (SCRI), which studies the 
biology and potential clinical applications of stem cells.

San Raffaele has long been considered a leader in the fields of diabetes and meta-
bolic disorders and biomedical technologies. In recent years, biomedical technologies have
undergone an impressive development and diversification, opening the doors to a new type
of medicine: molecular medicine. The complete sequencing of the human genome has rad-
ically modified the scientific scenario. Once all the genes are cloned, researchers’ efforts
over the next few years will be dedicated to clarifying the mechanisms of regulation and
expression of genes and the definition of the functions of their products, the development
of presymptomatic diagnostic tools and the design of appropriate therapeutic approaches.
The Scientific Institute H San Raffaele is proud of having been an advocate from the begin-
ning of this new type of medicine, in which basic and clinical researchers and physicians
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work together with the goal of translating basic research into medical practice. The need
to combine basic and clinical research has prompted the reorganization of the Institute into
biomedical departments. The Department of Molecular Pathology and Medicine and the
Department of Neuroscience have received official recognition in the past year and are now
well-established and productive realities. The Departments of Diabetes and Metabolic Dis-
eases, Immunology and Infectious Diseases, Cardiology and Surgery are ready to take off.
In the immediate future, our research in the new field of molecular medicine will provide
both new and less invasive diagnostic and therapeutical approaches, which will subse-
quently be introduced into the public health care sector.

Claudio Bordignon
Scientific Director

- XI





- XIII



FUNCTIONAL GENOMICS

BIOLOGY OF CELLULAR STRESS

• Mammalian heat shock transcription factors
V. Zimarino, A. Fenaroli, M. Vujanac, B. Rimoldi.

The induction of heat shock genes by physical and chemical toxicity is a response of virtually all organisms
leading to elevated expression of a group of cytoprotective molecular chaperones termed Heat Shock Proteins
(HSPs). Our work focuses on molecular and functional analyses of transcription factors regulating HSP gene
expression via a conserved response element, heat shock element (HSE), consisting of alternating nGAAn
repeats.

We showed that in mammalian cells the induction of HSP genes is mediated by the transcription factor HSF1
(heat shock factor 1). HSF1 is constitutively synthesized and accumulates in the nucleus in the form of an appar-
ent monomer modified by phosphorylation, it forms transcriptionally active HSE-binding homo-trimers upon
stimulation and exhibits the ability to repeatedly interconvert between active and inactive forms during consec-
utive cycles of stimulus-relaxation. Our recent work has provided experimental evidence of intramolecular
repression in the inactive form and of shuttling of HSF1 molecules between the nucleus and the cytoplasm in
the apparent absence of stress stimuli.

We have cloned, and continue to characterize, two other mammalian HSE-interacting proteins which do not
appear to mediate responses to known enviromental stimuli and exhibit preferential tissue expression, suggest-
ing distinct regulation and roles in the control of HSP genes or of other genes.

Key words: heat shock, transcription, stress, nucleus, protein trafficking.

BIOLOGY OF MYELIN

• Myelinating glia enriched DNA-binding activity
A. Pizzagalli, C. Taveggia, S. Campanella, E. Tresoldi.

We have identified Myelinating Glia Enriched DNA-Binding Activity, that is correlated with the derepression
of the proximal MBP promoter only in myelinating oligodendrocytes or Schwann cells. MEBA may function by
competing with nuclear factor 1(NF1), a transcription factor present ubiquitously. We showed that the presence
of MEBA is topographically and temporally correlated with MBP mRNA expression in the central nervous sys-
tem during development. Mutational analysis has identified some of the nucleotides in the MBP promoter nec-
essary for both MEBA binding and function. Affinity chromatography purification separated MEBA from NF1
(they bind a common sequence) has revealed that MEBA contains two proteins of 50 and 55 kD. Their amino
acid sequence have been identified by mass spectroscopy, and they are both members of a family of transcrip-
tion factors regulated by calcium. In parallel, we are examining myelination and the expression of MBP promoter
transgenes in NF1A-null mice. We have recently characterized the cell specific expression of NF1 isoforms in
the brain and NF1A may be associated with a myelin forming phenotype in oligodendrocytes.

Key words: transcriptional regulation, myelin, central nervous system.

• Axo-glial interactions
C. Taveggia, E. Fagiani, A. Pizzagalli, L. Feltri, L. Wrabetz.

We exploited transgenic mice containing this portion of the MBP promoter, fused to the lacZ reporter gene to
show in optic nerve axotomy experiments that lacZ expression, like endogenous MBP expression, is axonally-
dependent. Thus, MEBA may be a nuclear mediator of axonal signals in oligodendrocytes. Surprisingly, lacZ
expression was not rescued in the Ola mutant background, in which axons remain after optic nerve axotomy.
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These data suggest that MBP expression is not dependent on the simple presence of axons, but on some dynam-
ic characteristic of the axons. The characteristic in not electrical activity, as lacZ expression was not altered after
intraocular tetrodotoxin injection, which blocks electrical activity in the optic nerve. These experiments distin-
guish the axonal signal that regulates myelin gene expression from those that regulate oligodendrocyte prolifer-
ation and survival in development. 

In addition, we have recently identified an upstream enhancer of the MBP gene that is weakly activated in
myelinating glia in transient transfection experiments, but more robustly activated in permanently transfected
Schwann cells. When co-cultured with dorsal root ganglia neurons, the enhancer is markedly activated demon-
strating that axonal signals target not only proximal myelin promoters, but also distant enhancers of the myelin
genes. We are now characterizing the relationship between the onset of myelination in the co-cultures and the
activation of the enhancer. Finally, we have added the enhancer to a heterologous myelin promoter in transgenic
mice, resulting in 5-10-fold activation of basal transgene expression levels. This transgene will be a useful tool to
target high-level expression of genes specifically to Schwann cells.

Key words: axo-glial interactions, trancriptional regulation, myelin basic protein, transgenic mice, co-cultures.

• Conditional disruption of laminin receptors in Schwann cells
S. Previtali, A. Nodari, B. Migliavacca, C. Ferri, M. Fasolini, A. Quattrini, L. Wrabetz, L. Feltri.

Adhesion to basal lamina is required for Schwann cells (SC) to form normal myelin in peripheral nerves. For
example, the SC basal lamina contains laminin 2, and laminin 2 mutations cause myelin alterations in man and
mouse. Which SC laminin receptors, integrins or dystroglycan, are required is unclear, because targeted inacti-
vation of those genes results in embryonic death in mice, prior to myelination. We have now measured the
expression of a6, ß1, ß4 and a7 integrins and dystroglycan (DAG) in developing peripheral nerve and shown that
a6 and ß1 are expressed throughout embryonic development, whereas the others are expressed just prior to birth
as myelination initiates. The onset of dystroglycan expression is most closely related to the onset of myelination,
both in vivo and in Schwann cell/neuronal co-cultures. To inactivate these genes only in developing SC, we pro-
duced transgenic mice expressing Cre recombinase using the vector mP0TOT, that activates expression of genes
in SC in parallel with P0 during development. By crossing mP0TOT(Cre) mice with flox-lacZ indicator mice, we
showed that Cre recombinase activity was restricted to SC in peripheral nerve. Cre activity first appears at E14.5
in embryonic SC and is detected in satellite cells but not neurons of dorsal root ganglia. To better regulate the
onset of Cre activity, we created P0CreERT2 transgenic mice, that express a tamoxifin-inducible Cre fusion pro-
tein. In this way, Cre is expressed in SC but remains inactive until animals receive tamoxifin. Analysis on P0Cre
X ß1flox/ß1null and P0Cre X dagflox/dag null mice show that indeed ß1 has an early role in peripheral nerve
development, whereas dystroglycan plays a role in myelination.

Key words: Schwann cell, adhesion, laminin, conditional mutagenesis, transgenic mice, peripheral nervous system.

• Transgenic mouse models of hereditary neuropathies
G. Dati, S. Previtali, D. Imperiale, C. Ferri, M. Fasolini, L. Feltri, L. Wrabetz.

We have developed a transgenic cassette based on the complete P0 glycoprotein gene, mP0TOTA, that effec-
tively targets expression of either engodenous P0 or heterologous genes to myelin-forming Schwann cells. We
exploited this cassette to create three models of hereditary neuropathy in which the transgene is inserted in addi-
tion to two normal P0 alleles. In this way, only gain of function alterations resulting from the transgene are
revealed. Mice overexpressing wildtype P0 develop a congenital hypomyelination; mice expressing P0 with a
myc-epitope tag at the amino terminus unexpectedly model two more severe subtypes of Charcot Marie Tooth
1B (CMT1B) neuropathy; and mice expressing a P0 containing a known human CMT1B mutation model mild
CMT1B. The three models are morphologically distinct and vary remarkably in their severity, supporting the
notion that variability of human neuropathies associated with P0 mutations reflects diverse types of gain of P0
function. Replacement therapy for potential loss of P0 function in CMT 1B must consider both that the dosage
of P0 must be carefully regulated to ensure normal myelination, and that the pathogenesis of CMT 1B mutations
may include gain of abnormal function.

Key words: hereditary demyelinating neuropathy, transgenic mouse models, pathogenesis, peripheral nerve, 
Po glycoprotein.
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BIOTECHNOLOGIES

• Studies on autosomal dominant polycystic kidney disease (ADPKD)
L. Monaco, C. Ferri, C. Foglieni.

1/1000 individuals are affected by ADPKD; 50% of patients develop bilateral renal cysts and reach end-stage
renal disease by 60 years of age. The gene PKD1, coding for polycystin-1, is mutated in 85% of ADPKD clini-
cal cases. We expressed PKD1 in mammalian cells, a difficult task so far, due to the large size of the cDNA (14
kb). By means of the in vitro amplification expression system, we obtained MDCK cells stably expressing PKD1.
Expression of human PKD1 slowed the growth we developed of MDCK cells and protected them from apop-
tosis; these cells also spontaneously formed branching tubules in collagen gels, while control cells formed simple
cysts. Therefore, PKD1 may regulate both cell proliferation and apoptosis, allowing cells to enter a differentia-
tion pathway resulting in tubule formation. 

In view of ADPKD gene therapy, we established gene delivery in the kidney of normal rats by injecting
DNA/polyethylenimine (PEI) complexes into the renal artery. LacZ transgene expression was observed in prox-
imal tubular cells. By using fluorescent DNA complexes, we observed that this process requires glomerular fil-
tration. Such information is essential for the design of small DNA particles for kidney gene delivery. In prelimi-
nary experiments in the cy/+ rat model of ADPKD, expression of the luciferase reporter gene was as high as in
normal, control rats. Analysis of blood urea and creatinine levels indicated that our gene transfer protocol
induced acute renal failure in PKD, but not in normal animals. By improving our surgical protocol, we eventu-
ally succeeded in transfecting PKD kidneys without inducing acute renal failure.

Key words: autosomal dominant polycystic kidney disease, polycystin-1, MDCK, gene therapy, nonviral vector.

• Glycosylation engineering in CHO cells
L. Monaco, M. Pighini, M. Soria.

The enzyme CMP-N-acetylneuraminic acid hydroxylase (CNAH) is responsible for the conversion of N-acetyl-
neuraminic acid (NeuAc) into N-glycolylneuraminic acid (NeuGc). Incorporation of NeuGc residues into gly-
can chains of recombinant glycoproteins of therapeutic interest is not desirable, since NeuGc is potentially anti-
genic in man. With the aim of knocking-out the CNAH gene in CHO cells, we have cloned the hamster CNAH
gene from a CHO genomic library. A homologous recombination plasmid for CNAH gene knockout has been
prepared and transfected into the CHO DUX-B11 cells used for the construction of the library. Both CNAH(-
/+) and CNAH(-/-) clones have been obtained, as assessed by PCR analysis of individual zeocin-resistant clones.
FISH and RT-PCR analysis and functional CNAH assays have confirmed the CNAH (-/-) genotype. The cDNA
for the model glycoprotein interferon-? has been transfected into the CHO CNAH(-/-) cells. The glycosylation
profile and the biological properties of interferon- ? purified from conditioned media will be assessed, and com-
pared to interferon- ? produced by the CNAH(+/+) cell line.

Key words: glycosylation, sialic acid, CHO, knockout.

• Intracellular plant toxin delivery
M. S. Fabbrini, R. Vago, L. Monaco.

Chimeric toxins constructed with the plant ribosome-inactivating protein saporin (SAP) and prourokinase
(prouPA) or ATF, the receptor binding domain of human uPA, show antimetastatic potential against cells
expressing the human uPA receptor (uPAR). Using rhodaminated prouPA-SAP, a fluorescent derivative, we
investigated the pathway of internalization of the chimeras by target cells. We describe an unusual internaliza-
tion mechanism, resembling TNF ligand-passing, that consists of a two-step endocytosis: uPAR is targeted by the
chimeras and used solely for specific cell surface binding, whereas the low density lipoprotein-related receptor
protein behaves as the endocytic trigger by presumably binding to the SAP domain. 

The E. coli expression of ATF-SAP was troublesome because of problems with the folding in the cytosol of
the cysteine-rich ATF domain. Therefore, we directed PreATF-saporin to the endoplasmic reticulum (ER) of
eukaryotic cells where chaperones may assist its proper folding. However, this precursor was still cytotoxic,
either due to its mislocalization in the cytosol or retrotranslocation from the ER. We devised a cytosolic immu-
nization strategy to protect host cells from autointoxication. Besides its potential application for mammalian cell
expression of SAP-based toxic chimeras, this strategy opens the possibility to directly investigate, in protected
cells, the mechanism(s) underlying SAP delivery to the cytosol and thus to optimize its uses in anticancer therapy.
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Modified recombinant saporins are currently being evaluated to develop immunotoxins to be used in clinical
studies in patients with leukemia and lymphoma. 

Key words: anticancer therapy, saporin, targeting, ligand-passing, intracellular trafficking.

CELLULAR MOTILITY

• Molecular mechanisms of neuronal development
I. De Curtis, C. Albertinazzi, S. Dariozzi.

During the development of the nervous system, neurons extend axons and dendrites to contact specific targets
for the formation of synapses. In neuritogenesis, several extracellular cues are responsible for the modulation of
growth cone migration, which is dependent on the reorganization of the actin cytoskeleton. We have isolated the
novel Rac1B gene specifically expressed in the peripheral and central nervous system. Studies with cultured pri-
mary neurons have shown a function of this GTPase in neuritogenesis and neurite branching, two important
steps occurring during neuronal differentiation, before synaptogenesis, while overexpression of the ubiquitous
Rac1A GTPase did not significantly affect neuritogenesis. As a subsequent step, we have isolated the mouse
Rac1B gene, and prepared a construct for the knock out; the recently obtained mutant ES cells have been uti-
lized for the production of knock out mice. We have now obtained chimeras which we are crossing and check-
ing for germ-line transmission by Southern blot analysis. 

Key words: adhesion, cell migration, neuritogenesis, GTP-binding proteins, actin.

• Mechanisms for Rac-mediated cell motility
I. De Curtis, S. Dariozzi, B. Sporchia, V. Matafora, S. Paris.

The molecular mechanisms linking membrane dynamics to actin reorganization and adhesion during cell
motility are still largely unknown. We have recently identified the ArfGAP p95-APP1 as part of a multi-molec-
ular complex including Pix, ak and paxillin. In fibroblasts, the N-terminal portion of p95-APP1 colocalizes with
N27-Arf6 in endosomal vesicles, while the paxillin-binding region of p95-APP1 promotes the formation of pro-
trusions which require both Rac and Arf6 action. Expression of p95-APP1 polypeptides with a truncated or
mutated ArfGAP domain induces the accumulation of these proteins in an enlarged Rab11-positive, transferrin
receptor-positive recycling endosomal compartment. This indicates the accumulation of internalized membrane
and the inhibition of membrane recycling to the cell surface by these mutants. Our results suggest that cycling
of p95-APP1 between the endosomal compartment and the cell surface is important for protrusion at the cell
periphery, and identify p95-APP1 as a link between adhesion, actin organization, and membrane traffic during
cell motility. 

Key words: adhesion, cell migration, GTP-binding proteins, ArfGAP, actin.

• Mechanisms for neurite extension
C. Albertinazzi, I. De Curtis.

We have started the analysis of the role of the recently identified p95-APP1 ArfGAP protein during the dif-
ferentiation of primary neurons. We have analyzed the effects of the expression of different p95-APP1-derived
polypeptides on the extension of neurites by cultured retinal neurons. While the full length p95-APP1 does not
affect the number of neurites/cell, expression of proteins with deleted or mutated ArfGAP domain dramatical-
ly inhibits neuritogenesis. As in non-neuronal cells, the mutated proteins accumulate into large Rab11-positive
endosomal vesicles, suggesting the inhibition of membrane recycling by the ArfGAP-deficient polypeptides. We
have previously shown that the neural-specific Rac1B GTPase strongly promotes neurite outgrowth and branch-
ing in retinal neurons. Cotransfection experiments have shown that the mutated forms of p95-APP1 also pre-
vent Rac1B-induced neurite potentiation. Since p95-APP1 is abundantly expressed in the developing nervous
system, our data suggest a role of p95-APP1 in coordinating Rac-mediated actin organization at the growth cone
with membrane traffic along the neurite.

Key words: growth cone migration, neuritogenesis, GTP-binding proteins, ArfGAP, actin.
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MOLECULAR GENETICS

• Cellular and molecular analysis of uPAR signaling
N. Sidenius, R. Mazzieri, A. P. Andolfo, M. Resnati, F. Blasi.

Urokinase (uPA) is a serine protease capable of activating plasminogen to plasmin, and hence of regulating
extracellular proteolysis and fibrinolysis. It binds to a high-affinity GPI-anchored receptor (uPAR), that medi-
ates most of the functions of uPA. uPA binding to uPAR is relevant not only for plasminogen activation, but also
for the induction of uPAR-mediated signal transduction. Both are involved in the invasive/metastatic phenotype
of human cancer, as well as in cell recruitment in inflammation. In fact, uPA activates plasminogen to plasmin
and therefore regulates fibrinolysis which serves to clear fibrin deposits. However, uPA can also regulate cell
adhesion, migration and proliferation through uPAR. This latter function seems to be the most unique, since the
phenotype of uPA k.o. mice is not fibrinolysis-dependent. Indeed, both uPA- and uPAR-deficient mice are
unable to mount a proper cellular response to pathogenic bacteria, or support invasive growth of model tumors. 

Specific cell surface interactions between uPAR and the intracellular signal transduction machinery regulate
these processes. We have identified a new pathway that signals through seven trans-membrane receptors. 

Key words: urokinase, chemotaxis, proteases, signaling.

• Clinical applications of the measurement of the urokinase/urokinase receptor levels
F. Blasi, N. Sidenius.

a. We, and several others, have shown that the level of suPAR in blood and urine of patients with ovarian car-
cinoma are a strong predictive prognostic factor. Similar results have been obtained in patients with bladder car-
cinomas. Now we have also shown that the same is true in AIDS. This result suggests that the presence of suPAR
in blood is not in itself a sign of the invasiveness of the malignant cells, but rather that it mirrors the extent of
cellular reactivity in response to a pathologic event. The level of circulating suPAR may therefore indicate
whether an organism has passed the limit at which cellular reactivity becomes itself a cause of death.

b. “Activated uPAR” fragments are present in tissues, blood and urines of human healthy volunteers. While
the pattern of fragmentation is very regular in controls, it varies considerably in urine of ovarian patients. In nude
mouse xenografts of human ovarian and other cancers, the fragment D2D3 is found attached to the cells in the
tumor tissue. These data have been submitted for publication. Acute leukemic patients display in their blood and
urine cleaved forms of uPAR, and their presence correlates with the outcome of the disease and with the (in)effi-
ciency of the therapy. Cleavage/activation also occurs in cell culture; in U937 cells uPAR cleavage is observed to
be strongly increased upon differentiation with PMA.

Key words: urokinase, urokinase receptor, AIDS, cancer.

• Transcription of the uPA gene
F. Blasi, M. Crippa, D. Talarico, M. Palazzolo.

The uPA gene can be induced by all kinds of cells, in inflammation and tumors. The architecture of the regu-
latory region of the uPA comprises a minimal promoter, an enhancer (-2000 bp) and a silencer. The enhancer
mediates the induction of uPA synthesis by EGF, PMA, wound healing and other inducers. It contains two sep-
arate sites for factors of the Jun/Fos family and a complex of elements (COM) that acts in a negative but
inducible fashion. COM allows cooperation between distant transactivating sites of the uPA enhancer and and
also plays functional roles in other genes. COM binds three factors (called UEF). Mutations inactivating these
sites destroy uPA enhancer activity; however, COM itself has no transactivating activity. 

UEF-4 co-purifies with Oct-1, its in vitro DNA-binding activity is blocked by specific anti-Oct-1 antibodies
and the target site is almost identical to the consensus OCT sequence (7/8 bases). Mutations in the UEF4 site
that increase Oct-1 affinity for DNA, decrease the basal activity of the enhancer. Hence, Oct-1 appears to have
a negative role on the activity of the uPA enhancer.

The region spanning -86/+32 contains, besides a TATA box and the start of transcription, five putative, high
and low affinity binding sites for proteins of the Sp-family (the GC-/GA-rich region, -80/-30). We have investi-
gated the role of these sites in uPA transcription and found that: 1) the sites are specifically bound by Sp1 and/or
Sp3; 2) the affinity of Sp1 for its cognate sequences depends on the phosphorylation state of the protein; 3) this,
in turn, regulates the balance of Sp1/Sp3 binding to the GC-/GA-rich region and thus 4) may positively or neg-
atively regulate the trancriptional activity of this element in different cell lines. 

Key words: transcription, enhancer, transcription factors, inducers.
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• Chromatin structure of the uPA gene and identification of novel uPA regulatory sites
F. Blasi, M. Crippa, I. Facetti.

To distinguish between the various chromatin states of the uPA gene, we have tested non expressing (HeLa),
constitutively expressing (prostatic carcinoma PC3) and PMA or EGF-inducible (hepatic carcinoma HepG2)
cells. Dnase hypersensitivity analysis has identified both known uPA regulatory sites (i.e. HS4, the enhancer,
HS5, the silencer, and HS6, the minimal promoter), as well as novel sites (like HS1, HS2 and HS3, located
upstream of the enhancer, see below). Some of the sites are found in all cell lines analyzed, but others are pre-
sent only in uPA-expressing conditions. The “inducible” HS4 site is the uPA enhancer located at -2.0 kb. In vivo
footprinting analysis indicates that all the in vitro identified cis-acting elements of the enhancer are occupied in
vivo after induction. MNase cleavage of this region fails to reveal discrete nucleosomal boundaries or loss of a
nucleosomal configuration after induction. An approximately 600 bp long region around the enhancer becomes
more, but not fully, accessible to restriction endonucleases upon stimulation. A transgenic mouse approach has
shown that the region from the enhancer to the minimal promoter is not sufficient to reproduce the pattern of
expression of the uPA gene in mice. Thus, regions other than the uPA enhancer are required. On the other hand,
the uPA gene was inducible (by wound healing) in mice transgenic for this construct and the enhancer was found
to be required for induction. The DNase-hypersensitive sites approach (see above) has provided evidence for
novel regulator sites. Three of these sites have been characterized in some detail by transient transfections and
deletion analysis, in particular HS1 (at -11kB), HS2 and HS3 (at about -4-5 kB). 

Key words: urokinase, chromatin, transcription.

• Molecular and functional analysis of Prep-1 function in development
F. Blasi, E. Ferretti, M. Palazzolo, C. Fognani.

a. PREP1 and PBX control HoxB2 gene in mouse development. UEF-3, purified because it binds the uPA
COM region, is an heterodimer of PREP1, a novel homeo-domain protein, with Pbx. Pbx binds and activates
anterior Hox proteins. Heterodimerization surfaces in PREP1/Pbx do not coincide with those employed for the
Pbx/Hox interaction and the three proteins can form ternary complexes. The formation of this ternary complex
is essential for the expression of at least the Hoxb2 gene in rhombomere r4. Heterodimerization determines the
intracellular localization of the two proteins. PREP1 does not contain a Nuclear Localization Signal (NLS) while
Pbx has an NLS located in the homeo-domain. PREP1 nuclear localization requires dimerization with Pbx. Even
though it contains an NLS, Pbx is not found in the nucleus, unless as a PREP1 dimer. In Drosophila cells, we
have shown that Pbx is actively exported from the nucleus, a feature that is inhibited by leptomycin B. 

b. Prep-1 expression. In mouse, Prep1 is expressed ubiquitously but at different levels, in the embryo and in
the adult. Thymus, brain and testis are rich Prep1. Prep1 is expressed in active, DNA-binding, also form in
regions and times in which Hox genes are not expressed (i.e. in the oocyte and in very early development, or in
the embryonic forebrain), and always in co-expression with a member of the Pbx family. Thus, Prep1 in con-
junction with Pbx or other factors, can have additional functions in early development.

c. Prep2. We have identified a second Prep gene (Prep2) by analysis of the human genome sequence in the
data bank. Prep2 has been cloned, expressed and found to be able to heterodimerize with Pbx and form ternary
complexes with HoxB1. 

Key words: homeodomain, pattern formation, development, hindbrain.

• Determination of Prep1 function
F. Blasi, E. Ferretti, M. Palazzolo, E. Longobardi

a. Ectopic expression in Drosophila. PREP1 and Pbx are conserved (Prep1 being one Drosophila equivalent
of Hth) and in Drosophila their expression induces the nuclear localization of Exd. Moreover, over-expression
of PREP1 induces ectopic Exd nuclear localization and causes developmental defects. 

b. Transgenic mice expressing dominant negative mutants of Pbx. Two lines of mice expressing in the thymus
(and (less) in the spleen) a Pbx form lacking its DNA binding domain, form abnormal heterodimers with Prep1.
The transgene is produced at high level, and drives Prep-1 away from the nucleus. We have observed a strong
increase in overall (cytoplasmic) Pbx suggesting that in mammals Prep1 prevents nuclear export.

c. Cell lines that overexpress Prep-1. Lines of F9 mouse teratocarcinoma cells that overexpress Prep1 also over-
express Pbx, Sp1 and Sp3. We are now analyzing the molecular mechanism behind this finding.

d. Prep1 k.o. We have isolated and sequenced the murine Prep1 gene. At the same time we have found in the
Lexikon Genetics enhancer-trap bank, an insertion at the beginning of the coding region of mouse Prep1. We
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have obtained the ES cells, tested them for the insertion by Southern blotting. The ES cells were also inserted in
the blastocyst and chimeric and we subsequently obtained heterozygous mice. The cross between heterozygous
mice is underway. Mice are expected to be obtained in the middle of May. However, the discovery of the Prep2
gene suggests that in order to detect a phenotype we will be obliged to also KO Prep2 and subsequently cross
the two lines of mice.

Key words: PREP1, transgenic mice, homologous recombination, nuclear import, dominant negative Pbx.

DNA-PROTEIN INTERACTION

• Genetic studies on HMGB1 and HMGB2
M. E. Bianchi, A. Agresti, S. Mueller, T. Bonaldi, P. Scaffidi, L. Ronfani, N. Collu.

We identified the nuclear protein HMGB1 (previously known as HMG1) as the major factor that can recog-
nise sharply bent DNA. Conversely, HMGB1 can bind to linear DNA and bend it. HMGB1 interacts with sev-
eral transcription factors, including all steroid hormone receptors. The related protein HMGB2 (previously,
HMG2) has identical biochemical properties. 

We have inactivated the Hmgb1 gene. KO mice are normal at birth, and then die within 24 hours. The imme-
diate cause of death is lack of glucose in the blood; liver glycogen accumulated in liver before birth cannot be
mobilized. A significant number of KO mice survive up to 3 weeks if given glucose injections soon after birth.
After a couple of weeks, however, even rescued mice stop growing and waste away. The function of the gluco-
corticoid receptor is impaired, which confirms the biochemical findings. 

We have also inactivated the Hmgb2 gene. KO mice are viable and healthy, but males have reduced fertility.
The cellular architecture of the seminiferous tubules is disrupted, and there is significant apoptosis of germ cells.
Spermatozoa show structural malformations and are immobile.

We are currently generating double Hmgb1 Hmgb2 knockouts.

Key words: chromatin, gene expression, mouse genetics.

• HMGB1 as a mediator of inflammation
M. E. Bianchi, B. Degryse, S. Mueller, P. Scaffidi, N. Collu.

Surprisingly for a nuclear protein, HMGB1 can be secreted by certain cell types, including monocytes and
macrophages. Secreted HMGB1 can act as a potent inflammatory signal, and the level of HMGB1 in serum is a
prognostic marker during toxic shock in humans.

We have shown that extracellular HMGB1 can induce chemotaxis in vascular smooth muscle cells, through
binding to a specific receptor, RAGE (receptor for advanced glycation endproducts). We have also shown 
that HMGB1 can be released by damage or necrosis of a variety of cell types, including endothelial cells. 
Thus, HMGB1 has all the hallmarks of a molecule that can promote atherosclerosis and restenosis after 
vascular damage.

Key words: atherosclerosis, inflammation.

• Chromosome condensation and epigenetic control of gene expression in Drosophila
R. Lupo, A. Breiling, M. E. Bianchi, V. Orlando.

In Drosophila, DNA elements termed Polycomb Response Elements (PREs) specifically mediate PcG function
and take part in "cellular memory" mechanisms that "freeze" transcriptional states determined early in embryo-
genesis and maintain them throughout the life of the fly. The molecular mechanisms underlying chromosomal
maintenance by the PcG and the transmission of the silent state through mitosis remain largely elusive.

Chromosome condensation machineries could provide an important functional link between the regulation of
chromosome domain structure, gene silencing and mitotic inheritance. Thus we have explored the interaction of
the PcG with chromosome dynamics machineries, in particular with topoisomerase II and the Barren protein
(BARR), a component of SMC2/4 mitotic condensin complexes. Using X-Chip we found a striking co-localiza-
tion of TOPOII and BARR with previously mapped PcG binding sites in the bithorax complex (BX-C), sug-
gesting that the two groups of functions are acting on the same DNA regions. In addition, we found that BARR
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and TOPOII co-immunoprecipitate with the PcG protein Polyhomeotic (PH) and that ph mutants show mitot-
ic defects in chromosome segregation. Finally, we showed that the barren gene product is essential for PRE
dependent silencing of homeotic genes. Thus we propose that chromosome condensation pathways play a 
pivotal role in regulating the structure of chromosomal domains and in maintaining gene expression.

Key words: drosophila, Polycomb, topoisomerase, cellular memory, chromosome.

• Mechanisms of gene silencing by Polycomb group proteins in Drosophila
A. Breiling, M. E. Bianchi, V. Orlando.

The proteins of the Polycomb group (PcG) have been proposed to maintain transcriptional repression of their
target genes. In Drosophila, DNA elements termed Polycomb Response Elements (PREs) specifically mediate
PcG function and take part in "cellular memory" mechanism that "freeze" transcriptional states determined ear-
ly in embryogenesis and maintain them throughout the life of the fly.

PcG proteins bind to defined PREs, but also to promoter regions of their target genes. Thus we investigated
if the presence of PcG proteins at repressed promoters and in general in repressed chromosomal domains would
imply the exclusion of basal transcription factors. We used the X-ChIP approach to map TATA-binding protein
(TBP), the initiation factors TFIIB and TFIIF, HDAC1 (RPD3) and acetylated histones H3 and H4 across sev-
eral PcG regulated promoter regions. Strikingly, we found that PcG binding to repressed promoters does not
exclude general transcription factors (GTFs) from binding. In addition we found that PcG proteins also inter-
act in vitro with GTFs. Inhibition of PcG protein synthesis by dsRNA-interference leads to specific de-repres-
sion of PcG target genes. We propose that PcG repressing complexes maintain silencing by inhibiting PolII tran-
scriptional activation via an interaction with GTFs.

Key words: transcription, Drosophila, Polycomb, cellular memory.

GENE THERAPY PROGRAM

• Correction of bacterial infection and inflammation in cystic fibrosis respiratory epithelial cells by gene
transfer

M. Conese, A. Livraghi, A. Bragonzi, D. Carpani, S. Francisconi.
Cystic Fibrosis (CF) is the main fatal autosomal recessive disorder in Caucasians. Bacterial infections of the

lungs trigger a chronic inflammatory response, dominated by neutrophils, which leads to pulmonary tissue
destruction and eventually to death due to respiratory failure. It is important to understand the pathogenesis of
this process and whether gene transfer could correct lung disease onset and/or progression. We have previous-
ly shown that CF primary differentiated nasal epithelial cells are unable to kill P. aeruginosa bacteria deposited
onto their apical surface and that cells recover this activity upon non-viral transfection of the CF gene. We now
have data which indicate that the CF defect could be caused by decreased bacterial internalisation by epithelial
cells, correlated to the lack of activation of intra-cellular acidic sphingomyelinase (ASM). To evaluate the mech-
anism of bacterial uptake, the effect of gene transfer using either CF or ASM gene is under investigation in CF
cells.

Future studies will focus on the gene transfer by using previously optimized non-viral cationic vectors in CF
mouse models. 

Considering an integrated vision of the disease, we are also evaluating the pro-inflammatory profile of CF res-
piratory cells by gene and protein expression studies. CF primary nasal epithelial cells secreted more IL-8, the
major chemoattractant for neutrophils, than non-CF cells in basal conditions. Evaluation of nasal brushings ex
vivo demonstrated that CXCR1, the IL-8 receptor, was upregulated in CF patients with respect to non-CF con-
trols. A similar pattern was observed for other chemokine receptors (CCRs). Further studies will tell whether the
abnomal expression of pro-inflammatory molecules in CF cells can be corrected by transfer of the CF gene.

Key words: non-viral gene transfer, P. aeruginosa, bactericidal activity, IL-8, chemokine receptors.

• New viral and non-viral vectors for gene therapy of cystic fibrosis
M. Conese, D. Carpani, E. Copreni.

Phase I clinical studies in cystic fibrois (CF) patients have shown that recombinant adenoviruses or liposomes
can transfer the CF gene (CFTR, a chloride channel) into lung epithelial cells. However, functional correction is
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incomplete and persistence of expression is limited. Recombinant lentiviruses (RL) are integrating vectors 
which offer the advantages of long-term and high levels of gene expression. VSV-G pseudotyped lentiviral 
vectors encoding the EGFP gene under hCMV promoter were used to infect fetal human tracheas and lung
grafts implanted in SCID mice. The infection of fetal tracheas yielded a transduction efficiency of 2-20%.
Immunohistochemistry revealed that both basal and differentiated cells expressed the transgene. In lung 
grafts, a diffuse pattern of GFP expression in the bronchioli and alveoli around the inoculus was observed.
Transgene expression was still present at 12-14 weeks after infection. RL deserve an efficacy validation in 
CF xenografts.

Physiological regulation of the therapeutic gene and persistence of expression might be obtained by the use of
a MAC (mammalian artificial chromosome) as a vector for the transgene. We are currently evaluating CFTR
expression in CHO clones containing a chromosome 1-derived MAC in which the entire CFTR gene (24 exons
spanning 230 kb and about 70 kb of genomic DNA upstream the transcription start site) was cloned. Immuno-
cytochemistry and confocal microscopy revealed the CFTR protein mostly localized in intracellular compart-
ments. Cytofluorimetric analysis confirmed that a small percentage of cells expressed the CFTR antigen on the
cell surface. Future studies will focus on the transfer of CFTR-MAC into CF cells and on functional correction
of the CFTR defect in vitro and in vivo.

Key words: lentivirus, EGFP, xenografts, mammalian artificial chromosome.

GENOMICS FOR HUMAN DISEASE DIAGNOSIS

• Cloning and characterisation of type 1 diabetes and other autoimmune disease autoantigens
V. Lampasona, M. Ferrari, E. Bonifacio, S. Cainarca.

Type 1 diabetes is an autoimmune disease characterised by the presence of autoantibodies to pancreatic islet
beta cell proteins in the serum of patients and individuals at risk. GAD and IA-2 are two identified targets of
these autoantibodies. Through cloning and expression of mutagenised GAD and IA-2, we determined epitope
specificity, temporal sequence of epitope recognition and epitope spreading of anti-GAD and anti-IA-2 anti-
bodies in the pre-clinical phase of the disease. However, several patients with type 1 diabetes, especially those
with slowly progressing autoimmunity, have antibodies to autoantigens that current cloning methodologies failed
to identify. We are currently using two complementary strategies to clone these other pancreatic beta cell
autoantigens. The first approach is based on in vitro expression cloning (IVEC) where pools of beta cell cDNA
clones are expressed in vitro and immuno-screened by immuno-precipitation in liquid phase with patients' sera.
The main goal of this project is the cloning and characterisation of glima 38, a partially characterized glycosilat-
ed integral membrane protein, that is the target of autoantibodies in around 20-30% of patients. The second
approach is based on cloning and expression of immunoglobulin Fabs from B lymphocytes present at the site of
inflammation. These recombinant antibodies will be subsequently used to screen conventional as well as IVEC
expression libraries to identify their protein targets.

Key words: type I diabetes mellitus, autoantibodies, autoantigens.

• Quantitative analysis of fetal DNA in maternal plasma in preeclamptic pregnancies
L. Cremonesi, M. Ferrari, A. Vassallo, F. Lagona, L. Valsecchi, A. Ferrari, M. Smid.

The presence of fetal DNA in maternal plasma has been explored only recently and data about factors affect-
ing its release and clearance into and from maternal circulation are scarce. Increased fetal DNA levels in mater-
nal plasma were observed in pathological placental conditions associated with hypertension and preeclampsia.
Understanding whether abnormal patterns of fetal DNA may be detectable even before the manifestation of clin-
ical signs might result in a powerful test for the risk of developing these pathologies, allowing us to adopt pre-
ventive strategies.

In order to distinguish between maternal and fetal sequences, fetal DNA quantification was carried out
through Real-Time Quantitative PCR on the SRY gene in physiological and pathological male-bearing pregnan-
cies. In 78 physiological pregnancies, fetal DNA concentration in maternal plasma was 20.7, 13.4, 23.6 and 74.8
genome-equivalents (g.e.)/mL during the first, second and third trimester and at term, respectively. In ten
preeclamptic women fetal DNA concentration ranged from 59.3 to 615.2 g.e./mL (median 332.9). In seven
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women with preeclampsia and IUGR (intra-uterine growth retardation) fetal DNA ranged from 96.5 to 859
g.e./mL (median 146.8). In four women with IUGR and hypertension fetal DNA ranged from 34 to 473.5
g.e./mL (median 142.4). In three patients with IUGR fetal DNA ranged from 168.6 to 519.7 g.e./mL (median
308.1). In two patients with IUGR and HELLP (hemolysis, elevated liver enzymes, and low platelet count) syn-
drome fetal DNA ranged from 105 to 394.1 g.e./mL (median 249.7). Four women who developed preeclampsia
some weeks later showed fetal DNA levels within the physiological range. These data suggest that increased fetal
DNA levels might represent a valuable marker of placental abnormalities. 

Key words: fetal DNA, maternal plasma, quantitative analysis.

• A DG-DGGE assay for identification of L-ferritin IRE mutations responsible for hereditary hyperfer-
ritinemia cataract syndrome

L. Cremonesi, M. Ferrari, A. Fumagalli, B. Foglieni, N. Soriani, S. Levi, P. Arosio.
Hereditary Hyperferritinemia Cataract Syndrome is an autosomal dominant disorder caused by heterogeneous

mutations in the Iron-Responsive-Element (IRE) of L-ferritin mRNA. The mutations abolish or reduce the 
affinity for binding the iron regulatory proteins (IRPs) and this determines a constitutive up-regulation of 
ferritin L-chain in serum and all tissues. 

A direct genetic approach on a large population may be useful to recognize polymorphisms in the DNA region
and the prevalence of mutations associated with minor increases in serum ferritin and subclinical cataract. To
this aim we developed a double-gradient, denaturing-gradient gel electrophoresis (DG-DGGE) method which 
clearly identified all the 8 mutations accessible to us, including 2 C-G transversions which are the most difficult
to detect. The system was used to scan DNA samples from 50 normal subjects and from 350 subjects 
with abnormalities in iron metabolism. One new mutation G14C, was identified. The results show that the 
DG-DGGE system detects all the mutations in the L-ferritin IRE sequence, that it is fast and economical and
can be applied to scan large populations. This allows us to define with more accuracy the prevalence of the muta-
tions in populations with juvenile, bilateral and congenital cataract and in populations with hyperferritinemia. 
We speculate that the system is particularly powerful for the study of translational disorders, of which HHCS is
probably the main example. IRE structures are present on the mRNA for H-ferritin, mitochondrial aconitase,
ALAS1, IREG1, DMT1, and transferrin receptor, which could also be mutated with unpredictable pathological
consequences. The system is available for the scan of DNA from subjects with other disorders of iron metabo-
lism.

Key words: L-ferritin, IRE mutations, hyperferritinemia cataract syndrome, DG-DGGE.

• CFTR gene analysis in eighty-six Italian patients with chronic lung disease
L. Cremonesi, A. Fumagalli, A. Gessi, M. Ferrari.

Mutations in the cystic fibrosis transmembrane conductance regulator (CFTR) gene are the primary cause of
cystic fibrosis (CF). It was postulated that alterations in this gene might be responsible for other chronic lung
diseases. The aim of our study was to evaluate whether patients displaying some isolated respiratory symptoms
common to CF might have a higher frequency of CFTR mutations compared to the general population, whether
these mutations were frequent or rare in classic CF patients, and whether a particular combination of mutations
and polymorphisms/regulatory sequences may play a role in the etiology of these symptoms. Analysis of the gene
was carried out through double-gradient denaturing gradient gel electrophoresis (DG-DGGE), and analysis of
the polythymidine tract of intron 8 and polymorphisms M470V, T854T and Q1463Q. Eighty-six patients (aged
4-70 years) presenting with CF-like symptoms were enrolled in the study. 

Twenty-one patients were found to carry at least one mutation, accounting for 26/172 (15.1%) mutated alle-
les, an allelic frequency seven times more elevated than that expected among the general population (2%). Four
of these mutations (-8G->C, S911R, S686Y and S1373I) had never been reported. Five patients were found to
be compound heterozygous for two mutations, leading to a diagnosis of CF. The distribution of CFTR mutations
identified in the group of patients evaluated in this study is different from that detected in the whole CF popu-
lation followed up at our Center, suggesting that some milder undetected forms of CF or some CF-like symp-
toms might be associated with very rare or even still undescribed molecular CFTR defects. Our findings confirm
the role of the CFTR gene in determining chronic pulmonary diseases in the adult population.

Key words: cystic fibrosis, chronic lung disease, DG-DGGE.
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• Mutational scanning of the ABCR gene with double gradient-denaturing gradient gel electrophoresis
(DG-DGGE) in Italian Stargardt disease patients

L. Cremonesi, M. Ferrari, A. Fumagalli, N. Soriani, A. Gessi, B. Foglieni, E. Martina, M. P. Manitto, R. Brancato.
Mutations in the retina-specific ABC transporter (ABCR) gene are responsible for autosomal recessive Star-

gardt disease (arSTGD). Mutation detection efficiency in ABCR in arSTGD patients ranges from 30 to 60% in
previously published studies, both due to high allelic heterogeneity and to technical limitations of methods used.
Conditions were developed to screen the ABCR gene through double-gradient denaturing gradient gel elec-
trophoresis. The efficacy of this method was evaluated by analysis of DNA samples with already characterized
ABCR mutations. This approach was applied for mutation detection in 44 arSTGD patients corresponding to
36 independent genomes, to assess the nature and frequency of the ABCR mutations in this ethnic group. Thir-
ty-seven sequence changes were identified in 34 of 36 (94.4%) STGD patients, including 26 missense, 6
frameshift, 3 splicing and 2 nonsense variations. Of these, 20 have not been previously described. Among the
new mutations in the ABCR gene, the A1598D variant was detected only in patients with flecks distributed
throughout the fundus (STGD C phenotype). Several polymorphisms were detected in both affected individu-
als and in matched controls. Our findings extend the spectrum of mutations identified in STGD patients and
suggest the existence of a subset of molecular defects specific for the Italian population, probably due to a
founder effect. The identification of at least two disease-associated mutations in four healthy control individuals
may indicate a higher than expected carrier frequency of variant ABCR alleles in general population. Genotype-
phenotype analysis in our series showed a possible correlation between the nature and location of some muta-
tions and specific ophthalmoscopic features of STGD disease. 

Key words: Stargardt disease, ABCR gene, mutational scanning.

• Functional evaluation of microchimerism in scleroderma
L. Cremonesi, M. Ferrari, A. Vassallo, S. Burastero, E. Ferrero, M. G. Sabbadini, C. Rugarli.

The placenta was traditionally thought to be a barricade that keeps the genetically differing mother and child
separate. However, it is now recognized that fetal cells pass into the maternal circulation during normal preg-
nancy. It has been reported that in some cases fetal progenitor cells persist in maternal circulation for decades
after pregnancy completion. Moreover, maternal cells can also be found in the fetal circulation and are known
to engraft and persist in infants with immune deficiency. Based on clinical similarities of scleroderma and chron-
ic graft-versus-host disease, the increased incidence of scleroderma in middle-aged women, and the persistence
of fetal cells after pregnancy completion, the hypothesis has been proposed that microchimerism is involved in
autoimmune diseases such as scleroderma. In order to evaluate whether fetal cells or fetal DNA were present in
maternal circulation, we collected blood samples from 20 sclerodermic women (aged from 44 to 87 years). Real-
time Quantitative PCR on the SRY gene was performed on both the plasmatic and celllular fraction of blood
samples in order to detect DNA originating from fetal cells of previous male-bearing pregnancies. Fetal DNA
sequences were detected in the cellular fraction of 3 women (approximately 1 fetal cell every 2 to three x 105
nucleated maternal cells). Plasma was negative in all samples. No SRY signal was found in a control group of 11
healthy women with male children. These findings are consistent with the hypothesis that microchimerism might
have relevance in scleroderma. 

Additionally, in vitro experiments on T lymphocytes aimed at elucidating the immunological mechanisms that
could underlie the possible microchimerism-dependent pathogenesis of scleroderma are in progress.

Key words: microchimerism, scleroderma, fetal cells, quantitative PCR.

• Search for candidate genes in common migraine in the Italian population
P. Carrera, M. Ferrari, S. Stenirri, B. Colombo, F. Martinelli Boneschi, L. M. E. Grimaldi, M. Franceschi.

At present, little is known on the genetics of common migraine, which is most likely a multifactorial disease.
The only genetic involvement described is on the 19p13 region where the gene for Familial Hemiplegic Migraine
is located. We planned to perform a genetic analysis of familial migraine in pedigrees of Italian origin. Genes
coding alpha1 or other proteins interacting or modulating the Ca2+ channel alpha1 subunit have been selected
as candidate genes.

Microsatellites (VNTRs) and Single-Nucleotide Polymorphisms (SNPs) have become increasingly popular
markers in molecular genetics because of their wide application in the identification of susceptibility to common
diseases. We have addressed the issue of VNTR and SNP genotype determination by investigating variations
within regions where several human calcium channel genes are mapped in order to evaluate their role in the
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pathogenesis of common forms of migraine. A new SNP scoring method, dynamic allele-specific hybridization
(DASH), has been applied. The key feature of DASH is dynamic heating and simultaneous monitoring of DNA
denaturation in order to detect the melting temperature of the probe-target hybrid, which is indicative of their
mismatch or perfect match. VNTR polymorphism analysis has been set up by using fluorescent amplification and
allele assignment on a MegaBACE-1000 automatic sequencer.

Experimental conditions have been set up for a total of 18 SNPs and 36 VNTRs located on chromosomes 1,
3, 9, 10, 17, 19 and close to the CACNA1E, S, D, G, A, CACNB2 genes. To date, preliminary results have been
obtained for 45 subjects from families suffering from migraine with an apparent dominant inheritance. 

Key words: migraine, linkage, candidate genes.

• Familial hemiplegic migraine mutants affect P/Q-type Ca2+ channel kinetics
P. Carrera, M. Ferrari, S. Stenirri.

Missense mutations in the pore-forming human &#61537;1A subunit of neuronal P/Q-type Ca2+ channels are
associated with familial hemiplegic migraine. In collaboration with Prof. J. Striessnig (Innsbruck University), we
studied the functional consequences on P/Q-type Ca2+ channel function of mutations R583Q and V1457L after
introduction into rabbit &#61537;1A and expression in Xenopus laevis oocytes. The potential for half-maximal
channel activation was shifted to more negative potentials in both mutants. The potential for half-maximal chan-
nel inactivation was shifted by >7 mV in the same direction in R583Q. Biexponential current inactivation dur-
ing 3-s test pulses was significantly slower in V1457L than in wild type. Both mutants delayed the time course of
recovery from channel inactivation. The decrease of peak current through R583Q (30.2%) was more pro-
nounced during 1-Hz trains of 15 100-ms pulses than in wild-type (18.2%). Our data demonstrate that the muta-
tions R583Q and V1457L affect P/Q-type Ca2+ channel gating. We therefore propose that altered channel gat-
ing represents a common pathophysiological mechanism in familial hemiplegic migraine. 

Key words: familial hemiplegic migraine, P/Q-type Ca2+ channel, kinetics, mutations.

• Genetics of CADASIL and genotype-phenotype correlation
P. Carrera, M. Ferrari, F. Albani.

Cerebral Autosomal Dominant Arteriopathy with Subcortical Infarcts and Leukoencephalopathy (CADASIL)
is an autosomal dominant genetic disease characterized by migraine and white matter hyperintensity foci at brain
MRI, early strokes and subcortical dementia due to diffuse leukoencephalopathy. The disease usually causes a
moderate to severe disability by the age of 60. The defective gene, mapped on chromosome 19p12, is Notch3,
which encodes a trans-membrane receptor. We recently performed a genetic study on 12 Italian families suffer-
ing from CADASIL, and linked to chromosome 19. The entire Notch3 sequence was analyzed by automatic
sequencing and mutations located within the epidermal-growth-factor-like repeats were found in 9 patients. One
of the families already diagnosed with CADASIL through clinicopathological and genetic studies was studied to
evaluate retinal function and the neural conduction in the visual pathways. Interestingly, subjects with CADASIL
presented a dysfunction in the outer, middle and innermost retinal layers when the index of neural conduction
in the postretinal visual pathways is normal. 

We also reported a family with autosomal dominant migraine with prolonged visual, sensory, motor, and aphasic
aura associated with white matter abnormalities on brain MRI. Since WMAs occur in a variable percentage of general
migraine population, CADASIL should be suspected in migraine sufferers with prolonged atypical aura and WMAs. 

Key words: migraine, WMAs, Notch3 gene, CADASIL.

GROWTH FACTORS AND INTRACELLULAR SIGNALLING

• Molecular genetics of ryanodine receptors
V. Sorrentino, A. Conti, V. Barone, G. Raho, I. Simeoni, G. Priori, P. Bagnato, M. Matteoni, E. Draghici.

Two families of intracellular calcium release channels exist: the widely expressed Inositol-tris-phosphate
(InsP3) receptors and the ryanodine receptors (RyRs). Our group has demonstrated that all three RyR isoforms
are widely expressed in vertebrate tissues. We are interested in understanding how important the expression of
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a specific pattern of calcium release channels for the regulation of specific cellular functions is. We also want to
identify the molecular determinants that are important for correct intracellular localisation of these channels.

Expression of RyRs. We want to determine the distribution of the individual isoforms of RyRs and their co-
expression and co-localisation in mammalian tissues. In parallel we are interested in a detailed molecular char-
acterisation of the promoter of the RyR3 gene. In vitro studies have shown that within a 4.7 kb fragment
upstream to the ATG starting codon sequences are present that can drive expression of the LacZ gene in NIH
3T3 cells and muscle C2C12 cells. Transgenic mice expressing a ß-gal reporter gene under the control of the
RyR3 promoter region are being generated.

2) Cloning of proteins interacting with RyRs. All available evidence indicates that localisation of RyRs in mus-
cle cells and neurons is highly regulated, probably via participating to a scaffold-like structure. We want to iso-
late the cellular proteins that are important in this mechanism. To this end we are using the yeast two-hybrid
technique and affinity chromatography to isolate complexes containing RyRs and associated proteins.

Key words: intracellular signalling, calcium release channels, animal models, ryanodine receptors.

LEUKOCYTE BIOLOGY

• Adhesion-generated signals in cell motility and proliferation
R. Pardi, E. Bianchi, M. Fabbri, G. Rossetti, S. Denti, S. Carrabino.

"Anchorage-dependence" (AD) defines the requirement for adhesion to substrate for progression through the
cell cycle and the onset of DNA replication in response to growth factors. AD is thought to be largely depen-
dent on active signaling by surface integrins, a highly conserved family of adhesion receptors involved in 
cell-extracellular matrix, as well as cell-cell adhesion. Numerous studies have unveiled the existence of a close
relationship between loss of AD and tumorigenicity, by showing that the requirement for integrin-generated 
signals becomes less pronounced with increasing degrees of cell transformation. We have identified a protein,
JAB1 (Jun Activation domain Binding protein 1), that interacts with the cytoplasmic domains of selected inte-
grin beta subunits, and have shown that integrin-dependent induction of AP-1 transactivating function physio-
logically depends on the presence of JAB1. JAB1 is a component of a recently identified multi-subunit complex
named the COP9 signalosome (CSN), which controls the onset of higher order genetic programs in plants. The
complex is strictly conserved in mammalian cells, but its function in higher vertebrates is presently unknown. 
A second line of research concerns the characterization of structural elements involved in regulating adhesion
receptor dynamics in motile cells. Migrating cells acquire a polarized phenotype, which is maintained by the pref-
erential recycling of receptors involved in supporting directional movement (such as integrins and chemokine
receptors) to the leading edge of the migrating cell. Our previous work has identified functional motifs in the
beta-2 integrin cytoplasmic domain mediating apparently independent functions related to integrin-dependent
migration. 

Key words: cell adhesion, integrins, signal transduction, cell migration.

MOLECULAR BIOLOGY OF DEVELOPMENT

• Genetic control of vertebrate development
E. Boncinelli, A. Faiella, A. Mallamaci, M. Pannese, G. Lavorgna.

We study the genetic control of vertebrate development through the isolation and characterization of home-
obox genes of different families. We have isolated and characterized 4 homeobox genes, OTX1 and 2, and
EMX1 and 2. All of them appear to be expressed in the brain of midgestation mouse embryos with characteris-
tic patterns. We studied the expression of OTX genes, in the developing Xenopus, chicken and zebrafish
embryos. In particular, we demonstrated that OTX2 has some effect in both promoting head formation and
repressing the expansion of posterior body regions. We studied the expression of EMX1 and EMX2 in the devel-
oping mouse cerebral cortex. EMX2 is exclusively expressed in proliferating cortical neuroblasts and in Cajal-



Retzius cells, a transient population of cells implicated in directing the migration of cortical neurons. Converse-
ly, EMX1 is expressed in most cortical neurons. The comparison of EMX1 expression domains in different ver-
tebrates allowed us to draw some conclusions about the evolution of telencephalic subdivisions. We produced
EMX2 null mutant mice. These mice are born but do not survive for long since they lack kidneys. Inspection of
the brain of late embryos shows a generalized reduction of the cerebral cortex, severe malformations of the hip-
pocampus and of the medial limbic cortex and the complete absence of the dentate gyrus. We demonstrated that
this arose as a consequence of the absence of late REELIN expressing cells in the marginal zone. Then it was
shown that the knock-out of Emx2 resulted in a severe distorsion of the cortical areal profile, including a size
reduction of areas with caudal-medial identity and an expansion of those with a more rostral-lateral identity. At
the moment mechanisms leading to this phenotype are under analysis

Key words: development, homeobox, brain, cerebral cortex, genetics.

MOLECULAR GENETICS OF BEHAVIOUR

• Molecular mechanisms of striatum-dependent plasticity and behaviour
R. Brambilla, P. Orban, C. Mazzucchelli, C. Vantaggiato.

The striatum is a collection of several nuclei involved in a variety of behaviours and brain diseases, including
operant conditioning responses in experimental animals, drug addiction and Parkinson's disease. Its neurobiol-
ogy is still poorly understood. We have recently analysed two mouse strains bearing mutations in components of
the Ras/ERK signalling pathway, which plays a crucial role in learning and memory processes. Behavioural and
electrophysiological analyses of these two mutants reveal specific alterations in the neurobiology of striatum. Ras-
GRF 1-/- mice show major impairments in the process of the memory consolidation as revealed by two striatum-
dependent avoidance tasks. Interestingly, only long-term memory is affected while learning and short-term mem-
ory are normal. In addition, at the electrophysiological level Ras-GRF1-/- mice are severely impaired in LTP of
the cortical-striatal pathway. In parallel to the analysis of Ras-GRF1 deficient mice we have also performed a
behavioural and electrophysiological investigation on ERK1 -/- mice, another mouse mutant in the Ras pathway.
These mice, like the Ras-GRF1 mutants, are viable and fertile and thus amenable to neurological analysis. At the
behavioural level ERK1 mutants manifest specific alterations in avoidance tasks. Surprisingly, such changes
appear to be of a different nature from those detected in Ras-GRF1. In fact, the long-term memory of ERK1
mutants appears better than that of control mice. Consistently with such behavioural observations we also found
a dramatic enhancement in LTP in the striatum. In conclusion we believe that the features of these two mouse
strains make them extremely useful to further dissect the molecular basis of striatum-dependent pathophysiology.

Key words: striatum, Ras/ERK signalling, LTP, avoidance tasks.

MOLECULAR HISTOLOGY

• The biological functions of p27BBP
P. C. Marchisio, S. Biffo, A. Donadini, A. Giodini, C. Gaviraghi, M. Ceci, C. Gorrini, P. Rosso.

The protein p27BBP interacts with integrin b4. The gene and protein have been characterized. p27BBP is
overexpressed in human tumors. In colorectal carcinoma p27BBP and its mRNA are increased as a function of
tumor malignancy and stage. A study of human head-and neck carcinomas including control mucosa and
metastatic lymphnode foci was also done. p27BBP is also a marker of malignancy in tumor metastases. On the
basis of the above observations and on data obtained from normal mucosa we propose a relationship between
p27BBP expression and tumor apoptosis protection. p27BBP is part of a large complex: we have to identify the
partner(s) of p27BBP through a) IP associated with microelectrospray ion trap mass; b) yeast 2-hybrid. The yeast
2-hybrid analysis of p27BBP interactors gave a clone coding for a partner ("cpc2") that interacts with cytoplas-
mic p27BBP in vivo. The MALDI analysis of proteins interacting with p27BBP is in progress. We first collected
evidence for a complex containing p27BBP. After testing strategies we are now exploring a yeast-based double
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tag procedure. The isolation of p27BBP as an interactor of b4 integrin raised the possibility that p27BBP gene
mutations could be involved in epidermolysis bullosa, a blistering disease where mutations of b4 play a causative
role. The p27BBP human gene was mapped in a region spanning 20q11.2, and intron-exon boundaries were
sequenced. The promoter region of p27BBP was also mapped. In vitro and in vivo studies on the regulation of
p27BBP have shown that p27BBP is constitutively expressed in vitro, but highly regulated in vivo. Data are
important in view of the dual function of p27BBP, as an interactor of b4 integrin and as a protein necessary for
the synthesis of the 60S subunit.

Key words: apoptosis, cancer, ribosomes, protein-protein interactions, integrin b4.

• Surivivin, an interloper between cell cycle control and apoptosis
P. C. Marchisio, S. Tognin.

This project is part of a long-term collaboration with Dario Altieri at Yale University. Cell cycle progression
and control of apoptosis (programmed cell death) are linked processes, preserving homeostasis and develop-
mental morphogenesis. Although apoptosis regulatory proteins have mostly been implicated in restraining cell
cycle entry, and controlling ploidy, the effector molecules at the interface between cell proliferation and cell sur-
vival have remained elusive. A novel 16.5 kDa IAP inhibitor of apoptosis, survivin, is expressed in G2/M in a
cell cycle-regulated manner. At the beginning of mitosis, survivin associates with spindle microtubules in a spe-
cific and saturable reaction, regulated by microtubule dynamics. Disruption of survivin-microtubule interaction
results in loss of anti-apoptosis function and increased caspase-3 activity in mitosis. These findings suggest that
survivin counteracts a default induction of apoptosis in G2/M. In this research we intend to obtain information
about the association of caspase-3 and survivin at the mitotic spindle and study the interplay of caspase-3 with
specific survivin domains by a selective mutation involving the BIR domain (Cys84Ala) and the C-terminal
coiled-coil domain. We have used an antisense-based strategy to target survivin in HeLa cells and transfection
experiments with a BIR domain mutant (Cys84Ala); the goal was to follow mitotic phases and monitor the onset
of mitotic aberrations and the generation of abnormal cells. The effects of non-phosphorylatable mutants of sur-
vivin have already been studied.

Key words: apoptosis, cell cycle, tumors, microtubules, mitosis.

• Soluble integrin fragments in the bloodstream of cancer patients
P. C. Marchisio, G. Sessa.

The integrin a6b4 is a hemidesmosome-associated laminin receptor expressed by epithelial cells and carcino-
mas. We have detected fragments of the b4 subunit in the bloodstream of Guillain-Barré syndrome and in can-
cer patients by means of a newly designed ELISA-based test. Recently we have produced a battery of monoclonal
antibodies to b4 that map to defined epitopes. By means of this new set of reagents we are studying the levels of
b4 immunoreactivity in selected cohorts of cancer patients. The aim is to offer a novel diagnostic and prognos-
tic reagent to be used in neoplastic patients.

Key words: integrin a6b4, cancer, blood serum, cancer follow-up.

MOLECULAR ONCOLOGY

The epidermal growth factor receptor (EGF-R) is the prototype of a growth factor, tyrosine kinase receptor,
over-expressed in a large variety of human tumors of ectodermal origin. We showed that over-expression of the
EGF-R is sufficient to transform normal cells only in the presence of its ligand (EGF, TGFalpha). My laborato-
ry is interested in the role of the human EGF-R in normal cell growth and neoplastic transformation.  We are
also interested  in the role of angiogenesis under physiological condition and in the growth of tumors.

• Molecular mapping of regulatory domains in the EGF-R molecule
L. Beguinot, G. Di Stefano.

By molecular genetic analysis we have identifed three major regulatory regions in the EGF-R C-terminus tail.
The very  C-terminus with the five autophosphorylation sites present here positively affects EGF-dependent
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transformation and allows interaction and phosphorylation of endogeneous substrates essential for the mitogenic
signal and for transformation. We studied in detail the interaction and activation of the 5 SH2-substrates: phos-
pholipase C-gamma, ras GTPase activating protein (GAP), p85 the regulatory subunit of PI3 kinase, SHC and
GRB-2. We showed that all five auto-phosphorylation sites play a compensatory role and that substrate interac-
tion is not site specific, in contrast to other growth factor receptors. In addition, although the autophosphoryla-
tion sites are essential for the EGF-R mitogenic and transforming activity, at least two substrates, GAP and SHC
are still phosphorylated without direct inteaction with the autophosphorylation sites. Upstream of the autophos-
phorylation sites we identified a region of 30 aminoacids with an inhibitory function on mitogenesis and trans-
formation and which is required to phosphorylate two non-SH2 substrates, eps8 and eps15. Using a conforma-
tion-specific antibody we determined that phosphorylation of three minor autophosphorylation sites, tyr 992-
1068-1086, is required to induce a conformational change in the EGF-R C-terminus while that of tyr 1173-1148
does not appear necessary.  The studies will continue in trying to determine the stoichiometry of phosphoryla-
tion of the EGF-R under different conditions.

We also showed that autophosphorylation is essential to induce rapid receptor endocytosis and lysosome
degradation and by deletion analysis we mapped the principal domain mediating EGF-dependent receptor inter-
nalization, located upstream of the autoinhibitory domain. We identified the single aminoacids involved in
adaptin interaction, which allows EGF-R localization in coated pits and rapid internalization. We also deter-
mined that there is at least one more EGF-R internalization domain able to allow rapid internalization indepen-
dently of adaptin interaction and another unknown factor(s,) which is limiting in EGF-R rapid internalization.
We are now creating EGF-R C-tail mutant to identify this second domain of internalization. We have also stud-
ied the role of c-cbl in regulating the endocytic sorting of the EGF-R and its ubiquinition on the way to lysosome
delivery.

• EGF-R and cell adhesion
L. Beguinot, G. Di Stefano, P. Defilippi.

Receptor activation does not occur “in vacuo” in vivo, since cells are bound to each other and to the extracel-
lular matrix. To study the role of cell adhesion in the signaling activity of the EGF-R, we have employed cells in
suspension, and plated on specific extracellular matrix substrates. We showed that cell adhesion stimulates EGF-
R autophosphorylation in the absence of EGF, and activation of its signal transduction pathway. In addition we
have demonstrated SHC phosphorylation and MAP-kinase activation. We have used the large collection of EGF-
R mutants that we have generated and well characterized (in endocytosis, cell transformation and signaling prop-
erties) to analyse this phenomenon in detail. We have established that four EGF-R tyrosines phosphorylated in
response to the adhesive stimulus and identified that c-src is activated upon adhesion . c-Src phosphorylates the
EGF-R on a novel tyrosine, Y845 and activates the EGF-R kinase.

• Molecular regulation of angiogenesis
J. Maier, M. Mariotti, M. Manganini, L. De Benedictis.

The formation of new blood vessels, is essential during  development, in wound healing, and for the growth of
tumors.  To get insights into the molecular mechanisms involved in angiogenesis, we isolated mRNAs differen-
tially expressed in endothelial cells exposed to angiogenic factors. 

– One of the novel cDNAs isolated, denominated endothelial differentiation-related factor (EDF)-1, encodes
a basic intracellular protein of 148 amino acids which is homologous to the multiprotein bridging factor 1
(MBF1) of the silkworm Bombyx mori, and to H7, which is implicated in the early developmental events of Dic-
tyostelium discoideum. The phorbol ester TPA and culture on fibrin gels, which promote endothelial differenti-
ation in vitro, both downregulate EDF-1 expression at the RNA and protein level. Inhibition of EDF-1  by an
antisense  RNA results in the inhibition of endothelial cell growth and in the transition from  a non-polar cob-
blestone phenotype to a polar, fibroblast-like phenotype. These data suggest that EDF-1 may play a role in the
regulation of human endothelial cell differentiation.  EDF-1 may behave as a transcriptional regulator and is
involved in the repression of endothelial cell differentiation. EDF-1 binds calmodulin in the cytosol and this
event is inhibited by PKC phosphorylation; upon PKC activation, EDF-1 is translocated in the nucleus where it
may act as a transcriptional coactivator through its binding to TBP. To further characterize EDF-1, we plan to
study its post-translational modifications and and whether EDF-1 modulates transcription through interactions
with components of the transcriptional machinery

– The other  isolated gene is named WHSC2, and is modulated by angiogenic molecules in endothelial cells.
WHSC2 has two nuclear translocation sequences which actively mediate its transport to the nucleus, as shown
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in whsc2-GFP transfected NIH 3T3. We also found a helix-loop-helix (HLH) motif  in region 130-185. Since
members of the HLH family control differentiation and cell cycle progression, we hypothesize that WHSC2 may
function as a transcriptional repressor. 

• Cloning of a novel tyrosine phosphatase
L. Beguinot, J. Maier, M. P. Santini.

We have recently partially cloned a novel member belonging to the family of cytosolic tyrosine phosphatase
which is particularly abundant in human breast carcinoma tissues. This phosphatase possesses a C-terminus with
a PEST domain and several consensus phosphorylation sites for PKC and MAPK and TK, a single phosphatase
domain and 2 novel Bro and His domains at the N-terminus. We are currently finishing the cloning of this nov-
el phosphatase to express it in eukaryotic cells We plan to address its biochemical and physiological functions
and its role in the signal transduction pathway of EGF-R/erb-B2 family. 

Key words: EGF Receptor, cell adhesion, transformation, tyrosine phosphatase, angiogenesis, EDF-1.

PROTEIN ENGINEERING

• Cytosolic ferritins
A. Cozzi, S. Levi, P. Santambrogio, B. Corsi, P. Arosio.

Most ferritin in mammals is in the cytosol and is composed of two gene products, the H and L chains, with
very similar 3D structures, and which interact to form multiple 24mer hybrid proteins. We have previously
shown that they have distinct functional properties: the H chain has a catalytic ferroxidase site which induces a
fast Fe(II) oxidation, while the L-chain facilitate iron mineralization inside the cavity (7 nm across) which can
accommodate up to 4,000 Fe atoms. To characterize the biological role of the two chains we are working in col-
laboration with Dr. C. Beaumont (Paris) for the production of knockout mice. That for the H-chain knockout
was found to be lethal at early stages of embryogenesis and that for L-chain is underway. In addition, we are
studying new HeLa cell models to characterize the phenotypic effects of ferritin overexpression. The ones
expressing the H-chain under the control of the inducible Tet promoter showed signs of iron deficiency caused
by the iron sequestering activity of the ferritins. These effects were reverted by the artificial inactivation of the
ferroxidase activity or by prolonged iron supplementation to the cells. In addition, the overexpression of H chain
decreased cell proliferation but increased resistance to oxidative damage in an iron dependent manner. We con-
cluded that the ferroxidase activity of the H-chain is essential for the biological functionality of ferritin. More
recently we found that the H-chain has anti-apoptotic effects while the L-chain modifies cell proliferation. 

Key words: iron metabolism, hemochromatosis, ferritin, transferrin receptor.

• Mitochondrial ferritin
S. Levi, B. Corsi, P. Santambrogio, A. Cozzi, P. Arosio.

The analysis of EST databases in collaboration with Dr. J. Drysdale (Boston, MA) led to the identification of
a new human ferritin gene on chromosome 5q23.1, which encodes for a precursor peptide with a mitochondri-
al targeting sequence and a mature protein which overlaps the sequence of H-ferritin and is 77% identical to it.
Transfection experiments in HeLa cells with the precursor cDNA showed that the protein is specifically target-
ed to mitochondria and processed to produce a functional protein that incorporates iron and strongly affects cel-
lular iron metabolism. Analysis of the recombinant mature form of the protein showed that it assembles in a fer-
ritin-like structure with ferroxidase activity. Crystallographic resolution of its structure is underway in collabo-
ration with Dr. G. Precigoux (Bordeaux, France). Immunocytochemistry studies showed that the protein is pre-
sent at low levels in normal erythroblasts but accumulates at high levels in the iron loaded mitochondria of ringed
sideroblasts of patients with sideroblastic anemia. The data suggest that novel mitochondrial ferritin (Mt-Ft) may
have a major role in the protection against iron-dependent oxidative damage in an organelle which is rich in iron
proteins, is exposed to a high concentration of activated form of oxygen, and is the site of heme synthesis. 

Key words: iron metabolism, hemochromatosis, ferritin, mitochondria.
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• Ferritin receptor
P. Santambrogio, A. Cozzi, B. Corsi, P. Arosio, S. Levi.

Most human cultured cells lines have membrane binding sites specific for human H-ferritin, the expression of
which is modulated by iron availability and cellular proliferation. These receptors are expected to play an impor-
tant role in tissue iron distribution, particularly in the brain. We have worked on the isolation and cloning of the
receptor in order to clarify its function. Erythroleukemic human K562 cells express a 85 kDa peptide which
binds H-ferritin and is downregulated by iron supplementation and upregulated by iron deprivation. The bind-
ing was confirmed by cross linking experiments. The receptor does not recognize L ferritin, while the iron bound
to H ferritins is readily internalized by the cells and made available for biological needs. The protein is expressed
in minute amounts that can be identified by sensitive blotting techniques. We are now purifying the polypeptide
in order to have sufficient amounts for mass spectroscopy. 

Key words: iron metabolism, ferritin, transferrin receptor, iron regulatory proteins.

• Characterization of IRP-1
A. Campanella, S. Levi, P. Santambrogio, A. Cozzi, B. Corsi, P. Arosio.

The Iron Regulatory Protein-1 (IRP-1) is a major regulator of cellular iron homeostasis. It is a 98 kD,
monomeric protein which has high affinity to mRNA structures named Iron Responsive Elements (IREs) when
iron is low, and acquires aconitase activity when iron is high. It is an iron sensor that regulates the expression of
at least 9 distinct proteins involved in iron storage, transfer or utilization. To characterize the biochemical prop-
erties we have produced recombinant human IRP-1 in E. coli and specific antibodies for it. Analysis of the 
purified protein and blotting experiments showed that the protein can acquire at least three electrophoretically
distinct conformations which represent the form with mRNA binding activity, that with aconitase activity 
and that bound to the IRE probe. We found that the relative proportion of the three forms changes with 
the iron and redox status of HeLa and K562 cells, in partial agreement with the proposed iron-dependent 
regulatory system

Key words: iron metabolism, ferritin, transferrin receptor, iron regulatory proteins.

• Analysis of HFE
B. Corsi, S. Levi, P. Santambrogio, A. Cozzi, P. Arosio.

Hereditary hemochromatosis is a common autosomic recessive disorder which causes an abnormal iron accu-
mulation and can cause parenchymal tissue damage . Most patients are homozygous for the C282Y mutation of
the HFE protein, an MHC-I like protein expressed mainly in duodenum. HFE binds to transferrin receptor and
competes with Fe-transferrin. We have expressed the recombinant HFE protein in E. coli and used it to elicit
specific antibodies. HeLa cell lines transfected with HFE under the control of the inducible Tet-off system
showed an iron deficient phenotype. This was caused by a reduced uptake of Fe-transferrin, and accompanied
by increased uptake of non-transferrin bound iron. Immunohistochemical analysis of duodenal section showed
a specific granular HFE stain only in the homozygous for C282Y mutation. This suggests that the mutation
affects protein folding. Studies are in progress to evaluate the possibility that HFE may interact with TfR2,
another protein the mutation of which determines hemochromatosis symptoms.

Key words: iron metabolism, hemochromatosis, ferritin, transferrin receptor, iron regulatory proteins.

PROTEIN TRANSPORT AND SECRETION

• Molecular mechanisms and timing of Endoplasmic Reticulum Associated Degradation (ERAD) 
R. Sitia, C. Fagioli, R. Mancini, A. Mezghrani.

The degradation of unassembled Ig-subunits by proteasomes is strictly coupled to their ‘dislocation’ from the
endoplasmic reticulum (ER) to the cytosol. Quality control must discriminate nascent proteins in their folding
process from terminally unfolded molecules, selectively degrading the latter. We have shown that sugar process-
ing diverts µ and J chains to degradation. Inhibitors of mannosidase I (kifunensine), prevent the degradation of
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µ and J chains, without preventing secretion of IgM polymers. In contrast, inhibitors of mannosidase II or glu-
cosidases do not significantly affect the kinetics of µ and J degradation. Therefore, removal of the terminal man-
nose from the central branch of N-glycans acts as a ‘timer’ in dictating the selective degradation of transport-
incompetent Ig subunits. Kifunensine does not inhibit the proteasomal degradation of other substrates, imply-
ing the existence of additional pathways for extracting aberrant proteins from the ER lumen. 

Failure in dislocating across the ER membrane for proteasomal degradation results in the conden-
sation/aggreagation of certain proteins in the ER lumen. Protein aggregates are sorted within specialized subre-
gions of the ER (Russell bodies) and are often associated with diseases. We have generated myeloma transfec-
tants in which the formation of Russell bodies may be induced by either increasing the synthesis of a mutated Ig
heavy chain or by preventing its degradation. These cells will be useful to dissect the biogenesis of Russell bod-
ies and the mechanisms by which protein aggregation in the ER leads to cytotoxicity.

Key words: protein folding and assembly, protein degradation, proteasome, retrotranslocation, glycan trimming.

• Dissection and manipulation of oxidative protein folding in mammalian cells
R. Sitia, A. Fassio, A. Mezghrani, T. Simmen.

Oxidising conditions must be generated in the endoplasmic reticulum (ER) to allow disulphide bond forma-
tion in secretory proteins. We have shown that both human ERO1-Lalpha and ERO1-Lbeta (hEROs) facilitate
oxidative folding of immunoglobulin subunits. Disulphide bond formation proceeds through a flow of electrons
controlled by hEROs via PDI. While both PDI and ERp57 are mostly reduced in mammalian cells, hEROs can
oxidise only the former. Mutants in the CXXCXXC motif of ERO1-Lalpha act as dominant negatives by limit-
ing immunoglobulin oxidation. It is thus possible to manipulate PDI dependent oxidative folding in living cells
by using hEROs variants. These results provide an in vivo dissection of disulphide bond formation in mammalian
cells and suggest that parallel and specific pathways operate in the ER to control oxidative protein folding.

Key words: disulphide bond formation, protein disulfide isomerase, oxidoreductins, endoplasmic reticulum, oxida-
tive protein folding, chaperone.

• Structural and functional analysis of ERO1 proteins
R. Sitia, T. Simmen, G. Bertoli, S. Nerini, M. Pagani, E. Pasqualetto, A. Fassio, A. Cabibbo.

In eukaryotes, a family of conserved oxidoreductins (ERO1) is essential for disulfide bond formation in pro-
teins synthesized in the endoplasmic reticulum (ER). A single essential gene is present in yeast. In contrast, two
genes are found in humans, ERO1-Lalpha and ERO1-Lbeta. Only the latter is induced in the course of the
unfolded protein response. 

Both human genes complement the growth of a yeast mutant (ero1-1) at the non-permissive temperature.
Functional conservation correlates with extensive sequence similarities. Unlike its human counterparts, howev-
er, yeast Ero1p has a 127 residue C-terminal tail, which is essential for membrane association and function in
Saccharomyces cerevisiae. Membrane association may be important for allowing efficient electron transfer dur-
ing oxidative protein folding. We are currently trying to identify molecules specifically interacting with the yeast
tail sequence.

Mutants of ERO1-Lalpha have been construced to elucidate the domains and motifs responsible for function-
al activity, molecular interactions and subcellular localization. The activity of these mutants was tested by five
independent assays: 1), the formation of the normal ERO1-Lalpha redox isoforms, OX1 and OX2 is monitored
as an indicator of proper folding. Mutants are then tested for their ability of 2) covalently binding PDI and oth-
er ER proteins recently identified in the lab and 3) complementing the yeast thermosensitive mutant ero1-1.
Functionality in mammalian cells is also tested by 4) the capability of facilitating the oxidative folding of Ig-sub-
units and, 5) the induction of NK-kB nuclear translocation. This strategy has allowed us to map regions of
ERO1-Lalpha that are important for function.

Key words: ERO1, disulfide bond formation, membrane insertion, electron transport, endoplasmic reticulum, sub-
cellular localisation.

• Identification of novel human ER folding factors
R. Sitia, T. Anelli, M. Alessio, A. Mezghrani, T. Simmen, G. Bertoli, C. Benedetti, A. Cabibbo.

Different approaches have been used to isolate novel human molecules that may be involved in assisting pro-
tein folding and/or disulfide bond formation in the ER. These include proteins that are induced in the Unfolded
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Protein Response (UPR) or during ER biogenesis, or that interact with known folding factors.ùAn RNA finger-
printing technique led to isolation of two UPR-induced transcripts. By in silico cloning, we have identified a 
family of transcripts (ERDJs) which share the 5’ region (encoding a signal sequence, a DNAJ domain and a
thioredoxin-like domain), and differ in their 3’ ends. RNA processing generates different polypeptides, the 
function of which is under investigation. ERDJ transcripts are upregulated during the UPR. Tagged versions of
two isoforms are localised in the ER. Two proteomic approaches have been pursued to isolate novel putative ER
folding factors. First, we have recently isolated proteins that specifically associate with ERO1-Lalpha and/or
ERO1-Lbeta. One such molecule, associating with both hEROs, has been provisionally named EAP.1, for 
ERO Associated Protein. EAP1 transcripts are induced during the UPR. These findings raise exciting questions
on the mode of regulation, molecular interactions and functional significance of ERDJs and EAPs. Second, in
cooperation with Dr. Braakman’s group (Utrecht Univ. NL) we have characterised proteins that are upregulated
during B to plasma cell differentiation, when the size of the ER increases dramatically. By two dimensional gels
and mass spectrometry, we have identified more than a hundred proteins whose abundance changes upon 
mitogen stimulation. Amongst these, we isolated several novel ER-localised proteins, the function of which is
under study.

Key words: folding, endoplasmic reticulum, unfolded protein response, chaperone, oxidoreductases, ERO1, ER stress,
B cell differentiation.

• Development of 2 dimensional PAGE for the analysis of differential protein expression, protein isola-
tion and characterization

M. Alessio, A. Zamperlin.
We are using a proteomic approach for the identification, isolation and characterization of differentially

expressed proteins or protein complexes. A bidimensional electrophoresis technique has been set up which has
proven extremely useful in several projects.

– Identification of proteins differentially expressed in keratinocytes from hypertrophic scars. Hypertrophic
scars are the result of hyperproliferative alterations that occur in the pathological processes of cutaneous wound
healing. With 2D-PAGE we revealed an over expression of the CD36/fatty acid transporter and epidermal-fat-
ty acid binding protein suggesting alteration of the lipid metabolism in this pathology. 

- Study of proteome patter changes in the cerebral spinal fluid (CSF) from brain trauma patients [in collabo-
ration with L. Beretta and E. Grandi (HSR), M. Beltramo (Schering Plough Research)]. During a brain trauma
event many genes are turned on or off in the damaged regions. Some of the gene products exacerbate the insult,
whereas other are involved in the protection of the damaged area. The aim of the project is to identify relevant
targets for pharmacological treatment and markers for pathological condition by applying a proteomics analysis
of the CSF of brain trauma patients. 

– Identification of proteins differentially expressed in synaptic vescicles of neuronal cells isolated from rat hip-
pocampal in resting conditions and after long term potententiation induction (in collaboration with A. Malgar-
oli and A. Bergamaschi). Proteins from rat CA3-CA1 hippocampal synaptic vescicles have been resolved by 2D-
PAGE, a reference map has been generated and reference proteins like Chromogranin A, Sec-8, Synaptophysin,
Syntaxin, Rab 3A have been identified by elecrophoretical and serological means.

Key words: proteomics, 2D-PAGE.

SAN RAFFAELE TELETHON INSTITUTE FOR GENE THERAPY 
(HSR-TIGET)
M. G. Roncarolo.

The San Raffaele Telethon Institute for Gene Therapy was created in 1995 in Milan as a joint-venture between
the San Raffaele Scientific Institute and the Telethon Foundation for the implementation of pre-clinical and clin-
ical research in gene therapy for genetic diseases. 

The mission of the institute is to do cutting edge science in the field of gene therapy and to lead the transition
from the early discovery and functional characterization of a disease-related gene to clinical gene therapy with
proven therapeutic benefit.

20 - SCIENTIFIC INSTITUTE H SAN RAFFAELE



Since the beginning, the approach of the institute to research in gene therapy has been disease oriented. The
genetic diseases which are presently under investigation include primary immunodeficiencies, lysosomal storage
disorders, type I diabetes, muscle dystrophy and inherited defects of the skin.

In addition, a number of core technology projects have the primary goal to improve gene transfer through: a)
functional characterization of the target gene; b) design and construction of new vectors; c) establishment of nov-
el protocols to increase gene transfer efficiency; d) in vivo characterization of transduced cells and e) modulation
of immune responses to genetically-modified cells.

Furthermore we recently established a Pediatric Clinical Research Unit for the application of basic research to
the treatment of genetic diseases. The activity of this unit focuses on the diagnosis and follow up of patients with
primary immunodeficiencies and metabolic disorders, including those enrolled in gene therapy trials. We com-
pleted the development of one of the first gene therapy approaches from preclinical model to clinical applica-
tion in children with the primary immunodeficiency ADA-deficient SCID.

• Gene therapy of primary immunodeficiencies
See Immunology and Infectious Diseases.

• Gene therapy of metachromatic leukodystrophy
See Neurosciences.

• Gene therapy of type I diabetes.
See Diabetes and Metabolic Diseases.

• Stem cells as a tool for gene therapy of muscular dystrophies
G. Ferrari, A. Stornaiuolo, F. Mavilio.

Gene therapy of many genetic diseases is limited by the unavailability of a cell population that can be geneti-
cally modified and delivered systemically to the affected tissue. The recent discovery of pluripotent, bone mar-
row-derived stem cells that can undergo differentiation into several non-hematopoietic lineages in vivo has
opened new therapeutic perspectives for ex vivo gene therapy. We are currently characterizing the myogenic
potential of these cells in an attempt to develop an alternative approach to gene therapy of muscular dystrophies.
The therapeutic potential of bone marrow-derived myogenic progenitors was tested in an animal model of mus-
cular dystrophy, the mdx mouse. We carried out a bone marrow transplantation study on a specific mdx mutant
(the mdx4CV, which displays an extremely low number of revertant fibers), and monitored the presence of
donor-derived dystrophin by a sensitive PCR technique that distinguishes wild type from mutant dystrophin
RNA sequences. Transplanted mice were observed for 13 months after transplantation, and the presence of
donor-derived dystrophin fibers observed in a number of different muscles by histochemical staining and PCR.
The contribution of bone marrow-derived cells in no case exceeded 1% of the total muscle fibers in the entire
life span of the transplanted mdx mice. Engraftment of donor bone marrow was excellent in all animals, always
exceeding 90% of the total hematopoietic cells. Our conclusion is, therefore, that bone marrow transplantation
alone has no therapeutic value for muscular dystrophy, at least in the murine model of the disease.

• Gene therapy of epidermolysis bullosa
F. Mavilio, M. De Luca.

A class of severe genetic disorders of the skin are characterized by disruption of the epidermal-dermal junc-
tion, as in the junctional (laminin-5 or a6ß4 integrin deficiency), atrophic benign (collagen XVII deficiency), and
dystrophic (collagen VII deficiency) forms of epidermolysis bullosa (EB). We are developing vectors, gene trans-
fer technology, pre-clinical, and clinical models for ex vivo gene therapy of these diseases, based on autologous
transplantation of cultured epithelial sheets derived by genetically modified epidermal stem cells. Pre-clinical
research will focus on the development of transcriptionally targeted retroviral vectors to allow gene expression
in the basal layer of the epidermal graft, and non-retroviral vector technology for integration of a large gene (e.g.,
type VII collagen) into epidermal stem cells ex vivo. These vectors will be used to attempt phenotypic correction
in patient-derived cultured skin implants, in vitro and in vivo. For each disease, clinical application will start
upon completion of the pre-clinical research. The aim of the clinical trials, carried out in collaboration with the
Laboratory of Tissue Engineering and the Dermatology Hospital of the Istituto Dermopatico dell'Immacolata
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(IDI) in Rome, is to validate the ex vivo procedure in a clinical setting, to prove its overall safety, and to analyze
critical issues such as long-term survival of the genetically modified implant, immune response against the prod-
uct of the transgene, and persistence of transgene expression at therapeutic levels.

• Development of new gene transfer vectors
G. Ferrari, E. Menguzzato, F. Lotti, A. Recchia, A. Stornaiuolo, F. Mavilio.

Regulation of genes transferred by retroviral and lentiviral vectors, is a major issue in many systems in which
tissue- and/or differentiation-specific expression is required. Current projects include engineering of retroviral
vector transcription units by replacement of the LTR enhancer and/or promoter by tissue-, lineage-, and differ-
entiation-specific genetic elements, such as the muscle fiber-specific MCK and myosin light chain enhancers, the
erythroid-specific GATA-1 and ß-globin enhancers and promoters, and the keratinocyte-specific K14 and
involucrin enhancers. Many genes of therapeutic interests are nevertheless too big for the cloning capacity of
retroviral vectors. Development of alternative vector systems to permanently integrate large genes is therefore a
major focus of the laboratory. We are currently developing an integration system based on the recombination
machinery mediating the integration at a specific site on human chromosome 19 of the adeno-associated virus
(AAV) genome. The system is based on ex vivo or in vivo delivery of AAV-derived integration cassettes, and
expression in trans of the AAV Rep68/78 replicase/integrase protein. Delivery of this bipartite integration 
system is made in the context of helper-dependent, high-capacity adenoviral vectors.

• Hematopoietic stem cells: biology and gene transfer
A. Aiuti, F. Ficara, S. Deola, C. Mocchetti, M. G. Roncarolo.

Gene transfer into hematopoietic stem/progenitor cells (HSPC) represents a promising therapeutic options for
genetic diseases of the hematopoietic system. Major obstacles to this approach are the inabilities to obtain an effi-
cient gene transfer into HSPC while preserving their long-term transplantable stem cell activity, the requirement
for a selective advantage and/or or space in the bone marrow, and difficulties in assessing their function in 
adequate preclinical models. In the past year, important insights were gained by our group into the biology and
gene transfer of HSPC. We have set up a human-SCID chimeric mouse as a suitable pre-clinical model to test
the efficacy and safety of our approach. This model reproduces the human lymphohematopoietic system in
implants of human fetal thymus, fetal bone and/or fetal liver which can be then used as recipient of grafts to test
the capacity to differentiate into various lineages, including B and T lymphocytes. We have developed a retrovi-
ral mediated gene transfer protocol which allows efficient gene transfer while preserving pluripotent differenti-
ation capacity into myeloid, NK, B and T cells, as assessed by in vitro and in vivo assays. Culture conditions
include specific cytokines and retronectin to favour colocalization of virus and cells. In addition, with the 
purpose of combining the supportive function for hematopoietic progenitors and the packaging of vectors in a
single cell, we developed stromal cell-based retroviral packaging cell lines. These novel cell lines can package 
efficiently recombinant vectors and transduce primitive hematopoietic progenitor cells at higher rates than stan-
dard packaging cell lines. Finally, we are exploring the feasibility of using alternative vectors, such as lentiviral
vectors, for stable and efficient delivery of marker and therapeutic genes. Preliminary results showed a high 
efficiency of gene transfer and stable expression into human HSPC from different sources.

• The role of IL-10 and T regulatory cells in inducing/maintaining tolerance to alloantigens and genetically
modified cells
See Immunology and Infectious Diseases.

• Clinical research unit
M. G. Roncarolo, A. Aiuti, M. Sessa, S. Vai, C. Bordignon.

The overall goal of this clinical research project is the application of basic research discoveries to the treatment
of genetic diseases, focusing on primary immunodeficiencies and metabolic diseases. The recent establishment
of a Pediatric Clinical Research Unit (C.R.U.), with dedicated medical personnel, trained technical and nursing
staff, has provided a suitable environment to translate the results from basic and clinical research into clinical
practice and viceversa. Patients with primary immunodeficiencies observed at our unit include ADA-deficient
SCID patients undergoing gene therapy, as well as other primary immunodeficiencies. The HSR-TIGET gene
therapy trial for ADA- deficient SCID was initiated in 1992 in two patients, demonstrating the safety and 
feasibility of retroviral-mediated gene transfer of the ADA gene into PBL and hematopoietic stem/progenitor
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cells. Seven additional patients with different ADA mutations and clinical phenotypes have been enrolled in our
protocol since our last report. The clinical impact of gene therapy, in the presence or absence of PEG-ADA
replacement therapy is under investigation (see also “ Gene therapy of primary immunodeficiencies”). Children
affected by other primary immunodefiencies are offered diagnostic tests, immunological follow up and adequate
therapies.

The metabolic diseases in patients we have studied are mainly metachromatic leukodystrophy and neuronal
ceroid lipofuscinosis. Both have a severe prognosis and no therapies, except for bone marrow transplantation
(BMT) in presymptomatic patients. We follow patients at an advanced state, strictly monitoring them with neu-
rological clinical and instrumental evaluations. Our main aim is to provide the patients with a comprehensive
evaluation enabling the best pharmacological and physiotherapic therapies. The second aim is to know which
test, in terms of sensitivity, specificity and patient compliance, are the most informative to monitor the evolution
of these diseases. This evaluation will help us to define the best therapeutical approaches, in terms not only of
life span but also of life quality. Preclinical studies (see also Gene therapy of metachromatic leukodystrophy) are
ongoing to evaluate the feasibility of novel therapies, including gene therapy ex vivo in autologous bone marrow
and in vivo in the central nervous system. 

TRANSCRIPTION REGULATION DURING DEVELOPMENT 

• Post-translational regulation of PBX and MEINOX proteins
V. Zappavigna, C. Kilstrup-Nielsen, G. Caronia, C. Luise, F. Weighardt.

The problem of the specificity of Hox proteins in regulating their target genes in vivo has been addressed in
the past, and is currently under study in our laboratory. Functional interactions with known partners for Hox
protein transcripional activity, such as the extradenticle/PBX family of homeodomain proteins, are being exten-
sively studied in our laboratory. We studied the mechanisms, and the functional significance, of nuclear translo-
cation of the PBX1 and PREP1 proteins. We found that the domains involved in complex formation between
the two proteins regulate the nuclear translocation of the heterodimer complex. We investigated the mechanism
underlying cytoplasmic localization of PBX1 and EXD in Schneider cells. We identified the region required for
interaction with PREP1/MEIS/HTH proteins (PBC-A and PBC-B domains) as a region that negatively regulates
PBX1 nuclear localization in these cells, and showed that PBC-A contains a nuclear export signal (NES). We fur-
thermore found that this region contains several target sites for phosphorilation by Ser/Thr kinases (PBC-B
domain) and that phosphorylation at this sites, as observed in certain cell contexts, blocks the activity of the
NES.

Key words: homeobox genes, transcriptional regulation, development.

• Posttranslational regulation of PBX and limb P-D axis specification
V. Zappavigna, C. Kilstrup-Nielsen, G. Caronia, C. Luise, F. Weighardt.

We investigated the role of MEIS vs. PREP proteins in modulating the functions of PBX proteins in vivo. We
analysed the effect of an ectopic overexpression of PREP1 and of MEIS/PREP chimeras in distal regions of the
developing chicken limb buds. The ectopic expression of MEIS2 causes severe alterations of distal limb devel-
opment, while the ectopic expression of PREP1 fails to do so. MEIS/PREP chimeras carrying the homeodomain
of MEIS are able to produce the same phenotype as observed with MEIS2, indicating that nuclear translocation
of PBX is not sufficient for limb P-D axis specification, and that the specificity of action of PBX/MEIS het-
erodimers vs. PBX/PREP heterodimers resides within the homeodomain of MEIS proteins.

Key words: homeobox genes, limb development.
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DIABETES

EPIDEMIOLOGY

• Patient selection affects end-stage renal disease outcome comparison: data from Lombard Registry of
dialysis and transplantation (RLDT 2001)

G. Bianchi, D. Spotti, F. Conte, A. Limido, F. Malverti, F. Locatelli.
Cardiovascular disease is the major cause of death in ERSD patients. To evaluate the influence of patients selec-

tion on outcome comparison, we focused on the effect of cardiovascular disease on ESRD patient outcome using
data from the RLDT. A total of 4139 ERSD patients (aged 61.9 + 15.6 y) who started renal replacement thera-
py (RRT) between 1994 and 1997 were considered.

The analysis of 4 years’ survival in the presence or absence of ischemic heart disease and congestive heart fail-
ure at the beginning of RRT was performed using cardiovascular mortality. Of the patients considered for the
study, 918 (22.2%) died during the 4-year follow up; the main cause of death was cardiovascular disease (cardiac
causes in 33.1% and vascular causes in 9.6% patients). Patient with ischemic heart disease at the beginning of
RRT had significantly higher mortality from myocardial infarction or from any cause than those without. The
mortality risk for myocardial infarctionwas higher for elderly and diabetic patients. Chronic heart failure strong-
ly affected overall mortality but not that from myocardial infarction. Ischemic heart disease and chronic heart
failure are very common in ERSD patients and their presence is an important determinant of survival.

Key words: ERSD, renal replacement therapy.

TYPE I DIABETES MELLITUS

• Human islet allotransplantation in the cure of type I diabetes: 11 years’ follow-up
P. Maffi, F. Bertuzzi, L. Aldrighetti, R. Nano, D. Guiducci, M. Salvioni, V. Di Carlo, A. Secchi.

Islet transplantation was performed simultaneously or after kidney in 45 IDDM patients, during the period
1989-2001. The islets were isolated with the modified automated method and infused in the liver.
The pre/peri–operative management developed during the whole study and the follow-up were divided into two
periods:1st period (1989-1996: 23 cases), 2nd period (1998-2001: 22 cases). During the 2nd period the following
modifications were included: analysis of [Ca2+]i changes as a control of pre-transplant islet viability; low 
doses/withdrawal of steroids;adjuvant therapy immediately after the transplant including metformin (to reduce
the insulin resistance) and pentoxifylline (as antioxidant agent). Data are reported only for patients who received
> 6,000 IEQ/kg (1st period: 13 cases, 2nd period: all cases), divided into the two groups. In all cases C-peptide
was > 1 ng/ml after the transplant. 1st period: the exogenous insulin requirement (EIR) decreased < 50% of the
pre-transplant dose in 7% of cases and in 54% of cases insulin was stopped, but only 1 patient maintained the
insulin independence for >2 years; the glycated haemoglobin (HbA1c%) was 7.4+1 after 1 year. 2nd period:the
EIR decreased <50% in 32% cases and 59% of patients stopped insulin, among them 38% resumed insulin ther-
apy, 8 patients are still insulin free; the HbA1c was 6.2+0.7after 1 year (the difference between the 
2 groups was significant). Conclusion: islet transplantation, associated with kidney, completely replaces the
endocrine function of pancreas in >50% of cases; the improvement of islet isolation and the reduction of insulin
resistance ameliorate the clinical outcome.

• Reversal of left ventricular diastolic dysfunction after kidney-pancreas transplantation in type 1 diabetic
uremic patients

A. Secchi, P. Fiorina, E. La Rocca, P. Maffi, V. Di Carlo, M. Cristallo, G. Pozza.
Diastolic function is frequently impaired in diabetic patients. Our aim was to evaluate the effects of gly-

cometabolic control achieved by pancreas transplantation on left ventricular function in uremic type 1 diabetic
patients.
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Left ventricular systolic and diastolic function were evaluated using a radionuclide ventriculography in 42 kid-
ney-pancreas and 26 kidney-alone recipients who had similar clinical characteristics before transplant. Patients
were grouped according to 6, 24 and 48 months of follow-up. Controls consisted of 20 type 1 diabetic patients. 

Left ventricular ejection fraction was normal in all the patients. However, kidney-pancreas transplanted
patients with 4 years of graft function had a higher ejection fraction (75.7 ± 1.8%) than kidney-alone with 4 years
of graft function (65.3 ± 2.8%, p=0.02) and type 1 diabetic patients (61.3 ± 3.7%, p=0.004). In patients with 4
years of graft function, normal diastolic parameters were evident in kidney-pancreas but not in kidney-alone and
in type 1 diabetics (peak filling rate: kidney-pancreas=4.46 ± 0.15 EDV/sec vs kidney-alone=2.73 ± 0.24
EDV/sec, p<0.01 and vs type 1=3.39 ± 0.30 EDV/sec, p<0.01; time to peak filling rate: kidney-pancreas=141.9
± 7.8 msec vs kidney-alone=209.4 ± 13.5 msec, p<0.01 and; peak filling rate/peak ejection rate: kidney-pan-
creas=1.10 ± 0.04 vs kidney-alone=0.81 ± 0.08, p<0.01). A significant reduction in diastolic dysfunction rate was
observed only in kidney-pancreas patients. 

Kidney-pancreas transplantation is able to reach a complete insulin independence, a better glycometabolic pattern
and blood pressure control, an improvement of left ventricular function and a reversal of diastolic dysfunction.

Key words: pancreas transplantation, diabetic cardiomyopathy, diastolic dysfunction, kidney transplantation,
metabolic control, cardiovascular disease, systolic function, hypertension, dislipidemia, C-peptide.

• Diabetes in childhood
G. Chiumello, F. Meschi, R. Bonfanti, E. Bognetti.

In the field of prediabetes and autoimmunity of type 1 diabetes, in collaboration with E. Bonifacio and E. Bosi,
we are participating in a multicenter European trial aimed at validating the use of new humoral and cellular anti-
betacell markers. We are testing these new markers in a group of young adults with new onset of type 1 diabetes
during the first three months of insulin therapy. Moreover in collaboration with other centres in Italy, coordi-
nated by GF Bottazzo, we participated to the first screening program of newborns without family history of type
1 diabetes ever conducted in our country.

We tested 1600 consecutive children born at our department for genetic HLA markers and we identified a
population of 150 children with a high genetic risk for type 1 diabetes. We are currently testing this cohort for
immunologic markers of diabetes after 1 year of life.

In collaboration with G Zerbini we have studied the effect of residual C-peptide secretion on the development
of persistent microalbuminuria and retinopathy in a cohort observed over time in our outpatient department.
We found that the presence of residual beta cell function after 1 year of insulin treatment is significantly corre-
lated with a lower development of microvascular complication independently of the degree of metabolic control.

We are studying the efficacy and accuracy of the new continuous glucose sensors in an outpatient setting and
the degree of information obtained from new methods by the diabetologist.

Key words: prediabetes, autoimmunity, IDDM, HLA markers, C-peptide secretion, microalbuminuria.

• Characterisation and modulation of the autoimmune response leading to type 1 diabetes
E. Bonifacio, E. Bosi, V. Lampasona, M. Scirpoli, E. Sarugeri, S. Piquer, E. Bazzigaluppi, C. Belloni.

Circulating islet autoantibodies can trace the pre-clinical period of type 1 diabetes. We have developed
reagents and assays which characterise the autoantibodies at the level of epitope specificity and isotype and sub-
class. In collaboration with Professor Ziegler, Munich we have mapped islet autoimmunity in children from its
initiation and shown that it is either broadly against multiple antigens with rapidly and continuously rising IgG1
anitbody titres until a relatively early diabetes onset (fulminant autoimmune diabetes) or characterised by
sequential waves of IgG1 peak antibody titres to individual antigens with antigen and epitope spreading (pro-
gressive spreading autoimmune diabetes). In all cases insulin is the first target of the autoantibodies, suggesting
that it may be a primary autoantigen. Subcutaneous insulin treatment modifies the immune response, markedly
promoting IgG4 insulin antibodies. Attempts to modulate the autoantibody response using diet have been initi-
ated in a pilot trial in autoantibody positive first degree relatives. Dietary intervention consists of adherence to a
gluten free diet for 6 months to determine effect on islet autoantibodies and insulin response to iv glucose. The
rationale for this was the report of a reduced incidence of diabetes in animal models under gluten free diet, and
our observation that antibodies to the celiac disease associated autoantigen transglutaminase C were frequent in
patients with type 1 diabetes, and in their relatives.

Key words: type I diabetes mellitus, autoantibodies, autoantigens.
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• Modulation of autoimmunity in patients with type 1 diabetes by islet and pancreas allo-graft
E. Bonifacio, E. Bosi, M. Scirpoli, P. Maffi, F. Bertuzzi, A. Secchi, S. Braghi, E. Bazzigaluppi, C. Belloni.

Pancreas and islet allo-transplantation into patients with autoimmune diabetes represents a re-exposure to
autoantigen.We found that a minority (7%) of 75 patients who have undergone kidney plus pancreas transplan-
tation developed very high titers of islet autoantibodies while under immunosuppressive therapy, sometimes
years after transplantation. Autoantibody appearance was associated with the subsequent loss of pancreas but
not kidney function. The autoantibody reactivity was typical of that seen in the initial stages of autoimmunity
with an IgG1 predominance and spreading to multiple epitopes of single antigens, and is consistent with a recur-
rence of islet autoimmunity leading to diabetes in the allo-graft. Measurement of islet autoantibodies after islet
transplantation in 36 patients demonstrated marked but relatively short-lived rises in GAD antibodies within 7
days post-transplant in 5 patients and within 30 days in another. Again, GAD antibodies were of IgG1 subclass
and against major autoantigenic epitopes, and were not accompanied by HLA antibodies. Two of the patients
had subsequent marked rises of IA-2 antibodies, and a further patient had a marked rise in IgM-GAD antibod-
ies 3 years after transplantation. Insulin independence was not achieved in patients with autoantibody elevations
and was significantly less frequent in these patients. These data are consistent with a re-activation of autoimmu-
nity by indirect presentation of islet allo-graft autoantigen. The findings imply that patient management post
pancreas and islet transplant should include the monitoring of autoimmunity.

Key words: transplantation, type I diabetes mellitus, autoantibodies, autoantigens.

TYPE II DIABETES MELLITUS

• Relationship between lipid metabolism, insulin resistance and endothelial function in an ex vivo study 
L. D. Monti, E. P. Sandoli, F. Marchesi, E. Galluccio, E. Setola, P. Lucotti, S. Costa, P. M. Piatti.

A study, conducted in collaboration with Dr. M. Samaja, DiMCO, Polo Ospedale San Paolo, University of
Milan, was designed to evaluate whether increased triglyceride levels impair myocardial recovery from low-flow
ischemia in an ex vivo model, and that such effect is related to endothelin-1. We demonstrated that triglycerides
impaired both diastolic and systolic recovery in a concentration-dependent manner. During reperfusion
endothelin-1 release increased linearly with triglyceride concentrations. Elevated triglycerides also increased the
release of nitric oxide (NO) up to 6 µmoles/min. The addition of 10-6 M trimetazidine to the perfusion medium
completely prevented the effects of the triglycerides on both post-ischemic recovery and endothelin-1 release.
Trimetazidine is an antiischemic piperazine drug known to have cardioprotective effects. We conclude that high
triglycerides progressively impairs the myocardial recovery from low-flow ischemia. The impairment is signifi-
cantly related to the release of ET-1, which appears to mediate the mechanism leading to injury. TG also increas-
es the release of NO, but not sufficiently to protect heart from the reperfusion injury. By further increasing NO
release, 1-µM trimetazidine prevents endothelin-1 release and reverses the harmful myocardial effect of trigly-
cerides. This opens the way to a new pharmacological approach in the treatment of cardiovascular disease in type
2 diabetes mellitus. 

Coronary heart disease and other manifestations of atherosclerotic vascular disease are increased in type 2 dia-
betic patients and coronary events are two to four fold higher in type 2 diabetic patients than in age-matched
non diabetic subjects. Hypertriglyceridemia occurs frequently in patients with coronary heart disease and in sur-
vivors from myocardial infarction. To evaluate the influence of chronic hypertriglyceridemia on myocardial glu-
cose uptake and endothelial function we evaluate peripheral and myocardial glucose utilization in type 2 diabetic
patients at different triglyceride levels and in the absence of overt coronary heart disease. Regional myocardial
glucose utilization has been assessed using PET and (18F) FDG. The preliminary results demonstrate that
myocardial glucose uptake was significantly lower in high triglyceride group. Endothelin-1 levels were signifi-
cantly higher in high triglyceride group and post-ischemic vasodilation of forearm blood flow was significantly
decreased in high triglyceride group. Triglyceride levels were positively and significantly correlated with
endothelin-1 and negatively correlated with post-ischemic vasodilation. These data suggest the presence of a
severe endothelial dysfunction with a reduction of myocardial function which seems related to the degree of
hypertriglyceridemia. This study was performed in collaboration with Prof. Fazio and Dr. Landoni, Dep. of
Nuclear Medicine, HSR.

Key words: nitric oxide, endothelin-1, insulin resistance, animal model, hepatocytes, genetics.
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• Hepatic insulin resistance related to increased endothelin-1 levels
L. D. Monti, E. P. Sandoli, F. Marchesi, E. Galluccio, E. Setola, P. Lucotti, S. Costa, P. M. Piatti.

To test the hypothesis that endothelin-1 and nitric oxide influence glucokinase activity in an opposite manner,
we evaluated the effects of endothelin-1, L-NAME, an inhibitor of nitric oxide synthase, and L-arginine, a sub-
strate for nitric oxide synthase, on GK activity and glycogen content in isolated rat hepatocytes. Moreover, to
understand the receptor involved in the process, the effects of BQ 788, a specific antagonist of ETB receptor,
and PD 142893, an antagonist of ETA-ETB receptors, were also evaluated. It was concluded that the nitric oxide
pathway seems to be an important regulator of GK activity and glycogen content through cGMP activity. In
addition, ET-1 seems not active per se but its activity seems mediated by a simultaneous decrease of nitric oxide
levels. This mechanism represents an additional pathway responsible for the increased glucose production found
in the insulin resistant states such as type 2 diabetes mellitus.

Key words: nitric oxide, endothelin-1, insulin resistance, animal model, hepatocytes, genetics.

• Molecular links between insulin resistance and endothelial function
L. D. Monti, E. P. Sandoli, F. Marchesi, E. Galluccio, E. Setola, P. Lucotti, S. Costa, P. M. Piatti.

In order to characterise the metabolic events and their association with endothelial dysfunction in the early
phases of insulin resistance syndrome, we performed a experimental study in sucrose fed rats, an animal model
known to develop hepatic and peripheral insulin resistance. The goal of this study was to test the hypothesis that
an increase in nitric oxide (NO) production might play a role in the exaggerated glucose-stimulated insulin secre-
tory response described in insulin resistant human being and rodents. For this purpose, male, Sprague-Dawley
rats were fed a sucrose-enriched diet for 2 and 8 weeks. Rats fed the sucrose-enriched diet have higher basal con-
centrations of insulin, TG, FFA, NO, and cyclic-GMP at the end of each dietary period, associated with a sig-
nificantly higher acute insulin response to IV glucose. These results are consistent with previous evidence that
sucrose-fed rats are insulin resistant and hyperinsulinemic and provide support for the view that increased con-
centrations of NO and cyclic-GMP in these animals contribute to their increased insulin response to glucose
stimulation. This study was performed in collaboration with Dr. I. Zavaroni, University of Parma, Italy and with
Prof. G. Reaven, Standford University, USA.

Key words: nitric oxide, endothelin-1, insulin resistance, animal model, hepatocytes, genetics.

• New candidate genes in type 2 diabetes mellitus and cardiovascular disease
L. D. Monti, F. Marchesi, E. P. Sandoli, E. Galluccio, E. Setola, P. Lucotti, P. M. Piatti.

We started a study to evaluate polymorphism of endothelial nitric oxide gene. DNA was extracted from 200
patients with type 2 diabetes mellitus and 250 subjects with normal glucose tolerance as a control population in
collaboration with Prof. Bianchi and Dr. Barlassina, Division of Nephrology, HSR and with Dr. Casari, Stem
Cells Unit, DIBIT, HSR. Moreover, we are planning to extend the genetic study to offspring of type 2 
diabetic patients, to subjects with Insulin Resistance Syndrome with or without family history of type 2 diabetes
mellitus in collaboration with Dr. I. Zavaroni, University of Parma; and in patients with cardiovascular disease
in the presence or absence of diabetes mellitus, in collaboration with Dr Colombo and Dr Di Mario, Cardiac
Catheterization Lab and Vascular Interventions, HSR, and Dr. Margonato and Dr. Fragasso, Department of 
Cardiology, HSR.

Key words: nitric oxide, endothelin-1, insulin resistance, animal model, hepatocytes, genetics.

• Evaluation of insulin resistance and endothelial function in first degree relatives of patients with type 2
(non-insulin dependent) diabetes mellitus

P. M. Piatti, E. Setola, E. P. Sandoli, E. Galluccio, P. Lucotti, F. Marchesi, L. D. Monti.
A study was designed in an effort to examine the relationship between nitric oxide/cyclic-GMP pathway and

insulin sensitivity by focusing on healthy volunteers without vascular disease or manifest hyperglycemia but in
the presence of a family history of type 2 diabetes. In particular, these subjects had at least one sibling and one
parent with a diagnosis of type 2 diabetes (35 subjects). They were compared with subjects without family his-
tory of diabetes (27 subjects). Insulin-mediated glucose disposal was quantified by determining the insulin sen-
sitivity index (ISI) in response to a low dose insulin and glucose infusion test (LDIGIT). Subjects with a family
history of diabetes were less insulin sensitive, had higher basal NO levels and lower cyclic-GMP levels. These
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results have shown that alterations of the NO/cyclic-GMP pathway seem to be an early event in nondiabetic indi-
viduals with a family history of type 2 diabetes and these changes are correlated with the degree of insulin resis-
tance. This work was done in collaboration with Prof. Pontiroli, Metabolic Disease Unit, University of Milan,
Prof. Zavaroni, University of Parma, Prof. Solerte, University of Pavia and with Prof. Reaven, Stanford Univer-
sity, USA. The study is a part of a bigger one, planned to perform a family study of brothers/sisters and offspring
of type 2 diabetic patients in the north of Italy. Moreover, this data opens the way for new candidate genes
involved in the pathogenesis of type 2 diabetes mellitus.

Key words: insulin resistance syndrome, nitric oxide, endothelin-1, type 2 (non-insulin-dependent) diabetes mellitus,
lipids, coronary heart disease, restenosis.

• Early features and predictors of restenosis in patients with CAD
P. M. Piatti, E. Setola, E. P. Sandoli, E. Galluccio, P. Lucotti, F. Marchesi, M. Moltrasio, L. D. Monti.

To understand the role of Insulin Resistance Syndrome (IRS) and of endothelium in restenosis after stenting
in patients with multivessel coronary artery disease, we started a study, in collaboration with Dr Colombo 
and Dr Di Mario, Cardiac Catheterization Lab And Vascular Interventions, HSR, and Dr Margonato and 
Dr Fragasso, Department of Cardiology, HSR, to evaluate whether metabolic alterations typical of IRS and
endothelial dysfunction are present in these patients and whether these parameters are predictors of restenosis
after stenting. One hundred and fifty patients were submitted to OGTT just before routine angiographic 
control after 6 months from coronary stenting. New diagnosis of IGT and type 2 diabetes mellitus was found in
56% of the whole population. Angiographic restenosis after stenting in multivessel CAD was found in 51%. IRS
was present in 38% of patients with restenosis and in 21% of patients without restenosis. Moreover, patients
with restenosis had increased HOMA levels, fasting insulin and C-peptide levels. These preliminary data seem
to indicate that hyperinsulinemia and insulin resistance are main predictors of restenosis after stenting in patients
with CAD.

Key words: insulin resistance syndrome, nitric oxide, endothelin-1, type 2 (non-insulin-dependent) diabetes mellitus,
lipids, coronary heart disease, restenosis.

• Early features of insulin resistance and cardiovascular disease
P. M. Piatti, E. Setola, E. P. Sandoli, E. Galluccio, P. Lucotti, F. Marchesi, M. Moltrasio, L. D. Monti.

Moreover, to understand the contribution of each metabolic component of the Insulin Resistance Syndrome
(IRS) (hyperinsulinemia, insulin resistance, hypertriglyceridemia, low HDL cholesterol, visceral obesity) to
increase endothelin-1 (ET-1) levels, 350 subjects were evaluated in a cross-sectional study. An independent cor-
relation was found between glycosylated hemoglobin, triglycerides and ET-1 in patients with IRS. Thus, we can
suggest that alterations in lipid profile and glycemic control are independent predictors of increased ET-1 levels
in subjects with IRS.

In addition, to evaluate whether insulin resistance is associated with alterations in endothelin-1 and in nitric
oxide levels in the absence of diabetes, hypertension, kidney failure and cardiovascular disease, we evaluated 404
healthy workers. They were divided into four quartiles according to 2 h insulin levels after OGTT, an index of
insulin resistance. The quartile with the greatest insulin response had all the features of the IRS. NO concentra-
tions were also higher in the hyperinsulinemic group. It is speculated that this increase in the NO concentration,
in hyperinsulinemic and presumably insulin resistant subjects, represents a compensatory effort to overcome the
untoward effects of insulin resistance and/or hyperinsulinemia. The last two studies were performed in collabo-
ration with Prof. Zavaroni, University of Parma and with Prof. Reaven, Stanford University, California, USA.
More studies are ongoing in collaboration with Dr. I. Zavaroni, University of Parma, Italy and with Prof. G.
Reaven, Standford University, USA.

Key words: insulin resistance syndrome, nitric oxide, endothelin-1, type 2 (non-insulin-dependent) diabetes mellitus,
lipids, coronary heart disease, restenosis.

• An intervention study to ameliorate endothelial function and insulin sensitivity in type 2 diabetic patients
P. M. Piatti, E. Setola, E. P. Sandoli, E. Galluccio, P. Lucotti, F. Marchesi, A. Palloshi, L. D. Monti.

It has been previously demonstrated that endothelial NO synthesis and insulin sensitivity are positively corre-
lated in healthy subjects. L-arginine is a precursor for NO synthesis and L-arginine supplementation can aug-
ment vascular dilation. Moreover, in young hypercholesterolemic adults, the administration of L-arginine results
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in a significant improvement in endothelium-dependent dilation and has positive effects on atherogenic process
after 4 weeks. Although the effect of acute administration of L-arginine on insulin secretion is well known, little
is known about the effect of a long-term administration of L-arginine on insulin sensitivity in type 2 diabetic
patients. To this end we are evaluating whether long-term administration of arginine acting through a normal-
ization of the NO/cyclic GMP pathway is able to ameliorate peripheral and hepatic insulin sensitivity in 12 lean
type 2 diabetic patients. Preliminary results seem to demonstrate that L-arginine normalizes basal cGMP levels
and significantly increases blood flow and glucose disposal during the clamp, whereas it reduces systolic blood
pressure and endogenous glucose production. These encouraging data demonstrate that long term L-arginine
treatment significantly improves peripheral and hepatic insulin sensitivity in type 2 diabetic patients. The study
is performed in collaboration with Prof. Alberti, University of Newcastle upon Tyne, UK.

Key words: insulin resistance syndrome, nitric oxide, endothelin-1, type 2 (non-insulin-dependent) diabetes mellitus,
lipids, coronary heart disease, restenosis.

• Characterization of endothelial and metabolic dysfunctions in patients with type 2 diabetes mellitus and
cardiovascular disease and intervention studies

P. M. Piatti, E. Setola, E. P. Sandoli, E. Galluccio, P. Lucotti, F. Marchesi, A. Palloshi, L. D. Monti.
These studies are done in collaboration with Dr. Fragasso and Dr. Margonato, Cardiology Division, HSR.
In the attempt to ameliorate endothelial dysfunctions in patients with "cardiac" syndrome X, we infused them

with L-arginine (0.125 gr/min) or saline for 120 min, in random order. L-arginine is a precursor of nitric oxide
production. Preliminary data demonstrated that an increment in nitric oxide availability by an acute L-arginine
infusion, through a decrease in endothelin-1 levels, is able to normalize endothelial function.

Trimetazidine is an antianginal drug which may affect myocardial substrate utilization by inhibiting oxidative
phosphorylation and by shifting energy production from FFA to glucose oxidation. We have an ongoing proto-
col in which we are assessing the potential protective effects of trimetazidine on exercise performance, plasma
NO, ET-1 and FFA release in patients with stable coronary artery disease (CAD) in the presence or absence of
heparin administration. Moreover, in 16 type 2 diabetic patients affected by severe ischemic dilated cardiomy-
opathy, we evaluated that trimetazidine was able to improve glucose metabolism and left ventricular function in
type 2 diabetic patients with dilated ischemic cardiomyopathy. These effects are likely to be dependent on the
fact that trimetazidine shifts FFA oxidation to glucose oxidation and may be operative in both the heart and the
vascular endothelium.

Key words: insulin resistance syndrome, nitric oxide, endothelin-1, type 2 (non-insulin-dependent) diabetes mellitus,
lipids, coronary heart disease, restenosis.

MATURITY-ONSET DIABETES OF THE YOUNG - MOLECULAR GENETICS

• Patients with maturity-onset diabetes of the young 
F. Barbetti, O. Massa.

The Maturity-Onset Diabetes of the Young (MODY) is an early-onset (age at diagnosis < 25 yr), autosomal
dominant subtype of type 2 (non-insulin dependent) diabetes. MODY is considered a monogenic paradigm of
type 2 diabetes, a polygenic disease, and a useful model to identify genetic defects leading to impaired glucose
metabolism.

MODY is caused by or has been found associated to 5 different genes: the glucokinase gene (MODY 2), the
hepatocyte nuclear factor 1a (HNF 1a, MODY 3), 4a (HNF 4a, MODY 1) and 1b (HNF 1b, MODY 5) genes
and the IPF 1 gene (MODY 4). All these genetic defects determine some impairment of insulin secretion (rather
than insulin resistance). 

Glucokinase and HNF 1a mutations are the leading cause of MODY in France and UK, respectively and
MODY 2 and 3 mutations combined are responsible for 75-80% of all MODY cases in these countries. MODY
1, 4 and 5 represent, collectively, a rare (approx. 2-3%) cause of MODY in Europeans of Caucasian origin. In
general, approximately 15-20% of patients with the accepted, current criteria for the clinical diagnosis of
MODY do not harbour a mutation in any of the known MODY genes. 

The recruitment of the Italian series of families/patients with clinical diagnosis of MODY (actual number:
>300 as of December 2000) is being done in paediatric clinics throughout the country and the molecular screen-
ing of MODY genes has been entrusted to our Lab.
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Our studies conducted so far have established that mutations in the GK gene are the most common cause of
MODY among Italian children (about 45%) After the screening of the GK gene more common genetic defects
in about 200 patients, more than 70 MODY 2 mutants have been found. The large amount of clinical informa-
tion deriving from the MODY 2 data set allowed us to make some observations: 1) as predicted by others, neona-
tal hyperglycemia is a frequent mode of presentation of GK mutants (see publications), 2) GK mutations are par-
ticularly prone to arise de novo and 3) MODY 2 patients show differences in post-load glucose tolerance that are
likely due to reduce insulin sensitivity in those showing a diabetic OGTT (ibid.). We also established that muta-
tions of IPF-1/MODY 4 gene do not represent a common cause of MODY in our patients (see publications).

Individuals bearing a mutation in any of the known MODY genes show low insulin secretion, an observation
we confirmed in all Italian MODY 2/3 mutants. In contrast, we identified 12 MODY probands with insulin
secretion above the 75°-97° centile of normal subjects at the intravenous glucose tolerance test. We thus tried 
to address the question of whether these subjects might bear a new MODY gene. In three of those families 
exclusion mapping exonerated MODY 1-5 genes and we believe that this group of patients represents a MODY
subtype (MODY "X") with pathophysiological features that might resemble more closely the common form 
of NIDDM.

However, a positive linkage to the GK gene was found in two pedigrees, in which we subsequently detected
two missense GK mutations (manuscript in preparation). Interestingly, these two mutations are in the same
domain of the GK molecule in which we recently identified the second GK mutation described as causing per-
sistent hyperinsulinemic hypoglycemia of infancy (manuscript in preparation).

We tested the hypothesis of whether subjects with permanent neonatal diabetes mellitus (PNDM) can carry
mutations in known or new MODY genes. Our direct search in a number of functional candidate genes has lead
to negative results. Differently, we identified a subject with a homozygous GK mutation (T228M) with peculiar
phenotypic features.

Finally, we have recently identified in a MODY family a mutation in a new gene; we are currently testing the
frequency of mutations in this gene in other families and focusing on the molecular mechanism(s) that determine
the impairment of insulin secretion in this family.

Key words: type 2 diabetes, genetics.

GESTATIONAL DIABETES MELLITUS

• Glucose tolerance after pregnancy with GDM
N. Dozio, G. Calori, T. Rasera, A. Beretta, M. Castiglioni, S. Sioli, V. Becciu.

Gestational diabetes mellitus (GDM) complicates 2-5% of all pregnancies. The diagnosis of GDM confers an
elevated risk to develop diabetes later in life although the differences vary widely according to the prevalence of
diabetes in the background population. No data are available on the Italian population. We aim to evaluate the
prevalence of impairment of glucose tolerance in women 6.6 yrs after a pregnancy complicated by GDM. 

RESULTS: between 1988 and 1992, 166 women with a diagnosis of GDM according to Carpenter and Coustan’s
criteria were followed up at the Diabetes and Pregnancy outpatient clinic of San Raffaele Hospital. Two women
remained diabetic immediately after partum and were not considered for further evaluation. 143 women 
participated in a follow-up evaluation, including a 75 g OGTT if they had no known diabetes. At follow-up the
women where classified according to WHO criteria for the diagnosis of diabetes as follows: 
81 (65.8%) NGT - Normal Glucose Tolerance <111 mg/dl
5 ( 4.1%) IFG - Impaired Fasting Glucose <126 mg/dl

23 (18.7%) IGT - Impaired Glucose Tolerance 140-200 mg/dl 2 h post load
14 (11.4%) Diabetes >126 mg/dl fasting, or >200 mg/dl 2 h post load

Women with previous GDM have high prevalence of impaired glucose metabolism 6 years after the index
pregnancy: 11.5% for diabetes; 18.7% for IGT; 4.1% for IFG (compared to 4.4% for diabetes and 3.7% for
IGT, found in a population study of women ten years older). These women therefore represent an ideal popu-
lation in which early prevention treatment for type 2 diabetes could be implemented.

We have verified that anthropometric parameters may be useful tools to identify women at higher risk. Better
strategies to identify parameters predictive of deterioration of glucose tolerance are needed to implement cost
effective surveillance protocols in women with GDM. 
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• Anthropometric evaluation of offspring of mothers with GDM later in childhood
N. Dozio, A. Poloniato, G. Calori, L. Barbieri, S. Sioli, M.T. Castiglioni.

Several studies have questioned the impact of mild metabolic impairment during gestation predisposing to
obesity in childhood. To investigate whether the presence of treated GDM may affect growth and body compo-
sition in children born to mothers with GDM, diagnosed according to Carpenter and Coustan criteria, we eval-
uated 63 children, at a mean age of 6.6±1.7 yrs, of mothers participating in a follow-up study of GDM. Child
height, weight and skin folds were measured and BMI z-scores (Rolland Cachera 1991) and skin fold percentiles
were read on charts for appropriate age and sex. 

At birth, 79% of newborns were appropriate for gestational age (AGA), with a birth weight ratio (BWR)
between 0.84 and 1.15, whereas 8% were small for gestational age (SGA) and 13% were large (LGA) with BWR
>1.25. The proportions of AGA, SGA and LGA were not different in children attending or not the follow-up
visit (Chi square p=ns), nor was the distribution of BWR (mean±SD, 1.01±0.13 vs 1.01±0.13, Mann Whitney
p=ns) different.

There was no correlation between BWR and child growth, possibly indicating that the overall rate of in utero
growth may be modified by treatment, since we achieved AGA in 79% of the newborns, SGA in 8% and LGA
in 13%. BMI at follow-up was not statistically different among SGA, AGA or LGA children. The children’s
indexes of subcutaneous fat and BMI were correlated with fasting blood glucose during pregnancy, possibly 
indicating that the metabolic in utero environment indeed programmed the children’s adiposity. However, 
these indexes were also correlated to the mother’s BMI, both pre-pregnancy, current and even to the maximal
BMI that the woman reached during life. This observation leaves the possibility of a genetic effect or an 
environmental nutritional effect open. In both cases, more obese mothers will have more obese children. In the
participating children, the overall prevalence of obesity, defined as above the 90° centile, was 29%, and of
marked obesity, 19%. These figures are not dissimilar to the reported prevalence of paediatric obesity in Italy.
We can therefore conclude that when women with GDM are treated, children’s growth and their subcutaneous
fat distribution are more related to mothers’ BMI than to BWR. It is necessary to identify other parameters
beside BWR to follow the pattern of growth in these children, and other maternal parameters, in addition to 
glucose at diagnosis of GDM, should be evaluated to clarify the possible impact of GDM in the development of
obesity in the offspring.

NEONATOLOGY

• Outcome of preterm infants, and levels of leptin in newborns
C. Bianchi, G. Barera, D. Cella, A. Poloniato, R. Rovelli, G. Chiumello.

Neurological outcome of preterm newborns with peri-ventricular hemorrhage.
The aim of the study was to evaluate neurological outcome of preterm babies with peri-intraventricular 

hemorrhage (PVH-IVH). Thirty subjects (14 males, 16 females) affected by peri-intaventricular haemorrhage,
divided into group A - 14 subjects with PVH-IVH associated with hemorrhage lesions (hemorrhage venous
infart IPE) and ischemic white matter lesions.

The incidence of cerebral palsy was established at 12 months.
If periventricular white matter lesions were present, preterm infants had mental and motor scores inferior to

subjects with only hemorrhage.
In our study neuroradiological alterations of white matter are signals of unfavorable outcome in preterm

infants affected by PVH-IVH. We continue to follow these babies with collaboration of neuroradiologists until
school age.

Cord blood leptin in newborns.
Leptin is an hormone produced in the adipose tissue, involved in the regulation of body weight. Many studies

have investigated the role of leptin on fetal growth, birth weight and weight loss in newborns, but the physio-
logical role of leptin in growing children has not been clarified.

The aim of our study is to evaluate cord blood leptin in newborn infants with different patterns of growth: con-
trol group ( Adequate for Gestational Age), Large for Gestational Age (LGA) infants, Infants of Diabetic Moth-
er (IDM), infants of pre-eclamptic mothers and newborns affected by intrauterine growth retardation (IUGR)

Preliminary results showed that LGA infants have cord blood leptin greater than AGA controls, as the litera-
ture has demonstrated. 

Key words: newborns, preterm infants, leptin.
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ENDOCRINE PATHOPHYSIOLOGY

• Mathematical modelling of metabolic and endocrine systems
A. Caumo.

The primary focus of my research activity is the development, validation, and application of mathematical
models to study carbohydrate metabolism, and specifically diabetes, with basic research, clinical, and 
therapeutic purposes. My research activity in 2000 was primarily concerned with the development (in 
collboration with Dr. Claudio Cobelli of the University of Padova and Dr. Richard Bergman of the Univer-
sity of Southern California) of a new model-based approach for the assessment of insulin sensitivity from 
an oral glucose tolerance test (OGTT) or a meal glucose tolerance test (MGTT). The method hinges on the
classic minimal model of glucose kinetics that is coupled with an equation describing the rate of appearance
of glucose into the circulation after glucose ingestion. The model provides an estimate of insulin sensitivity
(SI) in a given individual based on simple area-under-the-curve calculations. To prove the reliability of 
the new approach, MGTT studies performed in 10 normal subjects were analyzed and the SI index from 
the MGTT was compared with the SI index obtained in the same subjects from an intravenous glucose 
tolerance test (IVGTT). We found that SI from the MGTT was strongly correlated to the SI from the IVGTT
(r=0.89, p<0.01). If confirmed under a variety of conditions, this new methodology has great potential 
for use in epidemiological and genetics research due to its simplicity. Given that the oral test was recently
reintroduced for diagnostic purposes by the American Diabetes Association, we hope that this method 
may help investigators to identify individuals at risk for type 2 diabetes long before they develop overt 
symptomology.

• Differential ERK1/2 activation in rat chronic liver injury and fibrosis
F. Ridolfi, G. Svegliati-Baroni, L. Perego, V. Guzzi, L. Marucci, A. Di Sario, C. Caradonna, E. Bendia, S. Sacco-
manno, C. Perego, L. Trozzi, M. Marzioni, A. Benedetti, F. Folli.

Background/Aim: ERK1/2 (also known as p42MAPK and p44MAPK) has been shown to play a key role in
regulating hepatic stellate cells (HSC) proliferation and collagen synthesis. Since no definitive study on
ERK1/2 phosphorylation are available in vivo we evaluate ERK1/2 activation in two different models of chron-
ic liver injury leading to hepatic fibrosis. Methods: Liver injury leading to zone 3 fibrosis was induced by
repeated dimethylnitrosamine (DMN) administration (10 mg/kg, i.p. 3 consecutive days a week, up to 5
weeks). Chronic cholestasis leading to liver fibrosis was induced by bile duct ligation (BDL) and rats sacrificed
at 3 and 7 days and 4 weeks. Expression of phosphorylated ERK1/2 (pERK) was studied by immunohisto-
chemistry on formalin-fixed paraffin-embedded liver sections. The degree of ERK phosphorylation and acti-
vation was determined by Western blot using specific antibodies for p-ERK. HSC activation was determined
by immunohistochemistry for (smooth muscle actin ((SMA). Hepatocyte and cholangiocytes proliferation was
also evaluated by immunohistochemistry for proliferating cell nuclear antigen (PCNA). Results: In normal rat
liver, pERK showed a granular staining uniformly distributed in the whole cytoplasm of parenchymal cells
preferentially in the zone 3 of the hepatic acinus. A different pattern was observed at 6 hours after the third
DMN injection when a perimembranous distribution of pERK was observed. At 24 and 48 hours a strong
increase of the reaction was evident in the nuclei of hepatocytes close to the area of necrosis and also in cells
with a stellate-like phenotype. At 1 week, in cirrhotic rats (DMN treatment for 5 weeks) pERK showed a gran-
ular cytoplasmic staining in hepatocytes and in stellate-like cells close to fibrotic septa. The subcellular modi-
fication of pERK distribution was paralleled by increased ERK activity in injured livers that preceded the
appearance of (SMA-positive cells, evident at 24 and 48 hours. DMN treatment also induced a rapid increase
in the number of proliferating hepatocytes, reaching a maximum at 24 hours. At all times after BDL, pERK
immunostaining was limited to the nuclei of proliferating cholangiocytes and portal space fibroblasts and
accompanied the appearance of (SMA-positive cells which surrounded newly formed bile ducts. Cholangocyte
proliferation was most evident in the early stage after BDL. Conclusions: ERK1/2 activation occurs in differ-
ent cell phenotypes (i.e. hepatocytes or cholangiocytes) and involves either hepatic stellate cells or portal
fibroblasts depending on the model of liver injury. ERK1/2 activation seems also to play a key role in the 
proliferation of parenchymal cells in response to liver injury. The selective delivery of ERK1/2 inhibitors to
mesenchymal cells could thus represent a new therapeutic approach to chronic liver injury leading to hepatic
fibrosis.



44 - SCIENTIFIC INSTITUTE H SAN RAFFAELE

• Identification of diabetogenes and/or genes linked to insulin resistance by subtraction cloning in muscle,
liver and adipose tissue of obese insulin resistant patients

L. Perego, Z. Caradonna,V. Guzzi, P. Pizzocri, M. Giacomelli, G. Paganelli, G. F. Ferla, A. E. Pontiroli, F. Folli.
Non-insulin-dependent (type II) diabetes mellitus (T2DM) is the most common of all metabolic disorders,

affecting 6-7% of the population in the western world (Kahn et al 1996). T2DM is closely associated with obe-
sity, hypertension and hyperlipidemia.

T2DM patients exhibit two complementary pathophysiological defects: the first is a decrease in response of
peripheral tissues to insulin, i.e. insulin resistance; the second is a failure of the the natural history of their dis-
ease, require insulin to control blood glucose effectively.

Although our knowledge on the molecular mechanisms of insulin secretion and action is increased exponen-
tially in the last 25 years and the basic mechanisms of rare forms of diabetes mellitus have been discovered, the
most common forms of T2DM are still awaiting precise molecular answers.

Gastric banding is one of the surgical procedures that can be employed to cure severe obesity (BMI > 35
kg/m2) when dietary, psychological and pharmacological approaches have failed. The rational basis is to increase
satiety sensation to mixed meals by decreasing gastric volume. Increased satiety sensation will enable obese
patients to comply to food intake reduction.

Patients are evaluated from the metabolic, clinical and psychological point of view and they are subdivided in
normal glucose tolerant (NGT), impaired glucose tolerant (IGT) and non-insulin dependent diabetes mellitus
(T2DM) following the revised criteria of the American Diabetes Association (1998).

After informed written consent, skeletal muscle, adipose tissue and liver biopsies are collected.
We propose to search for genetic alterations in skeletal muscle, liver and adipose tissue, which are the promi-

nent sites of insulin resistance in diabetes by employing subtraction cloning. Subtractive hybridization is a pow-
erful technique that enables researchers to compare two populations on RNA and to obtain clones of genes that
are expressed in one population (tester) but not in the other (driver). 

To date, we have extracted RNAs from skeletal muscle samples and pooled the RNAs obtained from NGT,
IGT and T2DM patients to prepare the subtraction libraries.

We then confirmed the differential expression of these clones by screening the libraries by dot blot with a
probe prepared from the original RNA mixture. Clones which were differentially expressed were: 34 in
IFG/IGT vs NGT; 13 in NGT vs IGT/IFG; 150 in T2DM vs NGT; 108 in NGT vs T2DM; 58 in T2DM vs
IFG/IGT and 8 in IFG/IGT vs T2DM. Several interesting candidate genes were identified and have been char-
acterized.

• Skin microangiopathy in type 1 diabetic-uremic patients after kidney-pancreas, kidney-islet or kidney
transplantation

F. Folli, P. Fiorina, G. Finzi, G. Properzi, L. Usellini, Z. Caradonna, R. Pedale, C. Socci, E. Orsenigo, E. La Rocca,
F. Bertuzzi, V. Di Carlo, G. Pozza, C. Capella, A. Secchi.

Microangiopathy in type 1 diabetic-uremic patients after organ transplantation is a matter of investigation. Our
aim was to evaluate if kidney-pancreas transplantation (KP), kidney-islets transplantation (KI), or kidney-trans-
plantation alone (KD) in type 1 diabetic patients could affect microangiopathy. Non-diabetic kidney-transplant-
ed patients (K) were controls. The mean follow-up was comparable in all groups (around 4.5 years). 24 patients
(5 K; 6 KD; 6 KI; 7 KP) underwent a forearm skin punch biopsy. a) Expression of markers of endothelial func-
tion was studied by using immunofluorescence. VWF vascular expression was higher in K (2.5 (0.5) as compared
with KI (0.62 (0.30), p<0.05 vs K) and KD (0.50 (0.30, p<0.05 vs K). KP partially restored vWF expression (0.91
(0.31). ET-1 vascular expression was absent in all patients. b) Electron microscopy studies. Skin microvascular
structure of kidney transplanted patients with type 1 diabetes mellitus was characterized by the following 
features: 1) disappearance of vascular lumen; 2) reduced Weibel-Palade bodies; 3) basal membrane thickening;

Tester Driver No. clones 
Subtraction 1 IFG/IGT NGT 192
Subtraction 2 NGT IFG/IGT 192
Subtraction 3 T2DM NGT 288
Subtraction 4 NGT T2DM 192
Subtraction 5 T2DM IFG/IGT 288
Subtraction 6 IFG/IGT T2DM 96
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4) intracellular vimentin-like protein deposits; 5) endothelial cell microvilli and vacuolization; 6) nuclear alter-
ations. The effects of kidney/pancreas/islets transplantation are detailed in the table. In conclusion, in kidney
transplanted type 1 diabetic patients there is a very severe and characteristic skin microangiopathy. Pancreas
transplantation and islet transplantation, to a lower extent, can partially reverse these alterations.

• Anti-tumorigenic and anti-insulinogenic effects of calcitriol on insulinoma cells and solid ß-cell tumors
A. M. Davalli, F. Galbiati, L. Polastri, M. Casorati, T. Esposito.

Malignant insulinoma is a rare form of cancer with a poor prognosis due to metastatic dissemination and
untreatable hypoglycemia. Effective chemotherapy of patients not cured by surgery, or unsuitable for surgical
treatment, is therefore needed. Besides its role in bone metabolism, calcitriol has known anticancer properties
on a wide spectrum of neoplastic cell lines and solid cancers, but no data are available regarding its antineoplastic
activity on tumorigenic pancreatic ß-cells. We analyzed in vitro the effects of calcitriol exposure on murine ß -
cell lines (ßTC3 and ßTCtet) and on primary cultures of benign human insulinomas and isolated islets . The
impact of in vivo calcitriol administration on insulinoma volumes of transgenic RIP1Tag2 mice (a model of ß-cell
tumorigenesis) was also investigated. In ßTC3 cells, calcitriol induced (i.) dose-dependent growth inhibition; (ii.)
apoptotic cell death; (iii.) downregulation of insulin gene expression; and (iv.) nongenomic activation of the
MAPK pathway. MEK inhibitor (UO126) and Staurosporine significantly reduced calcitriol-mediated ßTC3
death, while downregulation of insulin gene transcription was prevented by Staurosporine but not by UO126.

Moreover, Bcl-2 overexpression completely abolished calcitriol-mediated apoptosis in ßTCtet cells. Calcitriol
significantly decreased insulin content and release and mRNA levels of isolated human islets and insulinoma
cells. Finally, RIP1Tag2 mice treated with calcitriol showed reduced insulinoma volumes due to increased apop-
tosis of adenomatous cells.

These data demonstrate that supraphysiological doses of calcitriol have both antitumorigenic and antiin-
sulinogenic effects on ß-cells, and that these two diverse activities are differently regulated. These findings pro-
vide the rationale for testing the efficacy of calcitriol in the clinical management of patients with solid ß-cell
tumors.

• Effects of carboxypeptidase E over-expression on insulin mRNA levels, regulated insulin secretion and
proinsulin processing of pituitary GH3 cells transfected with a furin-cleavable human proinsulin Cdna

A. M. Davalli, F. Galbiati, L. Polastri, M. Casorati, T. Esposito.
We developed two insulin-secreting pituitary GH3 cell clones (InsGH3/C1 and C7) that we proposed as (cell

surrogates for encapsulation-based diabetes cell therapy. We previously demonstrated that InsGH3 clones are
capable of converting proinsulin into mature insulin that can be stored into a readily releasable pool of secreto-
ry granules. However, proinsulin processing and regulated secretion by InsGH3 cells are relatively inefficient as
compared to normal ß-cells. It is now clear that the membrane bound form of Carboxypeptidase E (Cpe) is a
sorting receptor for the regulated secretory pathway of many hormones, while its soluble form participates in the
late step of insulin maturation.  Therefore, we attempted to improve proinsulin processing and regulated secre-
tion by overexpressing Cpe in the InsGH3 cells.  We obtained two Cpe-overexpressing cell lines that were dif-
ferent in terms of percentage of membrane bound- vs soluble Cpe.  In the InsGH3/C1-Cpe line, in which the
membrane-bound form accounted for by 90% of total Cpe immunoreactivity, an increase in proinsulin gene
expression and stimulated insulin secretion was achieved.

Electron microscopy showed an increased number of granules in fusion with the cell membrane and of extra-
cytoplasmatic granules.  Immunofluorescence, confirmed that insulin staining was mainly localized near the cell
membrane.  In contrast, in the InsGH3/C7-Cpe line, where the membrane bound form represents only 60% of

K not diabetics K diabetics K + islets K + pancreas
MB thickness + ++ ++ ++
Endothelial Microvilli 0 ++ + +
ER ramification 0 ++ 0 +
Vimentin-like filament 0 ++ + +
Irregular nuclear morphology 0 + + +
Chromatin condensation 0 ++ 0 +
Weibel-Palade bodies +++ + ++ ++
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total Cpe, a decrease in basal insulin release and an improvement in intracellular insulin processing were
obtained.

These data demonstrate that overexpression of membrane-bound Cpe increases regulated insulin secretion,
while overexpression of soluble Cpe increases proinsulin processing.

• Effects of streptozotocin-induced diabetes and diabetes treatment by islet transplantation on in vivo
insulin signaling in rat heart

A. M. Davalli, F. Galbiati, L. Polastri, M. Casorati, T. Esposito.
Insulin action in the rat heart is impaired in insulin-deficient diabetes, and this leads to alterations in glucose

metabolism, myocardical protein expression, and contractile function.  The objective of this study was to inves-
tigate the insulin signaling cascade in rat myocardium in vivo in the presence of streptozotocin (STZ)-induced
diabetes and following diabetes treatment by islet transplantation.  Control rats, untreated diabetic rats, and 
diabetic rats treated by islet transplantation under the kidney capsule were studied.  The levels of insulin-stimu-
lated tyrosine phosphorylation of the insulin receptor ß-subunit, IRS-2, and p52Shc were increased in diabetic
compared to control heart, whereas tyrosine phosphorylation of IRS-1 was unchanged.  The amount of the p85
subunit of phosphatidylinositol (PI)3-kinase and the level of PI3-kinase activity associated with IRS-2 were also
elevated in diabetes, whereas no significant changes in IRS-1 associated PI3-kinase were observed.

Insulin-induced phosphorylation of Akt on Thr-308 was increased 5-fold in diabetic heart, whereas Akt phos-
phorylation on Ser-437 was normal.  In contrast with Akt phosphorylation, insulin-induced phosphorylation of
GSK-3, a major cellular substrate of Akt, was markedly reduced in diabetes.

In islet-transplanted rats, the majority of the alterations in insulin signaling proteins found in diabetic rats were nor-
malized, but insulin stimulation of IRS-2 tyrosine phosphorylation and association with PI3-kinase was blunted.  In
conclusion, in the diabetic heart (i.) IRS-1, IRS-2, and p52Shc are altered differently; (ii.) the levels of Akt phospho-
rylation on Ser-473 and Thr-308, respectively, are not coordinately regulated; and (iii.) the increased activity of prox-
imal signaling proteins (i.e., IRS-2 and PI3-kinase) is not propagated distally to GSK-3.  Islet transplantation under
the kidney capsule is a potentially effective therapeutic approach to correct several diabetes-induced abnormalities
of insulin signaling in cardiac muscle, but does not restore the responsiveness of all signaling reactions to insulin.

• Effect of balloon injury on neointimal hyperplasia in streptozotocin-induced diabetes and in hyperinsu-
linemic nondiabetic pancreatic islet-transplanted rats

A. M. Davalli, F. Galbiati, L. Polastri, M. Casorati, T. Esposito.
The mechanisms of increased neointimal hyperplasia after coronary interventions in diabetic patients are still

unknown. Glucose and insulin effects on in vitro vascular smooth muscle cell (VSMC) proliferation and migra-
tion were assessed. The effect of balloon injury on neointimal hyperplasia was studied in streptozotocin-induced
diabetic rats with or without adjunct insulin therapy. To study the effect of balloon injury in nondiabetic rats with
hyperinsulinemia, pancreatic islets were transplanted under the kidney capsule of normal rats. Glucose did not
increase VSMC proliferation and migration in vitro.  In contrast, insulin induced a significant increase in VSMC
proliferation and migration in cell cultures.

Furthermore, in VMSC cultures, insulin increases MAPK activation. A reduction in neointimal hyperplasia
was consistently documented after vascular injury in hyperglycemic streptozotocin-induced diabetic rats. Insulin
therapy significantly increased neointimal hyperplasia in these rats. This effect of hyperinsulinemia was totally
abolished by transfection on the arterial wall of the N17H-ras-negative mutant gene. Finally, after experimental
balloon angioplasty in hyperinsulinemic nondiabetic islet-trasnplanted rats, a significant increase in neointimal
hyperplasia was observed. In rats with streptozotocin-induced diabetes, balloon injury was not associated with
an increase in neointimal formation. Exogenous insulin administration in diabetic rats and islet transplantation
in nondiabetic rats increased both insulin levels and neointimal hyperplasia after balloon injury. Hyperinsuline-
mia through activation of the ras/MAPK pathway, rather than hyperglicemia per se, seems to be of crucial impor-
tance in determining the exaggerated neointimal hyperplasia after balloon angioplasty in diabetic animals.

TIGET

• Gene therapy of type 1 diabetes
L. Falqui, S. Martinenghi, P. Corbella, A. Stabilini.

Curing type 1 diabetes means replacing the lost insulin secretion with a self-regulating source of insulin delivery,
capable of correcting metabolic abnormalities and preventing chronic complications of the disease. The HSR-
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TIGET gene therapy project aims at developing surrogate ß-cells for long-term insulin replacement therapies.
The approach is based on transferring the genetic elements required to inducing glucose-regulated synthesis of
human insulin in non-endocrine autologous cells. Hepatocytes are good candidates, because they ‘sense’ glucose
variation and regulate gene expression in response to carbohydrates. Within this project, liver-specific, glucose-
responsive DNA regulatory elements are being combined to provide proper regulation of insulin synthesis. The
engineered constructs are then assembled into viral vectors for ex vivo and in vivo gene transfer. With this
approach, it has been possible to obtain transgenic rodent hepatocytes able to synthesise human proinsulin,
process it and release mature insulin in response to glucose variation. Some of the nearest challenges include the
evaluation of feasibility, safety and efficacy of in vivo gene transfer procedures in animal models and the assess-
ment of immunogenicity of transgenic insulin-producing cells in the autoimmune NOD mouse.

METABOLIC DISEASES

BONE METABOLISM

• Bone mineral physiologic changes during childhood
S. Mora, M. C. Proverbio, L. Bolzoni, D. Cuccato, G. Weber, S. Beccio, G. Chiumello.

Although hereditary factors play a major role in determining bone density, environmental factors may account
for up to 20% of the variability of bone mass. Because the greater changes in bone mass occur during growth,
we have investigated the role of the diet and of physical exercise in healthy children and young adults. This study
represents a collaborative effort, which involves several investigators affiliated to the Universities of Milan, Pavia
and Pisa. Preliminary data show the pivotal importance of diet before the onset of puberty, while physical exer-
cise plays a major role during puberty. 

Key words: bone mineral density, bone metabolism markers, diet, physical exercise.

• Bone density and bone metabolism in childhood diseases
S. Mora, M. C. Proverbio, L. Bolzoni, G. Barera, G. Chiumello.

Our interest on the bone complications of celiac disease led us to investigate the effect of long-term treatment
on bone density and bone metabolism. Our results indicate that proper treatment is sufficient not only to restore
bone mineral content, but also to maintain normal bone mineralization.

Recent evidence shows that highly active anti-retroviral therapy (HAART) used in HIV-positive patients is
complicated by a marked reduction of bone mineral density, and by important alterations of bone metabolism.
The use of HAART in children has been enforced in the recent years. We therefore investigated the role of
HAART on bone density and bone metabolism rate in a large group of HIV-positive vertically infected children.

Key words: bone mineral density, bone metabolism markers, celiac disease, AIDS, children.

• Molecular genetics, bone and calcium metabolism
S. Mora, M. C. Proverbio, L. Bolzoni, D. Cuccato, G. Chiumello.

We completed a survey on a genotype-phenotype correlation in hypochondroplasia patients. The purpose of
the study was to characterize the radiographic appearance of such patients and to relate them to the genotype
analysis. 

We found a novel mutation of the human calcium-sensing receptor gene, which is responsible for the hyper-
calciuria-hypocalcemia phenotype. The mutation activates the receptor, as demonstrated by 
in vitro studies performed by the group of Allen Spiegel at NIDDK, with whom we are collaborating.

Genetic factors play a major role in determining the value of peak bone mass acquired after completion of puber-
ty. The identification of genes involved in the regulation of bone density would be a major advance in bone biolo-
gy, and they would have also important implications for the identification of subjects at risk for low bone density,
and therefore for future fractures. The presence of osteoporosis in Italian families is currently under investigation
in our unit. We investigated a large number of pedigrees showing marked reduction of bone mineral density, and a
peculiar transmission pattern than may allow the identification of a gene responsible for this phenotype.

Key words: hypochondroplasia, calcium-sensing receptor, osteoporosis, genetics.
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• The anabolic action of the calcitonin gene-related peptide family on human osteoblasts
I. Villa, C. Dal Fiume, A. Rubinacci, F. Guidobono.

Calcitonin (CT), calcitonin gene-related peptide (CGRP) and amylin belong to the same family of peptides
which share structural homology in the amino-terminal ring linked by a disulphide bridge and in the amidated
carboxy-terminal. This unit has previously shown that the three peptides were able to stimulate [3H]thymidine
incorporation in human osteoblast-like cells (hOB) in a dose dependent manner, and that hOB have receptors
for CGRP, distinct from that of amylin. We investigated which intracellular signaling pathway is activated by the
peptides. The results showed that, of the three peptides, only CGRP was able to activate adenylyl cyclase in hOB.
On the contrary, all three peptides were able to activate PKC after 5' treatment. The fact that CT is able to acti-
vate PKC in hOB is in agreement with previous studies which demonstrated that CT activates PKC in tubular
renal cells whereas in other type of cells CT was shown to either increase or decrease cAMP levels. These find-
ings suggest the existence of distinct CT receptor isoforms that could produce specific cell responses by selec-
tive activation of different signals. The existence of different receptors for CGRP may account for the stimula-
tion by the peptide of both adenylyl cyclase and PKC in hOB. Amylin has never been linked before to PKC acti-
vation in hOB. The role of PKC in hOB proliferation is not clear. However, it has recently been shown that
lysophosphatidic acid requires PKC activation in order to induce rat osteoblast proliferation. It is therefore like-
ly that PKC activation could be involved in the mitogenic effect of the three peptides in hOB, although further
studies are needed to confirm this hypothesis.

Key words: human osteoblast, calcitonin, CGRP, amylin, cAMP, PKC.

• Osteoporosis in men
G. Resmini, A. Rubinacci.

Osteoporosis in males is a clinical dilemma, with considerable pathologic impact. Hip fractures in men account
for one third of all hip fractures and have a higher mortality than in women. Our unit has retrospectively evalu-
ated 174 subjects affected by bone loss in the attempt to characterize the profile of the male osteoporotic popu-
lation. The analysis of the clinical, biochemical, radiological, histomorphometric and DXA data has shown that
osteoporosis in men is a multifactorial pathological condition. Several subsets of the idiopathic form were
described, with no clear identification of the causal factors: hypercalciuria, low vitamin D level, low free testos-
terone level and low estradiol level were present as known risk factors in only a small percentage of the subjects.
Bone loss was not uniform in the skeleton, thus indicating that appropriate diagnosis of osteoporosis in men
requires the DXA scanning of all skeletal sites. Bone remodeling marker level was low, normal or high. Osteo-
calcin could be considered a valid indication of bone remodeling in men. Histomorphometry revealed a severe
reduction of Bone Volume in most subjects, due to a more consistent decrease of trabecular number than tra-
becular thickness. Osteomalacia is not a causative factor: few subjects were found to be affected by a mineral-
ization defect non associated to a particular modification of the clinical-biochemical parameters. Activation fre-
quency was not uniform, displaying normal or low values. 

In conclusion, this study stressed the importance of a careful evaluation of osteporosis in men, but failed to
indicate homogeneous features within the idiopatic cohort. Osteoporosis in men appears to be an heterogeneous
syndrome with normal or low bone turnover.

Key words: osteoporosis, histomorphometry, DXA, biochemical markers.

• Bone as an ion exchange system: evidence for a link between mechanotransduction and metabolic needs
A. Rubinacci, I. Villa, G. Marotti.

The bone extracellular fluid (BECF) that flows inside the osteocyte lacuno-canalicular network has a distinct
ionic composition compared to systemic extracellular fluid (ECF). The ionic composition difference between
BECF and ECF has a physiological relevance in mineral homeostasis, acid-base equilibrium maintenance and
bone matrix mineralization, so that bone is considered as an ion exchange system, as kidney and gut. 

The contribution of this unit to the characterization of the ion exchange functions of bone focused on the ion
specificity of such functions and on their cellular nature. The unit has characterized bicarbonate and potassium
exchanges at the bone-plasma interface and has identified the osteocyte-bone lining cell syncytium (OBLCS) as
the driving force of such exchanges. Recent interest is focused on the interaction between bone as a transducer
of mechanical stimulus into biological responses (mechanotransduction), and bone as an ion exchange system.
Based upon the observations that: a) bone modeling and remodeling processes in response to mechanical strains
require a mutual interaction between  OBLCS and BECF and that b) ion fluxes at the OBLCS are activated
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under mechanical load by BECF flow-induced shear stress through the opening of specific stretch activated
channels, this Unit has demonstrated that physiological loads applied on viable bones perturb the ionic
exchanges at the bone-plasma interface and activate an OBLCS mechanism devoted to restore the steady state
by controlling ion fluxes after load perturbation. OBLCS was only sensitive to cyclic loading of which it dis-
criminates amplitude and frequency. The higher the load related perturbation of BECF the faster OBLCS tends
to restore the preload conditions. Therefore, the same system, i.e. the OBLCS that has been shown to function
as a partition system that selectively controls the ionic composition of BECF for metabolic needs, operates as
transducer and modulator of strain-related signals into biochemical messages. Thus, OBLCS constitutes the link-
age between mechanical demands and metabolic needs.

These studies would help in determining a clinical model to both optimize bone metabolic response to load-
ing and in understanding when the mechanism underlying this response is not operative, as in osteoporosis.

Key words: ionic exchanges, mechanical loading, osteocytes.

OBESITY

• Obesity and its metabolic and endocrine complications in childhood and adolescence
L. Bosio, P. Brambilla, M. Viscardi, R. Grazioli, E. Pagliato, F. Renzetti, I. Coppa, L. Deni, G. Chiumello.

Our research group has been involved in different study protocols, regarding namely hypoglycemia, Prader
Willi syndrome, genetics obesity, and essential obesity. 

An endocrine, gastroenterological and neurological follow-up study of our patients affected by PHHI (persis-
tent hypoglycemia of infancy) has been designed, while an epidemiological study on prevalence, outcome and
current therapy of PHHI has been co-ordinated at national level.

GABAergic dysfunction in Prader-Willi Syndrome has been investigated in collaboration with the Dept. of
Nuclear Medicine, by positron emission tomography. The aim of this study was to assess c-flumazenil binding
potential to GABA receptors in PWS young adult patients. 

Obesity: to date more than two hundred patients aged 11 years have been involved in a epidemiological study
in order to determine lipid, glucose and insulin centiles in this specific age population.

Key words: hypoglycemia, Prader-Willi syndrome, genetic obesity, essential obesity.

ATHEROSCLEROSIS

• Functional characterization of four polymorphisms in promoter region of hepatic lipase gene
G. Ruotolo, F. Ragogna, N. Ghidoli, S. Russo.

Hepatic lipase is a lipolytic enzyme involved in the metabolism of plasma lipoproteins, especially high density
lipoproteins. Association studies have provided strong evidence for a relationship between common mutations in
the promoter region of the hepatic lipase gene to postheparin plasma hepatic lipase activity and the plasma high
density lipoprotein cholesterol concentration, but the functional relevance of these polymorphisms has not been
evaluated to date. We analyzed the physiological significance of four common polymorphisms (-250G/A, -514C/T,
-710T/C, and -763A/G, all in strong linkage disequilibrium) in the promoter region of the hepatic lipase gene by
use of electrophoretic mobility shift assays and transient transfection studies in HepG2 cells. No consistent evi-
dence was found for a significant contribution of any of these polymorphisms to the basal rate of transcription of
the hepatic lipase gene. These data suggest that the four polymorphisms in the promoter region of the hepatic
lipase gene are in linkage disequilibrium with one or more as-yet-unknown functional polymorphisms in the
hepatic lipase gene locus with a significant effect on hepatic lipase metabolism and/or enzymatic activity.

Key words: hepatic lipase, lipoproteins, genotyping, mutation, HDL.

• Role of beta2-adrenoceptor gene in the regulation of body weight and lipoprotein metabolism
G. Ruotolo, N. Ghidoli, M. Ria, S. Russo.

The objectives of our study were to investigate whether a substitution of glutamine by glutamic acid at amino
acid position 27 (Q/E27) and an arginine to glycine transition at amino acid 16 (R/G16) in the beta2-adreno-
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ceptor gene are associated with lipid and lipoprotein disturbances and/or increased body weight in men. For this
purpose, a total of 180 healthy men, aged 30-45 years, were recruited at random from a register containing all
permanent residents in Stockholm County (response rate 70%). This is a population-based study performed in
the Department of Medicine, Karolinska University Hospital. The main outcome measures were considered the
frequency of beta2-adrenoceptor genotypes and alleles in relation to plasma lipid and lipoprotein levels and body
mass index.

Individuals carrying the E27 allele and/or the G16 allele had significantly higher body mass index. Furthermore,
carriers of the E27 allele had significantly higher plasma concentrations of cholesterol, triglycerides, VLDL 
cholesterol and VLDL triglycerides than did subjects homozygous for the Q allele. These data seem to 
indicate that the E27 allele of the beta2-adrenoceptor gene is associated with slightly to moderately elevated 
body mass index and dyslipoproteinemia involving triglyceride-rich lipoproteins in healthy younger and 
middle-aged men.

Key words: body mass index, genotyping, mutation, obesity, lipoproteins, VLDL.

• Postprandial lipemia: its relation to insulin resistance in middle-aged men
G. Ruotolo, F. Ragogna, C. Tettamanti, P. Sironi.

The present research program was set up to investigate whether pertubations of the metabolism of postpran-
dial triglyceride-rich lipoproteins and non-esterified fatty acids are related to fasting plasma insulin (as a surro-
gate marker of insulin sensitivity in healthy subjects). For this purpose, 99 healthy middle-aged men with an apo
E3/E3 genotype underwent an oral fat tolerance test of a mixed meal type. Fasting plasma insulin was associat-
ed with the triglyceride response to the test meal, independently of body mass index, waist-to-hip circumference
ratio, blood glucose and the insulin effect on fasting plasma triglycerides. Exaggerated and prolonged postpran-
dial lipemia in subjects in the upper quartile of the plasma insulin distribution was largely accounted for by large
(Sf > 60) VLDL and chylomicron remnants. Insulin relations to large postprandial triglyceride-rich lipoproteins
exclusively reflected the association between plasma insulin and the fasting plasma concentrations of these
lipoprotein species, whereas plasma insulin and late postprandial plasma concentrations of small (Sf 20-60) chy-
lomicron remnants were related, independently of insulin influences on fasting concentrations. Strong positive
relations were found between the late increases in large triglyceride-rich lipoproteins and plasma non-esterified
fatty acid concentrations after 6 hours. These data provide further evidence for the degree of insulin sensitivity
as a major determinant of postprandial lipemia, and could add to the regulation of the basal production of large
triglyceride-rich lipoproteins.

Key words: apolipoprotein, insulin resistance, postprandial lipemia, lipoproteins.

• Postprandial lipemia: its relation to premature atherosclerosis in middle-aged men
G. Ruotolo, F. Ragogna, C. Tettamanti, P. Sironi.

The present research program was set up to investigate whether pertubations of the metabolism of postpran-
dial triglyceride-rich lipoproteins are related to premature atherosclerosis. For this purpose, 96 healthy middle-
aged men with an apo E3/E3 genotype underwent an oral fat tolerance test of a mixed meal type, and B-mode
carotid ultrasound examination (for the evaluation of common carotid artery intima-media thickness). In the
fasting state, LDL cholesterol and basal proinsulin were significantly related to common carotid artery intima-
media thickness, whereas HDL cholesterol, plasma triglycerides, and insulin were not. In the postprandial state,
plasma triglycerides at 1 to 4 hours, total triglyceride area under the curve, incremental triglyceride area under
the curve, and the high VLDL (Sf 60 to 400 apo B-100) concentration at 3 hours were significantly related to
common carotid artery intima-media thickness. Multivariate analyses showed that plasma triglycerides at 2
hours, LDL cholesterol, and basal proinsulin were consistently and independently related to common carotid
artery intima-media thickness when cumulative tobacco consumption, alcohol intake, waist-to-hip circumference
ratio, and systolic blood pressure were included as confounders. These data provide further evidence for post-
prandial triglyceridemia as an independent risk factor for early atherosclerosis and also suggest that the post-
prandial triglyceridemia is a better predictor of common carotid artery intima-media thickness than particle con-
centrations of individual triglyceride-rich lipoproteins.

Key words: lipids, lipoproteins, atherosclerosis, postprandial lipemia, proinsulin.
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ENDOCRINOLOGY

GROWTH HORMONE DISORDERS

• Growth disorders
B. Di Natale, R. De Angelis, M. Lukezic, G. Pozzobon, G. Chiumello.

The main objects of our research in 1999-2000 were the following:
a) Evaluation of final adult stature obtained in our growth hormone deficient (GHD) patients, treated with

growth hormone from childhood. b) Re-testing of young adult patients defined GHD in childhood. c) Metabolic
evaluation of young adult GHD, treated with GH in childhood. d) Neuropsychological evaluation of GHD 
children.

– The analysis of our data on 91 GHD patients who attained final stature is substantially similar to the con-
clusions of large studies published in the literature. Isolated GHD patients reached a final height which is not
statistically different from their target height (-1.2 ± 0.8 vs -1,1 ± 1.2), on the contrary patients with multiple pitu-
itary deficiencies reach a better height (-0.6 ± 1 vs target -0.73 ± 0.94).

– Re-testing showed that only 40% of our patients (total  No. 33) were re-confirmed GHD (GH peak <5
ng/ml) at the end of linear growth. Most of the others could be classified as familial short stature or as having
constitutional delay of growth and adolescence. We are still analyzing parameters able to better select our GHD
patients in childhood.

– The metabolic aspects of GHD in the young adults of our study (total No.18) seem to be: an alteration in
body composition, with increase of fat mass and decrease of lean mass, in the plasmatic lipid profile (mild hyper-
cholesterolemia), in the presence of initial signs of atherosclerosis (increase of the iMT) and in a decrease of car-
diac volume and mass.

– Finally, the IQ of children with isolated GHD (total No.10) seems to be significantly lower than the controls',
though always in the normal range (96 ± 16 vs 121 ± 16, p=0.016) and, moreover, it correlates negatively with
the age at the start of GH therapy. 

Key words: growth hormone, growth hormone deficiency, final height, body composition.

ENDOCRINOLOGICAL PATHOPHYSIOLOGY

• Pathophysiology of growth hormone release under physiological and pathological conditions
R. Lanzi , A. E. Pontiroli, M. Losa.

Our group has long been devoted to the study of the mechanisms governing growth hormone (GH) release
under physiological and pathological conditions. During the last year, following previous reports by our group,
we performed a study aimed at further evaluating the free fatty acids (FFA) negative feedback on GH release in
acromegalic patients. Particularly, we investigated the effect of an acute reduction of FFA levels on the para-
doxical GH response to Thyrotropin-Releasing Hormone (TRH) often observed in acromegaly. GH response to
TRH was evaluated either after oral acipimox, a nicotinic acid derivative inhibitor of lipolysis, or after oral place-
bo. The results of the study indicate that: 1) in acromegalic patients the acute reduction of FFA levels potenti-
ates paradoxical GH responsiveness to TRH; 2) at low FFA levels TSH responsiveness to TRH remains unaf-
fected, suggesting no interference of FFA with the release of hypothalamic somatostatin, the major TSH release-
inhibiting hormone. Taken together, these data indicate that the FFA negative feedback on GH release persists
in acromegaly, and mainly operates at the pituitary level. 

Key words: growth hormone, free fatty acids, acromegaly.

• Growth hormone replacement therapy in adults with GH deficiency
R. Lanzi , M. Losa.

Since January 2000, at San Raffaele Hospital, adult patients with childhood or adult onset GH deficiency
undergo GH replacement therapy. GH deficiency (GHD) in adults, in fact, is now recognised as an important
component of hypopituitary disease. Our group is involved in the Hypopituitary Control and Complication
Study (HypoCCS), a major international surveillance study aimed at evaluating the long-term safety and effica-
cy of GH replacement therapy. At present, 35 GHD patients are under GH replacement therapy.

Key words: growth hormone deficiency, replacement therapy, hypopituitarism.
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NEPHROLOGY, DIALYSIS AND HYPERTENSION

HYPERTENSION

• Role of adducin (a-add), angiotensin-converting enzyme (ACE) and aldosterone-synthase (CYP11B2)
gene polymorphisms in hypertension

G. Bianchi, C. Barlassina, D. Cusi, L. Tizzoni.
The criteria for defining the role of a genetic mechanism in a polygenic disease like hypertension are still under-

debate. We assessed the combinations of gene variants whose interaction may have a pathophysiological rational.
ACE I/D variant may affect renal Na reabsorption and cardiovascular complications through changes in
angiotensin II release; a-add Gly460Trp variant may favour renal Na reabsorption and modifying actin cytoskele-
ton may affect intracellular traffic and activity of other proteins, including ACE. We studied these variants and
CYP11B2 -344C/Tone in a Belgium Caucasian population (with J. Staessen, Leuven) through a) longitudinal
study in 678 subjects , normotensive at the beginning of the study, observed for 9 yr; b) a cross-sectional study in
1460 subjects.

The interaction among these genes contributes to the ncidence of hypertension (30% higher in DD , 59% in
patients also carrying the 460Trp allele and 122% if homozygosity for CYP11B2 C allele was also present). 

Cross-sectional study: the influence of these variants was assessed on plasma creatinine and uric acid, urine
protein, creatinine clearance and the thickness of femoral and carotid arteries. The combination of DD and
Gly460Trp genotypes is associated to a new clinical entity: faster rise of blood pressure with age, lower GFR,
higher urinary proteins and plasma uric acid, increased thickness of the femoral artery wall.

These results, with the previous finding of an epistatic interaction between a-add and ACE on the pressor
effect of a Na load, support the hypothesis that this interaction may accellerate the development of hypertension
and its renal and vascular complications either by a synergistic effect on tubular sodium handling or by a more
complex interaction involving actin cytoskeleton.

Key words: hypertension, polymorphism, genetic interaction.

• Pharmacogenomics
G. Bianchi, T. Sciarrone, D. Cusi, C. Barlassina, P. Manunta, C. Lanzani, L. Tizzoni.

The most important experimental evidence for a clinical hypothesis is to challenge the relationship between
the genetic-molecular mechanism and the clinical picture with a drug which selectively interferes with the cellu-
lar-biochemical events triggered by that genetic-molecular mechanism. Along this line we are developing a pro-
gram of Pharmacogenomics.

On going protocol: two months hydroclorotiazide (HCTZ) (first month12.5mg/day, second month 25mg/day).
The response to therapy is computed as the difference between the average of the last three BP values at the last
pre-treatment visit and the last three BP values after one month of HCTZ (12.5mg/day) and one month
HCTZ(25mg/day). The influence of a-adducin Gly460Trp and ACE I/D polymorphisms is evaluated in relation
to BP response.

Recent results for 87 hypertensive patients have shown that the time-course effect was clearly different between
II plus ID versus DD patients. Basal mean BP did not differ in basal conditions and after one month HCTZ  in
II, ID and DD patients. However, BP decreased significantly in II and ID patients after the second month but
not in DD. When the Gly460Trp genotype is taken into account, Gly460Gly/DD patients behave as the least
responders (-3.4±1.7 mmHg) compared to Gly460Trp/II+ID (-12.7±1.9 mmHg). These data suggest that diuret-
ic treatment is not appropriate in Gly460Gly/DD patients and underline the possibility to improve the choice of
individual antihypertensive therapy through the study of genetic markers. On the other hand the influence of
this combination of genotypes on the magnitude of the blood pressure response to diuretics is consistent with
the hypothesis that they affect blood pressure through a mechanism which involves renal Na handling.

Key words: hypertension, genetics, sodium, renal function.

• Role of polymorphisms in a, b and g adducin genes in essential hypertension
G. Bianchi, C. Lanzani,D. Cusi, C. Barlassina, L. Zagato, L. Citterio, L. Tizzoni, P. Manunta, S. Sciarrone.

One way to circumvent the difficulties of understanding the genetics of a complex disease like hypertension 
is to demonstrate genetic interactions among genes, mapping on different chromosomes but with a plausible 
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biochemical interaction. In this way it is possible to reduce the probability that another gene mapping next to
the gene of interest could be involved. From this point of view adducin represents an appropriate paradigm,
since it is present in cells as a dimer or tetramer of three subunits a, b and g adducin whose genes map respec-
tively on chr. 4, 2 and 10 in human. We have studied the relation between polymorphisms in these genes
(Gly460Trp,C1797T, A[-86ex11]G) and essential hypertension in 1) association study(670 hypertensives and 218
normotensives) and 2) cross sectional study in 328 never treated hypertensives who underwent 24 h blood pres-
sure monitoring (ABPM). The association of Gly460Trp had previously been demonstrated. We could not
demonstrate a singular association of b and g polymorphisms. However, the relative risk of being hypertensive
is 1.6 in patients bearing at least one 460Trp allele and becomes 2.6 if patients are also homozygous C1797C for
b adducin and carry at least one G allele in g adducin. The analysis in the cross-sectional study has shown that
mean arterial blood pressure values are 6.23mm Hg higher in patients carrying this unfavourable allelic combi-
nation compared to patients with the favourable one. 

Key words: hypertension, polymorphism, genetic interaction.

• Heart, hypertension and genetic markers
G. Bianchi, P. Stella, L. Citterio.

Ventricular hyperthrophy is one of the most important complications of hypertension. We have investigated
the relationship between genetic polymorphisms, echocardiographic parameters and left ventricular mass in
patients homogeneous for duration of hypertension, BMI and blood pressure levels. Patients heterozygous for a-
adducin Gly460Trp variant had lower plasma renin activity and higher end-diastolic volume, stroke volume and
cardiac index. These changes are consistent with the previously shown increased renal Na reabsorption. a-
adducin polymorphism seems to sustain a left ventricular dilatation and a higher cardiac output independently
of blood pressure values.

Cardiac hypertrophy is associated with the -344T polymorphism in the promoter region of aldosterone syn-
thase gene (Cyp11B2). Left ventricular septum, posterior wall thickness and relative wall thickness significantly
increased with the number of T alleles. Left ventricular mass showed a similar trend, though not statistically sig-
nificant. These data suggest that genetic variations in the promoter of aldosterone synthase gene affect left ven-
tricular thickness independently of the severity and duration of hypertension.

Key words: hypertension, echocardiography, genetic polymorphism.

• Genetic mapping of blood pressure quantitative trait loci in Milan hypertensive rats
G. Bianchi, L. Zagato, G. Tripodi.

A genome-wide search with 264 informative markers was undertaken in 251 F2rats (Milan hypertensive strain
x Milan normotensive strain) to investigate the contribution of adducin family and to identify new quantitative
trait loci (QTL) which affect blood pressure. We have confirmed the QTL at a-adducin locus on chr.14. Two fur-
ther QTLs have been identified: 1) on the short arm of chr.1(a region syngenic to human chr.5p15.3 where a
member of the Na/Hydrogen exchanger maps) 2) on chr 10 (the maximum load score is in a region syngenic to
human chr 5q31.1-5q33 where the ADRA1B (a1B-adrenergic receptor) maps).

Key words: genetic crosses.

• Ouabain-like factor in rat hypertension
G. Bianchi, P. Manunta, J. Hamlyn, E. Messaggio.

A ouabain isomer has been isolated in human plasma and high circulating levels of endogenous glycoside have
been associated to essential hypertension. To clarify the relationship between its structure and its hypertensive
effect, low doses of ouabain, ouabagenin, digoxin and digitoxin (10-30 mg/kg/day) have been infused in Sprague
Dawley rats for 5 weeks. Hypertension developed in rats treated with ouabain and ouabagenin, but not in rats
treated with digoxin and digitoxin. Ouabain-like factor levels increased 4 to 8 times in plasma and kidney. One
week after the withdrawal of ouabain infusion, both blood pressure and circulating ouabain-like levels returned
to basal levels. In a second study on Sprague Dawley hypertensive rats, 35days after ouabain infusion, digoxin
(30mg/kg/day) was infused, which normalized blood pressure levels.The pressor effect of ouabain is associated
to an increase of renal Na-Kpump activity, suggesting a renal Na retaining mechanism of hypertension. Studies
on isolated renal artery from hypertensive rats infused with ouabain and from normotensive rats infused with
digoxin have shown that: 1) the voltage-dependent component of vascular tone is specifically increased by
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ouabain and not by digoxin 2) changes in Ca++ storage and influx are responsible for the increased vascular
resistances found in this model. The opposite effects of ouabain and digoxin on the hemodynamic and vascular
parameters indicate that these compounds have a novel mechanism of action in vivo that may not be mediated
exclusively by the sodium-potassium pump.

Key words: hypertension, sodium-potassium pump, cardiac glycosides.

• Ouabain-like factor in human hypertension
G. Bianchi, P. Manunta, J. Hamlyn, E. Messaggio.

To assess the role of OLF in body Na and blood pressure (BP) regulation we studied: i) the response of OLF
to acute and chronic variation of body Na. 138 hypertensives underwent an acute volume expansion/contraction
maneuver, and 20 hypertensives chronically controlled Na intake and depletion. Acute and chronic Na deple-
tion significantly increased OLF from baseline (p<0.01). No change was induced by saline load or high Na diet.
These data, with others showing an increase of renal Na-K pump after chronic ouabain infusion in rats, suggest
that OLF may prevent body Na loss. ii) The relationship between a-adducin (a-add) Gly460Trp variant, basal
hormonal status and BP changes after furosemide p.o and Na load e.v in 168 hypertensives. Patients with the
460Trp allele and with high basal OLF (>240pmo/L) had greater variation of BP (10mmHg) and lower urinary
Na excretion. a-add Gly460Trp patients have lower levels of Na retaining hormones (renin, aldosterone and
OLF) than Gly460Gly. This suggests a hormonal homeostatic readjustment to a Na retaining genotype
(Gly460Trp) which could be relevant in assessing the genotype-phenotype relationships. 

iii) in 37 young normotensives with (FAM+) and 43 without (FAM-) family history of hypertension, ventricu-
lar morphology and function, and OLF levels. In FAM+ OLF was higher than in FAM- (p=0.005). Positive rela-
tionships were found between OLF and BP. OLF was inversely correlated to cardiac diastolic function. 

These results, together with the previous demonstration of an effect of OLF on stroke volume suggest that its
pressure mechanisms occur through an increase of the "effective blood volume" or the volume of blood in the
arterial circulating system. This is the most important determinant of the delivery of oxygen to the tissues.

Key words: hypertension, sodium-potassium pump, cardiac glycosides.

CARDIOVASCULAR OUTCOME IN UREMIC PATIENTS

• Inflammation is associated with carotid atherosclerosis in dialysis patients 
R. Paroni, I. Fermo, C. Zoccali, F. A. Benedetto, F. Mallamaci, G. Tripepi, A. Foca', L. S. Malatino.

Cardiovascular diseases rank as the main factors of death in patients with chronic renal failure and there is
growing evidence that inflammation markers may predict mortality in the dialysis population. In collaboration
with the “Centro Fisiologia Clinica del CNR”, Reggio Calabria, we determined the tHcy plasma levels in 138
dialysis patients (92 on haemodialysis and 46 on continuous ambulatory peritoneal dialysis) in order to investi-
gate the relationship between atherosclerosis and inflammatory process. In addition to tHcy, C-reactive protein
(CPR), IgG anti Chlamidia pneumoniae antibodies, lipoprotein (a), fibrinogen, intima-media thickness and the
number of carotid atheroscletotic plaques were measured. In a multiple regression model, age (b=0.35), serum
CPR (b=0.23), plasma tHcy (b=0.19), and pulse pressure were independent predictors of intima-media thick-
ness (R=0.54, P<0.0001) and of atheroscletotic plaques (R=0.55, P<0.0001). Similarly, in smokers, but not in non
smokers, the interaction serum CPR-IgG anti- Chlamidia pneumoniae antibody was the stronger independent
predictor of the number of atherosclerotic plaques (b=0.43, p<0.0001). This study evidenced for the first time
an independent link between plasma tHcy, the intima-media thickness and the number of atherosclerotic plaques
in patients on chronic dialysis treatment. 

Key words: dialysis, inflammation, atherosclerosis, homocysteine.

IGA NEPHROPATHY

• Genetics of IgA nephropathy
D. Cusi, C. Barlassina, L. Tizzoni, G. Bianchi.

a-L-iduronidase (IDUA) gene codes for a lysosomal protein involved in the degradation of glycosaminogly-
cans. Heparin sulfate proteoglycans are essential components of the glomerular basement membrane carrying
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stronganionic charges determinant for selective glomerular permeability. Several mutations in IDUA which cause
loss offunction of the enzyme, cause mucopolysaccharidosis type I, a rare lysosomal storage disorder. Hypothesis:
non-pathogenic mutations, which lead to non-clinically evident gain of function of IDUA enzyme activity, could
influence the distribution of heparin sulfate within the glomerulus and the interstitium, influencing the progression
of chronic nephropathies. The Leu118Leu (C356T) polymorphism in IDUA, studied in 275 patients with IgA
nephropathy, is significantly associated to progression towards end stage renal disease (ESRD), in individuals
homozygous for the T allele who have a faster progression rate towards ESRD. This polymorphism could be a
marker of a still unidentified functional mutation. We then studied IDUA activity and the quantitative expression
of its mRNA in fibroblasts from skin biopsies of patients carrying the different genotypes. Preliminary results for 6
C356C patients and 4T356T show that mRNA quantitative expression and the Vmax of the enzyme are similar, but
the Km is significantly lower in T356T than in C356C (p=0.019). The finding may have a pathogenetic relevance,
since lower Km indicates that T356T individuals may clear glycosaminoglycans more efficiently and cause a reduc-
tion of negative charges present on the glomerular surface. This may be non relevant for kidney function in normal
individuals, but may favor faster progression rate when a glomerular damage of any cause (as glomerular deposi-
tion of IgA) occurs.

Key words: nephropathy, disease progression, polymorphism.

NEPHROLITHIASIS

• Calcium metabolism in idiopathic hypercalciura
G. Vezzoli, L. Soldati, D. Adamo, C. Bianchin, A. Terranegra.

Calcium nephrolithiasis (NC) is a familial disease that can be associated to several metabolic defects involving
promoters or inhibitors of calcium salt precipitation. Idiopathic hypercalciuria is the most common defect, pre-
sent in 40-50% of patients with NC, while hypocitraturia is present in a variable range (30% in our patients) and
hyperuricuria and hyperoxaluria are found in less often. Familial studies showed a complex pattern of NC trans-
mission, even though some authors hypothesised a dominant transmission with variable penetrance. However,  a
higher frequency of nephrolithiasis between spouses has been observed, supporting the pathogenetic role of envi-
ronment. Therefore NC is a multifactorial character, involving several genes. Recent studies analyzed linkage dis-
equilibrium in sibpairs or polymorphism association in case-control studies, considering genes for vitamin D
receptor (VDR) and 1-alpha hydroxylase of 25-hydroxycholecalciferol. The results of both types of studies were
negative. Our case-control study confirms that the VDR polymorphisms at the 3' end or those at the start of codon
ATG do not present a different allelic distribution between patients with NC and normal controls. We also test-
ed Calcium Sensing Receptor gene, codifying for a membrane protein that inhibits calcium reabsorption in tubu-
lar cells when the level of calcemia increases. The polymorphisms of exon 7 seem to be more frequent in hyper-
calciuric patients and therefore they could have a role in the determination of the calciuria phenotype. Finally, we
tested the polymorphisms of a-adducin, a cytoskeleton protein influencing transmembrane ionic transports, and
we did not find a different allelic distribution between hypercalciuric and normocalciuric patients with NC.

Key words: hypercalciuria, nephrolithiasis, vitamin D receptor, Ca sensitive receptor.

GASTROENTEROLOGY

GASTROENTEROLOGY AND DIGESTIVE ENDOSCOPY

• Noninvasive assessment of renal artery stenosis using magnetic resonance angiography and color
Doppler ultrasound

F. De Cobelli, M. Venturini, R. Quartagno, E. Angeli, M. Salvioni, P. Manunta, G. Bianchi, A. Del Maschio.
Renal artery stenosis (RAS) is the most frequent cause of secondary hypertension. Repair of renovascular

lesions with percutaneous transluminal angioplasty or endovascular stent has been shown to improve control of
hypertension and preservation of renal function. The plethora of tests that have been used to screen patients for
the presence of renovascular stenosis suggests that no single method is ideal.
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Recently dynamic contrast-enhanced MR angiography (CEMRA) has been introduced. The aim of our work
was to evaluate the accuracy of this technique in evaluation of renal artery stenosis in hypertensive patients com-
pared to color-Doppler ultrasound. 45 patients clinically suspected of having renovascular hypertension, were
evaluated with CEMRA and with color-Doppler ultrasound (CDU). In all cases, intraarterial DSA was the stan-
dard of reference. For assessing all stenoses, the sensitivity was 94% for MRA and 71% fro CDU (p<.05). CEM-
RA was able to detect all haemodynamically significant stenoses (sensitivity 100%), whereas CDU detected only
22 out of 28 stenoses (sens. 79%; p<.05). In the last year, we also reviewed a subgroup of 19 patients suspected
of having renovascular hypertension due to fibromuscular dysplasia (FMD). FMD tends to affect women
between 20 and 50 years of age, frequently involves the distal two thirds of the renal artery and its branches, and
is characterized by a beaded, aneurysmal appearance on angiography. The group of 19 patients was composed
of 4 males and 15 females (age 21-51). All patients were studied with MRA, CDU and DSA. MRA permitted the
detection of 18 out of 21 stenoses (sensitivity 85%), whereas CDU detected 17 of 21 (sensitivity 81%). With the
combination of MRA and CDU findings, sensitivity rose to 90%. 

Key words: renal artery US, renal artery MR, renal artery stenosis or obstruction.

• Role of probiotics in the treatment of inflammatory bowel diseases
M. Guslandi.

The intestinal flora is known to play a role in the pathogenesis of inflammatory changes in ulcerative colitis and
Crohn's disease. For this reason antibiotics have been succesfully employed both for the acute treatment and the
maintenance therapy of the above disorders.

Probiotics may represent an effective and safer alternative to antibiotics in inflammatory bowel diseases. Pre-
liminary observations both from our group and from other investigators have shown that certain probiotics,
employed in addition to standard medical therapy, are useful in preventing development of pouchitis and relaps-
es of Crohn's disease in remission. We are further pursuing this line of investigation by extending our clinical
observations to active and inactive ulcerative colitis. 

Key words: probiotics, inflammatory bowel diseases.

• Clinical and prognostic value of ASCA in Crohn's disease
G. Mario, P. Giollo.

The search for diagnostic tools able to help in the differential diagnosis of Crohn's disease is unrelenting, but
so far the results have been poor. On the other hand, it is important to identify specific laboratory indeces able
to assess the degree of clinical activity of inflammatory bowel diseases.

In this respect remarkable interest has been elicited by ASCA (Anti-Saccharomyces Cerevisiae Antibodies),
which appear to represent a fairly reliable indicator of Crohn's disease, whereas ANCA (Anti Neutrophil Cyto-
plasma Antibodies) seem more frequently present in ulcerative colitis.

We are starting investigations on the clinical usefulness of combining ANCA and ASCA measurement in cas-
es of undetermined colitis, in order to distinguish between ulcerative colitis and Crohn's disease. Moreover we
are going to evaluate the possible role of ASCA as indicators of disease activity in Crohn's disease and the pos-
sible modifications induced on ASCA levels by the current medications employed for treating the disease.

Key words: ASCA, Crohn's disease.

• Multi-drug therapy in interferon-resistant chronic C hepatitis
M. Guslandi.

Non-responders to interferon treatment for chronic C hepatitis still represent a major therapeutic problem 
and account for up to 50% of treated cases. Ribavirin, an oral antiviral agent, when administered together with
interferon is known to induce a higher number of sustained therapeutic response both in "naif" patients and in
subjects suffering a clinical relapse after an initial response to interferon alone. A combination of various drugs
is supposed to consitute the best therapeutic approach to non-responders to interferon therapy, but the efficacy
of interferon + ribavirin in this respect is still controversial and the use of ribavirin in non-responders is 
not reimbursed by the National Health System. Preliminary observations suggest that the addition of amanta-
dine, another oral antiviral agent, further enhances the therapeutic effectiveness of the interferon + ribavrin com-
bination.
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We are going to study patients with chronic C hepatitis who failed to respond to interferon alone, comparing
randomized therapy with either interferon + ribavirin or interferon + ribavirin + amantadine in order to detect
possible differences, in relation to the standard risk factors for therapeutic failure (genotype, HCV-RNA pre-
treatment levels etc.).

Key words: therapy, chronic C hepatitis.

• Biofeedback (pelvic floor retraining) in patients constipated or affected by fecal incontinence 
D. Fossati, E. Strada, S. Passaretti.

Biofeedback or pelvic floor retraining is a kind of therapy used in constipated or incontinent patients. The goal
is to re-educate the patient and to allow the voluntary control of defecation or continence.

Biofeedback seems to be useful in patients with primary or secondary (e.g. after surgery) fecal incontinence
and in patients in which constipation is caused by a dyssynergia of the pelvic floor, anismus, paradoxical con-
traction of the pubo-rectalis muscle (outlet obstruction).

According to the case, we can follow different protocols utilizing both electrostimulation and muscular train-
ing. In cases of outlet obstruction the aim is to restore the lack of muscular coordination during evacuation. In
case of incontinence the aim is to strengthen the sphinteric muscles. 

The aim of our study is to assess the efficacy of this kind of training in patients with rectal constipation or with
fecal incontinence without morphological or neurological disorders.

Key words: biofeedback, pelvic disorders.

• Ambulatory bilirubin monitoring in patients with Barrett's esophagus
G. Mezzi, S. Passaretti.

Barrett's esophagus represents the replacement of stratified squamous epithelium by metaplastic columnar
epithelium for three cm of the distal esophagus. 

In the literature a correlation between duodeno-esophageal reflux and Barrett's esophagus has been demon-
strated. The ambulatory fibreoptic probe (Bilitec 2000), which uses bilirubin as a marker, is accepted as a valid
method for the detection of alkaline reflux. The probe measures the absorptive properties of intraluminal fluid,
with the increased absorption of light at a characteristic bilirubin wavelength used to determine the presence of
bilirubin and therefore, indirectly, bile reflux. The aim of our study is to evaluate 24-hour combined pH and bile
monitoring with Bilitec device in patients with Barrett's esophagus.

Key words: bile reflux, Barrett's esophagus.

• Extraesophageal manifestations of Gastro Esophageal Reflux disease (GERD): manometry and pH-
monitoring features

D. Fossati, G. Mezzi, S. Passaretti.
GERD is a very common cause of typical gastrointestinal symptoms such as heartburn and regurgitation. But

it is well known that GERD can cause symptoms and diseases involving the throat (hoarseness, sore throat, laryn-
gitis, vocal cord granulomas, etc.). They are the so called extraesophageal manifestations of GERD.

The aim of this study is to investigate ear, nose, throat (ENT) manifestations of GERD.
Patients with ENT symptoms (cough, hoarseness, globus pharyngeus, throat soreness, odynophagia) and/or

diseases (chronic posterior laryngitis, vocal cord granulomas), non responders to conventional ENT therapy are
included in the study.

All patients undergo stationary esophageal manometry and 24-hour two-probe pH-monitoring.

Key words: extraesophageal symptoms, gastroesophageal reflux.

• Chronic "non atrophic" gastritis evolution in dyspeptic patients after Helicobacter pylori eradication
therapy

G. Mezzi.
Non-ulcer dyspepsia is a frequent cause of attendance at gastroenterology clinics and consumes a great deal of

investigational and therapeutic resources. Although it is evident that Helicobacter pylori is casually linked to gas-
tritis, the role of the organism in producing upper gastrointestinal symptomatology is not as clear. The difficul-
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ties of investigating such a nebulous condition are the subjectivity of the symptoms and the problems in trying
to quantify them. The discovery of Helicobacter pylori and the realization that its colonization was associated with
gastritis, inevitably led to questions about the relevance of this organism in the aetiopathology of non-ulcer dys-
pepsia.

The aim of our study is to evaluate the histological evolution of chronic "non atrophic" gastritis in dyspetic
patients and, in particular, correlate symptom improvement after eradication treatment.

Dyspeptic subjects, with histology diagnosis of chronic "non atrophic" Helicobacter pylori positive gastritis,
will be randomized to receive eradication treatment or placebo. Follow-up limit was twenty-four months after
the enrollment and included endoscopy, serology and ambulatory clinical investigation.

Key words: chronic gastritis, helicobacter pylori.

• Evaluation of the possible role of Helicobacter pylori in gastric neoplastic development
E. Masci, E. Viale.

Gastric carcinogenesis is a multistep and a multifactorial process. Evidence from pathological and epidemio-
logical studies has provided us with a human model of gastric carcinogenesis with a sequential evolution. The
initial stage is chronic gastritis, followed by atrophy, intestinal metaplasia, dysplasia and sometimes carcinoma.
Helicobacter pylori is regarded as a trigger for the sequence of carcinogenesis because there is strong evidence
for bacterium infection as a cause of chronic atrophic gastritis and subtypes of intestinal metaplasia, considered
precancerous lesions.

Epidemiological studies have shown that H. pylori infection is associated closely with the development of gas-
tric cancer. Based on these fundamental concepts, many investigators sought to investigate whether treatment of
H. pylori infection would prevent gastric cancers. Treatment of H. pylori is not beneficial if therapy is given to
at-risk individuals beyond the "point of no return" when the development of malignancy would progress in an
unrelenting fashion despite cure of the infection.The effect of eradication of H. pylori on the prevention or
regression of atrophy and intestinal metaplasia (IM) has not been fully elucidated. This subject is very important,
because it has a great influence on a strategy of gastric cancer prevention. 

The objective of the study was to investigate the change of the severity of atrophy and the possible regression
of type I and type III intestinal metaplasia after H. pylori eradication in a prospective randomized study. 

Key words: Helicobacter pylori, gastric neoplasia.

• Immunoblot patterns to search the virulence factors of Helicobacter pylori in benign, premalignant and
malignant gastroduodenal diseases

E. Masci, E. Viale.
Helicobacter pylori is the major cause of chronic gastritis and plays an important role in the pathogenesis of pep-

tic ulcer, gastric carcinoma and primary B cell gastric lymphoma. All H. pylori infected individuals develop gastri-
tis; however, only a minority develop a clinically significant outcome such as gastric cancer. It is now recognized that
there are different strains of H. pylori which may lead to different disease outcome. Strains which produce the vac-
uolating cytotoxin (VacA) are associated with duodenal ulcer. Infection with cagA-positive H. pylori strains is asso-
ciated with an increased risk for the eventual development of atrophic gastritis and intestinal metaplasia, intestinal
type of gastric cancer and a higher incidence of duodenal ulcer. The role of the direct action of H. pylori virulence
factors on the induction of autoreactive immunity in the development of chronic gastritis has not been clarified yet.
The immunologic mechanism may represent an important link between H. pylori and gastric carcinoma. 

The aim of the study was to assess the anti H. pylori antibody profile using Western blotting in infected sub-
jects with specific gastroduodenal diseases and to identify the possible virulence factors of bacterium associated
with atrophic gastritis and type I and type III intestinal metaplasia, two precancerous lesions, and intestinal type
of gastric cancer.

Key words: virulence factors, helicobacter pylori, malignant gastroduodenal diseases.

• Analgesia with acupuncture for colonoscopy
L. Fanti.

Invasive endoscopic procedures such as a total colonoscopy may cause discomfort, thus reducing patient com-
pliance. Therefore a premedication for total colonoscopy is often required. Due to undesired side effects of intra-
venous medication, alternative ways of analgesia (e.g acupuncture) have been considered.
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The aim of this study is to evaluate acupuncture in a perspective, placebo-controlled clinical protocol, where
inpatients undergoing colonoscopy are randomized to receive routine sedation versus acupuncture or sham
acupuncture. In all patients anxiety is evaluated before colonoscopy by means of a visual analog scale. Additional
sedation is administered during the procedure when patient disconfort is severe by means of an analog scale. The
nurse and the endoscopist independently record the level of sedation as adequate or inadequate. Procedute type
(diagnostic or therapeutic), duration (minutes) and difficulty of procedure (yes or no) are recorded by the endo-
scopist. Twenty-four to 72 h after the procedure, a verbal rating scale (VRS) is used to rate satisfaction with seda-
tion by an independent observer.

Key words: acupuncture, colonoscopy.

• Comparison of secretin magnetic resonance pancreatography (MRP-S) with ultrasonography (US-S) in
idiopathic recurrent acute pancreatitis

A. Mariani.
MRP-S has been recently introduced in diagnostic practice to improve the evaluation of pancreatic duct mor-

phology during MRP. MRP-S also allows us to evaluate the outflow of pancreatic juice into duodenum, either by
measuring the main pancreatic duct (MPD) diameter or by grading the duodenal filling of pancreatic juice. Per-
sisted dilatation of MPD during US-S has been suggested to be expression of sphincter of Oddi dysfunction, the
major cause of recurrences of idiopathic pancreatitis. The aim of the study is to compare US and MR changes of
MPD diameter before and after secretin i.v. administration in patients with idiopathic recurrent pancreatitis,
compared with healthy controls.

Fasting patients will be submitted to upper abdominal US using an ATL HDI 3000 appliance and a 3.5 Mhz
convex probe. MR pancreatography will be performed with a dynamic breath-hold two dimensional single shot
fast spin-echo (SSFSE) T2-weighted sequences with fat suppression. 

MPD diameter will be measured in the body at 1-min intervals by US and every 30 seconds by MRP for the
first 15 min after the secretin i.v. bolus injection (Secretin, Ferring 1 U/kg). 

Key words: secretin magnetic resonance pancreatography, recurrent acute pancreatitis.

• Magnetic resonance pancreatography in patients with chronic non pathological pancreatic hyperamy-
lasemia and/or hyperlypasemia

A. Mariani, S. Curioni.
The diagnosis and management of pancreatic enzyme abnormalities in patients without abdominal symptoms

pose important clinical questions. Some patients have a transient or persistent increase in serum concentration
of pancreatic amylase, others of lypase or of both the enzymes. The biochemical follow-up of pancreatic hyper-
amylasemia and/or hyperlypasemia over time shows in these subjects a fluctuating pattern also with transient
normalization period. The question is to clarify whether or not these biochemical abnormalities correspond
either to a morphological pancreatic damage or a functional disorder. Pancreatic ultrasonography and comput-
er tomography failed to help in answering such a question. Pancreatic duct morphology is mandatory to docu-
ment early ductal changes. Endoscopic retrograde cholangio-pancreatography (ERCP) is still the gold standard,
however it is an invasive procedure with complication rate, though it is not applicable to asymtomatic patients.
Pancreatic magnetic resonance when performed during secretin i.v. administration (RMP-S), is a non invasive
procedure whose sensitivity, for early pancreatic duct lesions, is similar to that of ERCP. RMP-S also gives func-
tional information since it evidences the outflow of pancreatic juice in the duodenal lumen. 

The aim of this study is to evidence RM pancreatic duct morphology in asymtomatic patients with chronic pan-
creatic hyperamylasemia and/or hyperlypasemia.

Key words: magnetic resonance pancreatography, hyperamylasemia.

PEDIATRIC GASTROENTEROLOGY AND NUTRITION

• Pediatric gastroenterology and nutrition
C. Bianchi, G. Barera, L. Menni, G. Chiumello.

Our interest in the bone complications of celiac disease led us to investigate the effect of long-term treatment
on bone density and bone metabolism. Our results indicate that proper treatment is sufficient not only to restore
the bone mineral content, but also to maintain normal bone mineralization.
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We are studying, in vitro, the possible role of humoral factors (i.e. IL-1b, IL-6, TNFa) and/or autoimmunity
(AEA, anti transglutaminase antibodies) in the pathogenesis of osteoblastic activity. The study is performed in
collaboration with Drs. Alessandro Rubinacci and Isabella Villa of the Bone Unit of the Department of
Orthipedics at our Institute.

We also studied the prevalence of celiac disease in patients at onset of insulin-dependent diabetes mellitus
(IDDM) and the incidence during a three-year period of follow-up by annual screening with the determination
of antiendomysial autoantibodies (AEA) detected by immunofluorescence on a section of monkey distal esoph-
agus. AEA positive patients were indicated for peroral jejunal biopsy.

We evaluated the detection of IgA-IgG human tissue transglutaminase antibodies in children at diagnosis of
celiac disease and after a period of GFD, measured by a radiobinding assay. 

Key words: celiac disease, bone density, autoimmunity.

BIOMEDICAL TECHNOLOGIES

CLINICAL CHEMISTRY

• Reference method for glycated hemoglobin determination and establishment of a network of reference
laboratories

R. Paroni, M. Lomartire, P. Mauri, A. Mosca.
Type 1 or type 2 diabetic patient monitoring is based on blood glycated hemoglobin (HbA1C) levels. More

than 20 methods are used in routine, while no reference system is available to trace back and achieve a uniform
international standardisation. To this end, the International Federation of Clinical Chemistry (IFCC) established
a working group on Hb A1c standardisation with the aim to develop an approved reference method and to cre-
ate a network of reference laboratories. This will allow us to compare and optimize therapeutic regimens, to
improve control of the therapy and to reduce the prevalence of late complications. HbA1c is defined as the frac-
tion displaying the glycation at N-terminal valines of the ß61538;-chain. Enzymatic cleavage produces the
ß61538;-N-terminal exapeptides of HbA1c and HbA0, distinguished specifically by liquid chromatography -
mass spectrometry or by liquid chromatography-capillary electrophoresis (HPLC-HPCE). Our laboratory is offi-
cially part of this network using the HPLC-HPCE technique. In 1998-2000, a network of qualified laboratories
in Europe, Japan and USA has been established and its consistency demonstrated by a series of collaborative
exercises. In 2000, we contributed to the implementation of the standard operation procedure, co-operated in
the development of a reference procedure based on whole blood instead of washed erythrocytes and participat-
ed to the Florence II study aimed at assessing the relationship between the IFCC candidate reference method
and the national reference methods used in the national quality assessment schemes of different countries. We
compared also the IFCC method with the most used routine methods and evaluated the stability of different ref-
erence materials. 

Key words: diabetes, glycated haemoglobin, reference method, HPLC, capillary electrophoresis.

• Diagnosis of factitious hypoglycemia by separative techniques
R. Paroni, B. Comuzzi, C. Arcelloni, S. Brocco, S. De Kreutzemberg, A. Tiengo, A. Ciucci, P. Beck Peccoz, S. Genovese.

Symptomatic fasting hypoglycaemia and exaggerated fasting insulin levels are generally associated with insulin
secreting pancreatic ß61538; cell tumours. Due to the very small size of these tumours, the diagnosis of insuli-
noma is often based on the biochemical profile. However, surreptitious administration of insulin or sulfonylurea
(SU) drugs cannot be ruled out, especially in health professionals or relatives of a diabetic patient. 

The aim of this study was to check the potential of capillary electrophoresis either as a qualitative or as a quan-
titative assay to help in identification of SU drugs [tolbutamide, chlorpropamide, glipizide, gliclazide, gliben-
clamide] in serum for a rapid and accurate diagnosis of drug-induced hypoglycaemia. We developed a method
for serum samples purification based on solid phase extraction. Serum samples were purified, dried under vac-
uum and reconstituted with a mixture acetonitrile:water. Separation of six drugs (including the internal stan-
dard) was accomplished with the use of a surfactant agent and lasted five minutes plus five minutes rinsing. The



between-day CV% (<1%), linearity (r2ß61619;0.998) and recovery (ß61619;80%) were good for all the sul-
fonylurea drugs tested. Serum pharmacokinetics of gliclazide (80 mg tablet) in a type 2 diabetic patient assessed
both by HPLC and by CE gave plasma concentrations-time curves superimposable, without significative differ-
ences. Two hypoglycaemic patients positive at HPLC analysis for unreported gliclazide and tolbutamide over-
dose, were also screened by CE which confirmed positivity to the surreptitious abuse. CE proved to be a useful
tool in the clinical chemistry and toxicological laboratory for drug monitoring and pharmacokinetic investiga-
tions. 

Key words: hypoglycaemia, sulfonylurea drugs, surreptitious abuse, capillary electrophoresis.

• Markers of oxidative stress and lipid peroxidation
R. Paroni, I. Fermo, M. Lomartire, G. Cighetti, P. Allevi.

Malondialdehyde (MDA) is a typical end-product of lipid peroxidation and an increase of its concentration in
plasma reflects an in vivo oxidative stress. The most popular assay for MDA determination is based on thiobar-
bituric acid reaction (90 °C, pH <3). Despite the procedural simplicity, the specificity has been questioned due
to autooxidation of lipids and generation of MDA-like compounds during sample processing. We previously car-
ried out an exhaustive study on this issue derivatizing MDA with phenylpyrazole and using selected ion moni-
toring gas chromatography mass spectrometry with dideuterated MDA as internal standard. The need for a spe-
cific and reproducible but easily accessible MDA determination prompted us to investigate quantification of
MDA using capillary electrophoresis (CE). Advantages of this technique in respect to HPLC or GC-MS, in fact,
are the rapidity of analysis, the low costs, and the minimal buffer and solvent waste. However, for a correct quan-
titative determination, the use of a suitable internal standard is pivotal. The aim of this study was to validate the
use of synthesised methyl malondialdehyde (MMDA) as internal standard for the quantification of free and total
MDA in biological samples by CE. Employing a running buffer with tetradecyltrimethylammonium bromide as
counter ion, MDA and MMDA migrated shortly, were well separated (Mt ß61627;2.6 and ß61627;2.7 min,
MMDA and MDA, respectively) and did not suffer from interferences of the biological matrix. Suitability of
MMDA as an internal standard (purity, stability, recovery and linearity) is presently under evaluation, as well as
the use of MMDA as a possible internal standard for GC-MS technique. 

Key words: malondialdehyde, methyl malondialdehyde, oxidative stress, capillary electrophoresis.

• HPLC screening method for urinary cystinuria
R. Paroni, I. Fermo, C. Arcelloni, M. Lomartire.

Cystinuria is an autosomal recessive disorder characterized by a defect of intestinal and renal tubular transport
of dibasic amino acids, resulting in excessive urinary excretion of cystine (CYSS). Because of the poor solubili-
ty of CYSS in urine, patients with this defect are prone to recurrent stone formation. The diagnosis of cystinuria
is mainly based on a semi-quantitative colorimetric assay involving cyanide-nitroprusside colorimetric test asso-
ciated to TLC, or on use of time consuming amino acid analyser. As an alternative to the classical used methods,
in 2000 we began to develop a thiol specific, inexpensive and rapid HPLC assay for total CYSS determination
in urine. The procedure, based on pre-column derivatization with 7-fluorobenzo-2-oxa-1,3-diazole-4-sulphonate
(SBD-F) will include the use of cysteamine as internal standard and the reduction of disulphide bonds by sodi-
um borohydride. Establishment of reference ranges and identification of homo/heterozygote cystinuric patients
are in progress. 

Key words: cystine, urine, stones, HPLC.

• Plasma homocysteine determination: method improvement and validation
R. Paroni, I. Fermo, M. Lomartire, G. Mazzola, A. D’Angelo.

There is growing evidence that mild hyperhomocysteinemia is a risk factor for venous thromboembolism and
total homocysteine (tHcy) determination in plasma both in the fasting state and after methionine load has gained
great importance in the last years. In 1998 we developed a reliable, inexpensive and easily handled HPLC assay
for tHcy determination, satisfying routine requirements. Then we used this established method (considered the
“reference” for tHcy measurement) to validate an alternative assay based on high-performance capillary elec-
trophoresis (CE). Recently, a totally automated immunoassay for tHcy determination based on fluorescence
polarization (FPIA) detection on an Abbott IMxß61650; analyzers has been introduced in the clinical chemistry
laboratory. The aim of this study was to compare the performance of the Abbott enzyme immunoassay with our
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method based on HPLC with the use of an internal standard. Although commutability between the two meth-
ods was not demonstrated, our results suggest that the Abbott assay, which is simple and does not require a
skilled technical staff, may be advantageously used to determine plasma tHcy in clinical laboratories, provided
ranges of normality are locally established. 

Key words: homocysteine, HPLC, immunoassay, fluorescence polarization detection.

• Evaluation of ceftazidime concentration released in agar from an E test strip
R. Paroni, C. Arcelloni, B. Comuzzi, G. Gesu, C. Bonato, R. Vaiani.

One of the major problems of the microbiology laboratory is the variability of antibiotic sensitivity tests in agar.
The Epsilometer test (E test) is a commercial strip able to provide a direct quantitative reading of the antibiotic
minimal inhibitory concentration (MIC) value by agar diffusion. We previously developed an HPLC method
able to determine the concentration of ceftazidime (CAZ), a large spectrum antibiotic, in this rather complex
matrix. The aim of this study was to investigate the mechanism underlying E test performance and to evaluate
whether CAZ is linked with particular bonds. The rate of antibiotic release from the strip in agar was quantified
by HPLC at different graduation levels and different times after its deposition, and the measured value com-
pared with the MICs reported on the strip. The results showed that in the 6-24 h range, the CAZ concentrations
between 16 and 1 mg/mL were within ±1 serial dilution of the values reported on the strip. The same experi-
ment was carried out in the presence of fast-growing bacterial strains, indicating that for microorganisms with a
critical time between 6-24 h and MICs< 16 µg/mL, the residual CAZ concentration corresponds to the MIC indi-
cated on the strip. MICs obtained for the bacteria tested were confirmed also by broth dilution and by Kirby
Bauer tests. In conclusion, this study provided for the first time demonstration of the accuracy of E test, con-
firming that the strip keeps the antibiotic concentration at the intermediate-level (MICs related to strains of clin-
ical interest), constant over a 24-h period. 

Key words: ceftazidime, agar diffusion, HPLC, minimum inhibitory concentration.

• Insulin and proinsulin assay by capillary electrophoresis
R. Paroni, C. Arcelloni, L. Falqui, S. Martinenghi, A. E. Pontiroli, A. M. Davalli, F. Folli, L. Monaco, M. Soria.

We optimised a high performance capillary electrophoresis (CE) method for the simultaneous quantification
of six proteins (des 31,32; 32-33 split, des 64,65, 65-66 split, hI and hPI). This technique was successfully used
to monitor the hPI to hI conversion pathways in primary human fibroblasts (PHF), in primary human myoblasts
(PHM) and in HepG2 and NIH 3T3 cell lines. CE analysis was carried out on supernatants from the wild-type
lines (as a negative control), on the cells engineered to express hPI and on cells expressing a genetically modi-
fied hPI (FurhPI) able to be fully processed to mature hI by ubiquitous endoproteases.

The CE technique was used also to characterise the (pro)insulin-like product expression in pituitary cells sta-
bly transfected with the human proinsulin cDNA linked to the PRL promoter. HPCE evidenced that > 40% of
total released (pro) insulin-like products was mature insulin, although the proteic pattern showed significative
qualitative and quantitative differences between different clones. 

Key words: insulin, proinsulin, intermediate forms, transfected cell lines, capillary electrophoresis.

• Standardisation of lipid measurement
F. Ceriotti, C. A. Ferrero, A. Carobene, E. Guerra.

Our laboratory is the only Italian participant in the Cholesterol Reference Method Laboratory Network co-
ordinated by the Centers for Disease Control and Prevention (CDC, Atlanta, USA). During the year 2000 the
unit continued its activity of certification of the cholesterol measurement in several Italian Laboratories.

The optimisation of a Designated Comparison Method for triglycerides measurement in serum (based on
chemical extraction and hydrolysis of triglycerides followed by enzymatic determination of glycerol) was com-
pleted. A two-phase standardisation procedure to the CDC reference method was successfully performed: over-
all variability was below 2.0% and bias less than 2.5%. A detailed standard operating procedure for transfer-
ability of the method to other Network Laboratories was written. The certification of manufacturers of diag-
nostic reagents for triglycerides will begin in 2001. 

Key words: cholesterol, triglycerides, reference measurement procedures, standardisation.
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• Treatment of proximal deep vein thrombosis with a novel synthetic compound (SR90107A/ORG31540)
with pure anti-factor Xa activity: a phase II evaluation

A. D'Angelo, L. Crippa, S. Viganò D'Angelo, G. Mazzola, P. Della Valle, A. Fattorini.
Patients with venous thromboembolism require initial treatment with an immediate-acting anticoagulant, low-

molecular-weight heparin. We evaluated a novel synthetic factor Xa inhibitor (SR90107a/ORG31540) as an
alternative treatment in a randomized-parallel-group, phase II trial to assess the efficacy and safety of
SR90107a/ORG31540 (5, 7.5, or 10 mg once daily) relative to low-molecular-weight heparin (dalteparin, 100
IU/kg twice daily) in symptomatic proximal deep vein thrombosis. The primary outcome measure was the
change in thrombus mass, assessed by ultrasonography of the leg veins and perfusion lung scintigraphy, per-
formed at baseline and day 7±1. A positive outcome was defined as improvement of the ultrasound and/or per-
fusion scan result without deterioration of either test. Other outcome measures included symptomatic, recurrent
venous thromboembolism and major bleeding for a period of 3 months. All outcomes were interpreted with the
observer unaware of treatment allocation. A positive primary outcome was observed in 46 of 100 (46%), 52 of
108 (48%), 48 of 115 (42%), and 56 of 115 (49%), respectively, of the subjects given 5, 7.5, or 10 mg
SR90107a/ORG31540 or dalteparin. There were 8 recurrent thromboembolic complications (2.4%) in the 334
patients treated with SR90107a/ORG31540 and 6 (5.0%) in the 119 dalteparin patients, a difference of 2.6% in
favor of SR90107a/ORG31540 (95% CI -2.1% to 10. 1%). The incidence of bleeding was low and was similar
among the groups. The factor Xa inhibitor SR90107a/ORG31540 appears to be an effective and safe treatment
for patients with deep vein thrombosis across a wide range of doses. This synthetic compound merits evaluation
in phase III studies.

Key words: proximal deep vein thrombosis, synthetic factor Xa inhibitor, phase II study.

• Oral anticoagulation treatment in the elderly: a nested, prospective, case-control study
A. D'Angelo, L. Crippa, S. Viganò D'Angelo, A. Fattorini, P. Della Valle, G. Mazzola, E. Pattarini.

Whether elderly patients are at increased risk of complications during oral anticoagulant treatment (OAT) is
still a matter of debate. Bleeding and thrombotic events occurring during OAT in 461 patients, aged 75 years or
older when they started OAT, and in 461 patients younger than 70 years, matched for sex, OAT indication, and
treating center, were examined in a prospective, multicenter, inception-cohort study. Bleeding rate was 9.9% and
6.6% patient-years in elderly and young patients, and 2.1% and 1.1% for major bleeding (ns); 6 and 1 events,
respectively, were fatal (all intracranial, relative risk, 6.4; p = .05). In the elderly, bleeding rate was lower (4.5%)
for international normalized ratios (INRs) between 2.0 and 2.9; it was higher during the first 90 treatment days
(p = .05) and when arterial vascular disease was the indication for OAT (p = .03).

Thrombosis rate was 4.2% and 2.5% patient-years in elderly and young patients (ns); however, 13 and 5 events
were fatal (relative risk, 2.8; p = .04). Thrombosis rate was lower (1.5%) for INRs between 2.0 and 2.9; it was
higher during the first 90 treatment days (p =.001) and 6 of 7 venous events occurred at lower than 2.0 INRs. A
nonsignificant trend was noted toward a higher rate of both bleeding and thrombotic complications in elderly
vs matched younger patients. Intracranial bleeding and fatal thrombotic events were significantly more frequent
in the elderly. Our results also indicate that lower than 2.0 INRs do not preclude bleeding in the elderly nor offer
adequate protection from thrombotic events. Moderate anticoagulation (2.0-3.0 INRs) in elderly patients seems
the safest and most effective. 

Key words: oral anticoagulant treatment, bleeding complications, thrombotic complications, elderly, INR.

• A comparison of the safety and efficacy of oral anticoagulation for the treatment of venous throm-
boembolic disease in patients with or without malignancy

A. D'Angelo, L. Crippa, S. Viganò D'Angelo, A. Fattorini, P. Della Valle, G. Mazzola, E. Pattarini.
The optimal long-term treatment of acute venous thromboembolism (VTE) in patients with malignancy

remains undefined. In particular, based on current evidence, it is uncertain whether secondary prophylaxis using
standard intensity oral anticoagulant therapy is associated with higher risks of bleeding and recurrent thrombo-
sis in patients with cancer than in those without cancer. This study compared the outcome of anticoagulation
courses in 95 patients with malignancy with those of 733 patients without malignancy. All patients were prospec-
tively observed from the initiation of their oral anticoagulant therapy. Based on 744 patient years of treatment
and follow-up, the rates of major (5.4% vs 0.9%), minor (16.2% vs 3.6%) and total (21.6% vs 4.5%) bleeding
were significantly higher in cancer patients compared with patients without cancer. Bleeding was also a more fre-
quent cause of early anticoagulation withdrawal in patients with malignancy (4.2% vs. 0.7%; p <0.01; RR 6.2
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(95% CI 1.95-19.4). There was a trend towards a higher rate of thrombotic complications in cancer patients
(6.8% vs. 2.5%) but this did not achieve statistical significance. In the group of patients with cancer, the bleed-
ing rate was high across the different INR categories and was independent of the temporally associated Interna-
tional Normalized Ratio (INR). In contrast, the bleeding rate was increased only with INR values greater than
4.5 in the group of patients without cancer. The rate of thrombotic events was significantly higher in both cohorts
when the INR was less than 2.0. Patients with malignancy treated with oral anticoagulants have a higher rate of
bleeding and possibly an increased risk of recurrent thrombosis compared with patients without malignancy. 

Key words: oral anticoagulant treatment, bleeding complications, thrombotic complications, INR, malignancy.

• The role of vitamin B12 in fasting hyperhomocysteinemia and its interaction with the homozygous
C677T mutation of the methylenetetrahydrofolate reductase (MTHFR) gene. A case-control study of
patients with early-onset thrombotic events

A. D'Angelo, L. Crippa, S. Viganò D'Angelo, A. Fattorini, P. Della Valle, G. Mazzola, E. Pattarini, I. Fermo, 
R. Paroni.

Total fasting plasma homocysteine (tHcy), homozygosity for the C677T mutation of the methylenetetrahydro-
folate reductase (MTHFR) gene and for the A2756G mutation of the methionine synthase (MS) gene, vitamin
B12 and folate plasma levels were evaluated in 170 consecutive patients with documented early-onset thrombo-
sis (mean age at first episode 36 +/- 11 yrs), and in 182 age- and sex-matched healthy control subjects. Moder-
ate hyperhomocysteinemia (HHcy) was detected in 26.5% of patients and in 9.9% of controls (Mantel-Haenszel
OR and 95% C.I.: 3.25, 1.78-5.91). The 677TT MTHFR genotype was not significantly more prevalent in
patients (27.6%) than in controls (21.4%,), and markedly contributed to HHcy (M-H RR: 8.29, 4.61-14.9). The
2756GG MS genotype was not associated to HHcy. tHcy was negatively correlated to folate and vitamin B12 lev-
els; however, folate was similar in patients and controls and vitamin B12 was higher in patients (p = 0.011).
Folate, vitamin B12, the MTHFR genotype, gender, the interaction of the MTHFR genotype with folate and the
interactions of vitamin B12 with the MTHFR genotype, gender and patient/control status explained 44% of the
variation in tHcy levels. A 4-week administration of 5-methyltetrahydrofolate (15 mg/day) markedly lowered
plasma tHcy in 24 patients with MTHFR 677TT genotype, and the response to treatment correlated with vita-
min B12 levels (p = 0.023). Subjects carrying the MTHFR 677TT genotype have higher folate and vitamin B12
requirements irrespective of the A2756G polymorphism of the MS gene. Yet unidentified abnormalities of MS
or of any of the enzymes participating in the synthesis of methylated vitamin B12 may play an important role in
the phenotypic expression of moderate HHcy.

• Contribution of the cystathionine beta-synthase gene (844ins68) polymorphism to the risk of 
early-onset venous and arterial occlusive disease and of fasting hyperhomocysteinemia

A. D'Angelo, L. Crippa, S. Viganò D'Angelo, A. Fattorini, P. Della Valle, G. Mazzola, E. Pattarini, I. Fermo, 
R. Paroni.

Heterozygosity for the 844ins68 mutation of the cystathionine ß61538;-synthase (CBS) gene and its association
with the homozygous C677T transition of the methylenetetrahydrofolate reductase (MTHFR) gene, plasma fast-
ing tHcy, folate and vitamin B12 levels were evaluated in 309 consecutive patients with objectively diagnosed ear-
ly-onset venous or arterial thromboembolic disease recruited in Milan and Naples. The above gene polymor-
phisms were also evaluated in a population of 787 unmatched controls, 204 of whom had fasting tHcy and vita-
mins measured in their plasma. Moderate fasting hyperhomocysteinemia (HHcy) was detected in 15.5% of
patients and in 5.9% of controls (Mantel-Haenszel OR: 2.88; 1.48-5.32). The frequencies of the 677TT mutation
of the MTHFR gene and of the heterozygous 844ins68 insertion of the CBS gene were not significantly different
in the patient and the control populations, but the association of the two gene polymorphisms, found in 3.9%
of patients and in 1.1% of controls, was significantly associated with an increased risk of venous or arterial occlu-
sive diseases (RR = 3.63; 1.48-8.91). The MTHFR 677TT mutation (RR: 6.92; 3.86-12.4) and its association with
the 844ins68 insertion (RR: 21.9;8.35-57.4) were more frequent in patients and controls with HHcy. Adjusted
fasting tHcy levels were significantly higher in subjects with association of the two gene abnormalities than with
the MTHFR 677TT mutation only (p = 0.004). Heterozygosity for the 844ins68 mutation of the CBS gene is not
per se a risk factor for premature occlusive diseases. However, when detected in combination with thermolabile
MTHFR, it increases by almost 4-fold the risk of vascular occlusive diseases, by increasing the risk and the degree
of HHcy.

Key words: hyperhomocysteinemia, MTHFR 677 mutation, CBS 844ins, vascular occlusive disease.



• Mild hyperhomocysteinemia and fibrinolytic factors in patients with history of venous thromboem-
bolism

A. D'Angelo, L. Crippa, S. Viganò D'Angelo, A. Fattorini, P. Della Valle, G. Mazzola, E. Pattarini, I. Fermo, 
R. Paroni.

Mild hyperhomocysteinemia (HHcy) is recognized as a risk factor for venous thromboembolism (VTE),
though its role in the thrombogenic processes is not understood. Its possible association with impaired fibrinol-
ysis was investigated in 157 patients (61 women, 96 men) below the age of 60 years with a history of objectively
confirmed VTE. Patients had significantly higher fasting tHcy levels than 138 apparently healthy subjects (p =
0.001). In 17 of 157 patients (12%) HHcy (tHcy>11.4 ß61549;M for women and tHcy>12.6 ß61549;M for men)
was established. The adjusted odds ratio as an estimate of relative risk for VTE was 2.3 (0.8-7.0; 95% confidence
interval). When patients with HHcy were compared to patients without HHcy, no significant differences in t-PA
(antigen 9.2 ß61617; 5.5 ß61549;g/L and 9.7 ß61617; 4.7 ß61549;g/L; activity 1.3 ß61617; 0.5 IU/mL and 1.3
ß61617; 0.7 IU/mL) and PAI-1 (antigen 19.3 ß61617;17.5 ß61549;g/L and 22.6 ß61617; 20. 4 ß61549;g/L; activ-
ity 15.0 ß61617;12.6 IU/mL and 15.8 ß61617; 13.3 IU/mL) were observed. In conclusion, this study showed an
association between mild HHcy and VTE, but provided no evidence for an independent association between
HHcy and alterations in fibrinolytic proteins.

Key words: hyperhomocysteinemia, venous thromboembolism, fibrinolysis.

MASS SPECTROMETRY

• Stable isotopes in biomedical studies by mass spectrometry
M. Galli Kienle, F. Magni, A. Cattaneo.

Identification and measurement by mass spectrometry of isotopomers containing non-natural stable isotopes
became a main interest of the Mass Spectrometry Laboratory since 1989 because ethical reasons suggested the
radio-nuclides in clinical studies of metabolism to be substituted for by non-radioactive isotopes. In collabora-
tion with Dr. P.M. Piatti and Dr. L.D. Monti (Dept. of Internal Medicine, HSR) a long term administration of
L-arginine effects on the glucose metabolism is under investigation. Peripheral and hepatic insulin sensitivity is
evaluated with [6,6 - 2H2]-glucose infusion. The resulting plasma glucose enrichment (molar % excess, MPE)
is measured by gas chromatography mass spectrometry on the aldononitrile pentaacetate derivative after depro-
teinization. Hepatic glucose production and peripheral glucose utilisation are then calculated based on the MPE
determined at the steady state.

• Reference methods and advanced diagnostic tests in clinical chemistry
M. Galli Kienle, F. Magni, A. Cattaneo, S. Pereira.

Procedures based on Isotope Dilution Mass Spectrometry (ID-MS) to be used as reference methods (RM) for
the clinical chemistry are constantly updated in our laboratory. Due to the importance of monitoring the blood
levels cyclosporin A (CsA) in patients under therapy and to ascertain the accuracy of routine methods used to
this purpose we set up a RM for this peptide. CsA quantification was started using labelled CsA obtained in our
laboratory by incubation of tolypocladium sp. in the presence of 13C/2H glucose. After SPE purification no
interference was observed at the CsA retention time in the analysis of samples derived from whole blood. Matrix
effect on the analytical method was also evaluated analysing calibration curves prepared with pure standard and
with spiked whole blood. Linearity was evaluated in the absence and presence of whole blood. The results sug-
gest the absence of interferences deriving from the matrix. Recovery from whole blood after deproteinization
and purification was about 90%. Accuracy of the bracketing calibration curves was within 1.5% (bias) and the
overall precision of the method evaluated with whole blood spiked with authentic CsA was 1.6% (CV%).
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• NK/NKT cells in host defence against HIV-1: signal transduction and interference by Tat protein
R. Carosio, C. Fortis, G. Tambussi, G. Dell'Antonio, E. Dal Cin, A. Poggi, M. R. Zocchi.

Natural Killer (NK) and NKT cells represent an early and powerful line of defence against tumors and virus-
es in several diseases. An impaired clearance of infected dendritic cells (DC) by NK cells may be critical in ear-
ly HIV-1 infection. NK cells lysed autologous DC, upon engagement of Natural Cytotoxicity Receptors (NCR)
and activation of the phosphatidylinositol 3 kinase (PI-3K), and killed the chronically HIV-1 infected U1 cell line
as well. Binding to DC or U1 induces a calcium influx in NK cells, followed by the release of perforin and
granzymes, leading to DC killing. The activation of the calcium-calmodulin kinase II (CAMKII) is required for
this process, and extracellular calcium influx through L-type calcium channels, is essential for granule exocyto-
sis. NK cell mediated killing of DC and U1 is impaired by treatment with exogenous HIV-1 Tat, which blocks
calcium influx and degranulation and impairs CAMKII activation elicited via LFA-1 in NK cells. Using synthet-
ic, overlapping Tat-derived peptides we found that the C-terminal domain of the protein is responsible for inhi-
bition. Both CAMKII inhibitors and Tat impaired NK cell granule polarization towards the target. Finally, per-
tussis toxin can prevent HIV-1 Tat-mediated inhibition, suggesting the involvement of a G protein. Thus, exoge-
nous Tat contributes to the impairment of natural cytotoxicity, possibly favouring the persistence of HIV-1, as
DC represent an important reservoir of the virus.

Since gamma/delta T lymphocytes display several features of NKT cells, we are currently investigating their
role in infectious and tumor diseases. In particular both circulating (Vdelta2) and resident (Vdelta1) subsets will
be studied.

Key words: HIV, gamma delta lymphocytes, natural killer cells, Tat.

• Leukocytes transendothelial migration in vitro and recirculation in vivo
E. Ferrero, M. R. Zocchi, R. Baccalini, D. Belloni, C. Rugarli, M. E. Ferrero.

Leukocyte migration is orchestrated by the interplay of cell-adhesion receptors and soluble chemotactic fac-
tors, mainly chemokines. Vascular endothelium plays a crucial role, behaving either as a permissive or a non-per-
missive lining in a number of pathophysiologic events.

We investigated the relative contribution of the main adhesion molecules expressed by human umbilical vein
endothelial cells (HUVEC) in driving the transmigration of T lymphocytes in vitro and showed that CD45RA+
naive T cells utilized endothelial PECAM1 to transmigrate, at variance with the CD45R0+ memory counterpart
which further needs a chemotactic gradient. We set up an in vivo model to follow recirculation of sorted naive
(CD45RC bright) and memory (CD45RC dim) rat T lymphocytes using (99mTc)-labeled cells. Both populations
were inoculated in syngeneic recipients and could then be detected by CT scan. We demonstrated a tropism of
memory T cells for non lymphoid organs (mainly liver and lung) and of naive T cells for lymphoid organs and
thymus, regardless of being CD4+ or CD8+.

We have described a subset of CD14+CD34+ precursors capable of transendothelial migration and differen-
tiation into immunostimulatory DC. We have also shown that immature DC used uPA/uPAR to invade 
the subendothelial matrix and reverse transmigrate across endothelium. They also respond to chemokines, such
as MIP-1a . Upon maturation (GMCSF plus TNF), CD14+CD34+-derived DC became potent APCs and 
shifted their sensitivity to chemokines from MIP-1a to MIP-3b. Taken together, these findings strongly suggest
that bloodborne DC can move through ECM toward the site of pathogen entry where they differentiate into 
fully mature APCs and that their motility is regulated by microenvironmental stimuli, including chemokines 
and TNF.

Key words: endothelium, leukocyte migration, leukocyte recirculation, dendritic cells.
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• Engagement of CD30 shapes the secretion of cytokines by gamma delta T cells
P. Biswas, P. Rovere Querini, C. De Filippi, S. Heltai, L. Dagna, G. Poli, A. Manfredi, M. Ferrarini.

CD30 is a member of the TNF R superfamily, previously shown to be expressed on Hodgkin' s lymphoma cells
and on normal activated lymphocytes. We show that CD30 is highly expressed on recently activated human gd
T cells. Elevated surface levels of this molecule persisted in long-term cultures of gd cells, without further cell
stimulation. CD30 acted as a costimulus in gd T cells by potentiating the intracellular Ca2+ fluxes induced by
CD3 cross-linking. The engagement of CD30 enhanced the expression of several cytokines induced upon CD3
stimulation such as IL-4 and IFN-g, but not IL-10. The CC chemokines RANTES and macrophage inflamma-
tory protein (MIP) -1b were constitutively expressed and not affected by stimulation. The inducible expression
of the neutrophil chemoattractant IL-8 was enhanced by CD30 costimulation, as well as that of the CC
chemokines I-309 and MDC, whereas the secretion of the monocyte chemotactic protein (MCP) -1 was not
detected. Triggering of CD30 may therefore modulate the expression of several cytokines released by gd cells;
the expression of its physiologic ligand by APC and neutrophils at the site of infection may contribute to deter-
mine the outcome of an immune response.

Key words: gamma delta lymphocytes, CD30, cytokines, chemokine.

• Resident and circulating gd T lymphocytes in multiple sclerosis: mechanisms of transendothelial 
migration

A. Poggi, R. Carosio, E. Ferrero, G. Borsellino, L. Battistini, M. R. Zocchi.
gd T lymphocytes are thought to play a role in the pathogenesis of demyelinating diseases. We have isolated

and sorted Vd1 and Vd2 peripheral blood T lymphocytes from patients with relapsing-remitting multiple scle-
rosis (MS). The Vd2 cell subset proliferate and produce TNF-a, IFN-g Vd2 as well as the chemokines MIP-1a/b
and RANTES, in response to phospholipid antigens, suggesting a role for these cells in the induction of a Th1-
type response. Support to this hypothesis comes from the finding that the Th1-inducing cytokine IL-12 activates
Vd2, but not Vd1, to express the NK receptor NKRP1A and to use it for transendothelial migration. Circulat-
ing Vd2 T cells coexpressing NKRP1A were significantly increased in acute phase MS patients, indicating that
these cells are ready to extravasate. On the other hand, Vd1+ cells, selectively express PECAM-1 and use it for
transmigration. Interestingly, the two molecules activate different signal transduction pathways: NKRP1A-medi-
ated transendothelial migration depends on the activation of the calcium-calmodulin kinase II, while PECAM-1
triggers the phosphoinisitol-3 kinase Akt/PKB-dependent pathway. From these data we conclude that both res-
ident and circulating gd T lymphocytes may contribute to the pathogenesis of MS Vd2 T lymphocytes which are
constitutively prone to extravasate, while Vd1 may be recruited at the lesion site by Vd2-produced chemokines.

Key words: multiple sclerosis, chemokine, CAMKII.

• Allergic inflammation and airway smooth muscle function in allergic asthma
S. Burastero, E. Crimi, G. Rossi.

Airway inflammation, which is a characteristic feature of bronchial asthma, may alter both the contractile prop-
erties and the autonomic regulation of ASM. These changes may contribute to the severity of asthma, as they may
cause an imbalance between factors favoring and opposing airway narrowing. While there is no evidence that
neural or humoral abnormalities in the autonomic regulation of ASM tone are central to the pathogenesis of
bronchial asthma, recent data suggest that ASM receptor dysfunction may develop secondary to airway allergic
response. It has been shown that exposure of passively sensitized human bronchi to allergens in vitro causes M2-
and beta2-receptor dysfunction. 

We studied several specific chronic inflammatory changes in the lower respiratory tract of individuals with
allergic rhinitis, with allergic bronchial asthma and in nonatopic control individuals. We found both in asthmat-
ics and in atopic nonasthmatics (but not in nonatopic controls) an increased influx of activated basophils,
eosinophils and lymphocytes. Moreover, we observed in asthmatics a preferential over expression of CD86, as
compared to CD8O, on alveolar macrophages, which was more preminent in the 24 hours following allergen
inhalation. CD86 over expression in asthma may be correlated with a higher capability to present allergens to
autologous Th2 blood CD4 lymphocytes. 

A complex interplay between inflammatory cells, including antigen presenting cells, can contribute to the
changes which support an increased bronchial tone in allergic asthma. 

Key words: asthma, allergy, bronchial hyperresponsiveness, lung.
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• Activation-dependent apoptosis and human disease
M. Ferrarini, L. Dagna, M. Ponzoni, D. Resta, F. Sanvito, M. G. Sabbadini, C. Rugarli.

Activation-dependent apoptosis (AICD), mediated by the interaction between the CD95/Fas receptor and its
ligand (FasL), is implicated in the termination of immune responses. The process must be carefultly regulated:
premature apoptosis may cause ineffective clearance of persistent antigens, while defective AICD determines an
unwanted accumulation of lymphocytes, as seen in autoimmune lymphoproliferative syndrome (ALPS).

In collaboration with Manfredi and Clementi (HSR), we set up an in vitro model of AICD using periodically
re-stimulated human gamma/delta lymphocytes. TcR activation by mycobacterial antigens and lymphoma cells
determined FasL up-regulation, with ensuing caspase activation and apoptosis of Fas sensitive gamma/delta
cells. Accordingly, gamma/delta lymphocytes lost the capability to secrete cytokines and kill tumor cells. Specif-
ic caspase inhibitors rescued gamma/delta cells from AICD and restored both functions, suggesting the possi-
bility to exploit caspase blockade to complement immunotherapy strategies.

On the other hand, mutations in fas gene cause ALPS. In a patient with autoimmune disorders, lym-
phoadenopathies and splenomegaly, we demonstrated peripheral accumulation of CD3+, double negative T-lym-
phocytes (DNs), ineffective Fas-mediated apoptosis in vitro and, in collaboration with Dianzani and Dianzani
(Univ. Piemonte Orientale, Novara), a point mutation in the fas gene. Phenotyping of lymphocytes obtained
from the patient's lymph nodes failed to reveal accumulation of DNs, as reported in the experimental model of
Fas deficient lpr mice. By immunohistochemistry we demonstrated the presence of monoclonal B lymphocytes.
Studies are in progress to assess whether lymphocytes accumulating in the lymph nodes express additional anti-
apoptotic molecules.

Key words: apoptosis, T-lymphocytes, ALPS.

• Markers of activity of systemic small vessel vasculitis
E. Bozzolo, G. Ciboddo, F. Fazzini, A. Manfredi, L. Praderio, P. Rovere Querini, M. G. Sabbadini.

Small vessel vasculitis encompasses a group of disorders characterised by inflammatory damage within or
through the vessel wall, accompanied by widespread systemic inflammation. Primary pro-inflammatory
cytokines, and in particular TNF-alpha and IL-1beta, contribute to shape the inflammatory lesions initiating or
promoting the activation of endothelial cell and circulating leukocytes. These events impinge on the function of
the vascular endothelium, promoting the adhesion/transmigration of leukocytes and the impairment of vessel
and tissue integrity. Small vessel vasculitides are often characterised by leukocytoclasia, i.e. by the accumulation
of un-scavenged dead polymorphonuclear leukocytes in the tissue around involved vessels. Leukocytoclasia is
otherwise uncommon, since phagocytes swiftly engulf cells dying at the sites of inflammation. PTX3 is generat-
ed in the tissues during inflammatory responses and hinders the phagocytosis of apoptotic cells. It therefore rep-
resents a candidate reactant to monitor the local inflammatory involvement during systemic vasculitis. We found,
in collaboration with Mantovani (Milano), that levels of PTX3 increase in the plasma of patients with small ves-
sel vasculitis during active phases of the disease. Endothelial cells produced PTX3 in involved sites and PTX3
levels did not correlate with those of the short pentraxin C reactive protein. This suggests that PTX3 
represents a novel, independent indicator of vasculitis activity. The data have been further validated, in collabo-
ration with Dell’Antonio, by the immuno-histochemical demonstration of the molecule in biopsies of the skin
and the kidney. The specificity of PTX3 expression and the fine analysis of its cellular distribution are being
characterized.

Key words: vasculitis, apoptosis, cytokines.

• Organ involvement during systemic lupus erythematosus: pathogenesis and clinical features
E. Baldissera, M. Bellone, E. Bozzolo, G. Ciboddo, F. Fazzini, L. Ferrario, L. Praderio, P. Rovere Querini, M.G. Sab-
badini.

Genetic susceptibility in the origin of SLE and other autoimmune diseases. The familial aggregation of
immune-mediated diseases is known. In two collaborative multi-centric studies, we analysed: i) the association
between the onset of SLE and the presence of markers at the genomic level and ii) the familial clustering of
autoimmune diseases (multiplex families) in patients with SLE, Sjogren’s syndrome and primary antiphospho-
lipid antibody syndrome. The data are being analyzed.

SLE and central nervous system (CNS). We previously evaluated, with the Group of Immuno-Rheumatology,
179 SLE patients, with or without overt CNS involvement. The latter feature was investigated at anatomic and
functional levels, using RM/CT scans, SPECT and neurocognitive tests. We found that CNS involvement is not
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a discrete clinical entity. It represents a shared feature, which becomes clinically evident in only a few SLE
patients, as a consequence of undefined concomitant events. We are now relating these features to the presence
of antibodies recognising ribosomal-P common epitope. Preliminary results suggest that they do not directly cor-
relate with SLE psychosis. In contrast, they may associate with the presence of anti-phospholipid antibodies. The
implications are being actively investigated. SLE and therapy of kidney involvement. Renal involvement influ-
ences the short and the long term prognosis of SLE patients. We we analysed the results we obtained in 20
patients using intravenous pulses of cyclophosphamide. The addition of cyclosporin A definitely improved the
efficacy of the treatment, allowing a significant reduction in the total dose of cyclophosphamide required to con-
trol the disease and of the related side effects of the treatment.

Key words: central nervous system.

• The clearance of dying cells from living tissues
A. Bondanza, A. Manfredi, P. Rovere Querini, M. G. Sabbadini, V. S. Zimmermann.

Molecular therapies selectively targeting the uptake of self antigens, the maturation of antigen presenting den-
dritic cells (DCs) and the activation of auto-reactive T lymphocytes would be precious in autoimmune patients.
We set up a pre-clinical model relying on the offspring of NZB/NZW F1 mice. These animals eventually devel-
op a spontaneous syndrome resembling Systemic Lupus Erythematosus (SLE) characterised by high-affinity, T
cell dependent antiphospholipid and anti-double stranded DNA auto-antibodies and by an immune complex
glomerulonephritis. We propagated DCs from bone marrow with recombinant murine GM-CSF and IL-4 and
allowed them to internalise apoptotic thymocytes (ƒx-irradiation, 600 Gy) before administration to pre-autoim-
mune mice. Mice developed an accelerated disease (weight loss, proteinuria, thrombocytopenia, lupus anti-coag-
ulant activity, kidney involvement). Antibodies specific for murine ƒÒ2-GPI consistently preceded anti-nuclear
and anti-DNA auto-antibodies. In contrast, mice injected with apoptotic cells in adjuvant developed an acceler-
ated and more severe syndrome. Mice injected with DCs or adjuvant alone did not differ from PBS-injected
mice. These results suggest that dying cell antigens play a non redundant role in the onset of systemic autoim-
munity. This holds true when nucleosomes, a driving autoantigen in human SLE, are analysed: these moieties
become indeed available only when a failure in the proper disposal of dying cells occurs and they associate, in
defined conditions, to endogenous adjuvants. The mechanisms by which auto-antigens are processed further
influence the ensuing clinical outcome. Experimental therapies are being validated. 

Key words: apoptosis, dendritic cells, autoimmunity.

CANCER IMMUNOTHERAPY AND GENE THERAPY PROGRAM

ANTIGEN DISCOVERY

• Characterization of the CD4+ T cell response against defined tumor antigens in neoplastic patients. Iden-
tification of promiscuous CD4+ T cell epitopes on the MAGE-3 tumor antigen

S. Manici, G. Consogno, V. Facchinetti, A. Verrecchia, C. Traversari, M. P. Protti.
Animal models have shown an important role for CD4+ T cells in anti-tumor immunity. Moreover, antigen spe-

cific CD4+ T cells could be anergized in vivo. Identification of human tumor antigens able to stimulate tumor
specific CD4+ T cells and their epitope repertoire would greatly contribute to both clinical investigation and can-
cer immunotherapy. To study the anti-tumor CD4+ T cell response in humans we developed the following strat-
egy. 1) Selection of a candidate tumor antigen; 2) Prediction of promiscuous epitopes by TEPITOPE; 3) Acti-
vation of CD4+ T cells with synthetic peptides corresponding to the predicted sequences; and 4) Testing of the
recognition of the native epitope. We focused on MAGE-3, a tumor-specific antigen expressed in melanomas
and other tumors, but not in normal tissue. TEPITOPE analysis identified 11 sequences able to bind to at least
4 different HLA-DR alleles. These sequences were shown to be stimulatory in microproliferation assays, and 5
stimulated CD4+ T cells from at least 3 donors with different HLA-DR types (HLA-DR1, -DR3, -DR4, -DR6, -
DR7, -DR11). Four promiscuous sequences were shown to be naturally processed and presented by melanoma
cells expressing MAGE-3 and HLA-DR matched EBV-transformed B cell lines transduced with the gene encod-
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ing MAGE-3. Moreover, we confirmed the promiscuity of a sequence segment containing the natural epitope
already described in association with HLA-DR13 by van der Bruggen et al.. The identified epitopes will be used
to study the functional state of CD4+ T cells in neoplastic patients by ELISPOT analysis and after sorting by the
use peptide-HLA class II tetramers (in collaboration with M. Moro, P Dellabona and G Casorati). 

Key words: CD4 epitopes, tumor antigen, MAGE-3.

• Characterization of CEA specific CD4+ T cell response in healthy donors and cancer patients
G. Campi, G. Casorati, G. Consogno, P. Dellabona, M. P. Protti.

The carcinoembryonic antigen (CEA) was selected for the study of the anti-tumor CD4+ T cell response for
the following reasons. 1) It is a tumor antigen expressed in carcinomas, 2) CD8 epitopes, recognized by cyto-
toxic T lymphocytes have been identified, 3) It is a molecular marker of disease, 4) It may have a role in tumor
progression, and 5) Anti-CEA antibodies are found in cancer patients’ sera. Eighteen CEA sequences were pre-
dicted by TEPITOPE to form promiscuous T cell epitopes, and based on the results of binding assays on eight
purified HLA-DR molecules we selected 11 sequences as the most promiscuous for stimulation of peripheral
blood lymphocytes from four healthy donors. Three sequences were recognized, one of which by all donors in
association with four different HLA-DR alleles and another by three donors in association with three different
HLA-DR alleles, demonstrating their promiscuity. The CD4+ T cells from one subject, specific for one of the two
immunodominant epitopes, were studied for recognition of the natural sequence. The CD4+ T cells, mostly of
the Th1 type, showed cytolytic activity against CEA+ colon carcinoma cells expressing the HLA-DR13 restrict-
ing allele, suggesting that the identified epitope is naturally processed. The identified epitopes will be used to
study the CD4+ T cell response in neoplastic patients bearing CEA expressing tumors. Different approaches,
including ELISPOT and peptide-MHC class II tetramers, will be used to determine the quantitative and quali-
tative differences in CEA specific CD4+ T cell response in health and disease.

Key words CD4 epitopes, CEA, tumor antigen.

• Discovery of tumor associated antigens expressed by bronchogenic carcinoma (non small cell lung car-
cinoma)

P. Gruarin, G. Casorati, P. Dellabona.
In collaboration with C. Traversari, we attempt the discovery and characterization of TAA expressed by

NSCLC, the most frequent neoplasm in industrialized countries. The responses of the major types of NSCLC to
conventional therapies are variable, therefore soliciting the search of innovative treatments, such as immunother-
apy, to add to the conventional ones. Since there are no TAA found expressed specifically by NSCLC, it is nec-
essary to discover some expressed by an high fraction of this neoplasm. We succeeded in stabilizing a primary
tumor cell line (CaPo 13) from a NSCLC patient, which displays the histology hallmarks of a large cell undif-
ferentiated carcinoma. By using CaPo13 cells to stimulate autologous T lymphocytes, we consistently find the
expansion of CD4+CD8+ (DP) lymphocytes, endowed with an NK-like killing activity. Alternatively, we have
obtained tumor-specific CD8+ T cell lines when we have utilized purified autologous DC to present irradiated
CaPo 13 cells to T cells. We are currently trying to clone the tumor-specific CD8+ T cells lines.

Key words: tumor-associated antigen, immunotherapy, lung carcinoma.

• Identification and characterization of new tumor-associated antigens presented by MHC class I antigens
to CD8+ T cells

C. Traversari, S. Tanzarella, I. Lionello.
Several trials of vaccination based on the use of different tumor antigens (TAA) are actually in progress with

promising results. However the limited number of well-defined TAA impairs the wide application of this thera-
peutic approach. The aim of this study is to identify new TAA recognized by autologous T lymphocytes on
melanomas and renal cell carcinomas (RCC). We are currently investigating two tumor models, MSR3-mel and
GUI-RCC. CTL specific for the autologous tumor cells have been isolated in both of the systems. In particular,
HLA-A1, -B52 and -Cw6 restricted cytotoxic T cell clones specific for MSR3-mel have been characterized and
are now utilized to screen a melanoma cDNA library in order to identify their target antigens.

In the renal cell carcinoma system, HLA-restricted and unrestricted CTLs clones specific for GUI-RCC have
been isolated. The CTLß33 recognized a TAA expressed by both GUI-RCC and MR196-RCC, and presented by



82 - SCIENTIFIC INSTITUTE H SAN RAFFAELE

HLA-B or C alleles. Lytic activity of CTLs ß30 and ß151, expressing alfa-beta TCRs was not inhibited by anti-
HLA mAbs, thus suggesting the presence on GUI-RCC of TAA recognized in an HLA-unrestricted fashion.
Characterization of the recognized TAA is ongoing.

Key words: tumor antigen, immunotherapy.

ANTIGEN PRESENTATION IMPROVEMENTS

• Systematic comparison of vaccination strategies and antigen sources for the induction of anti-tumor
immunity specific for naturally-expressed tumor antigens
A. Camporeale, A. Boni, P. Castiglioni, M. Bellone.
Many pre-clinical studies of cancer immunotherapy are based on the testing of a single vaccination strategy in

several tumor models. Moreover, most of those studies used xenogeneic antigens, which owing to their high
immunogenicity, may not represent realistic models for the validation of cancer immunotherapies. In collabora-
tion with Dellabona, we demonstrated that dendritic cells (DC), pulsed with the immunodominant T cell epitope
from the naturally expressed tyrosinase-related protein 2 (TRP-2) tumor antigen in the B16 melanoma, were a
more potent therapeutic vaccine, than naked DNA or a mixture of peptide and the Escherichia Coli toxin LTR-
72. We also verified the immunogenic potential of DC pulsed with natural tumor peptides (NTP), obtained either
from the supernatant of tumor cells killed by freeze-thaw cycles (i.e. tumor lysate), or from acid treatment of the
whole tumor cell (i.e. acid extract). Vaccination with DC, pulsed with either tumor lysates or acid extracts of B16
cells, induced melanoma specific CTL. Upon injection of a lethal number of live B16 cells, mice vaccinated with
tumor lysate-pulsed DC showed some delay in the appearance of the tumor when compared with animals inject-
ed with unpulsed DC. However, no animals survived the tumor challenge. On the other hand, 60% of the mice
vaccinated with acid extract-pulsed DC showed a significant delay in the appearance of the tumor, and 20% were
still tumor-free at the end of the observation (i.e., 60 days). Therefore, DC pulsed with NTP are comparably effec-
tive to DC pulsed with TRP-2 in protecting C57BL/6 mice from a lethal challenge with B16 cells.

Key words: dendritic cells, immunotherapy.

• Immunogenic potential of apoptotic tumor cells in vivo
P. Castiglioni, A. Martin-Fontecha, V. Tomajer, M. Bellone.

Dying tumor cells represent a potential source of TAA. In collaboration with Manfredi, we demonstrated that
apoptotic tumor cells can be endocytosed by professional antigen presenting cells (APC), and their antigens pre-
sented in the context of MHC molecules to T lymphocytes. The consequences of this antigen processing/pre-
sentation event (i.e., activation or silencing of a TAA-specific immune response) are related to the APC involved
in scavenging of the dying cells. Indeed, immunization with DC but not macrophages pulsed with apoptotic cells
primed TAA-specific CTL, and conferred protection against a lethal tumor challenge. When apoptotic cells per
se were used for in vivo induction of a tumor-specific immune response, they appeared less immunogenic than
non-replicating live cells. Immunogenicity of apoptotic cells was proportional to the number of cells injected,
correlated with the serum concentration of IL-10 and IL-1 beta cytokines, and was enhanced in IL-10 knockout
mice. In collaboration with Rosato (University of Padova) and Magni, we also found that the induction of apop-
tosis of RMA lymphoma cells is associated with loss of the immunodominant CTL epitope gag85-93, leading to
a less efficient RMA-specific CTL response. Loss of gag85-93 is a common feature of apoptosis induced by UV
irradiation, mitomycin-c, doxorubicine or daunorubicine. In addition, loss of gag85-93 is caspase-dependent,
since caspases inhibition blocks apoptosis of lymphoma cells, and prevents loss of gag85-93. These findings pro-
vide a novel mechanism of apoptosis-dependent T lymphocyte epitope selection, and have relevant implications
in cancer as well as in autoimmunity.

Key words: immune response, dendritic cells, apoptosis, immunotherapy.

• Vaccine with the corpses (of tumor cells)
A. Bondanza, A. Manfredi, P. Rovere Querini, C. Rugarli, V. S. Zimmermann.

Tumor cells, which contain tumor antigens, frequently die. However, spontaneous tumors seldom elicit
immune responses. Local phagocytes actively sequester dying tumor cells and release soluble immunosuppres-
sive factors, which restrict the ability of antigen presenting dendritic cells (DC) to initiate tumor-specific immune
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responses. Among these factors, cytokines and gaseous messengers play a role. We found, in collaboration with
Bellone, that the immunogenicity of dying lymphoma cells is higher in IL-10 deficient mice. In collaboration 
with Clement, we found that nitric oxide, which is released by IFN-gamma stimulated scavenger macrophages,
disrupts the signaling pathway of the TNFR-1 via a cGMP dependent mechanism, interfering with DC matura-
tion and function. These results suggest that discrete signals must combine with dying cells to achieve immu-
nization. We found, in collaboration with Corti, that the physical bridging of TNF-alpha to killed melanoma 
cells substantially improves the results of anti-neoplastic vaccination. Conversely, in collaboration with Hermann
and Kalden (Erlangen), we found that to block the capture of dying tumor cells by macrophages increases 
their immunogenicity. We are investigating the possibility that synchronized cell death recruits tumor specific
immunity in cancer patients, and that the targeted modulation of the factors generated in situ influences 
this event.

• In vivo synchronization of T cell induced tumor apoptosis and maturing dendritic cells as a tool to
achieve protective anti-neoplastic immunity

A. Bondanza, A. Capobianco, A. Manfredi, P. Rovere Querini, C. Rugarli.
We are developing loco-regional cell therapies to achieve immunization of cancer-bearing subjects against their

own neoplasms. In particular, we are developing a combined approach, by which we simultaneously target in the
contest of a solid neoplasm: i) specific T lymphocytes, capable of recognizing and killing tumor cells and ii)
autologous immature DCs. We are setting up an in vivo system, relying on the ability of properly administered
P815 mastocytoma cells to grow as single metastatic lesions in DBA2 mice. We are monitoring the development
of tissue specific and systemic anti-neoplastic immunity, and the development of long-lasting memory respons-
es, capable of protecting animals towards further intra-hepatic and sub-cutaneous challenge with the tumor. The
success of this approach would open the possibility of targeted cell therapies in cancer patients with minimal
residual hepatic disease after surgery.

Key words: dendritic cells, apoptosis, cytotoxic T cells.

• Characterization of the immune response against natural tumor peptides
V. Facchinetti, M. A. Imro, G. Consogno, C. Rugarli, M. P. Protti.

Tumor antigens have been identified for melanoma but not for most other tumors. The natural tumor peptides
(NTP) obtained by acid treatment of tumor cells, a mixture of multiple antigens (peptides of 100-5000 mw) may
be an alternative for tumors less characterized for the existence of tumor antigens. Dendritic cells (DC) effi-
ciently internalize, process and present soluble antigens in association with both MHC class I and class II mole-
cules. We previously demonstrated that DC pulsed with NTP obtained from autologous or allogenic HLA
matched melanoma cells stimulate both CD8+ and CD4+ T cells from healthy donors and melanoma patients.
CD8+ T cells showed MHC class I restricted melanoma specific cytolytic activity and recognized epitope(s)
shared among melanomas. CD4+ T cells specifically proliferated in the presence of the melanoma cells from
which the peptides were extracted and comprised a heterogeneous population of cells. A subset, mostly of the
Th1 type, specifically killed HLA-DR-matched melanoma cells. These results prompted us to investigate the pos-
sibility to follow the same experimental strategy for renal cell carcinoma. NTP were obtained from a carcinoma
cell line established in our laboratory from a surgical specimen of a primary neoplasm. The HLA type of the line
was HLA-A*0201, -A*2601, -B*1402, -B*55, -C*0303, -C*0802. NTP pulsed DC were used to stimulate CD8+

T cells from one HLA-A2+ and one HLA mismatched HLA-A1+ healthy donors. Preliminary results show that
cytotoxic T cells, able to kill HLA matched but not HLA unrelated renal carcinoma cells, could be generated
from both donors, suggesting that NTP-pulsed DC not only stimulate renal cell carcinoma specific CTL but also
were able to cross-prime specific CTL in unrelated donors.

Key words: dendritic cells, melanoma, renal cell carcinoma.

• Generation of soluble recombinant CD1d and semi-invariant Va24/Vb11 TCR molecules
L. Zaccagnino, P. Tornaghi, P. Dellabona, G. Casorati.

It is important to determine how the semi-inv. Va24/Vb11 TCR interacts with the glycolipid/CD1d complex,
and compare this non-conventional tri-molecular complex with the conventional complexes formed by TCR-
peptide-MHC. To this aim, we have produced both soluble recombinant semi-inv. Va24/Vb11 TCR and hCD1d.
The molecules are produced in insect cells, and by several criteria appear to be correctly folded and assembled.
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These proteins will be used to measure the affinity of the NO T cell TAR for lipid Ceded complexes. Moreover,
in collaboration with M. Degano (Synchrotron, Trieste), large scale purification of soluble proteins is underway
to allow structural characterization and the start of crystallization trials.

Key words: NKT cells, TCR, CD1d.

• Optimization of antigen presentation for induction of tumor-specific immunity
C. Traversari, V. Russo, D. Maggioni.

Investigating the ability of human monocyte-derived dendritic cells (DCs) to induce tumor-specific T cell
responses, we demonstrated the existence of a new mechanism of cross-presentation. This mechanism relies on
a DC peculiar property of DCs: the ability of acquiring intact cell surface molecules by a close interaction with
“donor cells”. Indeed, the confocal microscopy analysis showed that acquisition of a cell surface marker by DCs
is dependent upon membrane contact and transfer. Most important, this property of DCs also includes acquisi-
tion of foreign human HLA molecules from human activated T lymphocytes and melanoma cells. The newly
acquired HLA molecules have a half-life similar to that reported for endogenous HLA class I, and are fully func-
tional as they allow recognition by allo-specific T-lymphocytes, and binding and presentation of defined pep-
tides. We believe that this mechanism may provide an additional pathway of cross-presentation particularly
active in the context of allogeneic organ transplantation, where DCs from the recipient could seed the trans-
planted organ, up-take and display the intact HLA of the donor, thus representing a continuos source of foreign
HLA presentation.

Key words: antigen presentation, dendritic cells, immunotherapy.

• Active vaccination of melanoma patients with engineered autologous T lymphocytes expressing the
MAGE-3 tumor antigen

C. Traversari, V. Russo, F. Ciceri, D. Maggioni.
The aim of this project is to translate into pilot clinical trials the result of the experimental research. We are

starting pilot vaccination studies in melanoma patients with MAGE-3- and HSV-TK-transduced autologous T
cells. The rational for this protocol derives from both in vivo and ex vivo clinical and experimental results. In
vivo we observed that genetically modified T cells are able to induce a transgene-specific immune response when
injected into immunocompetent recipients. Moreover, MAGE-3 engineered T cells are able to elicit in vitro
HLA-class I restricted effectors that specifically kill autologous tumor cells. All together these results strongly
suggest that in the presence of an active immune system, the repeated infusions of autologous engineered T cells,
expressing a defined TAA, may be effective in generating a strong tumor-specific immune response. The mech-
anism responsible for the in vivo induction of the immune response is still unclear. We hypothesized that at the
time of the injection part of the HSV-TK-transduced T cells die, then the released antigenic material is acquired
and presented by the host antigen-presenting-cells to the immune effectors. Based on these observations, we have
designed a pilot clinical study of vaccination in melanoma patients with autologous T cells expressing MAGE-3.
The study has been already approved by the HSR Ethical Committee, and it has been successfully submitted to
the Istituto Superiore della Sanità for discussions and suggestions. 

Key words: cancer vaccine, immunotherapy.

• Targeting antigen in mature dendritic cells for simultaneous stimulation of CD4+ and CD8+ T cells
C. Bonini, S. Muraro, Z. Magnani.

Due to potent immunostimulatory capacity, dendritic cells (DC) have become the centerpiece of many vaccine
regimens. Immature DC (DCimm) capture, process, and present antigens to CD4+ lymphocytes, which recipro-
cally activate DCimm through CD40, and the resulting mature DC (DCmat) lose phagocytic capacity but acquire
the ability to efficiently stimulate CD8+ lymphocytes. Recombinant vaccinia viruses (rVV) provide a rapid, easy
and efficient method to introduce antigens into DC, but we observed that rVV-infection of DCimm results in
blockade of DC maturation in response to all activation signals, including CD40L, monocyte conditioned medi-
um, LPS, TNF-a, and Poly-I:C, and failure to induce a CD8+ response. By contrast, DCmat can be infected with
rVV, induce a CD8+ response, but, having lost phagocytic activity, fail to process the antigen via the exogenous
Class II pathway. To overcome these limitations, we utilized the cytomegalovirus protein pp65 as a model antigen
and designed a gene containing the LAMP1 lysosomal targeting sequence (Sig-pp65-LAMP1) to target pp65 to
the Class II compartment. DCmat infected with rVV-Sig-pp65-LAMP1 induced proliferation of pp65 specific
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CD4+ clones and efficiently induced a pp65 specific CD4+ response, suggesting that after DC maturation the intra-
cellular processing machinery for Class II remains intact for at least 16 h. Moreover, infection of DCmat with rVV-
Sig-pp65-LAMP1 resulted in at least equivalent presentation to CD8+ cells as infection with rVV-pp65. These
results demonstrate that, despite rVV interference with DCimm maturation, a single targeting vector can deliver
antigenes to DCmat for the effective simultaneous stimulation of both CD4+ and CD8+ cells.

HOST/TUMOR INTERACTION

• Dying cells release endogenous adjuvants for dendritic cells: implications for cancer immunotherapy
A. Capobianco, A. Manfredi, P. Rovere Querini, F. Fazzini.

Microbial adjuvants direct the immune response against pathogens, promoting the activation of antigen pre-
senting cells. Also dying cells, in the absence of pathogens, release potent enhancers of immune responses. We
will refer to these moieties as endogenous innate adjuvants. To function as innate adjuvants, endogenous mole-
cules must: i) be normally contained into segregated compartments of living cells. ii) be released during cell
necrosis, while sequestered during programmed cell death. iii) elicit per se the maturation of the most potent
APCs, the dendritic cells (DCs). We are, in collaboration with Bianchi, characterizing the role played by select-
ed nuclear moieties in determining the maturation state of DC and in eliciting immune responses against intra-
cellular antigens in different mouse strains. Adjuvant activity is evaluated based on the ability to induce anti-neo-
plastic protection, endowed with memory and specificity. Censorship mechanisms must control innate adjuvants
released at the site of cell death. We previously found, in collaboration with Mantovani and coworkers (Mario
Negri Institute and University of Milano), that the long pentraxin PTX3, which is generated in peripheral tissues
under the control of the pro-inflammatory cytokines TNF-alpha and IL-1beta, selectively binds to dying cells
and hinders their internalization by DCs. We are characterizing, in collaboration with Mantovani, the influence
of PTX3 in vivo on the development of immune responses at the site of dead tumor cell clearance.

Key words: apoptosis, adjuvants, dendritic cells.

• Characterization of the homeostatic regulation of tumor-specific CD4+ T lymphocytes in tumor-bearing
mice

F. Benigni, S. Hugues, L. Rivino, V. Basso, L. Mahlerbe, N. Glaichenhaus, A. Mondino.
The mechanisms responsible for tumor escape from specific immune responses are still largely unknown.

While extensive information is available on the generation of tumor-specific CD8+ T cell responses, little is
known on the events that lead to activation and differentiation of CD4+ tumor-specific T lymphocytes. To inves-
tigate the fate of endogenous tumor-specific CD4+ T lymphocytes in tumor-bearing mice, we established a mouse
model of tumor responses and visualized tumor-specific lymphocytes in secondary lymphoid organs using pep-
tide-coupled MHC class II fluorescent multimers. Upon injection of tumor cells, tumor-specific CD4+ T cells
rapidly proliferated and differentiated in the lymph nodes draining the site of tumor growth. Primed tumor-spe-
cific CD4+ T cells were also found in the spleen, but quickly disappeared upon surgical removal of the tumor,
and could never be found in non-draining lymphoid tissues. This correlated with the rapid outgrowth of solid
tumors. In striking contrast, injection of smaller tumor burdens resulted in both priming and re-circulation of
tumor-specific lymphocytes and this correlated with delayed tumor growth and with the development of pro-
tection against secondary tumor challenges. These results suggest that tumor-specific protective responses can
develop in immuno-competent mice, but only at favorable lymphocytes to tumor ratio. Currently, protocols
aimed at expanding the population of CD4+ tumor-specific lymphocytes and at improving tumor rejection are
being developed and tested in this powerful pre-clinical animal model. This work was done in collaboration with
the  Institut de Pharmacologie Moleculaire et Cellulaire, 06560 Valbonne, France.

Key words: CD4+ T lymphocytes, tumor, differentiation.

• CD1d-restricted NKT cells in liver pathology
C. De Lalla, A. Monno, P. Dellabona, G. Casorati.

This study is done in collaboration with L. Aldrighetti, Surgery I, HSR, F. Sanvito and G. Arrigoni, Patholo-
gy, HSR. 

NKT cells expressing the semi-invariant Va24/Vb11 TCR are  peculiar T lymphocytes that recognize a-Glyco-
syl Ceramide antigens, presented by the non-polymorphic CD1d. Primary NK T cells secrete large amounts of
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cytokines (such as IFN-g and IL-4), and are implicated as regulatory cells in either enhancing or inhibit immune-
responses in cancer or auto-immune diseases. In mice CD1d-restricted NK T cells are compartmentalized in the
liver, where they account for up to 20-25% of T cells. Nothing is know about human hepatic CD1d-restricted NK
T cells, nor information are available on the involvement of NK T cells in hepatic malignancies. We are therefore
investigating NK T cell status in PBMC and liver surgical specimens obtained from patients suffering: 1. primary
Hepatocarcinoma (HCC); 2. hepatic metastasis from primary G.I. neoplasms. Human NK T cells, unlike the
mouse ones, only account for up to 1% of hepatic T cells (15 patients studied so far). However, there is substan-
tial increment of NK T cells in the liver of patients as compared to their peripheral blood (range 5-20 times), which
is particularly consistent in HHC patients with chronic HCV or HBV infections. Remarkably, the majority of both
circulating and hepatic NK T cells in cancer patients display a recently activated phenotype, suggesting that these
cells are actively responding to the pathological status. We are currently determining the effector functions as well
as the molecules controlling organ-specific migration of intra-hepatic NK T cells.

Key words: NKT cells, liver, tumor.

• Generation of transgenic mice expressing the human inv Va24/JaQ TCR chain
D. Cantarella, C. Garavaglia, A. Monno, P. Dellabona, G. Casorati.

The NKT-mediated response is strikingly conserved in mouse and man. NKT cells from both species express
highly homologous inv. TCR alpha rearrangements (Va24-JaQ in humans and Va14-Ja281 in mice), which recog-
nize both mouse and human CD1d. A number of questions concerning the ontogeny, survival and functions of
NKT cells could be more easily and carefully addressed in the mouse model. However, no reagents are available
to specifically recognize and track the NKT cells expressing the inv. Va14 TCR chain. We reasoned that the human
inv. Va24-JaQ chain could replace the mouse one in selecting mouse NKT cells, with the advantage of making the
NKT cells traceable by the Va24-specific mAb. In collaboration with M. Capone and H. R. MacDonald (LICR,
Lausanne, Switzerland) we have thus generated mice expressing the human invariant Va24-JaQ TCR cDNA. We
find that, in the absence of the endogenous inv. Va14 TCR, the h-inv Va24 TCR is necessary and sufficient to select
in a CD1d-dependent manner NK T cells. NK T cells expressing the Tg TCR accumulate preferentially in the liv-
er. However, the generation and export of Tg NK T cells appears to be under tight homeostatic control. We are
currently addressing the basis for selective hepatic homing, and the homeostatic control of Tg NK T cells.

Key words: NKT cells, TCR.

• CD8+ T cell response to tumors studied by using a transgenic mouse model
M. Perico, G. Casorati, P. Dellabona.

The definition of the cellular and molecular mechanisms that regulate the immune system/tumor interaction
is of critical importance for tumor immunology, and has great impacts on the design of experimental therapeu-
tic strategies, The major limitation of this study is that it is not possibile to analyze tumor specific T cells at the
single cell level in tumor bearing animals. To overcome this problem, we have generated a model whereby grad-
ed number of traceable transgenic OT-I CD8+ T cells, specific for H-2 Kb-restricted OVA peptide, are trans-
ferred into non-transgenic C57BL/6 animals, These animals are subsequently challenged with B16.F1 melanoma
cells, expressing a cytoplasm form of OVA. We find that B16-OVA primes OT-I in DLN and spleen, but cannot
sustain the OT-I response over time, resulting in tumor outgrowth. We are currently determining whether we
can improve anti-tumor effector functions by introducing in the system the chemochine CCL21 (SLC, secondary
lymphoid tissue chemokine). CCL21 enhances migration of DC from the tumor site to draining lymphnodes, as
well as improve lymphnode extravasation of naïve T cells, leading in turn to the potentiation of the T cell
response to tumor derived antigens.

Key words: tumor immunology, CD8+ T cells, adoptive immunotherapy.

EFFECTOR FUNCTION IMPROVEMENTS

• Role of p55 and p75 TNF receptors in cell necrosis and apoptosis
M. Pelagi, F. Curnis, A. Sacchi, A. Manfredi, A. Corti.

Several lines of evidence suggest that TNF can trigger via TNF-Receptors both cytotoxic signals and protec-
tive mechanisms. For instance, TNF receptors can trigger signals for apoptosis, by activating a cascade of inter-
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actions culminating with caspase activation, as well as rescue via NFkB activation. Recent findings indicate that
caspases can play opposing effects. While several papers report that TNF-induced cell apoptosis involves cas-
pases, a recent study has shown that inhibition of caspases enhances the TNF-mediated production of oxygen
radicals and potentiates the TNF-mediated necrosis. This suggests that caspases may also act as negative regula-
tors of TNF-induced cell necrosis. Using transcription inhibitors and/or caspase inhibitors, we have investigat-
ed the roles of the TNF receptors in L-M cell killing under conditions in which cells die by necrosis or apopto-
sis. Stimulation of TNFR1 was sufficient to induce either cell necrosis or apoptosis. Experiments based on the
use of receptor-agonist and antagonist antibodies showed that TNFR2 contributes to cell necrosis and apopto-
sis. Simultaneous stimulation of TNFR2 and TNFR1 with specific agonists indicated that TNFR2 functionally
cooperates with TNFR1 to potentiate the response indirectly, by inducing endogenous TNF cytotoxicity. Cas-
pase inhibitors enhanced the cytotoxic effect of endogenous TNF, suggesting that TNFR2 modulation can reg-
ulate the global necrotic response to TNF. 

Key words: necrosis, apoptosis, caspase.

• Caspases restrict the survival and the function of tumor specific T cells
M. Ferrarini, A. Manfredi, P. Rovere Querini, C. Rugarli. 

Tumors hinder the function of T cells. In particular, the repeated exposure to persisting tumor cell antigen
determines the “serial triggering” of the T cell receptors (TcR) and confers susceptibility to Fas-mediated cell
suicide. We used a well characterized model for the study of tumor-induced, activation dependent T cell death,
i.e. the interaction between human Vgamma9/Vdelta2+ T cells and Daudi lymphoma. In collaboration with
Clement, we showed that apoptosis of gamma delta T cells: 1) is related to their activation state; 2) requires an
intact Fas-dependent pathway; and 3) involves ceramide intracellular accumulation and mobilization of the Ca++

ion from intracellular stores. gamma/delta TcR activation, mediated by recognition of Daudi lymphoma cells and
soluble antigens, determines the up-regulation of the physiological ligand of Fas (FasL). The interaction between
Fas and FasL, expressed by bystander activated lymphocytes, recruits caspase 3 and 8. Conversely, chronically-
activated gamma/delta T cells dramatically down-regulate their cytotoxic and secretory function upon repeated
antigen recognition. Factors in the microenvironment, and in particular the gaseous messenger nitric oxide, con-
trol T cell apoptosis, preventing ceramide accumulation and caspase activation. Caspase hindrance enhances
gamma/delta T cell survival and sustains the killing of neoplastic cells and the release of IFN-gamma and TNF-
alpha. Caspases of tumor-specific T cell represent a candidate target to complement adoptive immunotherapy
strategies.

Key words: apoptosis, caspase, adoptive immunotherapy.

• Characterization of cell cycle regulation in normal and unresponsive CD4+ T lymphocytes
S. Colombetti, A. Mondino.

Activation of T lymphocytes via the antigenic receptor in the absence of appropriate co-stimulation induces T
cell unresponsiveness (anergy) which renders T cells unable to respond to optimal re-stimulation. Anergic T cells
are characterized by defective transcription of the IL-2 gene, and are specifically blocked in the G1 phase of the
cell cycle. It was previously shown that proliferation at the time of anergy induction could prevent T cell unre-
sponsiveness. To identify the events that determine G1 cell cycle arrest and design new strategies to elicit lym-
phocyte proliferation and bypass T cell unresponsiveness, we investigated cell cycle-related events in normal and
anergic T cells. We found that anergic T cells did not proliferate upon antigenic re-challenge, because of the
inability to up-regulate cyclin D3, to down-regulate p27 Kip and to hyper-phosphorylate Rb. However, single
cell Flow Cytometry and Western Blot analyses revealed that CD3/CD28 stimulation was able to force G1 to S
transition, most likely via an IL-2 independent pathway, and to mediate proliferation of both control and unre-
sponsive T cells. Interestingly, in spite of CD3/CD28-induced proliferation, anergy was maintained and unre-
sponsive T cells were still unable to respond to antigenic re-challenge. These results indicate that while tolerance
can be prevented at the time of induction, it cannot be reverted at later times, and it may reflect a differentiation
program similar to the one that naive T cells undertake to become effector T cells. In the future we will investi-
gate if tolerance induction and maintenance is similarly regulated in vivo and characterize a possible role for ter-
minally differentiated unresponsive T cells during antigen/tumor-specific T cell responses.

Key words: cell cycle.
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• Genetic manipulation of antigen specific CD4+ T lymphocytes
D. Crespi, S. Massa, V. Basso, S. Colombetti, A. Mondino.

Suboptimal activation of CD4+ T lymphocytes results in a state of T cell unresponsiveness, which has been
implicated in the maintenance of peripheral tolerance against self-antigens and spontaneously occurring tumors.
The inability of unresponsive T cells to respond to antigenic stimulation correlates with defective T cell recep-
tor (TCR)-driven Ras activation. To investigate if forced expression of a constitutively active form of the Ras pro-
tein (Leu61Ras) could prevent or bypass T cell unresponsiveness we performed retroviral-mediated gene deliv-
ery experiments. Expression of Leu61Ras in primary T cells elicited TCR-independent phosphorylation of
p42/44 Erk and production of the transcription factors belonging to the Fos family, but did not lead to sponta-
neous IL-2 production or T cell proliferation. Indeed, Ras-transduced T cells, similarly to control T cells
required stimulation with antigen-pulsed antigen presenting cells to be propagated in culture. Upon sub-optimal
stimulation (Ionomycin) only Ras-expressing cells secreted IL-2, suggesting that retroviral-mediated Leu61Ras
expression in T cells does indeed bypass the needs for some of the TCR-generated intracellular signals. Howev-
er, the ability to secrete IL-2 was similarly impaired in control and Ras-expressing cells upon T cell unrespon-
siveness induction by chronic TCR stimulation, suggesting that even though Leu61Ras is able to mimick TCR-
induced Ras activation, it is unable to prevent TCR-driven T cell unresponsiveness. The involvement of addi-
tional functional molecular targets for the induction and maintenance of lymphocytes unresponsiveness is cur-
rently under investigation.

Key words: signal transduction, gene therapy, IL-2

• Use of donor lymphocytes expressing a suicide gene for controlled immune reconstitution and anti-
tumor reactivity after stem cell transplantation

C. Bonini, F. Ciceri, S. Marktel, Z. Magnani, E. Zappone, C. Traversari, C. Bordignon.
In allogeneic bone marrow transplantation the infusion of donor lymphocytes mediates the graft-versus-

leukemia effect (GvL) and immune reconstitution. However, graft-versus-host disease (GvHD) represents a fre-
quent complication. We showed that the infusion of donor lymphocytes expressing the herpes simplex virus
thymidine kinase (HSV-tk), conferring ganciclovir (GCV) sensitivity, is an efficient tool for controlling GvHD,
while preserving GvL. A clinical protocol for programmed infusions of HSV-tk-donor lymphocytes for immune
reconstitution and relapse prevention after haploidentical transplants was recently designed. Despite the encour-
aging results, three limitations related to the HSV-tk suicide gene were identified: 1) The partial resistance to
GCV of chronic GvHD. 2) The need of using GCV to treat cytomegalovirus disease. 3) A strong immune
response against HSV-tk cells. Based on these limitations, we designed a non immunogenic, non cell cycle-
dependent suicide gene based on the death domain of FAS. The DFAS vectors contain the cell surface marker
DLNGFR fused with two copies of a modified FK506-binding-protein (DFKBP) and the intracytoplasmic
domain of FAS. Human T cells transduced by this construct underwent apoptosis by the addition of the specif-
ic synthetic dimerizer drug AP1903, that selectively binds DFKBP. Apoptotic cells were detected within one
hour of drug treatment. Multiple exposure to AP1903 resulted in the elimination of 90-95% of engineered cells.
Unlike HSV-tk expressing lymphocytes, DFAS-transduced cells were eliminated regardless of their prolifera-
tive/activation status. These data suggest that DFAS, based on expression of human products and therefore less
or non immunogenic, can circumvent the intrinsic limitations of HSV-tk in treating GvHD.

TUMOR TARGETING

• Targeted nonviral vectors for cancer gene therapy
L. Monaco, N. Zarovni, L. Tedesco, R. Vago, M. S. Fabbrini.

We plan to direct cytotoxic genes to vascularized tumors by the systemic injection of DNA complexes direct-
ed to the tumor endothelium. To this aim, we have designed nonviral DNA vectors, consisting of synthetic pep-
tides comprising a targeting moiety fused to a polylysine stretch, for DNA binding and compaction. The target-
ing portion consists of a cyclic peptide comprising either the NGR motif, for CD13 binding, or the RGD motif,
for integrin binding. As a control, a peptide with the same bifunctional design, but with an irrelevant ARA motif
has been prepared. The peptides are able to bind and compact plasmid DNA, and to promote transfection of
cultured cells with a luciferase reporter gene. In the mouse melanoma cell line B16, RGD- or NGR-peptides are
more efficient than the control ARA peptide in transfections of the reporter luciferase gene. The specificity of
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such behavior is under investigation. A vascular cell line will be employed for confirmation of these results. In
vivo experiments on tumor-bearing mice will follow, using the gene coding for the ribosome inactivating protein
saporin, complexed to the targeting peptides as above. 

Key words: nonviral vectors, melanoma, gene therapy.

• Targeted delivery of Tumor Necrosis Factor-alpha (TNF) to tumor-associated vessels
F. Curnis, A. Gasparri, A. Sacchi, L. Fischetti, A. Corti.

The potential use of TNF as an anti-cancer drug has been investigated in several preclinical and clinical stud-
ies. Unfortunately, phase I-II clinical trials showed that systemic administration of large, therapeutically effective
doses of TNF were accompanied by prohibitive systemic toxicity. For this reason, attempts to administer TNF
systemically to cancer patients have been essentially discontinued. Nevertheless, some features of TNF activity,
in particular its still unexplained selectivity for tumor vasculature, that eventually leads to haemorrhagic necro-
sis of the tumor, has continued to nourish hopes as regards the possibility of a therapeutic application of TNF
in cancer patients. Among the various approaches that has been pursued to exploit the anti-tumour activities of
TNF, regional administration of high doses have produced the most encouraging results. Studies on the mecha-
nism of action showed that most of the anti-tumor effects of TNF are related to selective obstruction and dam-
age of the tumor-associated vessels. These notions provide the rational for developing a “vascular targeting”
strategy to improve the therapeutic index of this cytokine and to enable systemic administration of therapeutic
doses. We have found that TNF fused with the CNGRC peptide (NGR-TNF), an aminopeptidase N (CD13) lig-
and that targets the tumor neovasculature, is much more efficient than TNF in decreasing the tumor burden in
animal models. For instance, human NGR-TNF induced stronger anti-tumor effects than human TNF, even with
30-times lower doses, with lower toxicity. We have also found that targeted delivery of low, non-toxic, doses of
NGR-TNF to tumor vessels synergistically enhances the anti-tumor activity of melphalan, possibly by affecting
the tumor-vessel permeability.

Key words: tumor therapy, immunotherapy, cytokines, angiogenesis.

• Role of TNF receptors and chromogranin A in the regulation of vascular permeability
E. Ferrero, E. Magni, B. Colombo, A. Corti.

The formation of endothelial intercellular gaps and the leakage of plasma into extravascular tissues are critical
events in the physiopathological response to several inflammatory stimuli. For instance TNF, thrombin, oxidants,
histamine and shear stress are known to perturb the endothelial barrier function by inducing changes in endothe-
lial cell cytoskeleton and altering cell adhesion mechanisms. Little is known on the mechanisms that regulate the
decrease of the endothelial barrier function, and even less about the mechanisms that protect vessels from leak-
age, locally and systemically. We have investigated the role of p55 and p75 TNF receptors in TNF-induced alter-
ation of endothelial permeability using various agonist and antagonist antibodies and receptor-specific muteins.
We found that stimulation of p55-TNFR is necessary and sufficient to increase endothelial permeability in vitro
and in vivo. Moreover, we have also found that chromogranin A (CgA), a protein released in circulation by neu-
roendocrine cells and neurons after appropriate stimuli, can inhibit the TNF-induced vascular leakage in a
mouse model. The in vitro and in vivo effects of CgA were inhibited by an anti-CgA antibody directed to residues
Arg53, His54 and Leu57. Thrombin-induced permeability of endothelial cell monolayers was also inhibited by
CgA. Studies on the mechanism of action showed that this protein prevents the perturbation of endothelial cell-
shape and rearrangement of the actin-based cytoskeleton without inhibiting the TNF-TNF receptor interactions.
We propose that neuronal/endocrine secretion of CgA plays a role in the regulation of the endothelial barrier
function and contributes to protect vessels against plasma leakage in inflammatory diseases.

Key words: tumor, cell adhesion, endothelium, inflammation.

• Structure-activity relationships of Chromogranin A in cell adhesion: identification of pro-adhesive and
anti-adhesive sites for fibroblasts and smooth muscle cells

S. Ratti, F. Curnis, A. Corti.
CgA is an acidic glycoprotein belonging to a family of regulated secretory proteins stored in the dense core

granules of the adrenal medulla and many other neuroendocrine cells and neurons. After an appropriate stimu-
lus CgA is released in the extracellular environment together with the co-resident hormones and then reaches
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the blood stream via the capillaries or the lymph vessels. Elevated levels of circulating CgA have been detected in
the blood of patients with neuroendocrine tumors or heart failure. The physiological role of this protein after
secretion is still unclear. It has been proposed that CgA might play a role as a precursor of biologically active pep-
tides with endocrine, paracrine, and autocrine functions. Tissue-specific proteolytic processing has been observed
by many investigators. We have previously demonstrated that a fragment corresponding to residues 1-78 can
induce adhesion and spreading of fibroblasts and smooth muscle cells onto solid-phases, suggesting a role of CgA
as a modulator of cell adhesion phenomena. The effect of CgA 1-78 was blocked by anti-CgA antibodies against
epitopes including residues R53, H54 and L57. Structure function studies showed that the N-terminal domain of
CgA contains both pro-adhesive and anti-adhesive sites. A pro-adhesive site was mapped within the highly con-
served region 47-57. The high sequence conservation and accessibility to antibodies suggest that this region is
important for the physiological role of CgA. Moreover, since we have detected CgA in polymorphonuclear cell
secretions (in collaboration with D. Aunis, Strasbourg), the capability of its fragments to affect the physiology of
fibroblast and smooth muscle cells could be important in inflammatory reactions and tissue repair.

Key words: chromogranin A, neuroendocrine cells, neuroendocrine tumors, cell adhesion, smooth muscle cell.

CLINICAL TRIALS

• Pilot study of vaccination with autologous dendritic cells pulsed with natural melanoma peptides
obtained from allogenic partially matched melanoma cells in metastatic melanoma patients

A. Borri, G. Consogno, M. Bellone, C. Rugarli, M. P. Protti.
We have designed a pilot clinical study aimed at testing the safety and toxicity of vaccination with autologous

DC pulsed with natural tumor peptides (NTP) obtained from allogenic partially matched melanoma cells in
metastatic stage II and IV melanoma patients and to verify the induction of anti-tumor immunity. The study is
based on pre-clinical evidence that: i) NTP contain shared tumor specific melanoma antigens able to stimulate
both CD8+ and CD4+ T cells with specific killing activity, and ii) peripheral blood lymphocytes from melanoma
patients stimulated with autologous DC pulsed with NTP from allogenic partially matched melanomas stimulate
an immune response directed against the autologous tumor. Patients (expressing the HLA-A1 and/or HLA-A2
alleles) in stage II and IV with superficial or measurable lesions detectable with clinical and instrumental exam-
ination will be vaccinated by intradermal injection of autologous DC pulsed with NTP obtained from SK-Mel
24 melanoma cells plus an immunological tracer. NTP from SK-Mel 24 melanoma cells were used in the pre-clin-
ical studies and well characterized as antigens and immunogens. 

The clinical protocol has been approved by the Local Ethical Board, and it has been discussed with the experts
of the Istituto Superiore di Sanità. The NTP and the DC are being produced in good manufacturing procedure
(GMP) conditions to obtain the proper certificates of final approval from the Ministry of Health.

Key words: dendritic cells, melanoma, vaccination, immunotherapy.

TIGET

• Gene therapy of primary immunodeficiencies
A. Aiuti, A. Mortellaro, L. Duprè, G. Adolfi, C. Bordignon, M. G. Roncarolo.

Primary immunodeficencies (PID) are rare genetic disorders caused by mutations in the genes encoding for
crucial molecules of the immune system. We are developing novel approaches of gene therapy for several PID,
including adenosine deaminase (ADA)-deficient SCID, Wiskott-Aldrich syndrome, and X-linked proliferative
disease. The approaches are based on gene transfer of the therapeutic gene into autologous hematopoietic
stem/progenitor cells (HSPC) and/or into mature peripheral blood lymphocytes (PBL), using retroviral vectors
or lentiviral vectors. 

Optimisation of in vitro protocol for gene transfer into PBL using retroviral vectors resulted in a reproducible
efficiency ranging from 20 to 30 %. In addition, to transduce HSPC we have developed an improved gene 
transfer protocol into bone marrow and cord blood CD34+ hematopoietic stem/progenitor cells (see also
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Hematopoietic Stem Cells: Biology and Gene Transfer). Transduced cells are tested in vitro and in vivo in pre-
clinical models to define levels of transgene expression, persistence of the transgene and correction of the
immune functions. 

Depending on the underlying pathogenic mechanism responsible for the disease, gene transfer in PBL or in
HSPC or in both is explored for complete correction of the clinical phenotype. 

Importantly, the immunological and molecular follow up of ADA-deficient SCID patients enrolled in our gene
therapy clinical trial (see also Clinical Research Unit) permitted the in vivo functional characterisation of PBL
transduced in vitro with retroviral vectors containing the ADA gene. Results showed that genetically modified
PBL survive long-term, express vector ADA, carry a polyclonal T-cell repertoire, and respond normally to mito-
gens and recall antigens. However, the role of gene therapy in restoring immune functions has been difficult to
assess because of the concomitant treatment with PEG-ADA. We are currently evaluating the therapeutic effect
of PBL gene therapy in the absence of PEG-ADA replacement therapy, and its role in restoring normal immune
functions. 

• The role of IL-10 and T regulatory cells in inducing/maintaining tolerance to alloantigens and geneti-
cally modified cells.

M. G. Roncarolo, R. Bacchetta, M. K. Levings, R. Sangregorio, C. Sartirana, E. Tresoldi, K. Fleischhauer, E. Zino.
Well-characterized mechanisms for the establishment of peripheral tolerance are the induction of unrespon-

siveness in antigen (Ag) specific effector T cells and active suppression by T regulatory (Tr) cells. CD4+ T regu-
latory type 1 (Tr1) cells, extensively studied by our group, have a unique cytokine production profile since they
secrete high amounts of IL-10, considerable levels of IFN-g, TGF-b and IL-5, but no IL-4 and low or no IL-2.
Tr1 cells suppress Ag-specific primary T-cell responses via production of IL-10 and TGF-b and can be differen-
tiated in vitro in the presence of IL-10 and IFN-a. 

A major goal of our work is to investigate the potential clinical use of IL-10 and/or Tr cells to induce tolerance
to alloAgs and to transgene products. We developed a clinical protocol for adoptive transfer of donor T cells
which have been anergized ex vivo by IL-10 towards host-specific Ags in haploidentical bone marrow trans-
plantation (BMT) to improve immunoreconstitution without increasing the risk of GVHD.

We assume that elucidation of the mechanisms underlying induction of tolerance in BMT and organ trans-
plantation can be directly exported and applied to induction of tolerance to vector-derived proteins. Indeed,
one of the major problems limiting gene therapy is the immune response to genetically altered cells resulting in
their rapid elimination. The use of Ag-specific Tr cells should result in suppression of only those T cells specif-
ic for genetically modified cells. We used Thymidine kinase (TK) as a model Ag to isolate TK-specific Tr1 cells
and to study the modulation of response of naive and memory TK-specific T cells in normal donors and in
patients who have been primed in vivo following the infusion of TK-modified allogenic donor lymphocytes.

LYMPHOCYTE DEVELOPMENT

• Role of Epithelial V-like Antigen (EVA) in thymocyte development
M. Guttinger, L. De Monte, S. Porcellini, B. Merati, M. Panigada, F. Sanvito.

Adhesion molecules play a well established role in governing early stages of thymocyte development as well as
thymic epithelium organization. Epithelial V-like Antigen (EVA) is a new immunoglobulin-like adhesion mole-
cule, highly expressed in embryonic thymic epithelium. To elucidate the role of EVA in thymocyte development
we used a human keratin K14 promoter to prolong the expression of Eva in thymus cortex in adult life. Trans-
genic thymi show a modified cortical environment, which elicit in an increase in organ size, absolute cell num-
ber, and number of thymic nurse cells complexes, that represent unique niches for thymocyte development. Rate
of early thymocyte maturation is increased and peripheral T lymphocytes are augmented throughout life. Age-
dependent thymic modifications seem to occur lately in transgenic mice. All our data suggest that EVA plays an
important role in early lymphocyte development, affecting establishment and maintenance of mature T lympho-
cyte repertoire. 

Key words: thymus, development.



NON VIRAL INFECTIOUS DISEASES

• Parasite immunology: cytoadherence of Plasmodium falciparum-infected erythrocytes is mediated by a redox-
dependent conformational fraction of CD36

M. Alessio, P. Gruarin.
The adherence of Plasmodium falciparum-infected red blood cells (IRBC) to postcapillary venular endotheli-

um is an important determinant of the pathogenesis of severe malaria complications. Cytoadherence of IRBC to
endothelial cells involves specific receptor/ligand interactions. The glycoprotein CD36 expressed on endothelial
cells is the major receptor involved in this interaction. Treatment of CD36 expressing cells with reducing agents
was followed by CD36 conformational change monitorable by the appearance of the Mo91 monoclonal antibody
epitope. Only a fraction of the surface expressed CD36 molecules became Mo91 positive, suggesting the pres-
ence of two subpopulations of molecules with different sensitivity to reduction. The Mo91 epitope has been
localized on a peptide of the C-terminal cysteine-rich region of CD36. Treatment with reducing agents inhibit-
ed the CD36-dependent cytoadherence of IRBC to CD36-expressing cells and dissolved pre-existent CD36-
mediated IRBC/CD36-expressing cell aggregates. CD36 reduction did not impair functionality of CD36 since
the reactivity of other anti-CD36 mAbs, as well as the binding of oxLDL, a CD36 ligand, were maintained. The
modifications induced by reduction were reversible. After 14 hours CD36 was reoxidized, the cells did not
express the Mo91 epitope and cytoadherence to IRBC was restored. The results indicate that IRBCs bind only
to a redox-modulated fraction of CD36 molecules expressed on the cell surface. Present data indicate the ther-
apeutic potential of reducing agents, such as the non toxic drug N-acetylcysteine, to prevent or treat malaria
complications due to IRBC cytoadhesion. This study was in collaboration with L. Primo, C. Ferrandi, IRCC,
Candiolo, Turin and P. Arese, D. Ulliers, University of Turin.

Key words: parasites, adhesion molecules.

• Human gamma/delta cells in the immune response to pathogens
M. Ferrarini, L. Dagna, P. Biswas, B. Mantelli, D. Resta, F. Delfanti, C. Fortis, G. Poli, A. Manfredi.

Human Vgamma9/Vdelta2 (gd) T lymphocytes are thought to play a crucial role in the immune response
against intracellular pathogens, including M. tuberculosis. Indeed, they secrete type-1 cytokines upon recognition
of non-peptidic mycobacterial antigens and kill M. tuberculosis-infected macrophages. We have evaluated
whether in vitro culture of gd T lymphocytes in a type-1/-2 polarizing milieu can affect these functions. gd lym-
phocytes from healthy donors mostly displayed a remarkably stable Th1/Th0 phenotype in either culture con-
dition; only in one subject out of 8 was a complete Th1/Th2 polarization obtained. The comparison between
type-1 and type-2 gd cell populations showed that the latter produced higher levels of IL-4 and IL-10, and of the
Th2-chemoattractants I-309 and TARC, and lower levels of IFN-g; moreover they killed less efficiently
macrophages pulsed with tubercular antigens. Th2 polarization of gd cells may then impair both their effector
and regulatory function in the immune response against intracellular pathogens. 

gd T lymphocytes may also play a role in accelerating AIDS progression in individuals co-infected with M.
tuberculosis, since they release HIV promoting cytokines in response to mycobacterial antigens and are relatively
spared in the course of HIV infection. To test this hypothesis, we set an in vitro model of co-infection, stimulat-
ing human gd lymphocytes with mycobacterial antigens in the presence of chronically HIV-infected U1 cells. gd
cell activation lead to two opposite outcomes, i.e, killing of U1 cells and induction of HIV expression, both main-
ly mediated by the release of TNF-a and IFN-g by activated lymphocytes. Notably, induction of HIV expression
was preeminent when gd cell response was less efficient, as reported in AIDS patients.

Key words: gamma delta lymphocytes, M. tuberculosis, cytokines, chemokine.
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VIRAL IMMUNOLOGY PROGRAM

ANTIVIRAL THERAPY AND IMMUNE RECONSTITUTION

• In vitro thymopoietic potential of HIV+ subjects discriminates peripheral proliferation from thymic 
output

S. Porcellini, G. Vallanti, G. Poli, S. Nozza, G. Tambussi, A. G. Siccardi, F. Grassi.
Once viral load is brought under control by pharmacological treatment, reconstitution of the immune response

is critical for the survival of HIV-infected individuals. The attainment of such a reconstitution could depend on
individual thymic function. Recent data suggest that the adult thymus may play a role in the renewal of the T cell
pool. We studied T cell generation with peripheral precursors of HIV+ patients by chimeric fetal thymic organ
culture (FTOC) and compared the results with quantification of recent thymic emigrants (RTEs). Two groups of
patients were analysed longitudinally (every two months for one year): HAART (n=9) vs HAART+IL-2 (n=13).
Thus we assessed the effect of T cell proliferation induced by IL-2 on the sensitivity of TREC detection versus
T cell development in FTOC. We demonstrated that the increase in CD4-T cell count observed during HAART
is due, at least partially, to the production of newly generated T cells. T cell regeneration capacity is not com-
pletely abrogated after viral infection, at least in those patients in whom viral load is maintained under a
detectable level. Conversely, those patients that experienced a spreading of viral replication (n=3) display a
reduction in T cell regeneration capacity. Furthermore, our results demonstrate that FTOC allows a reliable mea-
surement of the individual T cell development capacity. Conversely, quantification of RTEs failed to unequivo-
cally demonstrate the real thymic output; in fact, in those patients in whom IL-2 treatment induced a larger
increase in CD4+ T cell count, the number of RTEs dropped. These results suggest that caution must be used in
considering the number of RTEs as a direct measurement of thymic output, at least in the presence of changes
in peripheral T cell division rate.

Key words: HIV immune reconstitution, HIV FTOC, HIV TREC.

• The B-oligomeric subunit of pertussis toxin inhibits HIV-1 replication at multiple stages of its life cycle
M. Alfano, T. Pushkarasky, G. Poli, M. Bukrinsky.

We have recently demonstrated that the binding subunit (B-oligomer) of pertussis toxin (PTX-B) deactivates
CCR5 and inhibits entry of R5 human immunodeficiency virus type 1 (HIV-1) strains in activated primary T lym-
phocytes. We now present evidence that PTX-B also affects a post-entry step of HIV-1 replication. While PTX-
B inhibited fusion induced by R5 but not that induced by X4 envelopes, it blocked infection of T cells with
recombinant HIV-1 particles pseudotyped with R5, X4, and even murine leukemia virus or vesicular stomatitis
virus envelopes. It also suppressed HIV-1 RNA synthesis in cultures of infected peripheral blood mononuclear
cells when new infections had been inhibited by zidovudine, and it reduced Tat-dependent expression of the
luciferase reporter gene controlled by the HIV-1 long terminal repeat (LTR). Surprisingly, PTX-B did not affect
expression from the cytomegalovirus promoter, nor did it reduce the basal (Tat-independent) expression from
the LTR promoter. These results indicate that PTX-B inhibits HIV-1 infection at both the entry and the post-
entry stages of viral replication, with the post-entry activity specifically affecting transcription or stability of Tat-
stimulated HIV-1 mRNAs.

Key words: pertussis toxin, b-oligomer, HIV transcription.

• Structure-function analysis of HIV-suppressive chemokines and rational design of novel anti-HIV 
compounds

P. Lusso, S. Polo, V. Nardese, F. Sironi.
Our discovery of the HIV-suppressive effect of chemokines in 1995 has opened new perspectives for the ther-

apy of HIV infection. However, to develop new antiviral agents based on these chemokines, it is essential to pre-
cisely map the determinants of antiviral activity and verify whether they can be uncoupled from those mediating
receptor activation. By peptide scanning of RANTES, the most potent HIV-suppressive chemokine, we identi-
fied the primary determinants of CCR5 recognition and HIV-1 blockade within a single region, encompassing
the “N-loop” and an aromatic cluster within the b1-strand. Strikingly, we observed a complete dissociation
between the antiviral and pro-inflammatory activities, since the HIV-blocking peptides failed to induce CCR5-
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mediated calcium mobilization, while acting as RANTES antagonists in a test of primary lymphocyte chemotaxis.
Structural analysis of the antiviral determinants of RANTES may lead to the rational design of effective HIV
inhibitors. We also performed experimental mutagenesis of the full-length RANTES gene, followed by recom-
binant expression of the protein in baculovirus. We found that selected residues within the N-loop are essential
for the biological function, further demonstrating the importance of this region for the interaction with the
receptor. However, we found that mutations within the N-terminal region also affect the ability of RANTES to
bind to CCR5 and to block HIV-1. Moreover, we generated two unique N-terminal mutants showing an
increased anti-HIV activity, correlated with an increased binding affinity for CCR5, but lacking the ability to acti-
vate CCR3 and CCR5. These results may be relevant for the development of novel therapeutic approaches
against AIDS and inflammatory disorders. This study was in collaboration with Prof. Pavone, University of
Naples; Prof. Bolognesi, ABI-IST, Genoa; Dr. P. Sarmientos, PRIMM, Milan and Dr. R. Longhi, CNR, Milan.

Key words: chemokine, HIV antiviral agents.

• Longitudinal monitoring of relevant immune marker expression in primary HIV infection 
P. Biswas, A. Galli, D. Ciuffreda, B. Capiluppi, B. Mantelli, A. Lazzarin, G. Tambussi.

We are performing a longitudinal study in which we examine by flow cytometry a wide range of surface mark-
ers in peripheral blood mononuclear cells from patients with primary HIV infection, including activation,
naive/memory molecules as well as the following chemokine receptors: CXCR4 and CCR5, the major HIV core-
ceptors, and CXCR3 and CCR3. The time points evaluated are prior to the beginning of antiretroviral therapy
(t0), and two (t2), six (t6), twelve (t12) months post-therapy. A progressive normalization of the CD4/CD8 ratio
is occurring in all patients indicating the efficacy of antiretroviral therapy. At t0 a profound disregulation of
CCR5+ and CXCR4+ cells occurs: CCR5+ cells, restricted to CD8+ lymphocytes, and CXCR4+ cells, confined to
CD4+ lymphocytes, are significantly higher and lower, respectively, as compared to control values. During the fol-
low-up a substantial increase of naive CD4 lymphocytes (CD45RA+CD4+ and CD45RA+CD62L+) was docu-
mented, as well as the CXCR4+CD4+ subset coupled to a sustained decrease of memory CD8 lymphocytes
(CD45RO+CD8+) and of the CCR5+CD8+ subset. Low percentages of CXCR4+CCR5+ cells are recorded
throughout the study in both HIV patients and controls. A marked expansion of CD38+CD8+ and HLA-
DR+CD8+ cells is also documented at t0, but these subsets do not show a clear trend among patients during the
follow up. Few CD69+ cells are present and, intriguingly, CD30+ cells are virtually absent at t0 and at later time
points. Monitoring of selected surface markers on CD4 and CD8 lymphocytes may contribute to the compre-
hension of the immunological response when structured interruptions of therapy or therapeutic vaccines need
to be undertaken for these patients.

Key words: HIV PHI, chemokine receptors.

CNS INFECTIONS

• Progressive multifocal leukoencephalopathy and other HIV-related opportunistic CNS infections in the
era of highly active antiretrovital therapy 

P. Cinque, A. Bestetti, S. Bossolasco, R. Marenzi, C. Pierotti, M. G. Viganò, B. Giudici, A. Antinori, A. Lazzarin.
The advent of HAART has dramatically reduced the frequency of HIV-related opportunistic infections,

including those involving the central nervous system (CNS). We have locally documented such a decrease and,
furthermore, have substantially contributed with our cases to document the epidemiology changes at a national
level. However, there are a few exceptions, namely AIDS-related lymphomas and progressive multifocal leukoen-
cephalopathy (PML), the incidence of which is still worrying. The use of HAART in patients with PML is asso-
ciated with increased survival, disease stabilization and clearance of JC virus from the cerebrospinal fluid. How-
ever, approximately half of the patients receive no benefit from these treatments, and, according to our obser-
vations, PML outcome appears to be worse in patients who respond promptly to anti-HIV therapy in terms of
CD4 increase and HIV load decrease. In addition, in a number of patients, PML onset is temporarily associat-
ed with immune reconstitution. We therefore hypothesise that, at least in a fraction of patients, HAART might
have a deleterious effect on PML. The impact of HAART on the natural history and survival of AIDS-related
primary CNS lymphomas was examined in patients from three HIV-reference centers, including our clinic and
the Infectious Diseases Clinics, Catholic University and L.Spallanzani Institute in Rome. One-year survival prob-
ability was higher in HAART-exposed than unexposed patients, and in those who received HAART after
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PCNSL diagnosis than in unexposed. HAART, especially if initiated after PCNSL diagnosis, increased survival
probability of PCNSL even adjusting for PCNSL treatment and response. In contrast with PML, long-term sur-
vival was associated with virological and immunological response to HIV infection.

• Cerebrospinal fluid and b chemochines: implications in pathogenesis, diagnosis and treatment manage-
ment of HIV CNS infection

R. Marenzi, A. Bestetti, C. Pierotti, S. Sozzani, R. W. Price, M. Gisslen, A. Lazzarin, P. Cinque.
The monocyte chemotactic protein-1 (MCP-1) is a C-C chemokine involved in monocyte recruitment into the

central nervous system (CNS). Initial cerebrospinal fluid (CSF) studies involving HIV-infected patients with an
array of CNS complications showed selectively elevated MCP-1 concentrations in patients with cytomegalovirus
or HIV encephalitis. More recently, we have observed low MCP-1 levels in the CSF of patients with primary HIV
infection, with or without neurological symptoms, or asymptomatic HIV infection. Preliminary data from
patients with AIDS-dementia complex (ADC) treated with HAART indicate that MCP-1 levels decline in CSF
in parallel with HIV load reduction in the same compartment. Overall, MCP-1 seems associated with late-stage,
productive HIV infection of the CNS and, in this regard, it is likely that HAART interferes with the local inflam-
matory processes by reducing HIV replication in the brain. IP-10. IFN-g inducible protein-10 (IP-10), is a CXC
chemokine which is chemoattractant for activated T lymphocytes. Our recent cross-sectional studies show, as for
MCP-1, the highest IP-10 levels in CSF of patients with CMV encephalitis or ADC, while the concentrations of
this chemokine are lower in HIV asymtomatic patients. However, IP-10 levels correlate with CSF pleiocytosis,
regardless of the clinical status, but not with CSF HIV levels. Longitudinal studies show a decline of IP-10 lev-
els in both ADC and asymptomatic patients. Overall, these findings indicate a role for IP-10 in the pathogene-
sis of ADC, but it is still not clear whether this chemokine causes or results from the increase in CSF lympho-
cytes, or both. More in general, both MCP-1 and IP-10 also require consideration as potential diagnostic mark-
ers for HIV-associated neurological conditions.

• HIV-1 RNA load in cerebrospinal fluid: implications in pathogenesis, diagnosis and treatment manage-
ment of HIV central nervous system infection

P. Cinque, A. Bestetti, C. Pierotti, R. W. Price, L. Magnus, A. Lazzarin.
Measuring HIV RNA levels in CSF can be useful for both diagnosing HIV-related CNS complications and to bet-

ter understand HIV replication in the brain reservoir. Our initial studies showed a correlation between the pres-
ence of HIV encephalitis and CSF, but not plasma HIV RNA levels, suggesting that CSF HIV load could reflect
productive HIV infection in the brain macrophages. Subsequent studies showed high CSF loads in patients with
opportunistic infections, especially in the presence of pleocytosis, supporting the existence of another type of CSF
infection, more transient, associated with the presence of HIV-infected T lymphocytes. The study of CSF viral loads
in antiretroviral drug untreated subjects, in collaboration with the Götegorg University showed selectively high CSF
viral loads in patients with CNS complications, whereas plasma viral loads increased with the CDC stage. In addi-
tion, a correlation between CSF and plasma levels was found only in patients with primary or asymptomatic HIV
infection, again supporting the hypothesis of an early transient CSF infection. In patients receiving HAART, the
CNS is a potential reservoir for HIV, because the brain barriers might prevent adequate drug penetration and low
drug levels predispose to local development of drug resistance. During the first weeks of HAART, the CSF viro-
logical response was substantially lower than in plasma in  approximately half of the patients. In contrast, at longer-
term follow-up, the proportion of patients failing to respond was lower in CSF than in plasma. The initial, slower
CSF response was not clearly associated with presence of drug resistance. The late, parallel virological failure in
both CSF and plasma seemed associated with onset of new drug resistance mutations in both compartments.

HIV/AIDS PATHOGENESIS

• Ex vivo modulation of RANTES and sCD30 by proinflammatory stimuli in HIV-seropositive and nega-
tive individuals

F. Delfanti, F. Veglia, G. Poli, A. Lazzarin, P. Biswas.
RANTES and sCD30 were measured in ex vivo culture supernatants of unstimulated or stimulated PBMC in

order to investigate their potential role as markers of acute immune activation. Patients in advanced stage of HIV
infection (AIDS A) were compared to AIDS pts which were evaluated for pneumonia at the time of blood with-
drawal (AIDS B); HIV+ individuals with non progressive infection (LTNP) and healthy donors (N) served as con-
trols. Constitutive levels of RANTES were significantly elevated in AIDS B pts (p=0.0001), whereas spontaneous
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release of sCD30 was strongly correlated with the presence of both pneumonia (p=0.002) and HIV infection
(p=0.004). LPS was a strong inducer of RANTES in all four categories; however, in AIDS B pts a negative and
positive correlation between constitutive and induced levels was observed with LPS (p=0.0004) and IFN-g
(p=0.006), respectively. We clearly showed that IFN-g reached a four-fold superinduction of sCD30 release in
both HIV+ and negative individuals, whereas IL-6-driven production of both sCD30 and RANTES occurred only
in the healthy donors. Ex vivo RANTES levels may be monitored as index of acute immune activation also in con-
ditions of chronic activation of the immune system, whereas sCD30 release may be equally indicative of both acute
or chronic process of T cell activation. Proinflammatory stimuli differentially affected RANTES and sCD30 secre-
tion in ex vivo PBMC cultures, suggesting complex pathways in the in vivo regulation of these two molecules.

Key words: RANTES.

• Tumor necrosis factor-a drives HIV-1 replication in U937 cell clones and upregulates CXCR4
P. Biswas, B. Mantelli, F. Delfanti, M. Cota, G. Vallanti, M. Mengozzi, E. Vicenzi, A. Lazzarin, G. Poli.

U937 cell clones in which efficient (plus) vs poor (minus) replication of HIV-1 occurs have been described. We
evaluated the role of host factors in the differential ability of these clones to support HIV-1 replication, includ-
ing IL-1ß, IL-6, TNF-a, SDF-1, cytokines known to modulate HIV-1 expression. Plus clones constitutively 
produced TNF-a and viral replication was inhibited by neutralizing their endogenous TNF-a. Minus clones 
displayed functional TNF receptors in that HIV-1 replication was strongly upregulated by adding exogenous
TNF-a, which further accelerated the kinetics of infection also in plus clones. We observed an increased accu-
mulation of proviral DNA within one round of HIV-1 replication by TNF-a treatment of plus cells. This effect
was associated with an increased surface density of CXCR4 in both plus and minus clones induced by exogenous
TNF-a. Our results identify TNF-a as one correlate that contributes to the higher ability of U937 plus clones to
sustain HIV-1 replication. Furthermore, we suggest that TNF-a may affect steps of the viral life cycle that occur
earlier than transcription and enhance HIV-1 replication also by increasing the surface density of CXCR4.

Key words: CXCR4, U937, TNF-alpha.

• HTLV-II downregulates HIV-1 replication in PBMC of co-infected individuals via MIP-1a
C. Casoli, A. Cimarelli, E. Vicenzi, G. Magnani, P. Ciancianaini, E. Cattaneo, P. Dall’Aglio, G. Poli, U. Bertazzoni.

The influence of human T-cell leukemia/lymphoma virus type II (HTLV-II) in individuals also infected with
HIV-1 is poorly understood. In order to evaluate the reciprocal influence of HTLV-II and HIV-1 infections pri-
mary PBMC cultures from co-infected individuals were established in the presence of interleukin 2 (IL-2). In
these cultures, the kinetics of HTLV-II replication preceded those of HIV-1. Noteworthy, the kinetics of HIV-1
production were inversely correlated to HTLV-II proviral load in vivo and its replication ex vivo. These obser-
vations suggested a potential interaction between the two retroviruses. The levels of IL-2, IL-6, and tumor necro-
sis factor-a (TNF-a) were measured in the same co-infected PBMC cultures. Endogenous IL-2 was not produced,
whereas IL-6 and TNF-a were secreted at levels compatible with their known ability to upregulate HIV-1 expres-
sion. The HIV suppressive CC-chemokines RANTES, macrophage inflammatory protein-1a (MIP-1a), and
MIP-1b were also determined in IL-2 stimulated PBMC cultures. Of interest, their kinetics and concentrations
were inversely related to those of HIV-1 replication. Experiments were performed in which CD8+ T-cells or
PBMC from HTLV-II mono-infected individuals were co-cultivated with CD4+ T-cells from HIV-1 mono-infect-
ed individuals separated by a semipermeable membrane in the presence or absence of anti-chemokine neutral-
izing antibodies. The results indicate that HTLV-II can interfere with the replicative potential of HIV-1 by up-
regulating viral suppressive CC-chemokines and, in particular, MIP-1a. This study is the first report indicating
that HTLV-II can influence HIV replication, at least in vitro, via upregulation of HIV-suppressive chemokines.
In collaboration with the University of Parma (CC, AC, GM, PC, EC, PPDA) and Verona (UB.

Key words: HTLV-II, chemokine, MIP-1a, IL-2, HIV-1 viral load.

• Human papillomavirus infection and associated cervical disease in HIV infected women: effect of anti-
retroviral therapy

F.B. Lillo, D. Ferrari, F. Veglia, M. Origoni, M.A. Grasso, S. Lodini, G. Taccagni, A. Lazzarin, C. Uberti Foppa.
The virological and cytological markers of HPV infection were prospectively studied in 163 HIV infected

women including 27 untreated, 62 treated with reverse transcriptase inhibitors (RTI), and 74 receiving highly
active antiretroviral therapy (HAART). A high prevalence of both high-risk HPV types infections and squamous
intraepithelial lesions (SIL) was observed, with a risk of persistent infection and disease inversely related to
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patient CD4 counts (p= 0.015 and p=0.022 respectively). During the observation period (mean 15.4 months,
range 6 to 24) the CD4 count remained stable for untreated subjects and those receiving RTI therapy, while it
was significantly increased in subjects receiving HAART (p<0.001); mean HIV RNA decreased in all treatment
groups, although not significantly.

At the last follow up, persistence of HR-HPV infection and progression of SIL was comparable in the three
groups: having a CD4 cell count below 350/ml was the only variable associated with persistence (p=0.013), while
a negative viremia was not associated with persistence (p=0.26) nor with the worsening of cytological lesion
(p=0.68).

These results indicate that even in the era of HAART, HIV-infected women are at high risk for persistent HPV
cervical infections and therefore should be carefully monitored for the emergence of high-grade SIL and cervi-
cal cancer.

• CCR2-64I polymorphism, syncytium-inducing HIV strains and disease progression
E. Vicenzi, S. Ghezzi, A. Brambilla, H. W. Sheppard, A. Lazzarin, G. Poli, N. L. Michael.

An allelic variant of CCR2 (CCR2-64I) has been associated with a significant delay of disease progression both
in heterozygotes and homozygotes. Of interest, the presence of both CCR2-+/64I and 64I/64I genotypes was
associated with a significantly higher frequency of SI viruses than observed in CCR2-+/+ individuals. As report-
ed in some studies, the CCR2-64I allele did not influence disease progression (RH: 1.02, CI: 0.767-1.359,
p=0.888 by Cox analysis), and no significant differences of viremia levels were found among individuals carry-
ing different CCR2 alleles (not shown). A previous study observed a higher frequency of SI viruses among infect-
ed individuals carrying the CCR2-64I allele and reported that the protective effect of this allele on disease pro-
gression was restricted to individuals infected by NSI viruses. In partial disagreement with these observations,
the lack of protection from disease progression by CCR2-64I was confirmed by separate Cox analysis of indi-
viduals infected with either NSI or SI viruses (RH: 1.105, CI: 0.612-1.995, p=0.74 vs. RH: 0.889, CI: 0.508-1.555,
p=0.679, respectively). We speculate that factor(s) linked to CCR2-64I might counterbalance the negative impact
of SI viruses on disease progression. Heterologous desensitization of both CCR5 and CXCR4 by MCP-1 liga-
tion, and slightly lower CXCR4 expression on primary T-cells from individuals carrying CCR2-64I, might play a
role in HIV pathogenesis. Finally, the observation that CCR2-64I is related to an increased frequency of SI HIV
strains suggests a potential role of CCR2 ligands, i.e. MCPs, on the dynamics of HIV quasispecies in terms of
chemokine co-receptor utilization. This study was in collaboration with UCSF, San Francisco, CA, USA and Wal-
ter Reed Medical Center, Rockville, MD, USA.

Key words: CCR2, CCR5, HIV disease progression.

*•Upregulation of interleukin-8, RANTES, and chemokine receptors in a human astrocytic cell line 
chronically infected with HIV-1
M. Cota, F. Aloisi, M. Mengozzi, A. Mantovani, R. Brack Werner, G. Poli.

HIV infection of the CNS affects primarily microglial cells and astrocytes. Infection of these latter cells occurs
independently of CD4 and is characterized by preferential accumulation of 2Kb mRNA, encoding mostly Nef,
and by low levels of 4.5 and 9 Kb RNAs. Upregulated levels of tumor necrosis factor-a (TNF-a) and of certain
chemokines, namely interleukin-8 (IL-8) and regulated upon activation normal T cell expressed and secreted
(RANTES), were observed in the infected vs. uninfected cells, whereas monocyte chemotactic protein- 1 (MCP-
1) was comparably expressed in both cell lines. This pattern of expression was confirmed in primary foetal astro-
cytes transiently transfected with HIV. In addition, CXCR1, CXCR2 and CCR2b, receptors for IL-8 and MCP-
1, respectively, were also found upregulated in TH4-7-5 vs. 85HG66. CXCR4, the receptor of stromal cell
derived factor-1 (SDF-1) and co-receptor for syncytium inducing HIVs, was comparably expressed in infected
and uninfected astrocytic cells, whereas CCR5 was not detected in either cell line. Furthermore, treatment of
TH4-7-5 cells with TNF-a or IL-1b stimulated RNA and protein secretion of IL-8, MCP-1, and RANTES as well
as HIV expression. Thus, our findings suggest that HIV infection of astrocytic cells can contribute to the estab-
lishment of a chronic inflammatory state in the CNS, eventually resulting in HIV encephalitis, by increasing the
secretion of pro-inflammatory cytokines, such as TNF-a and several chemokines. Overexpression of chemokine
receptors including CCR2b, CXCR1 and CXCR2 in infected astrocytic cells may contribute to HIV-induced
damage of the CNS via autocrine/paracrine activation of astrocytes.This study was in collaboration with Mario
Negri Institute for Pharmacological Research, Milan; University of Brescia, Italy and GSF, Munich, Germany.

Key words: astrocytes, cytokines, chemokine, chemokine receptors.
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• Shorter survival of SDF1-3’A/3’a homozygotes linked to CD4+ T cell depletion in advanced HIV-1 infec-
tion

A. Brambilla, G.P. Rizzardi, S. Ghezzi, A. Lazzarin, M. Cusini, E. Santagostino, G. Poli, N.L. Michael, E. Vicenzi.
The SDF-1 3’A allelic polymorphism has been reported to influence either positively or negatively the pro-

gression of HIV-1 disease. Therefore, the SDF-1 genotype of 729 HIV-1 infected individuals pooled from three
distinct cohorts was determined. A non significant association between the SDF1-3’A/3’A genotype and accel-
erated disease progression was evident among seroconverters (n= 319), but a striking correlation of decreased
survival after either diagnosis of AIDS according to the 1993 definition or loss of CD4+ T cell counts <200 was
observed. The relative hazard for SDF1-3’A/3’A homozygotes compared to heterozygotes and wild type
homozygotes was 2.16 (P=0.0047) from time of AIDS-’93 diagnosis to death, and 3.43 (P=0.0001) from time of
CD4+ T cells < 200 to death. Since no difference in survival was observed after diagnosis according to AIDS-’87,
the association of the SDF1-3’A/3’A genotype with the accelerated progression of late stage HIV-1 disease
appears mostly explained by the loss of CD4+ T-lymphocytes.This study was in collaboration with CHUV, Lau-
sanne, CH; Dermatology Division and Centro "A. Bianchi Bonomi", IRCCS Maggiore Hospital, Milan, Italy;
Walter Reed Medical Center, Rockville, MD, USA.

Key words: SDF-1, CCR5, HIV prognosis, HIV AIDS.

•Divergent regulation of HIV replication in PBMC by different CC chemokines
E. Vicenzi, M. Alfano, S. Ghezzi, A. Gatti, F. Veglia, A. Lazzarin, S. Sozzani, A. Mantovani, G. Poli.

We investigated the role of different CC chemokines, including regulated upon activation normal T cell
expressed and secreted (RANTES), macrophage inflammatory protein-1a (MIP-1a), monocyte chemotactic pro-
tein-1 (MCP-1), and MCP-3 on virus replication in cultures established from CD8+ T cell-depleted peripheral
blood mononuclear cells (PBMC) of HIV-infected individuals that were either co-cultivated with allogeneic T
cell blasts of uninfected individuals or directly stimulated by mitogen plus interleukin-2. RANTES was the only
chemokine that showed a clear-cut suppressive effect on HIV replication in both culture systems, although
inhibitory effects were frequently also observed with MIP-1a, MCP-3, and, occasionally, with MCP-1. In con-
trast, MCP-1 frequently enhanced HIV production in most patient cultures or co-cultures that were character-
ized by secreting relatively low levels (< 20 ng/ml) of MCP-1. When CD8-depleted PBMC of HIV+ individuals
were co-cultivated with ATCB of uninfected healthy donors, a positive correlation was observed between MCP-
1 concentrations and the enhancement of HIV-1 replication occurring after depletion of CD8+ cells from donor
cells. Depletion of CD14+ cells (monocytes) from T cell blasts resulted in the down-regulation of virus replica-
tion during co-cultivation with CD8-depleted PBMC of infected individuals. Of interest, MCP-1 upregulated
HIV production in these CD14-depleted cell co-cultures. Altogether these observations suggest that MCP-1 may
represent an important factor enhancing the spread of HIV, particularly in anatomical sites, such as the brain,
where infection of macrophages and microglial cells plays a dominant role. This study was in collaboration with
Mario Negri Institute for Pharmacological Research, Milan; University of Brescia, Italy.

Key words: HIV patients, MCP-1, RANTES, MCP-3, MIP-1a.

• Macrophage-derived chemokine selectively inhibits HIV-1 replication in primary macrophages but not
in T lymphocytes

M. Cota, M. Mengozzi, E. Vicenzi, P. Panina-Bordignon, F. Sinigaglia, P. Transidico, S. Sozzani, A. Mantovani, G. Poli.
Macrophage-derived chemokine (MDC) has been reported to inhibit different HIV-1 strains in activated

peripheral blood mononuclear cells (T cell blasts), although other investigators have not confirmed these findings.
Here we demonstrate that MDC inhibits the replication of CCR5-dependent (R5) HIV-1BaL in monocyte-derived
macrophages (MDM), but not in T cell blasts, although with variable potency depending on donor 
variability. Analysis of HIV-1BaL proviral DNA synthesis in MDM indicated that the suppressive effect of MDC
did not involve inhibition of early events such as entry or reverse transcription. Finally, an inverse correlation was
observed between the levels of endogenous MDC secreted by uninfected MDM of different donors and the 
efficiency of different HIV strains, including two primary isolates with different co-receptor usage, to replicate in
these cells. Thus, MDC represents the first example of a chemokine inhibiting HIV replication in macrophages
acting at one or more post-entry levels in the virus life cycle. This study was in collaboration with Mario Negri
Institute for Pharmacological Research, Milan; Roche Milano Ricerche, Milan; University of Brescia, Italy.

Key words: chemokine, MDC, macrophages, T-lymphocytes, HIV entry.
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• Inhibition of CXCR4-dependent HIV–1 infection by exogenous HIV-1 Tat
S. Ghezzi, D. Noonan, M. G. Aluigi, G. Vallanti, M. Cota, R. Benelli, E. Vicenzi, G. Poli, A. Albini.

We have recently observed that extracellular Tat (ecTat) of HIV-1 may interact with both CC and CXC-
chemokine receptors. In the present study, we investigated the potential effect of ecTat on infection and repli-
cation of both R5 and X4 HIV-1 strains in primary activated peripheral blood mononuclear cells (PBMC) of
uninfected donors. Both ecTat and the Tat-derived CysL24-51 peptide, endowed with a limited homology to
chemokines (chemotactic peptide), bound to CXCR4+ cells such as monocytes and mitogen-activated PBMC.
However, only ecTat, but not the chemotactic peptide, inhibited the early replication of the CXCR4 dependent
(X4) HIV-1LAI/IIIB strain in activated PBMC at molar concentrations comparable to those of stromal 
cell-derived factor-1_ (SDF-1_), the natural ligand of CXCR4. In contrast, ecTat only modestly interfered with
CCR5 dependent (R5) HIV-1BaL replication in PBMC. Both SDF-1_ and ecTat inhibited the accumulation of
HIV-1 gag DNA, compatible with a common mechanism of interference with viral entry. Thus, elevated con-
centrations of ecTat, resulting from either secretion or cell lysis, may contribute to the restriction of X4 virus
replication typically observed after transmission and during early HIV disease. ecTat binding to CXCR4 may also
be of relevance for studies considering either native Tat or its derivatives as potential vaccines for preventing or
curtailing HIV infection and/or replication.This study was in collaboration with the Center for Advanced
Biotechnologies (CBA), Genova, Italy.

Key words: HIV-1 Tat, SDF-1, CXCR4, HIV-1 entry.

• Pathogenic role of the new human herpesvirus HHV-8 in HIV-seropositive and seronegative patients
M.S. Malnati, F. Broccolo, L. Dagna, S. Nozza, M.G. Viganò, A. Lazzarin, G. Tambussi, M.G. Sabadini, P. Lusso.

HHV-8 is a recently described oncogenic human herpesvirus implicated in all clinical forms of Kaposi’s sar-
coma (KS), as well as in hematological malignancies such us primary effusion lymphoma (PEL) and multicentric
Castelman disease (MCD). The risk of developing KS is markedly increased among HIV-infected subjects, rep-
resents the most frequent form of neoplasm in this population. In Italy, the seroprevalence of HHV-8 is remark-
ably high, but little is known about the clinical manifestation of HHV-8 primary infection, whereas a putative
association with other diseases, such as multiple myeloma and sarcoidosis, remains controversial. Thanks to the
development of a quantitative real-time PCR system (TaqMan) for HHV-8, we are currently screening plasma
and PBMC samples derived from several cohorts of HIV-seropositive and seronegative individuals. A synthetic
DNA calibrator molecule has been developed to normalize intersample extraction recovery and to detect PCR
artifacts. HHV-8 plasma viremia was detected in all KS patients with progressive disease (both classical and HIV-
associated), which suggests that continuous viral replication is required to maintain the tumor growth. In a
cohort of HIV-infected individuals treated with IL-2, persistent HHV-8 viremia was detected in two patients
who later developed KS lesions, suggesting that this assay has prognostic value to identify patients at high risk
of developing KS. Moreover, it may help to identify patients eligible for IL-2 therapy. We are also carefully mon-
itoring a case of persistent HHV-8 infection in a woman referred to our institute for a complex rheumatic dis-
order, associated with a diffuse KS-like disease, in whom we demonstrated a direct etiologic role of HHV-8.

Key words: HHV-8, real time PCR, HIV-1 viremia.

• A subset of HLA class I molecules play a role in HIV infection
L. Lopalco, C. Pastori, F. Lillo, P. Lusso, A. G. Siccardi, C. De Santis.

HIV-1 entry is conditioned by sequential interactions of gp120 with CD4 and with one of the chemokine
receptors. We hypothesized that gp41 needs to interact with a specific cellular protein to complete the fusion
process. We demonstrated that a recombinant gp41 molecule specifically binds to cell surface-expressed HLA-
C molecules and that two HLA-C-reactive mAbs could co-precipitate rgp41 with HLA-Cw4. The gp41 site spe-
cific for HLA-C was mapped at residues 616-642 (pepß23), and the corresponding peptide was found to bind
to a conformer of HLA-C different from the functional trimeric complexes. We obtained a panel of transfected
cell lines starting from the class I negative B-cell line 721.221 which is resistant to HIV infection. We obtained
both single (CD4+, or HLA-Cw4+) and double (CD4+/Cw4+) transfectants. We demonstrated that HIV prima-
ry isolates could infect double transfectants with the same efficiency of PBMC, but not single transfectants or
mock-transfected controls. By means of a quantitative PCR analysis at 11 hours after infection, we showed that
the HLA class I-dependent step is viral entry. The infection of 721.221-CD4+/Cw4+ was inhibited by the HLA-
Cw4 restricted peptide FNCGGEFF, but not by SNCGGEFS (in which the two main anchor residues have been
substituted), nor by FNCGGEFFY (A29-restricted). The infection of 721.221-CD4+/Cw4 was also inhibited by



100 - SCIENTIFIC INSTITUTE H SAN RAFFAELE

peptide ß23, corresponding to gp41 site specific for HLA-C. Together these data provide evidence that the bind-
ing between gp41 and "empty" HLA class I conformers is required for HIV infection.

Key words: HLA, HIV entry, HIV gp41.

• Anti CCR5 antibodies: a novel anti-HIV strategy
C. Barassi, C. Pastori, E. Soprana, A. G. Siccardi, L. Lopalco.

Primary HIV infection is associated with CCR5-tropic HIV variants (R5-strains). Cells lacking surface CCR5
are resistant to the infection by R5-strains. Among exposed seronegatives (ESNs), two kinds of individuals lack-
ing surface CCR5 have been described so far, i) homozygotes for a defective CCR5 gene and ii) individuals pro-
ducing anti-CCR5 antibodies which cause antigen down-regulation and a CCR5-minus phenotype. A single con-
formed extracellular domain (corresponding to a 13-mer peptide) of CCR5 is recognized by ESN antibodies. In
collaboration with Prof. G. Rossolini, we have cloned and produced human recombinant monoclonal antibod-
ies Fab fragments reactive to CCR5 starting from biological cellular clones of EBV transformed cell lines derived
from ESN with anti CCR5 antibodies. Fifty bacterial clones producing antibodies to CCR5 were selected from
a human combinatorial antibody library constructed in a phage-display vector by a panning procedure against a
CCR5 peptide recognised by antibodies. Preliminary data shows that the human monoclonal antibodies recog-
nise CCR5 and inhibit HIV viral entry. The region recognised by anti CCR5 antibodies is identical in sequence
to its mice homolog. In order to verify the possibility to induce and reproduce infection-protecting anti-CCR5
antibodies in individuals at high risk of HIV infection, we have generated chimeric immunogens containing the
relevant CCR5 peptide in the context of viral antigens such Flock House Virus (FHV) capsid protein. In a mouse
model, the chimeric immunogens should induce a specific and vigorous humoral immune response to CCR5. 

Key words: CCR5, HIV neutralizing antibodies, HIV exposed seronegative, recombinant antibodies.

• Role of CD30 and related molecules in HIV replication
P. Biswas, F. Delfanti, B. Mantelli, M. Ferrarini, C. Smith, G. Poli, A. Lazzarin.

We previously showed that CD30 triggering induced HIV expression in a model of chronic HIV-1 infection
by acting at the transcriptional level. We studied whether signalling via CD30 affected acute infection with HIV-
1, encompassing early steps of the viral replication cycle. Several cell lines, including Molt-3, U937 plus, MT-2,
known targets of X4 HIV-1 infection, resulted CD30 positive. These cell lines are also CXCR4+ and CCR5-. Lig-
ation of CD30 induced upregulation of X4 HIV-1 replication which varied substantially among cell lines, from
strong in Molt-3 to undetectable in MT-2 cells. NF-kB analyses were also performed on all cell lines. Of inter-
est, we concluded that the enhancement of X4 replication inversely correlated with both density of CD30 on the
cell surface and constitutive NF-kB activation.

Concomitantly, the soluble form of CD30, sCD30, was specifically boosted upon CD30 triggering in all cell
lines as well as on primary gd T cell clones, which we previously showed to express a functional CD30 receptor.
sCD30-containing supernatants specifically inhibited HIV-1 expression induced via CD30/CD30L interaction,
but not by TNF-a or PMA in ACH-2 T cells. Our data suggest that interaction of CD30L, present on activated
macrophages, B cells and constitutively on granulocytes, with CD30, expressed by activated T cells, may result
in the amplification of HIV-1 X4 replication. Furthermore, contact of CD30L with surface CD30 enhances the
proteolitically-mediated release of CD30, contributing to the generation of sCD30, which in turn may antago-
nize at least some of the effects induced by such interaction, for example the upregulation of HIV-1 X4 replica-
tion itself. Finally, primary gd T lymphocytes may represent an important source of sCD30 in vivo. This study
was in collaboration with the Simmunes Group, Seatle, USA

Key words: CD30, HIV-1 X4, NF-kB, gamma delta lymphocytes.

•Natural immunity in HIV infection
G. Tambussi, B. Capiluppi, N. Ballabio, C. Fortis.

We have demonstrated that the promonocytic chronically HIV-infected U1 cell line and its parental counter-
part U937 are sensitive to NK/LAK cell-mediated lysis. TNF-a stimulation of U1 cells induces viral expression
and significantly increases their sensitivity to NK/LAK cell-mediated lysis. In HIV infection dendritic cells (DC)
not only transport the virus in strict contact with CD4+ T cells, but may represent a viral reservoir. DC may be
lysed by autologous NK cells, and this represents a negative feedback in the control of an immune response. We
concentrated on the natural immunity of primary HIV-infected (PHI) patients compared to chronically infected
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patients, and to normal donors. PBMC were seeded on 24-well plates for 2 hours. Adherent cells were cultured
in the presence of GM-CSF 800 U/ml and IL-4 500 U/ml to induce differentiation of DC. Non-adherent cells,
cultured with or without IL-2, were used as effector cells in a standard 4-h 51Cr release assay. Autologous DC,
unstimulated and TNF-a-stimulated U1 cells and K562 cells were used as target cells. Preliminary results suggest
that NK/LAK activity against U1 and K562 cells are similar in chronic and PHI patients, and comparable to nor-
mal donors. TNF-a significantly increases the sensitivity of U1 cells to lysis from NK/LAK cells of normal
donors, while in HIV-infected individuals there are no differences. Conversely, the lysis of autologous DC of
chronic patients is significantly reduced respect to normal donors. In PHI individuals there is a clear dichoto-
my: in the majority of patients NK cell-mediated lysis of DC is similar to that observed in normal donors, while
in a minority of patients is significantly reduced. 

Key words: NK cells, LAK cells, dendritic cells, cytotoxicity, TNF.

MOLECULAR DIAGNOSTICS

• Development of novel quantitative molecular assays for diagnostic microbiology based on the real-time
PCR technology (TaqMan)

M.S. Malnati, G. Fagà, F. Broccolo, G. Scarlatti, R. Volpi, P. Scarpellini, S. Degiovanni, P. Lusso.
The advent of the PCR technology for DNA amplification has contributed to the impressive achievements

obtained in the last decade by biological sciences. PCR-based assays are increasingly used in the clinical diagno-
sis of infectious diseases. The need to transform a qualitative information (presence/absence) into a precise quan-
titative measurement (pathogen load) has prompted the development of new real-time PCR systems that achieve
remarkable degrees of accuracy, repeatability and reproducibility. We developed real-time PCR systems for 
different human pathogens, including the HHV-6, 7, and 8, HIV-1 group M (i.e., all clades from A to J) and 
M. tubercolosis. One of the major technical challenges was the inability of standard real-time PCR to recognize
technical artifacts due to a complete failure of the PCR reaction. This obstacle was overcome by using synthetic
DNA molecules (calibrators) that show kinetic profiles of amplification comparable with that of the target ampli-
con, but hybridize with non-crossreactive probes. The loss of amplification of the calibrator molecule allows for
the detection of false negative results. Moreover, by adding known amounts of calibrator before any manipulation
of the biological samples it is possible to accurately control the DNA recovery, which varies significantly from sam-
ple to sample and according to the different biological source. Another recent development is the possibility to
measure both the calibrator and the target nucleic acid sequences within a single reaction tube. These calibrated
real-time PCR methods can be applied to accurately quantify the in vivo load of different infectious agents both
in body fluids and in tissue specimens and thus have a wide potential applicability in clinical microbiology.

Key words: PCR, diagnostic microbiology, herpesviruses, mycobacteria.

• Real-time PCR for diagnosis of viral infections
S. Bossolasco, A. Bestetti, A. Linde, A. Lazzarin, P. Cinque.

We set up real-time PCR assays for measuring DNA levels of human herpesviruses, including herpes simplex
virus types 1 and 2 (HSV-1, HSV-2), cytomegalovirus (CMV), Epstein-Barr virus (EBV) and human herpesvirus
6 and 8. Assays for HSV-1, CMV and EBV were also clinically validated. HSV-1 DNA levels were measured in
cerebrospinal fluid (CSF) from immunocompetent and HIV-infected patients with herpes encephalitis. At diag-
nosis, HSV-1 DNA load was higher in immunocompetent than in HIV-infected patients. Following acyclovir
therapy, the viral load decreased in both groups, though more dramatically in immunocompetent patients, in par-
allel with the clinical response. CMV DNA load was measured in CSF and plasma samples from HIV-infected
patients with CMV encephalitis, retinitis or other CMV diseases. The CSF assay proved to be highly sensitive
and specific for diagnosis of encephalitis, and CMV levels correlated with lesion extension. Both CSF and plas-
ma DNA levels decreased following systemic treatment with gancyclovir or fscarnet or a combination of the two
drugs. In patients experiencing clinical relapses, PCR showed significant CMV DNA increases, in parallel with
onset of drug resistance. EBV DNA was measured in CSF and plasma from patients with AIDS-related non-
Hodgkin's lymphoma (NHL), with or without brain localization. EBV DNA was detected at a significantly high-
er rate and higher levels in CSF from the former, underscoring the importance of this test for diagnosis of brain
lymphomas. In addition, EBV was found at vey high levels in plasma from NHL patients with subsequent brain
localisation, suggesting that real-time PCR could also be used to predict brain involvement. This study was in
collaboration with Karolinske Inst., Stokholm, Sweden.
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• HIV-1 pol and env molecular characterization of cerebrospinal fluid and plasma diversity
A. Bestetti, C. Pierotti, S. Presi, A. Lazzarin, P. Cinque.

The central nervous system (CNS) is considered a reservoir for HIV, where it might replicate independently
from the systemic circulation. To address the issue of HIV compartmentalization in the CNS/CSF, we studied
DNA sequences obtained from paired CSF and plasma specimens. By analysis of the pol gene, including RT and
protease, it is possible to identify mutations conferring resistance to antiretroviral drugs. Different mutation pat-
terns between CSF and plasma were observed in more than one quarter of patients, with mutations in CSF but
not in plasma in approximately half of these. Analysis of the whole RT and protease sequences from CSF/plasma
pairs, showed that each CSF/plasma pair clustered together, although a different degree of CSF/plasma varia-
tion was found by phylogenetic studies between subjects. In a subgroup of patients naïve for antiretroviral ther-
apy, the CSF/plasma genetic distance was significantly higher in patients with ADC than in those with other CNS
complications, for both RT and protease. These preliminary findings suggest an association between productive
CSF/CNS infection and degree of differentiation of intrathecal HIV strains and deserve further analysis by pop-
ulation size extension and of other more variable regions, such as env. In this regard we have recently set up the
heteroduplex mobility assay (HMA): by this method, heteroduplexes are formed by mixing, denaturing and
annealing amplified DNA from paired CSF and plasma, and their mobilities analyzed on polyacrylamide gel. If
CSF and plasma sequences are closely related, then heteroduplexes are expected to exhibit the fastest mobilities.
HIV env sequences obtained from CSF/plasma pairs of different patients and longitudinally from same patients
are currently being analyzed by this procedure.

• Molecular and biological evolution of HIV-1 during disease progression of infected children
G. Scarlatti, F. Salvatori, R. Volpi, A. Careddu.

Determination of the co-receptor usage of HIV-1 in vivo is relevant to the prediction of disease progression and
the understanding of the dynamic process of virus evolution in infected subjects. The aim of our project 
is to study biologic and molecular evolution of HIV-1 in 9 children with slow or fast disease.We developed the Tro-
pism Recombination Test (TRT), which relies on homologous recombination of PCR amplified env sequences from
patient virus obtained from any type of tissue. Plasma-derived recombinant viruses and PBMC-derived isolates
were tested for chemokine receptor usage. The first viral isolate close after birth from all children, except one, was
of R5 phenotype. Later on, independently from the rate of disease progression, X4 viruses emerged in 7 out of 9
cases. Viral clones spanning V1-V3 env region, amplified from plasma of 3 children with a switch in viral pheno-
type, tested in TRT, revealed that the R5X4 viral population was always composed of mixtures of monotropic, and
dualtropic variants. The amino acid sequences of the V3 loop of the viral clones from these children showed a
marked increase of variability during time. X4 and R5X4 viruses of the same patient displayed identical V3 amino
acid sequences, indicating that changes in this region are necessary for CXCR4-usage but the overall context of env
is important to preserve the capacity to use CCR5. In conclusion, viral phenotypic variation increases during dis-
ease progression. Persistence of R5 viruses indicates that the environmental conditions favoring X4 replication in
vivo are not necessarily more restrictive for R5 viruses. Moreover, our findings call attention to the need for stud-
ies on the whole envelope since the interaction of several env domains may influence co-receptor utilization.

Key words: pediatric HIV-1, HIV-1 disease progression, HIV-1 phenotype, HIV-1 genotype.

VACCINE RESEARCH

• Transiently expressed molecular complexes competent for HIV fusion as immunogens for an AIDS 
vaccine

S.E. Burastero, F. Sironi, P. Lusso.
We previously described distinct unconventional immune responses in HIV-exposed individuals who remain

seronegative and thus seem to possess intrinsic mechanisms of protection from HIV infection. Among these
responses, we identified peculiar antibodies directed to specific epitopes on the HIV envelope, as well as on its
receptor and coreceptors, which are transiently expressed during viral entry and fusion. On this basis, as well as
following the recent demonstration of fusion-competent vaccines proposed by Nunberg and coll., we designed
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a new class of immunogens that may generate an acquired immune response with the characteristics observed in
naturally resistant individuals. To this aim, we used recombinant vaccinia virus expression vectors in an HIV-free
system, to isolate single binding and fusion events. In particular, we generated cellular immunogens, which were
highly enriched in functional fusion intermediate structures but lacked the final modifications bringing to cell
fusion. These reagents, expressing "frozen" intermediate epitopes, were used to elicit a humoral immune
responses in a mouse model of vaccination. Several adjuvants and routes of immunization were compared. We
devised a method to obtain antibodies to HIV envelope and to its receptor molecule which inhibited cell fusion
and viral replication by a mechanism different from prevention of binding to the cell membrane. Higher titers
of antibodies to the fusion-competent complex were observed, with respect to antibodies to the single molecu-
lar components of such complex. This approach has the potential to induce a blocking immune response to epi-
topes not subjected to viral escape and necessary to such vital processes as entry and fusion.

Key words: HIV AIDS, HIV viral receptors, HIV neutralizing antibodies.

• Mucosal immunity in HIV-1 protection
C. Barassi, C. Pastori, L. Lopalco.

Despite multiple, repeated exposures to HIV some individuals never show any sign of infection. A variety of
mechanisms are suggested to be associated with this condition including HIV-specific cell mediated and humoral
immune responses as well as mutations affecting receptors for virus entry. Some reports have documented the
presence of HIV specific humoral immunity including anti cell antibodies and HIV-specific IgA. The HIV-spe-
cific IgA are detected in cervical secretions, saliva, and sera of HIV-infected (HIV+) patients and in European,
African, and Asiatic HIV-exposed uninfected, individuals (EU); these IgA can neutralize in vitro primary strains
of HIV-1. In collaboration with Prof. M. Clerici, we analyzed HIV epitopes recognized by IgA to identify the
antigenic correlates of neutralization. IgA of HIV+ patients recognized epitopes expressed both in gp120 and
gp41; IgA of EU exclusively bound epitopes within gp41. The gp41 epitope recognized by EU serum IgA was
restricted to aa 582-588 (QARILAV) and corresponds to the leucin-zip motif in the a helic region. In contrast,
IgA of HIV+ patients saw gp41 epitopes contained within the N-terminal portion of the extra membrane region.
Antisera of QARILAV -immunized BALB/c mice inhibited HIV entry and replication. Additionally, IgA of EU
as well as antisera of QARILAV -immunized mice blocked viral entry both in fusion and syncytia formation
assayes. These results have important implications for the development of vaccinal and therapeutical strategies
against HIV infection.

Key words: HIV IgA, HIV neutralization, HIV gp41, HIV mucosal immunity, HIV exposed seronegative.

• Experimental HIV vaccines
A. Beretta.

The focus of the work is to identify, in animal studies, ways to induce efficient sterilizing immunity, i.e. com-
plete protection from challenge with pathogenic SHIV viruses. There is strong evidence for the role of neutral-
izing antibodies in sterilizing immunity. Both serum IgG and mucosal IgA have been suggested to play a key role.
However, major difficulties have been met so far in trying to induce broadly cross-neutralizing antibodies. Gen-
erally, recombinant soluble forms of envelope proteins are unable to induce antibodies that neutralize primary
isolates. This is due to the instability and the cryptic nature of the neutralizing epitopes of the envelope proteins.
Experiments with fixed cells have indicated that neutralization epitopes transiently expressed at the time of
fusion can generate cross-neutralizing antibodies. Most likely, complex molecular interactions between viral
(gp120/gp41) and cellular proteins (CD4, co-receptor, other accessory molecules) are involved in this process.
We have shown that, on mature viral particles, gp120 is associated to HLA class I heavy chains and that this asso-
ciation is necessary for the acquisition of viral infectivity since it results in an increased exposure of the co-recep-
tor binding site to antibodies. We are now performing immunization experiments in monkeys to test the neu-
tralizing activity of antibodes generated by cell-bound HIV gp120 presented either alone or in a complex with
HLA class I heavy chains. A different set of experiments has been designed to test in phase I pilot
safety/immunogenicity trial a subunit vaccine based on a gp120 conserved sequence recognized by T cells
derived from individuals who are resistant to HIV.

Key words: HIV vaccine.
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• Changing causes of death among patients with HIV-1 infection: increasing role of liver cirrhosis
G. Morsica, R. Novati, S. Lodrini, C. Uberti Foppa, A. Lazzarin.

Since the introduction of highly active antiretroviral therapy (HAART) a significant drop of mortality rate due
to AIDS-defining diseases has been observed. The aim of the study was to analyse the causes of death among
HIV positive patients cared in our Infectious Diseases Dept. over a ten years period. Clinical documentation of
316 patients deceased during hospitalisation in the years 1991-1999, included mortality rate and causes of death.
The mortality rate decreased from 9.5 % in year 1991 to 2.5% in year 1999. Death for AIDS-related diseases was
the major cause of death in 1991 whereas non AIDS related diseases represented the major cause of death in year
1999. In particular, 37% of patients in 1999 died for decompensated liver cirrhosis. 68% of cirrhosis was relat-
ed to HCV infection, 16% to HBV, whereas HBV/HCV double infection was detected in 13% and high alco-
hol intake was the major cause of cirrhosis in 3% of patients. 

Conclusions. Highly active antiretroviral therapy is changing the clinical and epidemiological scenario of HIV
infection with increasing morbidity and mortality associated to epidemiologically related chronic infections such
as chronic viral hepatitis. Further studies are needed to explore the possible link between this emerging disease
and the long-lasting immunodeficiency status of the HIV positive population.

Key words:  HCV, HBV, liver cirrhosis.

• A pilot study on the efficacy and safety of IFN-alpha monotherapy versus combination therapy of inter-
feron-alpha plus ribavirin in HIV-1 positive patients with chronic hepatitis C

G. Morsica, A. De Bona, C. Uberti Foppa, S. Bagaglio, G. Sitia, A. Lazzarin.
To compare the efficacy and safety of two different regimens of treatment for chronic hepatitis C, virologic and

immunologic parameters were prospectively studied in 27 HIV positive patients, 15 treated with IFN-a (6 MU
one other day, regimen 1) and 12 with IFN-a plus ribavirin for 6 months (regimen 2). Methods. Sexteen patients
were under antiretroviral therapy, including pyrimidine analogues. Virologic and immunologic findings were
examined at baseline and every three months, during 18 months of follow-up. Results. HIV viremia levels in all
patients did not increase during treatment as compared to baseline value. Six of 15 patients included in the reg-
imen 1 and 6 of 12 patients from the regimen 2 experienced a decline in absolute CD4 cell number during treat-
ment, that was possibly related to IFN therapy, but none of the patients showed an analogous fall of the per-
centage of CD4 cells. HCV viremia levels became negative and ALT normalized at the end of therapy in 5 of 15
patients treated with IFN but biochemical and virological relapse occurred in 4 subjects. Nine of 12 patients
under IFN-ribavirin therapy had biochemical and virologic response during treatment, but 4 of them relapsed
HCV viremia and ALT activities after 6-12 months from the discontinuation of therapy. Conclusions. These data
suggest that combination therapy with ribavirin and IFN-alpha may be useful for chronic hepatitis C in HIV pos-
itive patients under antiretroviral treatment. Furthermore, IFN plus ribavirin regimen seems to be the first
choice treatment of chronic hepatitis C in these patients.

Key words: HCV, IFN-alpha, chronic hepatitis.

• Sequence analysis of the pkr-protein kinase-binding domain of the NS5A region in 1-b HCV related
hepatocellular carcinoma

G. Morsica, S. Bagaglio, M. S. De Mitri, A. Alberti.
Background/Aims: Experimental studies have demonstrated that the wild-type PKR-NS5A strain of hepatitis

C virus (HCV) may have an oncogenic potential through the binding and functional repression of PKR protein
kinase. To assess whether the NS5A-PKR interacting domain may be involved in HCV-related liver carcinogen-
esis, the amino acid sequence of the PKR-binding domain was analysed in the sera of 85 patients with hepato-
cellular carcinoma (HCC) and in 51 with chronic active hepatitis (CAH). In 13 HCC cases sequence analysis was
also performed in tumor and liver tissue. Methods: The nucleotide sequences of the PKR-binding domain were
inferred by direct sequencing of the amplified HCV products and deduced amino acids were compared with the
sequence of HCV-J. 

Results: A wild-type or single mutated strain was found in 88% of HCC and 69% of CAH (P=0.0096). All but
three HCC cases showed no divergences in amino acid changes between serum and liver tissues. The wild-type
strains were equally distributed between the HCC with or without cirrhosis. Conclusions: The prevalence of
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wild-type NS5A-PKR strain was significantly higher in HCC than in CAH. This data suggests that inhibition of
PKR activity by HCV might represent a potential mechanism of HCV-related carcinogenesis. This study was in
collaboration with Department of Internal Medicine, Cardioangiology; Hepatology; University of Bologna and
Department of Clinical and Experimental Medicine; University of Padua, Italy.

Key words: HCV, hepatocarcinoma.

VIRAL TRANSMISSION

• Determinants of mother-to-child HIV-1 transmission
G. Scarlatti, F. Salvatori, A. Careddu.

During the year 2000 more then half a million children were born infected by HIV-1 positive mothers. HIV-1
mother-to-child transmission (MTCT) occurs during pregnancy, delivery and via breast milk. Our aim is to char-
acterize the virological, immunological and genetic parameters involved in HIV-1 perinatal transmission in order
to identify targets for future intervention.

All maternal isolates, independently from transmission, used the chemokine receptor 5 (CCR5) alone or in
association with CXCR4. We have demonstrated that the usage of CCR5 by the maternal viral isolate is not a dis-
criminating risk factor for MTCT as previously believed. Thus, R5 viruses are more frequently transmitted to
newborns than X4 viruses as they are in general more represented in HIV-1 infected mothers. Furthermore, not
only R5 but also X4 viruses can be transmitted to the newborn. Interestingly, we have documented the trans-
mission of multiple viral variants with different co-receptor usage in a child with the heterozygous CCR5 gene
mutation, and demonstrated that this genotype does not contribute to the restriction of R5 virus spread. A more
detailed analysis of the genetic heterogeneity in gp120 env of the viral population in 9 children showed that 3 of
4 fast progressors had multiple viral variants already shortly after birth, whereas none of the 5 slow progressors
had. Thus, transmission of multiple viral variants occurs more frequently than demonstrated up to date, and may
be associated with fast progression of the disease in children. Our studies have important consequences on the
future planning of vaccines or entry-inhibitors for MTCT. 

Key words: HIV mother-to-child, chemokine receptors.

• Mother-to-child transmission of TT virus: sequence analysis of non-coding region of TT virus in infect-
ed mother-infant pairs

S. Bagaglio, G. Sitia, D. Prati, D. Cella, H. Hasson, R. Novati, A. Lazzarin, G. Morsica.
TT virus has recently been recovered from patients with post-transfusion hepatitis of unknown etiology. 

Its genome consists of a circular single-stranded DNA with at least two open reading frames called ORF1 
and ORF2. TT virus was first detected by PCR assay with primers from ORF1 (region N22) in blood donors and
parenterally exposed individuals. The development of a new PCR strategy with primers derived from the well
conserved non-coding (NC) region has been used to demonstrate that TTV is widely distributed in the general
population, but the analysis of ORF sequences has not revealed any geographical distribution of genetically 
characterised strains. Further studies in infants and young adults have shown that TT virus is acquired early 
in life and that the prevalence of viral infection increases with age. It has more recently been demonstrated 
that mother-to-child transmission of the virus is highly efficient, but its mechanism and timing is still little 
understood.

To assess vertical transmission of TT virus, we looked for TTV-DNA in serum samples taken from 22 mothers
and their 22 infants at birth and during nine months of follow-up. Sixteen mothers at delivery and six infants
under nine months of age had TTV-DNA detected by the amplification of the non coding (NC) region. Two of
these newborns had positive viremia at birth. Sequence analysis of the NC region of five mother-infant pairs
revealed that the TTV strains detected at three and six months of age in two of the infants were closely related
to that of their mothers, whereas two that became TTV-DNA positive at three months had a different nucleotide
sequence from that of their mothers. One of the two infants with detectable viremia at birth also had a different
nucleotide sequence from her mother.

Key words: TTV-DNA, vertical transmission.
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• Characterization of emerging HIV-1 viral subtypes
G. Scarlatti, A. Careddu.

According to figures collated by the UNAIDS, the revised estimate of the distribution of HIV-1 subtypes
worldwide is: A: 25%, B: 16%, C: 48%, D: 4%, E 4%, and others 3%. In view of the apparent predominance
of subtype C and the fact that this subtype was greatly under-represented in the initial phase of the epidemics,
the UNAIDS Network has started a collaborative project. This will focus on globally prevalent strains, with par-
ticular emphasis being given to regions in which subtype C viruses are found, such as Southern Africa, India,
China, Ethiopia and Brazil. We have received a panel of HIV-1 isolates with the task of characterizing the replica-
tive capacity and chemokine receptor usage of the isolates. Interestingly, all subtype C isolates used CCR5 as co-
receptor alone or in association with minor co-receptors such as CCR1, CCR2 or Bonzo, but never CXCR4. In
contrast, isolates of other subtypes included viruses able to use CXCR4. All isolates were able to infect periph-
eral blood derived macrophages, though to different degree. We will further characterize these viral isolates to
identify particular features which can explain the exponential world-wide distribution of subtype C. This study
was in collaboration with the UNAIDS Network for the Characterization of globally prevalent HIV strains in
relation to HIV vaccine development.

Key words: HIV-1 subtypes, HIV-1 phenotype

• Mechanisms of infection and pathogenesis by T-lymphotropic human herpesviruses
P. Lusso, F. Santoro, A. Smith Caruso, L. Codarri, G. Fagà, M. S. Malnati.

HHV-6 is an emerging human pathogen implicated in the etiology of life-threatening opportunistic infections,
as well as in multiple sclerosis and in the progression of AIDS. Our recent identification of CD46 as a membrane
receptor for HHV-6 has opened new avenues for the study of viral tropism and pathogenesis. We also recently
identified a candidate molecule as a coreceptor for HHV-7. A strategy was developed to identify the HHV-6 gly-
coprotein that directly interacts with CD46: a trimolecular complex is formed between CD46 and two viral gly-
coproteins, the identity of which is under scrutiny. We found that CD46 is not simply a docking receptor for
HHV-6, but may also directly mediate some of the viral pathogenic effects. Indeed, through CD46-mediated sig-
nal transduction HHV-6 induces a dramatic suppression of IL-12, a pivotal cytokine in the generation of Th1-
polarized immune responses that are critical for the generation of antiviral CTLs. This may be an effective strat-
egy for HHV-6 to evade immune control. A new study model was developed to study the fine mechanisms of
pathogenesis by HHV-6, using ex vivo cultured, structurally intact human lymphoid tissue. We found that both
HHV-6 subgroups replicate in this model, inducing several phenotypic and physiological abnormalities. We are
currently using this model to investigate the interactions between HHV-6 and HIV-1. We also established a new
RT-PCR assay for 3 different spliced genes of HHV-6 for the accurate diagnosis of active HHV-6 infection in
vivo. Finally, we have started to study transgenic mice for human CD46 as an in vivo model of HHV-6 replica-
tion and pathogenesis. Preliminary results indicate that HHV-6 can replicate in these mice, causing phenotypic
abnormalities in circulating leukocytes. This study was in collaboration with Dr. L. Margolis, NIH, Bethesda,
MD; Dr. Edward Berger, NIH, Bethesda, MD; Prof. Zwi Berneman, University of Antwerpen, Belgium and Dr.
Roberto Cattaneo, Mayo Institute, Rochester, MN.

Key words: herpesviruses, immunosuppression, lymphoid tissue, IL-12, transgenic mice.

• Purification and identification of new natural anti-HIV factors
A. Verani, L. Furci, C. Arcelloni, R. Paroni, P. Lusso.

Our discovery that CD8+ T cells release HIV-suppressive chemokines upon activation provided conclusive evi-
dence that immune cells produce natural antiviral factors, as originally suggested by Levy et al. in 1986. In recent
years, we have observed that other cell systems, such as allo-activated CD8+ T cells and LPS-stimulated
macrophages, also release anti-HIV factors, including chemokines. However, the spectrum of action of such fac-
tors differs from that of known chemokines, indicating that additional molecules are involved. In particular, while
CCR5-binding chemokines, specifically block CCR5-using HIV-1 strains, we showed a dramatic inhibition of
CXCR4-using strains too. Moreover, LPS was shown to block HIV-1 in macrophage cultures via two different
mechanisms, one mediated by downregulation of the HIV-receptor complex and the other by soluble factors. The
blockade to infection was shown to occur at a very early step, presumably viral entry. We have started to charac-
terize the new HIV-inhibitory factors by producing large amounts of crude culture supernatants from the producer
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cell systems and subjecting them to several cycles of biochemical purification. The culture fluids were initially size-
fractionated, and the active fractions passed through heparin-affinity columns. Subsequently, both the heparin-
bound and unbound fractions were tested for antiviral activity and further fractionated by either reverse-phase
HPLC, ion-exchange HPLC or both. A lectin-affinity column has also been employed in one protocol. Using these
approaches, the bulk of the antiviral activity was identified in selected purified fractions. The proteins present in
such fractions are currently being characterized by trypsin digestion followed by amino acid sequencing.

Key words: HIV suppressive factors, macrophages, T-lymphocytes.

BIOMEDICAL TECHNOLOGIES

IMMUNOBIOTECHNOLOGIES

• Adoptive immunotherapy by avidin-driven CTL-tumor bridging
A. Siccardi, M. Guttinger, E. Soprana, S. Porcellini.

We have previously shown that T cells, tagged with biotinylated anti-CD3 antibody fragments, can exert
avidin-dependent cytolytic activity on suitably biotinylated tumor cells in vitro. In this study, we demonstrate that
avidin-driven CTL-tumor bridging in vivo leads to growth inhibition of murine tumors WEHI-164 fibrosarco-
ma and RMA lymphoma. The biodistribution of biotin-tagged In-111-labelled T cells demonstrated a selective
avidin-dependent and time-dependent accumulation of radioactivity at tumor sites. The specificity of lympho-
cyte tumor localization was demonstrated by the concurrent time-dependent decrease of radioactivity in the
blood and in all other organs. Furthermore, we documented a therapeutic effect of the adoptively transferred T
cells, i.e. a significant delay of tumor growth at early stages. All the experiments included a control group of mice,
which received all the reagents, except avidin. These “avidin-minus” mice showed no specific localization and
no delay in tumor growth, indicating that avidin bridging was essential for T cell activity at tumor sites.

Key words: tumor targeting, anti-tumor immunity, adoptive immunotherapy.

• In vitro and in vivo tumor killing by redirected CTL using MHC-peptide monomers
A. Siccardi, E. Soprana, S. Porcellini.

The ability of cytotoxic T lymphocytes (CTL) to kill virally infected target cells is restricted by the expression
of appropriate viral peptides and appropriate class I major histocompatabilty (MHC) antigen on the surface of
the target cell. Attempts to exploit CTL for elimination of tumors are often hindered by mechanisms that pre-
vent their successful recognition and activation. We have demonstrated that pretargeting with biotinylated mon-
oclonal antibodies (bMAb) and streptavidin can be used to direct specific MHC-peptide monomers to tumors,
a strategy with the potential of bypassing some of the escape mechanisms. Tumors that are MHC mismatched
and/or negative for antigen are resistant to killing by class I-restricted, peptide-specific CTL. However, the
tumors often express tumor-associated antigens (TAA) on their surface that can bind specific Abs. Sequential
treatment of tumor cells with (a) biotinylated MAb, (b) streptavidin, and (c) biotinylated MHC-peptide
monomers, renders the treated cells sensitive to killing by CTL specific for the peptide. For in vivo studies, C57
mice were immunized with a model antigen, and injected with pretargeted or mock-targeted syngeneic tumor
cells. Tumor growth is significantly slower in mice that received the treated cells. No such difference is seen
between growth of treated vs. control tumors in age-matched control mice. The attachment of functional MHC-
peptide monomers by antibody-streptavidin targeting opens the possibility of redirecting vigorous anti-viral CTL
specifically to the tumor. Such a strategy can be broadly suited to a general population by appropriate selection
of MAbs and monomers tailored to an individual’s responsiveness to immunodominant viral or model antigens.

Key words: MHC -peptide monomers.

• IgE-driven antitumor immunity
A. Siccardi, E. Soprana, S. Porcellini, E. Reali.

Surface-bound IgE play a central role in anti-parasite immunity; to exploit IgE-driven immune mechanisms in
tumor prevention and control, monoclonal IgEs of irrelevant specificity were loaded through biotin-avidin
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bridging onto tumor cells, either by systemic administration to tumor-bearing mice or by pre-loading of tumor
cells prior to inoculation. Here we show that systemic administration of biotinylated IgEs to mice bearing tumors
pre-targeted with biotinylated antibodies and avidin, significantly decreased tumor growth rate. In addition, as
compared to IgG-loaded control cells, inoculation of suboptimal doses of IgE-loaded tumor cells suppressed
tumor formation in a fraction of animals and induced protective host immunity by eliciting tumor-specific T-cell
responses. Similarly, tumor vaccination experiments showed that irradiated tumor cells (IgE-loaded by biotin-
avidin bridging, or by anti-hapten IgE binding to chemically haptenized tumor cells) conferred protective immu-
nity at doses 100-fold lower than the corresponding control cells without IgE. Finally, in vivo depletion of
eosinophils or T-cells abrogated IgE-driven tumor growth inhibition. These results demonstrate that IgEs tar-
geted on tumor cells not only possess a curative potential but also confer long-term antitumor immunity, and that
IgE-driven antitumor activity is not restricted to the activation of innate immunity effector mechanisms, but also
results from eosinophil-dependent priming of a T cell-mediated adaptive immune response. This suggests a
potential role for IgEs in the design of new cell-based tumor vaccines.

Key words: T-lymphocytes, eosinophils, tumor immunity, vaccination.

• Multi-step purification strategy for RANTES wild-type and mutated analogues expressed in a bac-
ulovirus system

R. Paroni, B. Comuzzi, C. Arcelloni, S. Polo, V. Nardese, P. Lusso.
We developed a multi-step protocol for purification and characterization of RANTES, one of the most effec-

tive antiviral C-C chemokines produced by CD8+ cells. Using this protocol, we obtained a good recovery and a
high purification rate of the protein that should be used for in vivo experiments in animal models. With the aim
to improve the antiviral effect reducing the pro-inflammatory activity, a number of RANTES mutated analogues
have been produced. The purification strategy set up for wild-type RANTES was applied also to these mutated
proteins. The precise quantification of the purified products was assessed by capillary electrophoresis (CE). This
method was advantageous because some of the mutated molecules presented a lower affinity for the antibodies
employed in the traditional immunoassay used for wild-type RANTES, thus hindering their precise quantification.

Key words: chemokine, capillary electrophoresis, protein purification.

• Study on RANTES aggregation state by size exclusion chromatography and capillary electrophoresis
R. Paroni, C. Arcelloni, S. Polo, M. Lomartire, P. Lusso.

RANTES is a CC chemokine (Mr 7.8 KDa) that plays an important role in inflammatory processes and acts as
a potent natural inhibitor of HIV infection. RANTES has the tendency to aggregate in large multimeric complexes
(>12x the monomeric form) when it is stored in solution at high concentration (2-5 mM) and at a pH > 4.5. The
presence of such aggregates affects the biological activity of RANTES, limits its bioavailability and causes great
heterogeneity in the solutions, thus hindering its use by the pharmaceutical industry as a potential therapeutic
agent. We began a study aimed at evaluating the aggregation capacity of wild-type RANTES in comparison with
some genetically mutated analogues employing the size-exclusion chromatography technique (SEC) and SDS cap-
illary gel electrophoresis (SDS-CGE). Surprisingly, we found that within the 0.1-10 mg/ml concentration range
wild-type RANTES obtained from different sources (baculovirus, E.Coli, chemical synthesis) was almost entirely
present in a dimeric form. We have started to screen a number of genetically mutated RANTES proteins to eval-
uate the role of charged amino acid residues in dimer and in multimer formation, as well as to correlate the bio-
logical activities (intracellular Ca++ mobilization, chemotactic and antiviral activity) to the aggregation capacity.

Key words: chemokine, size-exclusion chromatography, capillary electrophoresis.

PET ONCOLOGY

• Imaging of pelvic tumors by [11C]choline and PET: a comparison with [18F]FDG
L. Gianolli, F. Fazio, C. Landoni, M. Picchio, P. Magnani, C. Rossetti, M. Matarrese, M. Brioschi, P. Lanzoni.

Different markers of cell proliferation, which is enhanced in carcinogenesis, can be evaluated by emission
tomography. One of the most promising is choline, that, being phosphorylized to phosphatidylcholine, repre-
sents an important marker of cell membrane function. By labelling choline with C-11 ([methyl-11C]choline), its
distribution in human body can be evaluated by Positron Emission Tomography (PET). [11C]choline accumu-
lates significantly in liver, kidneys, spleen and pancreas, but there is almost no activity in brain, lung, myocardi-
um, mediastinum, intestine. In the pelvis, although accumulation is present in the prostate, no uptake is evident
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in the bladder, as choline is not eliminated via the urinary system. On the basis of these characteristics,
[11C]choline-PET can be used to visualize various malignancies, in particular in brain, thorax and pelvis. To eval-
uate the sensitivity of this technique in detecting pelvic tumors,  30 prostatectomized patients for prostate can-
cer (mean age: 64.4 yrs range: 48-79) with elevated PSA (mean PSA = 6.8 ng/ml, range:0.2-72.0) were studied
by [11C]choline-PET and compared with standard attenuation-corrected whole-body [18F]FDG-PET. Whole
body emission images of [11C]Choline distribution were acquired 5 minutes after i.v. injection of 370 MBq, cor-
rected for attenuation by a transmission scan and qualitatively evaluated for the presence of local and distant
uptake, as a sign of recurrency or metastatic disease respectively. Our results demonstrate an higher sensitivity
of this tecniques than conventional imaging and [18F]FDG-PET both for the local recurrence of disease and for
the detection of distant metastases. In prostatectomized patients, with increasing PSA levels, [11C]choline-PET
appears to better visualize disease than [18F]FDG-PET. This is  particularly evident at prostate level (local),
where the possibility to visually detect abnormal uptake is enhanced by lack of [11C]choline uptake in bladder.  

• PET and [18F]FDG uptake and glucose transporters overexpression in non small cell lung carcinoma
L. Gianolli, F. Fazio, C. Landoni, M. Picchio, P. Magnani, C. Rossetti, M. Matarrese, A. Compierchio.

We are interested in the evaluation of biological and molecular mechanisms which control glucose transport
and metabolism in patients with lung cancer by PET and [18F]FDG. In particular, we intend to correlate glucose
uptake and the expression of facilitative glucose transporters (e.g. Glut-1 and Glut-3) to malignancy, frequency
of metastases, rate of proliferation and response to tumour therapy.

Positron Emission Tomography and [18F]FDG reflects glucose metabolism and can detect the enhanced glu-
cose metabolism characteristic of neoplastic cells; PET is now being used as a diagnostic clinical tool to distin-
guish between benign and malignant lesions in the pre-operative staging, in the evaluation of therapy response
and in differentiating scar tissue from residual disease or recurrency. The uptake of glucose in malignant celsl is
facilitated by an increased expression of GLUT molecules at the tumour surface; the expression of GLUTs can
be detected immunohistochemically in a variety of malignant neoplasms. The uptake mechanisms of [18F]FDG
in benign and malignant lesions and their relation to histopathology have been studied, but wide variations in
glucose consumption and consequentely in [18F]FDG uptake were shown among individuals depending on the
histological type of neoplasm and its differentiation. In the case of malignant lung cancer a few “false” negatives
have been reported using [18F]FDG and PET. Virtually all these negative results have been observed in patients
with bronchoalveolar lung carcinomas. Knowledge of the mechanisms underlying the variability of [18F]FDG
uptake is a requisite for the better evaluation of tumour status and consequent tumour treatment with direct rel-
evance to the diagnosis and prognosis of lung carcinoma.

• Assessment of chemotherapy and/or radiotherapy response in oncological disease with PET and
[18F]FDG

L.Gianolli, F. Fazio, M. Picchio, P. Magnani, C. Rossetti, M. Matarrese, P. Simonelli.
We have continued a study in patients with unresectable pancreatic tumor who underwent medical treatment.

As described by other authors, X-ray CT scan can detect a positive response to therapy only in a late phase,
because no information about the viability of tumor mass cells can be achieved by X-ray CT. Due to the high glu-
cose metabolic activity of neoplastic cells, [18F]FDG and PET could detect response to chemotherapy in persis-
tent tissue mass. We have studied 12 patients, before and 2, 4 and 6 months after chemotherapy with [18F]FDG
and PET. Metabolic activity of the tumor was measured using the standardized uptake value  (SUV). The results
indicate a significant reduction of SUV after 2 months of treatment in 4 patients with an unchanged X-ray CT
scan. The positive response documented by PET, is confirmed by a reduction of CA 19.9, a marker of gastro-
intestinal tumors and by an increase of the performance status.

• Characterization of lung cancer using positron emission tomography and 18F-FDG
L. Gianolli, F. Fazio, C. Rossetti, C. Landoni, S. Todde, G. Pepe, P. Lanzoni.

The actual clinical impact of FDG PET on clinical decision making has been evaluated. The study focussed on
the therapeutic strategy of pulmonary nodule before surgey. Three major thoracic surgery centers referring
patients to our PET center were involved. By using a questionnaire, the surgeons were requested to formulate a
diagnostic and therapeutic iter before and after the knowledge of PET findings. The variations were then ana-
lyzed. The results obtained with a total of 85 patients indicate 46% of variations of therapeutic strategy based
on PET reports. The study will be concluded by analyzing the data of 150 patients and the results will provide
data on the possible changes in patient management based on PET results.
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PHYSICS

• Integration of multimodal medical images for improving radiotherapy planning
M. C. Gilardi, F. Fazio, G. Rizzo, I. Castiglioni, C. Landoni, C. Pizzamiglio, M. Lecchi.

Principal aim of  radiotherapy is to obtain maximum control on tumour growing and, at the same time, max-
imum limitation of dose-related damages to the surrounding healthy tissues. As demonstrated in radiobiological
and clinical studies, the probability of local tumour control increases by delivering higher radiation doses to neo-
plastic cells. The problem is then to accurately identify the extension of the tumour mass and of the tissues
involved in the neoplastic degeneration (e.g. lymphnodes), in order to optimize the irradiation geometry, con-
centrating radiation dose on the tumour and minimizing dose release to the surrounding tissues, with special care
of radiosensitive critical organs. The modern equipment for irradiation delivery is able to provide shaped and/or
intensity modulated radiation beams, which can accurately match the shape of the tumour, conventionally visu-
alized by X-ray Computed Tomography (CT). The integration of CT and PET multimodal tomographic images,
which describe anatomical and functional aspects of the tumour, respectively, is proposed to improve radiother-
apy planning, by allowing a more accurate definition of the irradiation target. In fact, CT provides the anatomi-
cal details, while PET shows the increased metabolic activity of the tumour and of the involved lymphnodes. In
several applications, the integration of CT and PET images has been demonstrated to improve diagnostic accu-
racy. 

In this study, a procedure to improve treatment planning in radiotherapy was developed, based on the inte-
gration of multimodal CT/PET studies. The proposed procedure consists of: a) spatial registration of CT and
PET studies; b) contour drawing based on the combined observation of PET and CT. The set of contours thus
obtained, defining optimized volumes of interest for radiotherapy, can be exported to the treatment planning sys-
tem to design the radiation beam geometry. The accuracy of the image registration was evaluated by phantom
studies and found to be less than 2 pixels in plane and less than slice thickness axially, with respect to CT. 

This research is in collaboration with the Medical Physics Department (Dr. Mauro Cattaneo, Dr. Riccardo
Calandrino) and the Radiochemiotherapy Department (Dr. Michele Reni, Dr. Giovanni Ceresoli, Dr. Eugenio
Villa).

PATHOLOGY

• Expression of facilitative glucose transporters in lung cancers and its correlation with PET findings
G. Arrigoni, S. Olivieri, F. Sanvito.

This study is in collaboration with department of Pathology, Nuclear Medicine and Thoracic Surgery, in order
to study the expression of facilitative glucose transporters (GLUTS)  in a non-small cell lung carcinoma
(NSCLC) series and its comparison with PET imaging.

The aim of the study is to evaluate the expression of  GLUT-1 and GLUT-3 isoforms in NSCLC to elucidate
potential difference among various histotypes and compare the results with PET findings. Our intention is to
study 40 consecutive patients with histological diagnosis of  NSCLC, undergoing pre-operative PET imaging  in
our institute. Fresh specimens of tumor and normal tissue will be sampled and frozen in liquid nitrogen for mol-
ecular analysis and the remaining tissue will be formalin-fixed and paraffin-embedded for histological diagnosis
that  will be established  according to WHO classification of  lung tumors. 

Preliminary IHC results based on 10 cases compared with PET  imaging suggest that glucose uptake may be
reduced in some NSCLC histotypes in particulary in ADC/BAC and BAC, suggesting that PET alone might not
identify these tumors.

Key words: immunohistochemistry, cancers, neuroblastic tumours, tumour-associated proteins, prognosis, GLUTs,
NSCLC.

• The role of the interaction between NM23 (family of proteins) and PRUNE in correlation to worse
prognosis in cancers 

G. Arrigoni, M. Ponzoni, S. Olivieri, F. Sanvito, M. Zollo, A. D’Angelo (TIGEM-Telethon Institute of Genetics and
Medicine).

Amplification and overexpression of PRUNE in human sarcomas and breast carcinomas – a possible mecha-
nism for altering the nm23-H1 activity.
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PRUNE, the human homologue of the Drosophila gene, is located in 1q21.3, a region highly amplified in
human sarcomas, malignant tumours of mesenchymal origin. Prune protein interacts with the metastasis sup-
pressor nm23-H1, but shows impaired affinity towards the nm23-H1 S120G mutant associated with advanced
neuroblastoma. Based on these observations, we previously suggested that prune may act as a negative regulator
of nm23-H1 activity. We found amplification of PRUNE in aggressive sarcoma subtypes, such as leiomyosarco-
mas and malignant fibrous histiocytomas (MFH) as well as in the less malignant liposarcomas. PRUNE amplifi-
cation was generally accompanied by high mRNA and moderate to high protein levels. The sarcoma samples
expressed nm23-H1 mostly at low or moderate levels, whereas mRNA and protein levels were moderate to high
in breast carcinomas. For the more aggressive sarcoma subtypes, 9/12 patients with PRUNE amplification devel-
oped metastases. A similar situation was observed in all breast carcinomas with amplification of PRUNE. Possi-
bly, amplification and overexpression of PRUNE has the same effect in the tumours. We suggest that amplifica-
tion and overexpression of PRUNE could be a mechanism for inhibition of nm23-H1 activity.
Preliminary Study in Neuroblastoma

Two pieces of evidence show a possible involvement of PRUNE in neuroblastoma progression: first, the
mRNA level of expression in early murine development, in particular in structures of neural crest origin. Sec-
ondly, PRUNE impairs interaction with NM23S120G gain of function mutation, frequently observed in
advanced stage neuroblatoma (IVs). For this purpose we have analysed a set of tumour specimens of patients
afflicted with neuroblastic tumours by immunohistochemical analysis and by RACE RT-PCR technique to eval-
uate the protein expression and the mRNA level. 

• Biomedical applications of electron microscopy, light and ultrastructural immumohistochemistry and
ultrastructural microanalysis

G. Taccagni.
In the literature, cases of lymphomas and of non-lymphoid tumours are reported, characterised at Electron

Microscopy by cells with profuse projections of the cytoplasmic membrane, as described for the first time by
Sibley in 1980. Most authors adopted the original name of "anemone cell tumour", while others used various
terms. We have studied histomorphologically, immunocytochemically and ultrastructurally five cases of epithe-
lioid dermatofibroma (ED), a recently described and not well defined entity. Immunohistochemically ED cells
are positive for vimentin, cytokeratins, factor VIII related antigen, Alfa-1-antitrypsin, Alfa-1-antichymotrypsin
and S-100 protein. At electron microscopy the cells of ED had abundant cytoplasm containing a moderate
amount of RER cisternae, plentiful intermediate filaments in irregular bundles, and a small number of
micropinocytotic vescicles. Some cells also presented intracytoplasmic lumina, reminiscent of intracellular neo-
vascular spaces, and well structured Weibel-Palade bodies. The immunophenotype of ED cells is complex with
the coexpression of two classes of intermediate filaments associated with the variable presence of antigenic
markers of an endothelial, histocytic and neural type. The ultrastructural profile also identifies an immature
fibroblastic-like mesenchymal cell which has certain endothelial features. According to their histomorphologi-
cal immunocytochemical and ultrastructural features, we suggest that ED cells derive from either a multipoten-
tial mesenchymal cell able to differentiate into a fibroblastic, histocytic or endothelial line and to express an
epithelial-type antigen (cytokeratins), or from any of the mesenchymal cytotypes previously mentioned, which
still maintain immature or embryonic characteristics and are thus capable of expressing antigenic and ultra-
structural features of different differentiating cellular lines. New criteria required to identify myofibroblastic
differentiation in mesenchymal tumours is ourthird field of research.
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DEVELOPMENTAL NEUROGENETICS

• Functional study of the Ebf family of HLH transcription factors in neurogenesis and neural development
L. Croci, A. Corradi, A. Bosetti, F. Zanoni, G. G. Consalez.

Ebf genes play important, largely uncharacterized roles in differentiation and development. Recent evidence
obtained in C. elegans points to a role for Ebf genes in axon formation, pioneering and fasciculation. We have
identified two members of the Ebf family in the mouse (Ebf2, Ebf3) and two members of the family in Xenopus
laevis (Xebf-2 and Xebf-3). We are characterizing these genes through a diverse approach.

Through overexpression studies conducted in Xenopus laevis, we have described the roles of Xebf2 and Xebf3
in primary neurogenesis and neuronal differentiation, demonstrating that the two genes play separate functions
in neurogenesis. First, Xebf2 functions at an earlier stage in development than Xebf3. Second, unlike Xebf3,
Xebf2 expression and function is sensitive to lateral inhibition. Both genes can neuralize primitive ectoderm,
probably through an antagonistic interaction with nuclear transducers of BMP2/4 signaling. In addition, they
can promote early and late neuronal differentiation.

Furthermore, we have generated a knockout mouse carrying a mutation of Ebf2. Homozygous mutants show
a complex postnatal phenotype, including mild ataxia, sterility, limbic system and cerebellar malformations.

In addition, we have started a search for molecular interactors of Ebf proteins. This is done by affinity chro-
matography using cell lines and embryonic tissues expressing Ebf genes. Putative interactors will be identified
by mass spectrometry and confirmed by immunoprecipitation.

Finally, we have undertaken a search for downstream targets of Ebf factors. Confirmed targets of Ebf genes
include NF-M, Map1b, and c-Met, important for axonal structure and guidance.

Key words: neurogenesis, neuronal differentiation, neural development.

• Molecular study of mab-21, a factor involved in vertebrate neural development
A. Badaloni, D. Baldessari, G. G. Consalez.

mab-21 is a C. elegans cell fate determination gene implicated in development of sensory structures of the
nematode male tail. We have cloned several mammalian members of the mab-21 family, and characterized their
transcript distribution, especially in the eye, midbrain and cerebellum. Furthermore, we have cloned a new fam-
ily member in Xenopus laevis and have studied its function in embryonic development. Overexpression of
Xmab-21 leads to a characteristic phenotype including a defect in notochord formation and a defective induc-
tion of the anterior ventral midline, with cyclopia. Eye and CNS morphogenesis are grossly impaired in these
embryos. Phenotypic rescue and molecular marker data suggest that Xmab-21 antagonizes BMP4 signaling, in
keeping with the results of epistatic analysis studies conducted by others in C. elegans. Functional interactions
occurring in gastrulation suggest that mab-21 genes may also function as intracellular antagonists of BMP sig-
naling later on in neural development. Further studies are in progress to clarify the role of vertebrate mab-21
genes in hindbrain-midbrain and retinal development, and to define their mode of interaction with TGF-beta
signaling pathways in embryogenesis.

Key words: neural development, gastrulation, BMP signaling, cerebellum, eye.

MESODERM STEM CELL BIOLOGY

• The origin and developmental potential of vessel-associated stem cells
S. Brunelli, D. Galli, B. Herrera, R. Tonlorenzi, V. Broccoli, M. G. Cusella De Angelis, G. Cossu.

We have recently shown that a class of myogenic progenitors originate from the embryonic dorsal aorta and
express endothelial markers. We thus proposed that they may be associated with the developing vasculature. 
To test this hypothesis, we grafted quail or mouse embryonic aorta into host chick embryos and observed that,
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at the fetal stage, donor endothelial progenitors were integrated into most mesodermal tissues, including mus-
cle, skeleton and heart. We conclude that vessel associated progenitors participate in post-embryonic develop-
ment and may represent the ancestors of post-natal stem cells.

To understand in detail the biology of these cells, we have expanded these progenitors in vitro and character-
ized their phenotype: most of the clones acquire spontaneously unlimited growth potential and express markers
typical of the hemangiobalst (CD34, c-Kit, Flk1 etc.). We are currently studying their developmental potential
by a number of in vitro and in vivo assays, including transplantation into chick embryo, mouse blastocysts and
fetus in utero, intra-tissutal, intra-vascular or BMT. We are also studying gene expression profiles of these clon-
al lines by micro-array technologies. We will then test the capacity of these cells to rescue mutant phenotypes
such as primary myopathies or osteopathies (in utero and/or post-natally) as pre-clinical basis for future clinical
translation of this experimental strategy.

Key words: stem cells, angiogenesis, myogenesis, hemangioblasts, cell therapy.

• The role of Wnt genes in the activation of myogenesis
B. Berarducci, U. Borello, A. Innocenzi, M. Sampaolesi, G. Cossu.

We previously showed that Wnt1 activates preferentially Myf5 in the dorso-medial lip of newly formed
somites, that contribute to epaxial myogenesis. MyoD in the mouse is preferentially activated by Wnt7a,
expressed in the dorsal ectoderm, and control mainly hypaxial myogenesis. Since different Frizzled are differen-
tially expressed in different domains of newly formed somites, we investigated their possible role by generating
truncated and presumably secreted version of these molecules that may act as dominant negative. Furthermore,
since Wnt7a does not signal through the b-catenin canonical pathway, we tested whether elimination of b-catenin
would interfere with epaxial, or hypaxial myogenesis. We observed that dominant negative Frizzled (1, 6 or 7)
receptors or elimination of beta-catenin abolish Myf5 expression but only slightly reduce the expression of
MyoD, that is rather inhibited by interfering with G protein activity. These data suggest that the canonical Wnt
pathways leads to activation of Myf5 and epaxial myogenesis, whereas Wnts activate MyoD through a non
canonical Wnt pathway utilizing a different Frizzled receptor (which seems unlikely since all the others are not
expressed in newly formed somites) or even binding to a different surface protein.

Key words: Wnt genes, frizzled, myogenesis, somites.

• Novel conditional transgenic strains suitable for studies of neuronal function and dysfunction
A. Servadio, P. Rebagliati, F. Maltecca, F. Pettenella, G. Cossu.

Gene expression profiles are crucial determinants of any biological function and dysfunction. Thus, ability to
manipulate profile of transgene expression in animal models is a major goal because it provides an opportunity
to determine the role of certain gene products at different times during ontogenesis and/or in response to dif-
ferent stimuli or treatments. Conditional mouse mutagenesis is a rapidly evolving technology, ideal for the func-
tional characterization of genes and disease mechanisms, as well as for application of pharmaceutical preclinical
trials. In particular, we are working with the tetracycline inducible system (TET). This allows reversible regula-
tion of timing and dosage of transgene expression in mice. The beauty of this system is its modular nature.
Indeed, "activator" strains can be used to induce tissue-specific expression of a variety of transgenes by breed-
ing two complementary strains. We have produced novel strains in which tTA transactivator is highly expressed
in specific brain regions. These biological tools are available for a variety of studies. For example, strain nACT37
selectively expresses tTA in nearly every neuron throughout the brain. Strongest signals are in telencephalic fore-
brain and in cerebellum. Moreover, this strain has been extensively tested in three independent biological sys-
tems. Strain nACT9 showed very high and selective expression of tTA in every Purkinje cells. Lower expression
was detected in hippocampus. No other cells were positive. This strain has been biologically tested. Strain Pcp72
showed prominent tTA expression in cerebral cortex. High expression was also found in DG of hippocampus. 

Key words: transgenic mice, tetracycline, gene expression.

• TET inducible transgenic mice for the study of spinocerebellar degenerative ataxia type 1 
A. Servadio, P. Rebagliati, F. Pettenella, G. Cossu.

Spinocerebellar ataxia type1 (SCA1) is a dominant inherited disorder caused by expansion of a polyglutamine
tract within ataxin-1. This is a devastating, late-onset progressive neurodegenerative disease. Prominent patho-
logic sites are Purkinje cells (PC), pontine and olivary nuclei. SCA1 belongs to a class of degenerative diseases,
caused by protein misfolding and aggregation, that include Alzheimer and Parkinson diseases. Ataxin-1 is broadly
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expressed in the body throughout ontogenesis. Recent data showed that even normal ataxin-1 causes neurode-
generation in conventional transgenics, although less than expanded ataxin-1. We wanted to decipher the rela-
tionship between expression profile of ataxin-1 and cell pathology in many tissues. Moreover, we wanted to
investigate which pathological changes could be reverted. This is relevant for discovery and application of pre-
ventive therapies. Therefore, we produced novel conditional transgenics in which expression of recombinant
ataxin-1 can be temporally and quantitatively manipulated by means of tetracycline technology (TET). In our
transgenics, ataxin-1 is expressed mostly in the cerebellum, striatum, hippocampus and heart. Upon full induc-
tion of ataxin we observed embryonic lethal effects, reduced body size, evident cranio-facial dismorfology and
reduced neuromotor performance. None of these defects were observed when ataxin transgenes were kept
repressed by tetracycline administration starting from embryonic life. In mice where expression of the transgene
has been derepressed during adult life we observed a number of pathological changes such as reduced neuro-
motor reactivity and fur depigmentation. 

Key words: transgenic mice, gene expression, tetracycline, ataxia, neurodegeneration.

• Molecular study of a novel autosomal dominant cerebellar ataxia with cognitive impairment, dyskinesias
and seizures

A. Servadio, P. Rebagliati, F. Pettenella, G. Cossu.
This project is a molecular and clinical study of a kindred with an autosomal dominant cerebellar ataxia. The

kindred includes patients from 4 generations. Age of onset is within the 3rd-4rd decade in generation III, and,
noticeably, is at 3 years in one patient in generation IV, suggesting genetic anticipation. The phenotype includes
ataxia, cognitive impairment (early and severe), psychiatric symptoms, dyskinesias, corticospinal signs and
seizures. Eye movement is relatively spared. Urinary incontinence and dysphagia develop in late stages. MRI
showed atrophy of cerebrum and cerebellum in all patients. We were interested to identify the molecular defect.
We investigated this form to see if it is linked to known mutations causing similar syndromes, namely spin-
ocerebellar ataxias (SCAs) and DRPLA. Most of these are caused by polyglutamine (pQ) expansion. pQ expan-
sions within SCA1, SCA2, SCA3, SCA6, SCA7, SCA8, SCA12, DRPLA and linkage to SCA4, SCA5, SCA10,
SCA11, SCA13 and SCA 14 loci have been excluded. This strongly suggest that this family has a novel ataxia.
Based on clinical data, we hypothesized that this might be caused by expansion of a pQ tract in an unidentified
protein. Therefore, anti-expanded pQ moAb were used for screening of patients and controls (internal and
external). In all patient lymphoblasts, but not in controls, an identical novel band was detected. Positive controls
validated the analysis. The analyses hitherto outlined suggest that this family may be affected by a novel form of
spinocerebellar ataxia (SCA) caused by a pQ expansion in an as yet unidentified protein. These results pave the
way for cloning of the disease gene.

Key words: ataxia, neurodegeneration, linkage, polyglutamine.

NEURAL STEM CELL

• The neural stem cell: plasticity and transdifferentiation capacity
R. Galli, A. Gritti, A. R. Fiocco, L. Defilippis, A. L. Vescovi.

The study of multipotent neural stem cells is instrumental to understand how the cellular complexity of 
the adult central nervous system (CNS) is generated. Further, it is hoped that the isolation, propagation and
manipulation of these plastic brain precursors and, particularly, of multipotent neural stem cells, can be used in
therapeutic applications in neurological disorders and other human pathologies. Our group has adopted a mul-
tifaceted approach to the study of the basic physiology of these peculiar neural precursors called multipotent
CNS stem cells. By clonal and population analysis, we have shown that both the murine and human CNS
embody multipotent neural stem cells. We found that in both these cell types, self-renewal is critically regulated
by a cohort of growth factors, and particularly by EGF and FGF2. These cells bear spontaneous differentiation
capacity into neurons, astrocytes, and oligodendrocytes. Multiple neurotrophic factors and cytokines can 
regulate and enhance the generation of stem cell-derived neurons and oligodendrocytes that can successfully 
be transplanted into the mature CNS. Further, we have found that the acquisition of specific neurotransmitter
phenotypes of therapeutic relevance, such as the catecholaminergic one, can be induced in stem cell progeny by
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leukaemia inhibitory factor. Strikingly, we show that neural stem cells can undergo trans-germinal differentiation
to give rise to cells of a different dermal origin. Thus, their developmental potential now includes the capacity
to give rise to skeletal muscle, in vivo. The inherent plasticity of CNS stem cells is thus much broader than it
could be predicted. These studies are relevant for the development of novel autologous therapeutic techniques
for various neurodegenerative disorders.

Key words: transdifferentiation, stem cells, transplantation, self-renewal.

• Identification and characterization of forebrain specific transcripts
A. Faedo, C. Gnoato, P. Bressan, A. Bulfone.

Malformations of the central nervous system (CNS) are disturbances of specific developmental processes and,
consequently, dissection of the genetic programs that control normal brain development is necessary to under-
stand the molecular etiology of neurodevelopmental disorders. Our aim is to perform a systematic characteriza-
tion of genes preferentially or exclusively expressed in the developing telencephalon. For this purpose we have
started to characterize individual cDNAs clones obtained through subtractive hybridization, that are expressed
from 5 to 60-fold more in the embryonic mouse telencephalon (E15), compared to adult telencephalon. The
developmental processes taking place at E15 include differentiation and migration of the deep cortical layers,
differentiation and migration of the striatal patch cells and mitosis in the ventricular zone.

Several CNS specific genes were identified through a partial screening of this subtractive library, such as Dlx2,
Tbr1 and Tbr2. The Tbr-1 gene has been already mutated and preliminary evidence suggests that it plays a pri-
mary role in the laminar organization of the cerebral cortex. In order to determine whether Tbr-2 has a unique
or similar function, the gene is being mutated by homologous recombination using a conditional gene targeting
approach.

The characterization of the subtracted cDNA clones includes systematic sequencing, bioinformatic analysis, RNA
in situ hybridization on E14.5 mouse embryos, and micro-arraying on glass slides. Preliminary results indicate that
about 35% of the cDNAs correspond to known genes, 36% to ESTs, and the remaining 29% have no database
match. Moreover about 10% of these clones have a restricted pattern of expression in the developing brain.

The micro-arrays are currently used to delineate gene expression profiles of cultured cell lines (such as undif-
ferentiated neural stem cells or differentiated neuronal, astroglial and oligodendroglial cell cultures) and of genes
differentially expressed in the forebrain of mutant mice.

Key words: brain development, gene expression, mouse models, stem cells, homologous recombination.

HUMAN MOLECULAR GENETICS

• Hereditary spastic paraplegia: the role of paraplegin in neurodegeneration
L. Silvestri, G. Atorino, M. De Fusco, M. Riba, G. Casari.

Hereditary Spastic Paraplegia (HSP) is characterized by progressive weakness and spasticity of the lower
limbs, due to degeneration of corticospinal axons. Heterogeneity characterizes HSP both in the clinical and
genetic aspects. We previously identified the first autosomal gene (SPG7, coding for the mitochondrial metallo-
protease paraplegin) responsible for HSP. Paraplegin is highly homologous to the mitochondrial yeast proteins
AFG3, RCA1, which form in vivo a complex of about 850 KDa, involved in the assembly of respiratory com-
plexes and in the degradation of misfolded proteins. To investigate the pathogenetic mechanisms leading to HSP,
we evaluated the phenotypic characteristics of primary cell lines from HSP patients. By inducing free radicals
formation, we observed a dramatic ATP depletion in HSP cell lines compared to controls, suggesting an
increased sensitivity of HSP cells to oxidant challenge. The specificity of this HSP cellular phenotype is con-
firmed by rescueing the control phenotype with paraplegin cDNA transfection.

In addition, with bioinformatic approach we identified a human homolog of paraplegin, AFG3L2, and demon-
strated the formation of AFG3L2-paraplegin complex by co-immunoprecipitation experiments. The hypothe-
sized role of protein quality control of the complex within the mitochondrion and its involvement in the axonal
degeneration is currently under study.

Key words: neurodegeneration, hereditary spastic paraplegia, mitochondria, metalloprotease.
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• Master genes of neurosecretion
J. Meldolesi, M. L. Malosio, T. Giordano, L. Astolfi.

Previous studies of the laboratory on two independent clones of the chromaffin cell line, PC12, displaying the
same overall neurosecretory defect, i.e. lack of the organelles and of the machinery sustaining regulated exocy-
tosis, have allowed us to propose that the neurosecretory phenotype can be regarded as a specialized aspect of
the neuronal/neuroendocrine cell differentation dependent on the expression of specific master gene(s). The
work in progress to understand the mechanism activating the neurosecretory phenotype is being developed
along two directions.

1) A microarray-based gene expression profile analysis of the two mutant clones compared to two wild-type
ones. About 600 genes were found to be coregulated in the two mutant clones. Among the most significantly
down-regulated (3 fold down-regulated or more) 12% are neurosecretory genes, 40% ESTs, 12% annotated
genes with unknown function, 7% nuclear or transcription factors and the rest falls into disparate categories.
The function of some missing genes will be studied by expression of epitope-tagged versions in neurosecretion-
defective cells and analysis of their contribution to secretory granules reappearance. Bioinformatic studies will
be performed on the ESTs.

2) The mechanisms regulating neurosecretion are of great importance not only for basic science but also for
possible clinical applications.

Specific diseases are due to the lack of cells releasing hormones or neurotransmitters in a regulated way. Fur-
thermore the selective loss of secretion competence by endocrine cells without cell death could be investigated
as an additional pathogenic mechanism. Along this line we are currently exploring the possibility of finding
clones of cells bearing the same neurosecretory defect as found in PC12 cells among insulin-secreting cells.

Key words: neurosecretion defect, diabetes.

• A new system of regulated exocytosis
J. Meldolesi, B. Borgonovo, E. Cocucci, G. Racchetti.

Regulated exocytosis is the process by which specialized cells, i.e. endocrine, exocrine, neurons etc., discharge
to the extracellular space their secretion products in response to stimulation. Up until now, neurons and neu-
rosecretory cells were believed to possess two regulated exocytosis systems, necessary to discharge independently
low molecular weight and peptide products, respectively. However, previous electrophysiology work carried out
in the cells of the PC12 clone available in the lab, which are specifically defective for regulated exocytosis, had
revealed in those cells the existence of a form of regulated exocytosis which differs from the other forms based
on molecular and kinetic criteria. In the present study antibodies have been generated against the proteins that
appear at the surface of the defective PC12 cells when stimulated with the Ca2+ ionophore, ionomycin. By the
use of these antibodies in double label confocal microscopy we have shown that the membrane-bound organelles
responsible for the new type of regulated exocytosis are distinct from all other known intracellular structures
including ER, Golgi complex, lysosomes, endosomes. The work is being pursued to characterize further the new
intracellular organelles in terms of both structure and distribution, and to identify their function, which is cer-
tainly different from secretion.

Key words: regulated exocytosis, intracellular organelles.

• Condensation of calsequestrin
J. Meldolesi, G. Gatti, S. Trifari.

Calsequestrin (CSQ), the most important luminal acidic Ca2+-binding protein of the striated muscle sar-
coplasmic reticulum (SR), is also expressed in the endoplasmic reticulum (ER) of other cell types, including
smooth muscle fibers and neurons. A property of CSQ, unique among animal proteins, is its ability to concen-
trate at critical sites of the SR/ER. In order to identify the molecular mechanisms regulating this process, that we
have named condensation, we produced CSQ chimeras as well as truncated and point-mutated constructs, and
expressed them in various types of cells. Immunocytochemistry of these cells at the light and electron microscope
level led us to identify two short aminoacid sequences, one at the N-terminus, the other near the C-terminus, by
which CSQ molecules interact with each other.The resulting filaments are then docked to the critical sites of SR
terminal cisternae by the interaction with the basic tails of specific membrane proteins. These results provide an
answer to peculiar structural and functional features of the CSQ-expressing cells and open the way to interest-
ing developments at the cell engineering level.



• AIDS neuropathology is induced through the activation of the chemokine receptor CXCR4 in glial 
cells

J. Meldolesi, A. Volterra, P. Bezzi, M. Domercq, A. Vescovi.
The intimate mechanisms of HIV-induced neuropathology remain largely obscure. Working, in collaboration

with the laboratory of A.Volterra at the Pharmacol.Sci. Inst., University of Milan on cultured rat and human
astrocytes as well as on intact rats, we have now demonstrated that activation of the chemokine CXCR4 recep-
tor by either its endogenous ligand, SDF-1, or the HIV coat protein, gp120, triggers a complex cascade of events
which, in the presence of activated microglia, induces the release of glutamate with ensuing neuronal damage
and death. These results provide a new interpretation of a severe neural pathology which also occurs in humans,
and open new opportunities for the development of pharmacological approaches which may not be limited to
AIDS but extended to a variety of other degenerative brain disorders.

Key words: astrocytes, microglia, chemokine, glutamate release.

• Identification of potential pharmacological targets in tumour necrosis factor-alpha-triggered 
apoptosis

C. Sciorati, R. Barsacchi, E. Clementi.
Tumour Necrosis Factor-alpha (TNF) participates in the development of several pathological conditions.

Apoptosis, initiated by activation of the p55 kDa receptor (TNFRI), contributes to the pathogenic role of TNF.
We have studied the regulation of the initial signaling events triggered at TNFRI. We have shown that two mes-
senger molecules generated in the early minutes after TNF administration, i.e. ceramide and nitric oxide (NO),
contribute significantly to modulation of the cytotoxic effects of this cytokine. Ceramide was found to increase
apoptosis induction through its ability to increase recruitment of the TRADD protein to TNFRI, thereby
enhancing activation of caspase-8. TNF generates ceramide through activation of acidic and neutral sphin-
gomyelinases. Using inhibitors more selective for this enzymatic activity we found that acidic sphingomyelinase
activity is the one responsible for the observed effects of ceramide on TNF signaling and apoptosis. NO, whose
generation is triggered by TNF following activation of the constitutive type III NO synthase, was found to down-
regulate the enhancing effect of ceramide. This is due to inhibition, by the gaseous messenger, of 
acidic sphingomyelinase activity and thus ceramide generation. These effects of nitric oxide are dependent on
cyclic GMP generation. Progress of this work includes: i) characterisation of the steps downstream of cyclic
GMP responsible for inhibition of sphingomyelinase activity; ii) elucidation of the mechanism(s) whereby TNF
stimulates NO synthase. Identification of molecules and mechanisms involved in early signaling events triggered
by TNF may help in designing therapeutic approaches to pathological events in which this cytokine plays a 
relevant role.

Key words: tumour necrosis factor alpha, nitric oxide, sphingolipid metabolism, apoptosis.

• Regulation by nitric oxide of the antigen presenting ability of human dendritic cells
C. Paolucci, S. Burastero, A. Manfredi, P. Rovere Querini, E. Clementi.

The impaired ability of dendritic cells to present tumour antigens is recognised to contribute to the develop-
ment of various forms of cancer. Modulation of the antigen presenting ability of dendritic cells may therefore be
of therapeutic relevance. Recently we found that NO interferes with an important function modified during the
maturation of these cells, i.e. endocytosis. In particular, we found that downregulation of endocytosis during
TNF-induced maturation was inhibited by NO through the generation of cyclic GMP. NO is generated by
macrophages activated in the course of immune responses. Exposure to NO might thus increase the ability of
dendritic cells to capture relevant antigens at the site of infection. We have now tested this possibility and found
that exposure to NO during TNF-induced maturation increases the antigen presenting ability of DC. This, how-
ever, is due only in part to antigen-dependent events, as the same enhancing effect is observed using superanti-
gens or in mixed lyphocyte reactions. We are now characterising which events/molecules are modulated by NO
during the maturation process of human dendritic cells.

Key words: tumour necrosis factor alpha, dendritic cells, nitric oxide.
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SYNAPTIC PLASTICITY IN THE HIPPOCAMPUS
A. Malgaroli.

• Plastic changes at hippocampal synapses
A. Abenavoli, B. Gravante, M. Montagna, R. Ingrassia, A. Bergamaschi, A. Malgaroli.

My laboratory studies cellular and molecular events that form the basis of synaptic plasticity in the hippocam-
pus, especially as it relates to learning and memory. The hippocampus is known to be involved in certain types
of learning and memory and it has long been thought that the synapses between nerve cells are an encoding site
for these memories. According to this view, formally put forward by the Canadian psychologist, Donald Hebb,
about 50 years ago, brain electrical activity resulting from behavioral experiences can cause persistent changes
in the strength of synaptic connections between neurons that are simultaneously active. We study long-term
potentiation (LTP), a long-lasting increase in synaptic strength that occurs when synapses are strongly activated
for a brief period of time. LTP is one of the properties of the synaptic memory process postulated by Hebb and has
therefore been proposed to be a synaptic mechanism underlying memory storage. We are currently combining
electrophysiological and optical techniques to address fundamental issues related to the formation and mainte-
nance of this type of neuronal plasticity, using both hippocampal slices and culture preparations. Dissociated 
cultures are certainly the simplest preparation in which long-term changes in synaptic function can be elicited
with many advantages, including a more easy approach with optical and electrophysiological techniques, but also
with pharmacological and genetic manipulations rather than tissue slices.

• LTP recruits silent connections in the hippocampus
A. Abenavoli, B. Gravante, M. Montagna, R. Ingrassia, A. Bergamaschi, A. Malgaroli.

In the last few years we have developed and characterized a hippocampal culture system (obtained from the
region CA3-CA1 of the neonatal rat ) both at the electrophysiological and morphological levels and found that
we can consistently obtain long-term changes in synaptic function. In this system, brief applications of glutamate
or tetanic stimulation (1 s @ 100 Hz, 3 times, 10 s between pulses) produce LTP of synaptic transmission. This
LTP is evident as an increase in the amplitude of synaptic responses evoked by presynaptic stimulation, together
with a persistent increase in the frequency of spontaneous unitary events without an increase in their amplitude.
However, it is not yet clear how synaptic transmission is enhanced by LTP. A critical question is whether the
presynaptic enhancement that occurs during LTP just involves some graded changes in the strength of pre-exist-
ing functional synapses or if previously silent “connections” are recruited (or new connections formed). Based
on some recent results from our and other laboratories, hippocampal neurons seem to have a very large propor-
tion of presynaptically silent synapses. More specifically, we found that approximately 30% of all synapses 
are silent and that they can be awakened by tetanic stimulation. Thus it seems likely that this recruitment 
of silent synapses might play an important role in the strengthening of synaptic transmission during LTP in 
CA3-CA1 hippocampal synapses.

• Quantal behavior of central synapses
A. Abenavoli, B. Gravante, M. Montagna, R. Ingrassia, A. Bergamaschi, A. Malgaroli.

Our understanding of central synapse behavior is limited by the lack of information about synaptic function-
ing at the level of individual synapses. Most of the experimental information available reflects only the summed
behavior of a large synaptic population, which is characterized by elements with very heterogeneous properties.
For this reason, we have developed a method which has allowed us to record for the first time from individual
CNS synaptic boutons. With standard electrophysiological recordings of population activity, miniature synaptic
currents (minis), presumably uniquantal events, display a very large variability both in amplitude and kinetics
(CV ~ 0.6-0.9; CV = SD/Mean). The source of this variability has been strongly debated in the last few years. By
recording from individual boutons we found that in this configuration, minis display a very preserved waveform,
with a fast rise (0.2-0.3ms, t20-80%) and decay (0.7-1.2ms, t1/2), and the mean amplitude ranges from 40 to 55
pA among different synapses. At individual terminals, quantal events in a way vary in amplitude but the degree
of this variability is very small (single-synapse CV ~0.3), much less than that found with population recordings.
The implication of these results is that the neuronal cable shapes synaptic events in such a way that a very large
variability is introduced.
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• Role of agrin at central synapses
A. Abenavoli, B. Gravante, M. Montagna, R. Ingrassia, A. Bergamaschi, A. Malgaroli.

Clustering of neurotransmitter receptors on the appropriate cellular target is one of the early steps of synapse
formation and is also required for synapse functioning and stabilization in the central and peripheral nervous 
system. This process requires various modes of signalling between pre- and post-synaptic elements to control the
correct spatial and temporal pattern of synapse formation and stabilization. Up to now only a few molecules that
participate in the regulation of this process have been described. In this context we examined the functional role
of agrin, a molecule delivered by presynaptic neuronal endings, that seems to be involved in synapse develop-
ment, stabilization and also regeneration. The best-known function of agrin is to induce the aggregation of
acetylcholine receptors (AChR) beneath motor nerve terminals. We have set up an innovative approach to this
problem that uses the combination of advanced electrophysiological recordings of synaptic activity, molecular
biology and morphological analysis. In this context, co-cultures of hippocampal pre- and post-synaptic elements
have been characterized and the effects of mutation in the agrin locus (KO mice generated by homologous
recombination), antisense oligonucleotides, specific anti-agrin antibodies and recombinant agrin molecules ana-
lyzed. In these conditions we have identified a series of specific functional and morphological agrin effects on
neuronal development, dendritic morphology, and synaptic growth and maturation.

• Multimodal but independent quantal release at individual synapses
A. Abenavoli, B. Gravante, M. Montagna, R. Ingrassia, A. Bergamaschi, A. Malgaroli.

Most of the synapses so far investigated release quanta in a spontaneous manner. Since the pioneering work of
Fatt and Katz at the neuromuscular synapse, spontaneous release of synaptic quanta is considered a probabilis-
tic process where each quantum is randomly discharged at individual release sites. Release sites are assumed to
behave independently and discharge quanta at a very low and stable rate. Regrettably, it is unclear if such a
description of the release process applies to small CNS synapses. To investigate this problem, we used whole-cell
recordings to study the stochastic properties of spontaneous release at hippocampal synapses. In these experi-
ments, clustering of miniature events (minis) was a consistent observation. In about 60% of the experiments,
multiple decaying exponentials were required for best fit of interval distributions, and this facilitatory behavior,
which could not be accounted for by random coincidences, was independent of calcium elevations in the cytosol.
The genesis of this phenomenon is independent of Ca2+ elevation in the presynaptic terminals. Our relative igno-
rance about the molecular organization of release sites precludes any deeper understanding of this synaptic
behavior. Nonetheless, we can speculate that, since minis keep occurring in the absence of any incoming electrical
activity, trophic support through minis would circumvent requirements for Hebbian mechanisms to maintain
various forms of synaptic plasticity.

CELLULAR NEUROPHYSIOLOGY

• Sphingolipid metabolites as signaling molecules
D. De Pietri Tonelli, R. Schnurbus, D. Zacchetti, F. Grohovaz.

Sphingolipid breakdown products have potent biological effects and are considered important for cell prolif-
eration, differentiation and programmed death. Our project deals with the identification and characterisation of
their molecular targets. In particular, we are interested in sphingosylphosphocholine (SPC), a potent mitogen
that accumulates in the neuronopathic form (type-A) of Niemann-Pick disease. SPC promotes Ca2+ discharge
from intracellular stores via G-protein-coupled receptors and by a direct intracellular action. In 1999, we per-
formed a pharmacological characterisation of surface receptors in PC12 and MDCK cells. More recently, we
have started a molecular characterisation of Scamper, a protein proposed to be an SPC-gated intracellular Ca2+

channel. The canine cDNA sequence was submitted to Genbank (AF263546). Our experiments have revealed
that Scamper is a type Ib membrane protein with a single, predicted- alpha-helical transmembrane domain, a
structure which is not usually associated with channel activity. Interestingly, overexpression of Scamper proved
toxic for cells, causing peculiar morphological changes (production of actin-containing protrusions) and, even-
tually, cell death. The features of Scamper's 5'UTR (longer than usual and characterised by several upstream
AUGs) led us to investigate the translational control of its expression. By means of reporter genes (luciferases
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and fluorescent proteins) in mono and bicistronic transcripts, we demonstrated that Scamper 5'UTR contains a
functional internal ribosome entry site (IRES) driving cap-independent Scamper translation, a mechanism whose
importance has recently been recognised. Finally, we demonstrated a cell-specificity of this IRES for kidney
epithelial cells, but not for several other cell lines.

Key words: sphingosylphosphocholine, Scamper, kidney epithelial cells.

• Neuronal and glial control of glutamate release
A. Di Cesare, C. Gravaghi, D. Zacchetti, F. Codazzi, F. Grohovaz.

In neuron-astrocyte networks, signal transduction is the result of the complex interplay of many signaling pro-
teins and second messengers. One main objective of this finely regulated activity is the control of glutamate
release, a function that, important per se, has crucial implications in neurodegeneration. We confirmed that stim-
ulation of glutamate receptors on astrocytes causes these cells to release glutamate, and that this, in turn, can ele-
vate [Ca2+]i in surrounding neurons and glial cells. Also prostaglandins (cyclooxygenase metabolites of arachi-
donic acid) appeared critical for this neuron-glia cross-talk. In particular, we demonstrated in cultured astrocytes
that prostaglandins participate in the glutamate-releasing action of ATP, bradykinin and glutamate itself. In fact,
glutamate-release and [Ca2+]i elevations elicited by any of the three agents in the astrocytic network were
depressed by blocking cyclooxygenase or by using a specific antibody to capture extracellularly released PGE2.
These data suggest that a large component of the observed effects of glutamate, ATP and bradykinin depends
on the amplifying autocrine/paracrine action of PGE2 (project in collaboration with A. Volterra).

Finally, our study of responsiveness of cells in terms of intracellular signaling was extended to the analysis of
diacylglycerol (DAG) dynamics. PKC translocation from the cytosol to the plasma membrane (upon DAG acti-
vation of the enzyme) was monitored using total internal reflection microscopy (TIRM) of cells overexpressing
GFP-tagged constructs of PKC. Our preliminary results showed the correlation between PKC translocation and
activation of second-messenger networks.

Key words: astrocytes, signaling, glutamate release.

SYSTEMS NEUROPHYSIOLOGY

• Analysis of synaptic bioelectric signals
I. Manida, R. Fesce.

Kinetic analysis of quantum turnover at neuronal synapses: we have investigated the synaptic responses to
repetitive nerve stimulation in the rat superior cervical ganglion (collaboration with O. Sacchi, Ferrara) and set
up a multi-compartmental model of vesicle recycling which can reasonably predict responses to paired pulses
under various experimental conditions. We are now comparing these results with the analysis of trains of stim-
uli, using variable intervals between stimuli in the train. We have also set up an electrophysiology workstation to
perform the same kind of investigation on cultured hippocampal neurons.

Interplay of ionic currents below threshold in modulating neuronal excitability and communication across the
synapse: we have refined our model of the orthosympathetic neuron in the rat SCG, which fully reproduces the
electrical behavior of the cell in response to artificially injected current as well as synaptic activation, by intro-
ducing chloride conductances which we recently showed to be active in the under-threshold region of membrane
potential; we are investigating the possible involvement of such chloride currents in the definition of neuronal
excitability.

Investigation of the role of the sensory cell's secretory machinery in the elaboration of the afferent signal from
sensory organs: We have proceeded in the characterization of synaptic activity at the posterior canal cytoneural
junction in frog labyrinth. In particular, we investigated synaptic activity in response to pseudo-white mechani-
cal stimulation and applied system identification techniques to isolate and model the dynamics of synaptic
response and its contribution to signal processing.

These lines of research are carried out in collaboration with the CNR Center Cytopharmacology, Milan, and
the Dept. Biology, University of Ferrara.
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• In vivo analysis of protein-protein interactions in single nerve terminals
M. Pennuto, A. Contestabile, D. Dunlap, F. Valtorta.

In recent years, an array of nerve terminal proteins have been identified as key players in the process of 
synaptic vesicle exo-endocytosis. In order to dynamically test current models of synaptic vesicle fusion mecha-
nisms that were developed based on indirect or in vitro experiments, we have employed fluorescence resonance
energy transfer (FRET) between chimeric proteins formed by appropriately coloured mutants of green fluores-
cent protein and synaptic vesicle proteins. This technique permits isolation of the presynaptic compartment 
in complex neuronal assemblies by specific labeling and fluorescence measurements in high resolution images 
of living neurons.

By this technique, combined with co-immunoprecipitation and optical analysis of synaptic vesicle recycling, we
have determined the interactions between pairs of wild-type or mutated synaptic vesicle proteins during the var-
ious steps of the exo-endocytotic cycle. Our results suggest that the synaptic vesicle protein synaptophysin reg-
ulates the assembly of the fusion machine and subsequently participates in the formation of the fusion pore,
whose activity is in turn directed by the fusion machine itself.

Key words: synaptic vesicles, exocytosis, imaging techniques.

• Use of phosphosynapsin-1-specific antibodies for image analysis of signal transduction in single nerve
terminals

A. Menegon, D. Dunlap, C. Leoni, F. Valtorta.
We have developed a microscopic method in which various phosphorylated forms of the synaptic vesicle-asso-

ciated protein synapsins are immunocytochemically double-labelled with phosphorylation state-specific and
phosphorylation state-insensitive antibodies to determine changes in their apparent phosphorylation stoichiom-
etry as an indication of the variations in second messenger levels in individual nerve terminals.

The use of immunofluorescence makes it possible to determine whether the signal detected is due to phos-
phorylation of a sub-population of neurons (or synaptic boutons) or whether the signal is homogeneously dis-
tributed among all the synaptic boutons in the culture. Simultaneous labeling of post-synaptic dendritic spines
with phosphorylation state-specific and phosphorylation state-insensitive antibodies to the enzyme CaM kinase
II allows us to also analyze the coupling between pre- and post-synaptic activation during various stages of
synapse development and in different states of synaptic activity.

The problem with analyzing the activation of single synaptic boutons has not been addressed previously. Thus,
the methodology that we have developed establishes a step forward in the study of signal transduction 
in neurons.

Key words: protein phosphorylation, synapse, imaging techniques.

• Study of the molecular mechanisms of synaptic maturation
A. Menegon, C. Leoni, M. Pennuto, D. Bonanomi, F. Valtorta.

Recent data suggest that the assembly of a functional synapse is a process which is globally orchestrated, and
involves the budding from the trans-Golgi network of membrane-bound "packets" containing most, if not all,
the proteins destined to the synapse. However, contrasting data have also been presented, which indicate a sep-
arate sorting for at least some of the proteins involved in neuroexocytosis, and the formation of mature synaptic
vesicles exclusively after the formation of a synaptic contact. We are studying the biogenesis of synaptic vesicles
in immature neurons. In particular, we are analysing the proteins involved in synaptic exo-endocytosis. Points
that are being addressed include: the developmental regulation of the expression of the set of genes coding for
the proteins of interest, their mechanisms of targeting to the synapse, the stepwise assembly of synapses.

Key words: synaptic vesicles, synapse, exocytosis.

• Constitutive TrkA activity in receptor-overexpressing PC12 clones
C. Leoni, F. Valtorta.

We have studied ligand-independent signaling by the nerve growth factor receptor TrkA under conditions of
receptor overexpression. Our results indicate that TrkA overexpressing PC12 clones display constitutive receptor
activation, involving both the mature and the immature, intracellular form of the receptor. Constitutive receptor
activation is able to induce ligand-independent neurite extension. Exposure of the cells to reducing agents 
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promotes translocation of the intracellular pool of the receptor to the plasma membrane and suppresses ligand-
independent neurite outgrowth. Altogether, our findings add a further level of complexity in signal transduction
by neurotrophin receptors, and suggest that receptor concentration may act to modulate kinase activity. In addi-
tion, our results raise the intriguing possibility that TrkA (as well as other protein kinase receptors) may signal
from intracellular locations and particularly in the course of its biogenesis, before reaching the cell surface.

Key words: tyrosine kinases, signal transduction, neurotrophin.

NEUROIMMUNOLOGY

• Intrathecal delivery of IFN-gamma protects mice from chronic-progressive experimental autoimmune
encephalomyelitis by increasing apoptosis of CNS-infiltrating lymphocytes

R. Furlan, E. Brambilla, F. Ruffini, A. Bergami, P. L. Poliani, G. Martino.
The exclusive detrimental role of pro-inflammatory cytokines in demyelinating diseases of the central nervous

system (CNS), such as multiple sclerosis (MS), is controversial. Here, we show that the intrathecal delivery of an
HSV-1-derived vector engineered with the mouse IFN gamma gene leads to persistent (up to 4 weeks) CNS pro-
duction of IFN-gamma and inhibits the course of a chronic-progressive form of experimental autoimmune
encephalomyelitis (EAE) induced in C57BL/6 mice by myelin oligodendrocyte glycoprotein (MOG)35-55. Mice
treated with the IFN-gamma-containing vector before EAE onset showed an earlier onset but a milder course of
the disease compared to control mice treated with the empty vector. In addition, 83% of IFN-gamma-treated
mice completely recovered within 25 days post immunization (p.i.) while control mice did not recover up to 60
days p.i. Mice treated with the IFN-gamma-containing vector within one week after EAE onset, partially recov-
ered from the disease within 25 days after vector injection, while control mice worsened. Recovery from EAE in
mice treated with IFN-gamma was associated with a significant increase of CNS-infiltrating lymphocytes under-
going apoptosis. During the recovery phase, the mRNA level of tumor necrosis factor (TNF) receptor I was also
significantly increased in CNS-infiltrating cells from IFN-gamma-treated mice compared to controls. Our results
further challenge the exclusive detrimental role of IFN-gamma in the CNS during EAE/MS, and indicate that
CNS-confined inflammation may induce protective immunological counter-mechanisms leading to a faster clear-
ance of encephalitogenic T cells by apopotosis, thus restoring the immune privilege of the CNS.

Key words: EAE/MS, inflammation, cytokines.

• Fibroblast growth factor-II gene therapy reverts the clinical course and the pathological signs of chron-
ic experimental autoimmune encephalomyelitis in mice

F. Ruffini, E. Brambilla, P. L. Poliani, S. Pluchino, G. Martino.
The development of therapies aimed at promoting remyelination is a major issue in chronic inflammatory

demyelinating disorders of the central nervous system (CNS), such as multiple sclerosis (MS), where the perma-
nent neurological impairment is due to the axonal loss resulting from recurrent episodes of immune-mediated
demyelination. Here, we show that the intrathecal injection of an herpes simplex virus (HSV) type-1 replication-
defective multigene vector, engineered with the human fibroblast growth factor (FGF)-II gene (TH:bFGF vec-
tor), was able to significantly revert in C57/BL6 mice the clinico-pathological signs of chronic experimental
autoimmune encephalomyelitis (EAE), the animal model of MS. The treatment with the TH:bFGF vector was
initiated within one week after the clinical onset of EAE and was effective throughout the whole follow-up peri-
od (i.e. 60 days). The disease-ameliorating effect in FGF-II-treated mice was associated to: (i) CNS production
of FGF-II from vector infected cells which were exclusively located around the CSF space (ependymal, choroidal
and leptomeningeal cells); (ii) significant decrease (p<0.01) of the number of myelinotoxic cells (T cells and
macrophages) both in the CNS parenchyma and in the leptomeningeal space; and, (iii) significant increase
(p<0.01) of the number of oligodendrocyte precursors and of myelin-forming oligodendrocytes in areas of
demyelination and axonal loss. Our results indicate that CNS gene therapy using HSV-1-derived vector coding
for neurotrophic factors (i.e. FGF-II) is a safe and non toxic approach that might represent a potential useful
“alternative” tool for the future treatment of immune-mediated demyelinating diseases.

Key words: fibroblast growth factor-II, EAE; HSV-1 vectors, oligodendrocyte precursors.
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• Delivery to the central nervous system of a non-replicative herpes simplex type-1 vector engineered with
the IL-4 gene protects rhesus monkeys from hyperacute autoimmune encephalomyelitis

P. L. Poliani, R. Furlan, F. Ruffini, A. Bergami, G. Desina, G. Martino.
Systemic administration of anti-inflammatory molecules to patients affected by immune-mediated inflamma-

tory demyelinating diseases of the central nervous system (CNS) has limited therapeutic efficacy due to the pres-
ence of the blood-brain barrier (BBB). We found that 3 out of 5 rhesus monkeys injected intrathecally (i.t.), with
a replication-defective herpes simplex virus (HSV) type-1-derived vector engineered with the human interleukin
(IL)-4 gene, were protected from an hyperacute and lethal form of experimental autoimmune encephalomyelitis
induced by whole myelin. The i.t.-injected vector consistently diffused within the CNS via the cerebrospinal flu-
id and infected ependymal cells that, in turn, sustained in situ production of IL-4 without overt immunological
or toxic side-effects. In EAE-protected monkeys, IL-4-gene therapy significantly decreased the number of brain
as well as spinal cord inflammatory perivenular infiltrates and the extent of demyelination, necrosis and axonal
loss. The protective effect was associated with in situ down-regulation of inflammatory mediators such as tumor
necrosis factor (TNF)a and monocyte chemoattractant protein (MCP)-1, upregulation of transforming growth
factor (TGF)b, and preservation of BBB integrity. Our results indicate that i.t. delivery of HSV-1-derived vec-
tors containing anti-inflammatory cytokine genes may play a major role in the future therapeutic armamentari-
um of inflammatory CNS-confined demyelinating diseases and, in particular, in the most fulminant forms where
conventional therapeutic approaches have, so far, failed to achieve a satisfactory control of disease evolution.

Key words: IL-4, cytokine gene therapy, EAE.

NEUROEPIDEMIOLOGY

• Clinical trials in multiple sclerosis patients 
V. Martinelli, B. Colombo, A. Poggi, M. Rodegher, L. Moiola, P. Rossi, F. Martinelli Boneschi, G. Comi.

I. We are involved in many international and national multicentre clinical trials to evaluate clinical efficacy, tol-
erability, MRI correlates and safety of new drugs in patients with multiple sclerosis) MS.

The ETOMS (Early treatment of MS) study, a multicentre clinical trial evaluating the effects of a low dose of
Interferon Beta (IFN) 1a on patients treated after their first clinical attack suggestive of MS, demonstrated a sta-
tistically significant reduction in the proportion of patients who developed MS and that both the number of new
T2 brain MRI lesions and the increase of lesion burden were significantly lower with active treatment.

We partecipated in a multicentre, randomized, controlled, pilot study, comparing the effects on MRI activity
of two different doses (1 or 3 mcg/Kg s.c, once a week for 24 weeks) of Interferon alfa 2b (PEG-Intron) versus
IFN 1a (Avonex) in MS patients with a relapsing-remitting course.

We concluded two pharmacological multicentre clinical trials in MS patients: the 6 month, placebo controlled,
double blind trial to investigate the safety of three different doses of oral IFN 1a and their effects on brain MRI
in relapsing-remitting patients and the European trial in Secondary-Progressive MS patients to evaluate the safe-
ty and the efficacy of intravenous immunoglobulin. The results will allow us to understand the possible thera-
peutic effects of a new formulation of a well-known immunomodulating agent (IFN) and the efficacy of a long
term therapy with immunoglobulin.

We are collecting clinical data on more than 500 MS patients attending our MS Centre, who have been on IFN
treatment since 1996, in order to evaluate the efficacy of different doses of IFN and to identify which factors will
predict treatment response or side effects.

Key words: multiple sclerosis, clinical trials, interferon.

• Clinical trials in multiple sclerosis patients 
V. Martinelli, M. Rodegher, L. Moiola, A. Poggi, B. Colombo, P. Rossi, F. Martinelli Boneschi, G. Comi.

II. The double blind phase and the active treatment phase (36+36 weeks) of the clinical trial to test the effica-
cy of a daily subcutaneous dose of 20 mg of glatiramer acetate (copolymer I) in MS patients demonstrated a sig-
nificant reduction of clinical relapses and of brain Gd-enhancing lesions.

In the year 2000 we coordinated a new international, multicentre, randomized double-blind, placebo con-
trolled study comparing two doses of glatiramer acetate (5 mg or 50 mg) versus placebo, orally administered, in
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relapsing-remitting MS patients for a 56 week period. 1800 patients were enrolled worldwide. The endpoints of
this study are to evaluate: 1) the reduction of the frequency of clinical relapses and of the changes of the EDSS
score in the patients treated with oral Copolimer I; 2) the effects on multiple MRI parameters; 3) safety and tol-
erability of the drug.

We evaluated mitoxantrone therapy in Secondary Progressive MS patients in an open, controlled study. 
Our results confirmed the efficacy, safety and tolerability of Mitoxantrone in reducing clinical and MRI corre-
lates of the disease progression. Moreover we are involved in a multicentre study to evaluate a new therapeutic
strategy in early and very active relapsing-remitting MS patients. The aim of this prospective, comparative study
is to determine whether an induction treatment with mitoxantrone (20 mg/month/ for six months) followed by
long-term treatment with IFN 1b may delay the disease progression compared to long-term treatment with
IFN1b alone.

Key words: multiple sclerosis, clinical trials, Glatiramer acetate, mitoxantrone.

• Physiopathology and treatment of fatigue in multiple sclerosis
V. Martinelli, B. Colombo, P. Rossi, L. Moiola, A. Poggi, M. Rodegher, F. Martinelli Boneschi, G. Comi.

Fatigue is a common symptom referred by about one-third of Multiple Sclerosis patients even in the early
phase of the disease. Due to its possible association with motor disturbances and/or mood disorders, its phys-
iopathology is still under debate.

To investigate the nature of this symptom we evaluated neurophysiological (Motor Evoked Potentials – MEPs)
and brain MRI findings in two groups of non-disabled MS patients who reported (F) or did not report (NF)
fatigue. MEPs were abnormal in five out of 15 patients with fatigue and only in one out of 15 of NF patients. A
significant association was found between the total lesion load detected with brain MRI and the score of the
Fatigue Severity Scale. Particularly we found that the lesion load of internal capsulae, periventricular trigone and
parietal lobe was significantly higher in F patients than in the NF group. Our results could explain fatigue as a
result either of a functional deafferentation of the cortex due to a cortico-subcortical interconnection damage or
of a demyelination process in critical sites of the CNS such as the corticospinal tract.

As a consequence of the above mentioned hypothesis, we are going to start a multicentre, double blind, cross-
over, randomized, placebo-controlled trial to study the safety and efficacy of modafinil as a treatment of fatigue
in 120 MS patients. This drug is a new wake-promoting agent used in treatment of narcolepsy. Its exact mecha-
nism of action is still partially unknown, but it seems to be completely different from the dopaminergic action
common to many CNS stimulating agents such as amphetamine, methylphenidate and amantadine. In this trial
the primary end-point will be the improvement of fatigue as detected by the Fatigue Severity Scale.

Key words: multiple sclerosis, fatigue, modafinil.

• Induction of a non-encephalitogenic type 2 T helper-cell autoimmune response in multiple sclerosis after
administration of an altered peptide ligand in a placebo-controlled, randomised phase II trial

G. Comi, V. Martinelli, G. Magnani, A. Poggi, M. Rodegher, B. Colombo, L. Moiola, P. Rossi, M. Gironi.
In this “double-blind” randomized, placebo-controlled phase II trial, we compared an altered peptide ligand

of myelin basic protein with placebo, evaluating their safety and influence on magnetic resonance imaging in
relapsing-remitting multiple sclerosis. A safety board suspended the trial because of hyposensibility reactions in
9% of the patients. There were no increases in either clinical relapses or in new enhancing lesions in any patient,
even those with hypersensitivity reactions. Secondary analysis of those patients completing the study showed that
the volume and number of enhancing lesions were reduced at a dose of 5mg. There was also a regulatory type 2
T helper-cell response to altered peptide ligand that cross-reacted with the native peptide.

• Epidemiology and characterization of specific aspects of multiple sclerosis 
V. Martinelli, M. Rodegher, B. Colombo, L. Moiola, A. Poggi, P. Rossi, F. Martinelli Boneschi, G. Comi.

We evaluated the prognosis of patients with idiopathic optic neuritis and their risk of developing clinically def-
inite (CD) MS. The probability of CDMS was 49% after 10 years. Patients with 3 or more MRI-detected lesions
presented a shorter first interattack interval and a higher relapse rate compared to subjects with only 1 or 2
lesions.

We partecipated in the Italian multicentre study (MUSIC) to define the direct and indirect costs of MS on
everyday life of patients, according to the severity and course of the disease. Recently a new Italian multicentre
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study has been planned to determine the quality of life in MS patients and its relationship with physical disabil-
ity, before and after a 2-year period of Interferon treatment.

We evaluated the usefulness of multimodal evoked potentials (Eps) in monitoring disease burden and natural
evolution in MS patients. A longitudinal neurophysiological evaluation was performed in 105 patients with dif-
ferent forms and severity of the disease. Our results demonstrated that Eps are a good marker of nervous dam-
age in MS. However, their value in longitudinal studies is limited in patients with moderate or severe disability,
due to a ceiling effect.

Since the frequency of pain in MS ranges from 50-80% of the patients, we prepared a questionnaire to evalu-
ate all the different types of pain and related syndromes, to investigate its prevalence in our MS population and
to identify the possible correlations with different aspects and course of the disease. Moreover we performed a
study to differentiate among individual forms of bladder dysfunctions and to evaluate the effects of symptomatic
treatments by repeated urodynamical investigations.

Key words: epidemiology, multiple sclerosis, prognosis, evoked potentials, pain.

NEUROIMAGING

• Monitoring treatment effects in multicenter multiple sclerosis trials using magnetic resonance tech-
niques

M. Filippi, M. Rovaris, M. A. Rocca, G. Iannucci, M. Inglese, M. P. Sormani, A. Pratesi, V. Martinelli, G. Magnani.
Background. MRI markers of MS pathology are widely used as measures of outcome in phase II and III trials.

The analysis of MRI data allows the observers to be unaware of the treatment regimen of individual patients, thus
avoiding bias due to unblinding. MRI results from phase III trials have already made a significant contribution
to the approval of new treatments for MS by regulatory agencies.

Rationale. To validate MRI measures of outcome for MS trials and to analyze the effects of experimental treat-
ments on conventional and non-conventional MRI-derived quantities.

Results. a) Using newer statistical approaches, it is possible to increase the power of MS trials where the count
of enhancing lesions is used as a measure of outcome; b) when designing placebo-controlled, MRI-monitored MS
trials, it has to be considered that the frequency of enhancement tends to decrease with increasing patient age,
whereas the seasonal fluctuations of MRI activity do not affect the interpretation of the results; c) the effect of
glatiramer acetate (GA) treatment in significantly reducing both the MRI-measured MS activity and the increase
of brain T2/T1 LV is persistent after 18 months of treatment; d) any effect of GA in preventing RRMS patient
brain volume decrease is not evident in early stages of treatment; e) low doses of interferon beta 1a are effective
in preventing the development of new T2 and T1 lesions and the increase of brain T2/T1 LV in patients with MS
at its onset, but not in preventing the decrease of brain volume observed in these patients over 2 years.

Key words: multiple sclerosis, magnetic resonance imaging, clinical trials.

• Application of quantitative magnetic resonance techniques to study in vivo the correlates of multiple
sclerosis irreversible disability

M. Filippi, M. Rovaris, M. A. Rocca, G. Iannucci, M. Inglese, M. Cercignani, M. Bozzali, M. Rodegher, L. Moiola.
Magnetization transfer imaging (MTI), diffusion tensor imaging (DTI) and magnetic resonance spectroscopy

(MRS) have a high specificity to the various aspects of multiple sclerosis (MS) pathology. The histographic analy-
sis of MTI and DTI data sets encompasses both the macro- and the microscopic MS tissue damage. We used
MTI-, DTI- and MRS-derived metrics [i.e., brain metabolite concentrations, magnetization transfer ratio (MTR),
average diffusivity (MD) and fractional anisotropy (FA)] to study in vivo the pathological substrates responsible
for MS disability. Our studies demonstrated that a) MTR, MD and FA values vary among T2 hyperintense MS
lesions; MTR and FA are lower and MD is higher in T1 hypointense than in T1 isointense lesions, whereas MD
values do not significantly differ between enhancing and non-enhancing lesions; b) the normal-appearing white
matter (NAWM) damage is more severe in patients with progressive MS, but it occurs also in clinically isolated
syndromes suggestive of MS at its onset; c) MTR and MD changes in the NAWM of MS patients are, at least par-
tially, independent of the burden of macroscopic abnomalities; d) MTR histogram-derived metrics change over
time according to the patient’s clinical evolution; e) metrics derived from MTR histograms of the cervical cord
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are, at least partially, independent of those derived from the brain, but they are well correlated with patients' 
disability; f) MTR and MD histograms can be obtained from the normal-appearing gray matter (NAGM) in iso-
lation; the extent and severity of NAGM damage seem to be higher in patients with the progressive forms of MS;
g) multiparametric MRI models including MTI-, DTI- and MRS-derived quantities are able to explain more than
50% of MS patients' disability variance.

Key words: multiple sclerosis, magnetization transfer imaging, diffusion tensor imaging, magnetic resonance spec-
troscopy, disability.

• Understanding the functional correlates of disability in patients with multiple sclerosis
M. Filippi, M. A. Rocca, M. Rovaris, M. Inglese, G. Iannucci, E. Pagani, L. Giacomotti, B. Colombo, P. Rossi.

In MS, the correlation between clinical disability and conventional MRI findings is moderate, at best. This is
particularly true for primary progressive MS (PPMS). In contrast, MS patients with relatively high burdens of T2-
visible lesions may experience a complete recovery from clinical relapses and no residual disability for a long part
of their disease history. Using functional MRI (f-MRI), we investigated: a) whether reorganization of the motor
pathways is related to the severity of brain and cord damage in PPMS patients; b) the pattern of cortical reorga-
nization in patients with relapsing-remitting MS and no clinical disability, as well as the influence of macro- and
microscopic brain abnormalities on this pattern. Our studies showed that: a) compared to controls, patients with
PPMS had increased activation of brain regions within traditional motor planning and execution regions, the insu-
la and several multimodal cortical regions in the temporal, parietal, and occipital lobes. In PPMS patients, fMRI
activations were strongly correlated with several MRI and MTI measures of brain and cord damage; b) compared
to controls, MS patients with no clinical disability showed increased activation in the contralateral primary senso-
rimotor cortex, in the supplementary and cingulate motor areas, in the ascending bank of the sylvian fissure and
in the intraparietal sulcus. There were significant correlations between the extent of the activation of these areas
and MRI, MTI and DTI measures of macro- and microscopic brain damage. This study shows that cortical acti-
vation occurs over a rather distributed sensory-motor network in non-disabled MS patients. Adaptive cortical
reorganization might be one of the mechanisms limiting the clinical impact of white matter MS injury.

Key words: multiple sclerosis, functional magnetic resonance imaging, disability.

NEUROPATHOLOGY

• Role of adhesion molecules in PNS and CNS development and pathology
S. Previtali, S. Iannaccone, G. Dina, A. Quattrini.

The understanding of the mechanisms sustaining nerve regeneration in axonal neuropathies is a critical point
in neurobiology. Along with the importance of a continuous Schwann Cell (SC) basal lamina or the release of
soluble factors to allow nerve regeneration, there is increasing evidence about the primary role of SCs.

Our previous data suggested that adhesion molecules might have a role in axonal regeneration. We showed in
humans and rodents that the expression of some adhesion receptors, integrin alpha6beta1 and alpha6beta4, is
differentially regulated in SCs during axonopathy. The effective role of these molecules in regeneration may be
verified in transgenic mice. With the same strategy the influence of SC on axonal function has been confirmed .
We showed that increased gene dosage of a specific SC adhesion receptor, myelin protein P0, affects both SCs
and axons.

SC cytoskeleton is important for proliferation, migration and differentiation after nerve injury. Intermediate fil-
aments (IFs) such as GFAP, vimentin, form  the SC cytoskeleton with microfilaments and microtubules. The
expression of these IFs is modulated during nerve development and damage. Hence, to further investigate the
role of SCs in nerve degeneration/regeneration, we will study the effects of SC cytoskeleton impairment due to
genetic inactivation of IFs in transgenic mice. Our preliminary data showed that GFAP KO mice displayed a
reduced capacity of regeneration.

Finally, in the CNS, extracellular matrix, integrins, and cytoskeleton regulate neoplastic growth. We reported in
astrocytomas, both in human and murine models, the abnormal expression of the integrin alpha6beta4. We have
also been characterizing the effect of cytoskeleton disruption in transgenic mice on the development of gliomas.

Key words: neuropathy, regeneration, transgenic mice.
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• Altered myelination in P0 mutant mice: a potential model of neuropathic pain
S. Previtali, S. Iannaccone, G. Dina, A. Quattrini.

Pain due to neuropathy is a common problem and it is ineffectively treated pharmacologically. In damaged
nerves, the axons are exposed to an environment rich in neurotrophins and inflammatory mediators that trigger
gene expression changes in macrophages, lymphocytes and SC and then phenotypic changes in surviving 
neurons. SC-intrinsic defects have been shown to cause neuropathies associated with pain. We hypothesize that
alteration in the expression and in the function of SC proteins contribute to the genesis of neuropathic pain 
by altering myelination and then secondarily, SC-axonal function. We propose to identify genetic models of
pathological pain by determining behavioural and morphological phenotypes of mice with genetic alterations of
SC molecules.

The G-protein coupled receptor GPR7 is a human orphan receptor expressed in the nervous system with
sequence similarity to opiod receptors. A role of G-protein coupled receptors in nerve repair and pain has been
suggested. We showed expression of GPR7 mRNA in human sural nerves. GPR7 expression was increased in 
neuropathies with an inflammatory etiology. Of interest, burning, aching or lancinating pains are features of 
neuropathy in most patients with systemic or nonsystemic vasculitis. These data suggest that GPR7 expression
in SC may play a role in the pathogenesis of human neuropathies. GPR7 in SC may cause dysmyelination, and/or,
via an alteration of SC-axonal signals, axonal dysfunction in neuropathies associated with pain. We propose 
to validate the role of other SC molecules in neuropathy utilizing the G-protein coupled receptor GPR7 as a 
candidate.

Key words: neuropathy, transgenic mice, inflammation, orphan receptors.

CLINICAL NEUROPHYSIOLOGY

• Computer analysis of EEG variation during cerebral ischaemia
M. Cursi, C. Fornara, A. Tirelli, G. Fanelli, M. V. Meraviglia, L. Giacomotti, F. Minicucci.

We have completed the first part of our project. EEGs of 104 patients under general anesthesia were processed
by three different methods: a) “on-line” visual analysis during surgery, b) “off-line” visual analysis in laboratory
and c) computer analysis. To identify pathological EEGs, we evaluated variability and asymmetry indexes of the
0.5-3.5 Hz and 8-15 Hz bands absolute power and variability indexes of Spectral Edge Frequency (SEF) and
Main Dominant Frequency (MDF). Computer analysis showed 21 EEGs (20.19%) with at least one altered
index and 7 (6.7%) with altered variability for both SEF and 8-15 Hz power. The statistical analysis was signif-
icant for SEF variability and for 8-15 Hz power variability and asymmetry (p<0.0001, ANOVA test). While SEF
and 8-15 Hz power variability did not appear influenced by anesthesia and single electrode artifacts, 8-15 Hz
power asymmetry index was confounded by the presence of contralateral internal carotid occlusion. We have
shown that is possible to use computerized analysis to prevent lesion in these patients.

Actually we are modifying the program in order to obtain a more reliable result of computerized analysis and
we will try to apply it to other clinical fields of neurophysiological application such as the study of syncope.

Key words: EEG, spectral ischaemia.

• Ultrasound analysis of vascular disease
M. V. Meraviglia, G. Fanelli, P. Moretti, M. Sblendido, A. Colleluori, F. Minicucci.

This is a new area of interest for our unit. We have completed the analysis of the intima-media thickness (IMT)
of common carotid artery in patients with kidney and pancreas transplantation. The aim of this study was to
define whether a different development of arterial lesion could be the consequence of a different surgical strat-
egy. Patients with kidney-pancreas transplantation seem to show a better prognosis for vascular complications
probably related to an improvement in metabolic condition.

This study is currently being carried out in patients surgically treated for carotid stenosis in order to identify
correlation between IMT and some immunological aspects.

Key words: echocolor Doppler.
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MOVEMENT DISORDERS

• Evaluation of motor cortex excitability in dystonia
S. Amadio, M. A. Volontè, I. P. Urban, A. Pratesi, R. Guerriero, G. Galardi.

Transcranial magnetic stimulation (TMS) is a non-invasive tool for investigating the corticospinal pathway.
Besides the possibility of measuring motor cortical excitability and conduction along the corticospinal pathway,
it permits cortical mapping of motor representations. Moreover, different TMS techniques evaluate cortical exci-
tatory and inhibitory circuits. Using this technique, we studied the corticobulbar projections to neck muscles in
cervical dystonia. We compared both the motor evoked potentials and the electromyographic silent period after
transcranial magnetic stimulation from sternocleidomastoid and trapezius muscles in a group of 13 patients with
spasmodic torticollis with those of 20 healthy volunteers. With the target muscle at rest, no changes of motor
threshold, motor evoked potentials latency, and amplitude were observed in dystonic patients. With facilitation,
the mean amplitude of the motor evoked potentials was increased in patients compared with controls, the sig-
nificant difference being for the trapezius muscle, whereas the latency did not differ between groups. The corti-
cal silent period was significantly shorter in dystonic patients than in healthy subjects in both muscles. The dura-
tion of the cortical silent period recorded from the sternocleidomastoid muscle showed a positive correlation
with the degree of neurologic disability assessed by Tsui's scale. No abnormalities of nerve conduction velocity
and peripheral silent period by stimulation of accessory nerve were found. These results indicate an impairment
of the mechanisms of inhibitory motor control in patients with spasmodic torticollis, which could be the result
of a decrease of the basal ganglia inhibitory output over the motor cortex.

Key words: transcranial magnetic stimulation, spasmodic torticollis, dystonia, motor cortex.

• EEG correlates of cognitive impairment in multiple sclerosis
L. Leocani, G. Magnani, S. Mennea, M. Cursi, A. Elia.

The analysis of spontaneous EEG activity provides information about the integrity of cortical and subcortical
circuits involved in the generation of EEG rhythms. Advanced computerized methods such as coherence analy-
sis allow functional cortico-cortical connections to be evaluated. We explored functional corticocortical connec-
tions in multiple sclerosis by means of coherence of the EEG and its correlation with the degree of cognitive
impairment and with brain lesion load assessed by MRI. Compared with controls, patients with multiple sclero-
sis showed decreased EEG coherence both in the local and long distance connections. These findings were most
striking both in patients with high MRI subcortical lesion load and in patients with cognitive involvement. A sig-
nificant inverse relationship was found between the magnitude of coherence (proportional to functional cortico-
cortical connections) and subcortical MRI lesion load, but not with exclusively periventricular lesion load. These
findings support the hypothesis that cognitive impairment in multiple sclerosis is mostly dependent on involve-
ment of corticocortical connections related to demyelination and/or axonal loss within the white matter imme-
diately underlying the cortex. We are currently evaluating the usefulness of evoked potentials in monitoring mul-
tiple sclerosis patients. Preliminary findings indicate a good correlation between the severity of multimodal
evoked potential abnormalities and clinical disability. Other ongoing studies involve the application of these and
other electrophysiological methods to the study of cortical function in different neurological diseases.

Key words: EEG, coherence, multiple sclerosis, cognitive impairment.

SLEEP DISORDERS

• Microstructure of sleep and nocturnal autonomic activity
L. Ferini-Strambi, M. Zucconi, A. Oldani, V. Castronovo, D. Bizzozero, A. Massimo, G. Lecciso.

In recent years, studies concerning the aggregation of the arousal-related phasic events within the non-rapid
eye movements (NREM) sleep stages have led to the identification of a double modality of arousal control: a) the
cyclic alternating pattern (CAP), which corresponds to a prolonged oscillation of the arousal level; b) the com-
plementary condition, non-CAP, closely related to a degree of stability in sleep depth. We measured heart rate
variations by power spectrum analysis in a group of healthy young adults. Our study showed that CAP modu-
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lates not only EEG activities but also autonomic functions. In particular, the sympatho-vagal balance is shifted
during CAP towards a sympathetic prevalence.

Future studies will investigate the role of CAP-related autonomic changes in different pathological conditions
(i.e., restless legs syndrome).

Key words: sleep, microstructure of sleep, nocturnal autonomic function, nocturnal paroxysmal events.

• Paroxysmal nocturnal events
L. Ferini-Strambi, M. Zucconi, A. Oldani, V. Castronovo, D. Bizzozero, A. Massimo, G. Lecciso.

Our extensive clinical and video-polysomnographic study in patients with nocturnal frontal lobe epilepsy
(NFLE) showed EEG ictal epileptiform abnormalities over frontal areas in only one third of patients; however,
the clinical characteristics of motor nocturnal phenomena (high frequency, abrupt onset, stereotypy, dystonic
component) were crucial in the differential diagnosis from traditional parasomnias, such as sleepwalking and
night terrors. In some patients that reported excessive daytime sleepiness we found an altered sleep microstruc-
ture (a significantly increased CAP rate indicating an increased sleep fragmentation). No difference in the clini-
cal and polysomnographic findings were found between sporadic and familial NFLE cases. Pedigree analysis of
our families was consistent with autosomal dominant transmission with reduced penetrance (81%). Up to now,
three loci were associated to autosomal dominant NFLE: ENFL1, ENFL2 and ENFL3. For all but ENFL2 
on chromosome 15q24, the disease-associated-genes (CHRNA4 and CHRNB2) were also identified. We are 
performing haplotype and linkage analyses in our autosomal dominant NFLE families.

REM sleep behavior disorder (RBD) is characterized by the intermittent loss of REM sleep atonia and by the
appearance of elaborate motor activity associated with dream mentation. Approximately 60% of RBD cases are
idiopathic; the remaining cases are associated with several neurologic disorders. In particular, RBD has been 
documented to precede or to occur with neurodegenerative disorders. The aim of our future prospective study
is the long-term evaluation of consecutive idiopathic RBD patients in order to find possible polysomnographic
findings that may predict the subsequent development of a neurodegenerative disorder.

Key words: sleep, microstructure of sleep, nocturnal autonomic function, nocturnal paroxysmal events.

NEUROPSYCHOLOGY

• Cerebral correlates of syntactic and lexical-semantic processing
A. Moro, M. Zorzi, M. Tettamanti, S. Siri, S. Cappa.

The Unit continues the interdisciplinary work (involving neuropsychology, linguistics, cognitive psychology), in
close cooperation with the Functional Imaging Unit, in a series of research projects investigating the neural corre-
lates of the main levels of linguistic processing (phonology, lexical-semantics, morphosyntax). The main focus of our
investigation is on the cerebral representation of lexical-semantic knowledge and on the neural correlates of mor-
phosyntactic processing. Other projects within this line of research deal with the representation of multiple languages
in the bilingual brain, and with the cerebral correlates of the processing of written language: imaging investigation as
well as patient studies are the main tools which are used in these areas. Finally, the tools of computational modelling
are used to address specific questions about the possible neural implementation of linguistic processing.

Key words: language, neuroimaging, syntax, lexicon.

• Semantic representations in dementia
S. Siri, M. Zorzi, S. Cappa.

Our unit has now a stable access to a population of patients with dementia, which is evaluated at the Neurol-
ogy Department of the Ville Turro Hospital. The main research areas are related to the status of semantic knowl-
edge in different forms of dementia, and the effect of progressive brain dysfunction on regular vs. irregular
aspects of language. Studies of visuo-spatial and attentional functions are also performed, in order to gain a deep-
er understanding of the progression of disease and of the neuropsychological selectivity of different forms of
dementia. Besides their theoretical interest, the results of these investigations are expected to be relevant for the
diagnosis and clinical management of dementia.

Key words: dementia, Alzheimer’s disease, semantics.
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• Cognitive neuroscience of spatial cognition
M. Zorzi, S. Siri, S. Cappa.

The focus of this line of research is the issue of how spatial information is represented and used in simple sen-
sorimotor tasks.Tasks involving spatial stimulus-response associations (e.g., spatial compatibility task and Simon
task) are investigated using a combination of experimental techniques, including reaction times, electrophysio-
logical recordings (ERPs), neuroimaging (event-related fMRI), and computational modeling (neural networks).
The aim is to develop biologically plausible models of the neuro-computational mechanisms involved in space
coding and sensorimotor tranformations.

Key words: spatial cognition, neuroimaging.

SPECTROSCOPY AND FUNCTIONAL MR

• Evaluation of upper motor neuron involvement by magnetic resonance techniques in amyotrophic lat-
eral sclerosis: a transversal and longitudinal study

A. Falini, G. Calabrese, A. Gambini, M. Corbo, M. Filippi.
Clinical upper motor neuron (UMN) involvement is sometimes difficult to detect in the diagnostic process of

amyotrophic lateral sclerosis (ALS). Some neurophysiological techniques, such as transcranial magnetic stimula-
tion, support the clinical assessment of UMN impairment, but conflicting data emerge from the literature about
its usefulness in ALS. Standard magnetic resonance imaging (MRI) shows anatomic changes, probably represent-
ing neurodegeneration, in the brain and spinal cord of patients with ALS. However, these abnormalities are also
present in normal subjects or in patients with diseases unrelated to the motor tracts. New MRI modalities includ-
ing magnetic resonance diffusion-weighted imaging, magnetization transfer imaging, and proton magnetic reso-
nance spectroscopy showed to be promising tools for clinical and research study of demyelinating diseases of the
central nervous system. Their application can detect early white matter alterations, neuronal dysfunction, and
metabolic changes, thus being potentially useful in neurodegenerative disorders, such as ALS.

The goal of this project is to investigate the applicability of neuroradiological techniques in the evaluation of
clinical and subclinical UMN dysfunction in ALS patients at different stages of the disease, and to define their
diagnostic and prognostic value particularly in the early phases of ALS.

Key words: ALS, MRS, DWI, MTR.

• Generic phase II study protocol of preradiation temozolamide in patients with primary high grade cere-
bral glioma following surgery

A. Falini, S. Pontesilli, A. Gambini, M. Reni.
Temozolamide is a promising new alkylating agent which can be administered orally with minimal toxicity, that

has been extensively tested in Phase I and II studies with promising activity in patients with malignant glioma.
In this multicenter study we planned to evaluate temozolamide in patients with primary high grade glioma fol-
lowing initial surgery, but prior to definitive radiotherapy with the ultimate aim of finding the most effective
method of administration which could be subsequently tested in randomised trials of adjuvant therapy. MRI and
MR spectroscopy are used to evaluate the response. So far, ten patients with a.a. and gbl have been studied.

Key words: brain tumors, chemotherapy, MRI.

PAEDIATRIC NEURORADIOLOGY

• Malformation of cortical development
F. Triulzi, C. Baldoli, C. Parazzini, A. Giacobbe.

a) Validation of a new coil for MR microscopy of the human cortex. A new surface head coil is under evalua-
tion in order to achieve a better signal-to-noise ratio from the human brain cortex. This coil would allow an 
in-plane resolution of about 100-200 microns. An extremely detailed view of malformation of cortical develop-
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ment would be possible. Moreover, high resolution studies would permit a better evaluation of normal and
abnormal cortex in small neonatal brain.

b) Familial studies. MRI familial studies are at present the phenotypical support for genetic studies. In col-
laboration with Scientific Institute "E. Medea" and Regional Centre of Pediatric Epileptology we are following
different families with malformation of cortical development and two new syndromes were recently recognized.
Our purpose is to extend MR familial study in each patient with a malformation of the cortical development that
is genetically determined.

Key words: brain development.

• MRI of normal and abnormal brain development
F. Triulzi, C. Baldoli, C. Parazzini, A. Giacobbe.

MRI of fetal brain. In the last three years new ultra-fast T2-weighted acquisition techniques became available
on commercial MRI unit. These sequences allow fetal brain morphology to be investigated in vivo without any
sedation. Even before the 22nd week of gestational age these new MRI techniques display fetal brain with an
anatomical detail superior to that obtained by ultrasound. Multiple sections in transverse, coronal, sagittal or
oblique plane with an optimal differentiation between the growing cortex and white matter can be easily
obtained. Our preliminary results in 15 fetuses with suspected brain lesions on ultrasound study seem to con-
firm the potential of this technique. Further investigations are in progress in order to both optimize the ultra-
fast T2-weighted sequence and to better understand the evolution of fetal brain lesions.

MRI evaluation of terminal myelination areas. MRI can evaluate in vivo the normal progression of myelination
from the fetus to the two-year-old child. Even though this information could be extremely helpful in the evalu-
ation of normal development of the central nervous system, the normal pattern of myelination in vivo is still part-
ly unknow. In particular it is not completely understood where terminal myelination areas are located. We ret-
rospectively evaluated 85 MR studies of normal brain of 20 to 40 month-old children and observed a persistent
T2 hyperintensity in the frontotemporal subcortical regions until 36-40 months of age. We concluded that the
terminal zones of myelination seems to be the subcortical areas rather than the peritrigonal areas and that myeli-
nation is completed by about 3 years of age.

Key words: brain development, myelination, prenatal diagnosis.

PHYSICS  OF BIOIMAGING

• Reconstruction of PET brain images by 3D iterative techniques and Monte Carlo simulation of 3D PET
V. Bettinardi, F. Fazio, M. C. Gilardi, I. Castiglioni, A. Savi, G. Rizzo, M. Papagni, C. Pizzamiglio.

A fully three dimensional (3D) one step late (OSL), maximum a posteriori (MAP) reconstruction algorithm based
on the median root prior (MRP) has been implemented and evaluated for the reconstruction of 3D PET studies.
The algorithm uses the ordered subsets (OS) scheme for convergence acceleration and data update during itera-
tions. Various experimental set-ups in terms of activity distribution and counting statistics were considered. The
performance of the algorithm was assessed by calculating several figures of merit. The performance of MRP was
compared with those of 3D ordered subsets expectation maximization (OSEM), and 3D re-projection (3DRP)
algorithms. In all the experimental situations considered, MRP shows: 1) convergence to a stable solution, 2) effec-
tiveness in noise reduction, particularly for very low statistics data, 3) good preservation of spatial resolution. Com-
pared with the OSEM, and 3DRP algorithms, MRP provides comparable or better results depending on the para-
meters used for reconstruction of the images. We have also further developed the Monte Carlo program with the
simulation of a noise model which allows random events to be accounted in the fully 3D PET simulation. The
introduction of the random model permits an independent evaluation of the two more important sources of 3D
noise (scatter and randoms) and a more accurate simulation of the scanner response in particular at different count
rates. The accuracy of the noise model was assessed by comparison between MC simulations and PET measure-
ments. Using MC simulations the optimal low energy threshold of the PET scanner, which provides the maximum
of noise equivalent counts can now be assessed and optimised for different kinds of studies.

Key words: PET.
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• Implementation of “event-related” functional magnetic resonance imaging techniques
V. Bettinardi, F. Fazio, M. C. Gilardi, P. Scifo, C. Pizzamiglio.

Functional Magnetic Resonance Imaging, based on the BOLD effect (blood oxygenation level dependent con-
trast), allows some parameters related to the brain activity to be evaluate, using the magnetic properties of the
blood. Deoxyhemoglobin in blood is seen as an endogenous contrast medium.

After a preliminary evaluation of this technique using PET as a gold standard, we have applied it to many dif-
ferent studies, both in the field of research and in clinics.

In particular, some new fMRI protocols, more similar to those used in evoked-potentials (Event-Related fMRI,
ER-fMRI) have recently been proposed. These protocols, in contrast with the more conventional “block-
designed protocols”, use the extremely high temporal resolution of the MRI technique and allow us to study the
neurologic processes dynamically. A new and wider field of applications can be implemented and preliminary
studies have shown the potentials of these new techniques.

Key words: functional imaging, fMRI.

• Synthesis of realistic 3D human models and their animation
V. Bettinardi, F. Fazio, A. Borghese, D. Perani.

To chart the brain circuits involved in the cognitive processes underlying our visuo-motor behaviour, 
neuro-imaging is one of the most suitable techniques. However, as shown by our group, stimuli which are as 
close as possible to reality, are required. To produce realistic stimuli we are developing a completed system
for human motion synthesis inspired by our experience in the field of motion analysis. This system is able to

capture and animate 3D clones of human faces. First a 3D, high quality textured mesh is built starting 
from range data. The mesh is then animated by interpolating, over the mesh, the trajectories of fiducial 
markers put on the subjects while acting. Fuzzy techniques have been introduced in the interpolation to avoid
cracks on the surfaces. Moreover, we have introduced a novel class of adaptive multi-resolution reconstructors
which are able to produce a mesh representing the face, rich in detail, filtering out measurement noise in 
the range data.

Key words: human motion analysis, computer graphics.

NEUROPSYCHOPHARMACOLOGY

• Evaluation of dopamine transporter in late onset and early onset Parkinson’s disease: a PET study with
[11C]FE-CIT

R. M. Moresco, F. Fazio, C. Gobbo, A. Carpinelli, M. Matarrese, L. Galli, A. Panzacchi.
Parkinson disease is characterized by a progressive loss of nigrostriatal dopamine neurons. The dopamine

transporter (DAT) is a sensitive marker for the investigation of dopaminergic nerve ending loss in Parkinson’d
Disease (PD). Up to now, few data have been published on the in vivo assessement of DAT levels in early onset
PD patients, particularly in subjects with autosomal recessive PD. The aim of our study was to evaluate by means
of PET and [11C]FE-CIT striatal DAT levels in early and late onset PD patients in comparison with a group of
normal volunteers. Twenty patients with PD and ten controls were recruited for the study and evaluated by
means of PET and [11C]FE-CIT. All patients had a disease duration < 5 years and H&Y stage between I and II.
Nine patients had early onset (age 38+6 yrs.) including three patients with a mutation in the parkin gene (auto-
somal recessive PD). Eleven patients had late onset PD (age 60+7 yrs.). Early onset and late onset PD were com-
pared with a group of age matched normal subjects (35+9 yrs and 60+10 yrs. respectively). Preliminary results
of the study indicate a reduction of DAT in both group of PD patients, in comparison with age matched normal 
subjects, that was particularly evident in the putamen. (early PD: -68%; late PD –58%, respectively; p>0.001).
In this region, the three patients carrying the parkin mutation showed the lowest mean specific uptake of
[11C]FE-CIT.

Key words: emission tomography, dopamine transporter, receptor, Parkinson’s Disease.
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• Preclinical evaluation of [11C]SCH442416 as a potential ligand for the in vivo PET measurement of
adenosine A2A receptors

R. M. Moresco, F. Fazio, S. Todde, P. Simonelli, A. Panzacchi, M. Galli-Kienle, M. Vaghi.
The aim of this study was to evaluate the suitability of SCH442416 for the in vivo imaging of adenosine A2A

receptors. To this end we evaluated in rats the metabolic degradation of [11C]SCH442416, the time course of its
cerebral distribution and the inhibitory effects of different drugs acting on adenosine or dopamine receptors.
Metabolite analysis and inhibition studies were performed on albino male adults CD rats. Radioactive metabo-
lites were assessed by HPLC in plasma and brain extracts; inhibition studies were performed on animals pre-
treated with drugs acting on adenosine or dopamine receptors or vehicles and measured at the time of maximum
tracer uptake. The distribution of A2A receptors was visualized in the brain of rats using phospho-imager tech-
niques. The rate of metabolic degradation of [11C]SCH442416 in rats is slow; 60 min after tracer injection the
plasma concentration of the tracer is more than 40% of total plasma activity. Radioactive metabolites represent-
ed only 6% of total extractable activity in cerebellum and less than 1% in the striatum. In the striatum, the region
with the highest expression of A2A receptors, the in vivo uptake of [11C]SCH442416 was significantly reduced
only by drugs acting on A2A receptors such as SCH58261, caffeine, KW60066 and SCH442416 itself. In con-
clusion the specificity of binding, the rank order of regional distribution in brain, the good signal to noise ratios
and the low amount of radioactive metabolites in brain and periphery, indicate that [11C]SCH442416 is the first
tracer suitable for the in vivo imaging of A2A adenosine receptors, using PET.

Key words: emission tomography, adenosine A2A, receptor,

• Neurochemistry of personality traits: a [18F]FESP PET study
R. M. Moresco, F. Fazio, C. Messa, L. Galli, C. Gobbo, G. Rizzo, A. Panzacchi.

The in vivo evaluation of the neurochemistry of personality traits is of particular interest. Using Positron Emis-
sion Tomography (PET) and [11C]raclopride, an association between striatal D2 dopamine receptors and emo-
tional detachment has been reported using two different personality questionnaires. In this study we have inves-
tigated the relationship between the three personality dimensions evaluated by means of the Tridimensional Per-
sonality Questionnaire), i.e. "novelty seeking", "reward dependence" and "harm avoidance", and the in vivo
binding of [18F]FESP in the cortex and basal ganglia of a group of young (22-32 yrs) healthy volunteers. PET
images were analyzed using both manual (ROIs) and automatic operator independent (SPM96) techniques. The
personality dimension “harm avoidance" showed a significant inverse correlation to [18F]FESP binding in the
cerebral cortex, particularly in the frontal cortex (R square= -0.709, p=0.0145) and left parietal cortex (R=-
0.629), p=0.038) but not in the basal ganglia (r=-0.176 , p=0.651). Similar results were obtained using SPM set-
ting a p threshold of 0.05. On the contrary no significant correlation of [18F]FESP binding was observed with
"novelty seeking" or "reward dependence" in any of cerebral area examined. The results of our study as well as
previous ones on personality dimensions indicate the existence of a relationship between specific behavioural
and neurobiological factors, and more broadly, represent important findings to sustain the concept that vari-
ability of PET data may be strongly explained by neurochemical aspects.

Key words: emission tomography, receptor, serotonin, personality.

FUNCTIONAL NEUROIMAGING

• PET and fMRI studies of language functions in normals
D. Perani, F. Fazio, E. Paulesu, M. Tettatamanti, J. Abutalevi, C. Di Serio, F. Perugini, M. G. Minotti, A. Com-
pierchio.

1. We studied how different languages are represented in the brain of bilingual subjects by using fMRI. Three
groups of Italian/German bilinguals (differing in early vs late L2 acquisition and level of proficiency) detected
errors in visually presented sentences. The Italian and German sentences contained grammatical errors or
semantic anomalies. These findings suggest that proficiency influences the cerebral organisation of grammatical
and semantic processes, whereas age of acquisition seems to specifically affect the organisation of grammatical-
judgement.
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2. Learning new grammatical rules. Our aim is to investigate the functional mechanisms of second language
(L2) acquisition in adults. We focused on two basic linguistic components - syntax and morphosyntax. The
hypothesis to be tested predicts that learning novel syntactic rules in adulthood follows an encoding process
which modulates the crucial language area, especially Broca’s area. We found a modulation as practice increas-
es, in terms of a reinforcement of circuit connections. In addition, the differences in the activation patterns
between learning of novel syntactic and morphosyntactic rules provide further evidence for distinct operational
domains in language processing.

3. We tested the hypothesis which supports differences in dyslexics. A PET experiment during explicit and
implicit reading provided evidence for a comparable reduced activity in left hemispheric regions in dyslexic from
three countries (England, Italy, France). There is a universal neurocognitive basis for dyslexia and the differences
in reading performances for the different languages are due to their different orthography.

Key words: PET, fMRI, brain function, cognition.

• PET and fMRI studies of sensorimotor functions
D. Perani, F. Fazio, M. Sotgiu, G. Biella, E. Paulesu, M. Tettamanti, M. F. Ghilardi, F. Perugini, M. G. Minotti.

We investigated by PET physiology of lip-reading both the access to pre-lexical phonology and to lexicon.
Phonological lip-reading was associated with bilateral activation of area V5/MT area, implicated in visual analy-
sis of motion, auditory association cortex around Wernicke's area, and dorsal premotor cortex. The opercular
division of Broca's area was also activated on the left. These results provide evidence of a serial arrangement of
lip-reading from phonological mediation to lexical access. The key role of left prefrontal/premotor cortex in lip-
reading supports the theory that predicates the existence of an observation/execution matching system shared
by observation of mouth gestures and aspects of speech perception.

fMRI evaluation of the functional re-access to sensorimotor cortex in patients before and after hand trans-
plantation. The aim of this study is to investigate the dynamic of cortical reorganisation in response to
lesions/modifications of the peripheral nervous system.

Evaluation of acupuncture for pain control using H215O PET studies in normal subjects before and after the
application of the needles. Acupuncture activates a cerebral system involving brain areas partially shared with
areas activated in acute and chronic pain states, as reported in the literature. This suggests that acupuncture
could relief pain by unbalancing the equilibrium of distributed pain-related central networks.

Key words: PET, fMRI, brain function, cognition.

• Brain functional correlates of neurological diseases
D. Perani, F. Fazio, E. Paulesu, M. Sotgiu, G. Biella, M. G. Minotti, P. Rigiroli, D. Anchisi, M. F. Tettamanti.

1. [18F]FDG and PET studies of brain involvement in unaffected members belonging to Italian families with
FFI and mutation at codon 178 and in 3 FFI patients. All the mutated subjects, including those with an age close
to the family age of disease onset, showed normal cerebral metabolism. This normal pattern was present in a pre-
clinical phase, one year before the onset of disease in two of the patients. We also evaluated C11 flumazenil, clin-
ical vegetative genetics.

2. Cognitive, psychiatric, 11C-MDL PET, SPECT, MRI and genetic studies in proximal myotonic myopathy
and myotonic dystrophy. The present research is aimed at investigating new families with the genetic disease to
further detail the clinical/functional correlations.

3. For the European V Framework Project NEST-DD (Network for Evaluation and Standardisation of
Dementia Diagnosis). [18F] FDG PET data from selected subjects (10 normals, 20 AD cases, 14 FTD) were
checked and processed to comply with rules for database constitution. Data from 38 Alzheimer’s Disease (AD)
cases evaluated according to the same clinical criteria were comparatively studied with SPECT for regional 
cerebral perfusion. The prospective study is planned for the selection and evaluation of patients with dementia
(AD), Lewy body dementia, frontotemporal dementia and mild cognitive impairment. In a selected series of
patients with FTD, 11C-MDL PET is used to evaluate the serotoninergic system possibly involved in this type 
of dementia.

4. Evaluation of serotoninergic and dopaminergic system in Obsessive Compulsive Disorder (OCD) by using
11C-MDL and 11C-Raclopride and PET. Ten OCD naive patients were included and followed up for one year.
Pre and post treatment PET scans and detailed clinical evaluation were obtained.

Key words: PET, fMRI, brain function, cognition.
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NEUROENDOCRINOLOGY

• Pathogenesis and growth regulation
M. Losa.

In collaboration with Terreni and Mangili of the Department of Pathology in our hospital, we are investigat-
ing the proliferation and apoptotic indexes of pituitary adenomas classified according to their histologic subtype
and presurgical treatment. We are now planning to broaden this research to even rarer neoplasms of the skull
base. The latest results demonstrate that octreotide inhibits cell proliferation of GH-secreting adenomas 
without affecting apoptosis. In collaboration with Larizza and Finelli of the Cytogenetic Laboratory at the Cen-
tro Auxologico, we are expanding our previous research on chromosomal abnormalities of pituitary adenomas, 
particularly of PRL-secreting adenomas. Recent data point to a possible involvement of chromosomal rearrange-
ment in the pathogenesis of some pituitary adenomas, particularly of PRL-secreting tumors. Together with
Pagotto and Stalla of the Max-Planck Institute, Munich, we are investigating the expression of several peptides
which influence hormone secretion and angiogenesis in the different subtypes of pituitary adenomas.

NEUROINTENSIVE CARE

• Studies and management of secondary brain damage
L. Beretta.

The principle aim of the unit is to prevent, study and  manage secondary brain damage.
Acute lesions of the brain have been traditionally divided into two broad categories: primary and secondary.
Primary brain lesions are directly related to the initial injury: trauma, hemorrhage, ischaemia. Secondary brain

lesions are usually due to pathologic processes resulting from the response of the brain to injury.
Secondary brain lesions usually develop after the initial injury and during hospitalization, even in the Intensive

Care Unit. Reducing secondary brain damage improves outcome of patients with acute brain injury. Secondary
brain damage can occur during neurosurgical procedures. Monitoring at the bed-side and neuroimaging provide
useful information in detecting episodes of secondary brain injury. 

Our scientific and clinical interest concerns:
– the study of brain dynamics: Intracranial Pressure Monitoring (ICP) and imaging (CT, MRI)
– the study of brain perfusion: Cerebral Perfusion Pressure  (CPP), functional MRI
– the study of brain metabolism: Cerebral Extraction of Oxygen (CEO2), brain lactate production.
– the identification of complications in neuromonitoring.
– partecipation in the principle International III phase studies on neuroprotective drugs.
– partecipation in the production of  scientific guidelines for the management of patients with head injury.

CLINICAL PSYCHOLOGY AND PSYCHOTHERAPY

• Developmental and experimental psychopathology
M. Battaglia, A. Ogliari, A. Citterio, F. Villa, A. Zanoni, C. Maffei.

Issues in 2000:
– Behavioral Inhibition (BI) in childhood: an extensive dataset to characterize and identify BI in Italian school-

children has been implemented together with information on prognostic and functioning indicators.
– Emotion and expression recognition in children with and without BI children aged 7 and 8, carefully 

characterized for their degree of BI have undergone an experimental session in which they were asked to 
recognize a set of standardized pictures of facial affects in peers. Children with high BI showed selective and 
significant misclassifications – compared to non inhibited children – for some specific pictures of facial affects.
This area will expand through electrophysiological (ERP, heart rate and electrodermal reactivity) assessments 
of children with and without BI during expositions to similar task, with unmasked and masked visual affective
stimuli.
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– Gene-environment interactions and risk during development: we have continued and expanded our research
by focusing, both at the experimental and at the theoretical modeling levels, on the functional changes of neu-
rotransmission in presence of adverse environmental events. We have concentrated our attention on the sero-
tonergic system and the 5HT-T promoter polymorphisms in childhood depression and impulsivity, and the
cholinergic system and gene in relationship to early manifestations of anxiety.

–Psychopathological multifactorial disorders: our unit coordinates and runs the 
Psychology and Psychopathology sections of the national project ‘Genetic and environmental determinants 
of multifactorial disorders’, funded by the Italian Ministry of Health, with the establishment of a national twin
registry.

Key words: development, psychopathology, behavioral inhibition, twin studies, environment interaction.

• Counselling and psychological diagnostics
S. Clerici, A. Fossati, T. Scavini, A. Secchi, G. Pozza, C. Brigante, F. Fusi, N. Doldi, C. Maffei.

Psychological aspects of the couples who underwent in vitro fertilization treatments
The aim of the study is to evaluate the psychological distress of these couples. For this purpose we used 

the Personality Diagnostic Questionnaire (PDQ-IV) and Symptoms Check List (SCL-90). Many other clinical
data (aetiology, length of infertility, etc.) were collected. A preliminary result showed a higher distress in females
than in males.

Attachment style during adolescence
The aim of this longitudinal study is to evaluate the modifications that occur during adolescence in the 

attachment style. A sample of non-clinic adolescence, attending secondary school, was tested once a year for four
years with Attachment Style Questionnaire (ASQ), Temperament and Character Inventory (TCI), Wender Utah
Rating Scale (WURS) and Questionaire on peer choice. A preliminary result suggests that attachment style is not
a stable characteristic during adolescence.

Quality of life with kidney-pancreas transplantation in IDDM patients
The aim of this longitudinal study is to evaluate the quality of life in a sample of IDDM patients with renal fail-

ure that underwent transplantation. Quality of life was measured with the Diabetes Quality of Life (DQOL)
questionnaire, a check on psychopathological symptoms was also performed with Symptom check List (SCL-90).
The patients filled both questionnaires pre- (waiting list) and post-transplant.

• Psychological research in HIV-infected patients
R. Visintini, E. Campanini, M. Bagnato, V. Ferrari, C. Maffei.

Compliance to treatment with protease inhibitors in HIV- positive patients
Our attention was concentrated on compliance to therapies with protease inhibitors. Since the introduction of

protease inibhitors, the compliance to pharmacological treatment became a very relevant topic.
In this research we are using: P.U.Q. (Pharmacological Use Questionnaire), T.C.I. (Temperamental and Char-

acter Invenctory), MHLC-C ( Multidimensional Health Locus of Control Scale Form C), A.S.Q. (Attachment
Stile Questionnaire). The aim of this study is to evaluate the relationship between the subject’s psychological
assessment and her compliance to therapies.

Investigation into the general population’s knowledge about HIV-AIDS
The aim of this research, commissioned by the City Council of Milan, was to evaluate the sexual behaviour,

knowledge and information acquired by the general population regarding AIDS in the city of Milan, as well as
the personal experiences and motivational variables which influence their sexual behaviour at risk of infection
and/or preventive measures. The descriptive statistics that we have used to measure the variables at a nominal
level are frequency, percentage and identification of the modal class. The descriptive statistics for the scales mea-
sured at an ordinal level were based on the median calculation and interquartil range, those used for variables
measured at interval levels or for ratios are based on the average as index of position and on the deviation stan-
dard as index of dispersion.

Key words: sexual behaviour, HIV-AIDS, risk perception.
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• Psychometrics of personality disorders
A. Fossati, D. Donati, M. Donini, L. Novella, M. Bagnato, M. Battaglia, J. Feeney, C. Maffei.

Adult attachment patterns: psychometric issues and their relationships with personality disorders
This research project was carried out to investigate adult attachment patterns and their implications for per-

sonality psychopathology in both clinical and nonclinical samples, in a cross-cultural perspective. A first step of
this research aimed at assessing the psychometric properties of self-report instrument for assessing adult attach-
ment – the attachment style questionnaire – the factor structure of adult attachment, and the taxonic nature of
self-report scores of adult attachment in clinical and nonclinical subjects. A second step in this project dealt with
the multivariate relationships between personality disorder symptoms and adult attachment patterns in a sample
of clinical subjects.

Temperament, character, and borderline personality disorder
This research project aimed at investigating the relevance and specificity of the associations between Border-

line Personality Disorder temperament dimensions, and character features, respectively, using a multivariate
design, which allowed us to control for the possible confounding role played by environmental variables, such
as perceived parenting and adult attachment patterns.

Key words: personality, attachment, psychometrics, temperament.

• Personality and substance abuse
F. Madeddu, M. G. Movalli, F. De Lucchi, A. Fossati, A. Prunas, L. Novella, C. Maffei.
Developmental and familiar experiences
(a) Childhood traumatic experiences (CTE). CTE are investigated in three different samples of subjects: 116

subjects in treatment for Alcohol Dependence Disorder, 44 with a diagnosis of Mood Disorder, 70 without Axis
I disorders. The assesment was done using the Family Experiences Interview (FEI). Our results show a signi-
ficative presence of physical abuse in the sample of alcoholics.

(b) Attention Deficit Hyperactivity Disorder (ADHD).
(c) Temperamental variables.
ADHD and Temperamental variables (TV) were investigated in three samples of subjects : 59 subjects with

Alcohol Dependence Disorder and at least one Personality Disorder (PD); 57 with Opioid Dependence Disor-
der and at least one PD; 61 with no substance abuse and at least one PD. ADHD was assessed with Wender Utah
Rating Scale (WURS), TV with Temperamental and Character Inventory (TCI) and with SCID II for axis II dis-
orders. Our results show higher score at WURS in abusers but with no differences in respect of substance of
choice, and show lower score for Harm Avoidance in samples of abusers.

Defense mechanisms in alcoholics
The possible differences in defense style in alcoholics is studied in a sample of 80 subjects with Alcohol Depen-

dence Disorder. The assessment was done with Defenses Style Questionnaire (DSQ) a self-report instrument.
Preliminary results show that there are two prevalent styles of defenses with different characteristics. The second
step of the study will be to understand the correlation of these two styles with severity of abuse and with out-
come.

Key words: substance abuse, alcoholism, personality.

PSYCHIATRY

• Genetics of affective disorders and schizophrenia
E. Lattuada, C. Cusin, R. Lilli, C. Lorenzi, L. Mandelli, E. Galbusera, A. Pirovano, M. Catalano, E. Smeraldi, 
A. Serretti.

Major psychoses are serious disorders that affect about 7% of the population. Although causes are mostly
unknown, genetic liability is involved because the illnesses are particularly difficult to model in animals, most
research on the causes and treatments of them must occur in clinical populations. The detection of disease vul-
nerability genes is likely to yield the most important tools for both diagnosis and treatment of major psychoses.
However, the search is hampered by the large number of genes expressed in the CNS (30.000); the products of
these genes, acting together and in combination with the environment, encode every human characteristic,



NEUROSCIENCES - 147

whether normal or pathologic. In recent years we scanned a number of candidate genes, we reported and con-
firmed an association between the dopamine receptor D2 and D4 genes and delusional and disorganized symp-
tomatology in both mood disorders and schizophrenia. These are among the first worldwide reports of identifi-
cation of susceptibility genes for major psychoses. With regard to pharmacogenetic research, we searched for
predictors of lithium and antidepressant efficacy in mood disorders and demonstrated that both the gene cod-
ing for the serotonin transporter and that encoding tryptophan hydroxylase independently predict drug effica-
cy. Epigenetic factors (those heritable changes in gene expression that do not involve changes in DNA sequence)
could play a considerable role in conditioning both onset and outcome of some psychiatric disorders. We are
currently studying such mechanisms in major psychoses. Finally, in the context of the ECPAD (BIOMED 2) pro-
ject, we analyzed a very large European mood disorder sample. While current results excluded possible liability
genes, the sample will be further expanded and analyzed.

Key words: genetics, mood disorders, schizophrenia, psychopathology, drug therapy.

• Genetic models for anxiety disorders
D. Di Bella, M. Henin, R. Cavallaro, G. Galardi, L. Bellodi, M. C. Cavallini.

The aim of our research is to define the relationship among disorders included in the spectrum of Obsessive
Compulsive Disorder (OCD) and the existence of a common genetic basis for these disorders. This goal was
accomplished in two steps: 1) Familial surveys of secondary cases in families of affected probands (OCD, Eating
Disorder, Tourette’s Syndrome and other movement disorders), the identification of more appropriate model of
transmission, using the segregation analysis approach 2) The evaluation of the role of candidate genes in the eti-
ology of these disorders.

In the case of Eating Disorder (ED) families, the risk for OCD and Tic Disorder (TD) is significantly increased
comparated to the general population, and ED and OCD/TD followed a Mendelian dominant model of 
transmission. The co-diagnosis of OCD in the probands does not influence the distribution of secondary cases
in relatives.

Patients with Idiopathic Focal Dystonia (IFD) have an increased risk for OCD and in relatives of those
probands with OCD co-diagnosis the morbidity risk for OCD and TD is similar to that observed in families of
OCD probands.

The existence of a major gene for OCD and related disorders allows us to evaluate the involvement of specif-
ic candidate genes in the aetiology of these disorders. A functional polymorphism localised in the promoter
region of the serotonin transporter gene (5-HTTLPR) and a functional polymorphism of the COMT gene were
tested in Tourette probands, but no association was found for either the polymorphism. We are extending our
genetic tests to the other OC spectrum disorders

Key words: genetics, obsessive-compulsive disorders, Tourette’s Syndrome, transmission models.

• Genetic aspect of anxiety disorders: molecular biology
M. Catalano, P. Maffei, M. C. Cavallini, C. Riboldi, E. Smeraldi, D. Di Bella.

Familial and twin studies support the presence of a strong genetic component in the etiopathogenesis of major
psychiatric disorders, including anxiety disorders. The aim of our research is to evaluate the role of different can-
didate genes, chosen on the basis of neurobiological evidence, in conferring susceptibility to these disorders or
in conditioning some clinical features. We applied an association approach using both case-control and familial
association techniques and we studied different genes possibly involved in the liability to disorders belonging to
the Obsessive-Compulsive (OC) Spectrum such as Tourette's Syndrome (TS) and eating disorders (ED) and
Panic Spectrum disorders (PD).

Our data seem to exclude an involvement of a functional polymorphism in the gene coding for the catechol-
O-methyltransferase (COMT) and of a functional polymorphism in the promoter region of the gene coding for
the serotonin transporter (5-HTTLPR) in conferring susceptibility to TS.

We confirmed a significant association between 5-HTTLPR and ED, in particular bulimia nervosa, suggesting
a differential role for this polymorphism in conferring susceptibility to Anorexia and to Bulimia Nervosa.
Regarding panic spectrum disorders (PD), we studied the possible interaction of 5-HTTLPR and a mono-amine
oxidase A (MAO-A) gene promoter polymorphism in conferring susceptibility to this disorder with negative
results. We also excluded a possible association between polymorphisms in the regulatory region of the 5-HT2C
receptor gene and PD in our population.

Key words: genetics, polymorphism, association study, anxiety disorders.
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• The relationship between neurotransmission and psychiatric disorders and their implications for patho-
physiology and treatment

D. Tardito, E. Smeraldi, R. Zanardi, J. Perez.
During the last decade several lines of evidence have suggested an involvement of most of the signal trans-

duction pathways in the pathophysiology of psychiatric disorders.
In recent times we have confirmed and extended our previous data showing abnormalities in the cAMP-

dependent phosphorylation system in psychiatric disorders.
We have previously showed abnormalities in components of this system (PKA and Rap1) in platelets from

bipolar patients. In a more recent study we have confirmed that the higher phosphorylation state of rap1, previ-
ously observed can be ascribed to increased levels of this protein.

We then investigated whether the same components of cAMP-dependent signaling can be altered in other psy-
chiatric disorders.

A preliminary study in platelets of patients with obsessive compulsive disorder showed that both the levels and
the activity of the enzyme were altered in platelets of untreated patients with OCD with respect to control sub-
jects. Abnormalities in the levels of PKA were also found in platelets of schizophrenic patients. Overall, these
data support an involvement of the cAMP signaling in the pathophysiology of psychiatric disorders.

We are now investigating whether abnormalities in Rap1 are specifically related to bipolar disorder or may also
be present in other psychiatric disorders. Moreover, studies are in progress to investigate the cAMP-dependent
phosphorylation system in platelets of patients with major depression.

Key words: psychiatric disorders.

• Chronobiology of mood disorders
F. Benedetti, B. Barbini, E. Campori, M. Cigala Fulgosi, A. Pontiggia, C. Colombo.

Mood disorders and biological rhythms show a reciprocal interaction, so that affective illness episodes always
involve marked changes in biological rhythms, and manipulations of rhythms lead to rapid changes in clinical
pictures. Since 1995, our research group studied the treatment of mood disordered patients by acting on their
sleep-wake rhythm. In comparison with traditional drug treatments, we obtained similar response rates with few-
er side effects, higher rapidity of action, shorter time to test therapeutic efficacy, and shorter hospitalization peri-
ods.

In year 1999/2000, we successfully concluded and published studies on the combination of sleep deprivation
and lithium salts or serotonergic treatments, and on the role of both clinical (bipolar/unipolar dichotomy) and
genomic (polymorphism of the serotonin transporter gene promoter) predictors of antidepressant response.
Results provided new insights into the pathophysiology of mood disorders, and showed we could obtain a com-
plete and sustained antidepressant response with a one-week treatment, thus reducing disability and social costs
of major depression. We were then able to define a new therapeutic protocol as a first choice therapy for bipo-
lar depression.

• Clinical psychopharmacology: strategies in the treatment of affective disorders
C. Colombo, L. Franchini, L. Sforzini, A. Lucca, J. Perez, A. Serretti, E. Lattuada, D. Rossini, C. Cusin, R. Zanardi.

We developed acute and long-term pharmacological strategies to treat mood disorders, including major
depression, dysthymia and mania. Regarding the acute treatment of major depression we have confirmed in a
larger sample our previous data about the addition of pindolol as an accelerator of the clinical response to flu-
voxamine. Regarding the acute treatment of mania, our results have indicated that the clinical response to cloza-
pine is more rapid than that to chlorpromazine. We further examined the basic symptomatologic component of
each disorder that will be used for both genetic and clinical studies. It has been demonstrated that the 60-80%
of patients with mood disorders had a relapse and/or a recurrence within one year. We have conducted long-
term studies on the preventive efficacy of selective serotonin reuptake inhibitors in highly recurrent unipolar
forms: considering all drugs tested, using a full dose strategy the percentage of patients who recurred within two
years of treatment was more significantly reduced (around 20%) than using a half dose strategy. We have tested
the preventive effect of lithium salts in four groups of patients (unipolar and bipolar) who received lithium at
different times in the course of their illness. Starting lithium therapy within the first ten years of illness predicts
better outcomes, both in unipolars and bipolars.

Moreover, focusing on self-esteem and social adjustment in remitted mood disorder patients, we have found a
poor inter-episode function in mood disorder patients compared to control subjects.
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• Neuropsychological aspects of obsessive-compulsive spectrum disorders
T. Bassi, A. D’Annucci, S. Giordani, A. Ubbiali, C. Zorzi, P. Cavedini.

Compulsive behaviors of Obsessive-Compulsive Disorder (OCD) patients appear to disrupt planning of 
real-life strategies, similar to problems shown by subjects with a deficit in executive functions. These aspects in
addition to the neuropsychological similarities, associate OCD patients to those with damage to the ventrome-
dial sector of the prefrontal cortex. The latter develop a severe impairment in real-life decision-making, despite
their otherwise normal intellectual functions. Furthermore, various lines of evidence have documented a rela-
tionship between OCD and brain circuits posited to connect the frontal cortex to basal nucleo-structures that
appears to be importantly involved in the psychophysiology of Obsessive-Compulsive Disorder.

Building on this evidence, we investigate the integrity of these neural circuits in OCD patients by means of 
neuropsychological tests (Gambling Task, Tower of Hanoi, Wisconsin Card Sorting Test, Objects Alternation
Test). We studied the real-life decision-making process that appears to be involved in OCD and Obsessive-Com-
pulsive Spectrum Disorders. Significant differences were found between the neuropsychological profiles of
OCD and of other groups (patients with Panic Disorder and Healthy Control Subjects), pointing to a possible
specificity of decision-making deficit in these patients. Furthermore, comparison of the performance of the OCD
patients grouped according to response to antiobsessive drug treatment with SRIs showed that poor neuropsy-
chological task performance predicted poor outcome of pharmacological treatment, suggesting a possible 5-HT
altered neuromodulation of the orbitofrontal cortex during decision-making.

Key words: obsessive-compulsive disorder, neuropsychology, orbitofrontal cortex.

TIGET

• Gene therapy of metachromatic leukodystrophy
A. Consiglio, A. Trojani, D. Dolcetta, S. Martino, A. Quattrini, A. Follenzi, L. Naldini, C. Bordignon.

Metachromatic Leukodystrophy (MLD) is an inborn lipidosis caused by deficiency of the lysosomal enzyme
arylsulfatase A (ARSA) and characterized by myelin degeneration in both central and peripheral nervous system.
To correct the genetic defect by gene transfer we explored two approaches: direct inoculation of lentiviral 
vectors into the brain and transduction of hematopoietic stem cells (HSC) for autologous bone marrow 
transplantation.

We showed that  intracranial injection of ARSA-lentiviral vectors into the brain of adult MLD mice resulted
in sustained expression of active enzyme and in correction of histopathology in a large sector of the brain. Fur-
thermore protection from the development of storage lesions in both cerebral hemispheres and of hippocampal-
related learning impairment typical of affected mice  is observed after injection of ARSA-lentiviruses into MLD
mice at an early age. The biological mechanism responsible for spreading the enzyme from the local site of injec-
tion to a large portion of the brain is under investigation. Efficacy studies in larger animals models to predict 
feasibility of the described approach in patients are planned.

Allogenic bone marrow transplantation results in amelioration of MLD phenotype, due to the ability of bone
marrow derived cells to replace the abnormal microglia. To explore gene therapy in autologous bone marrow
cells we constructed a retroviral vector encoding for the human ARSA cDNA and a human mutated DHFR
cDNA, which confers in vivo selective survival advantage to transduced cells in the presence of methotrexate.
Results in MLD mice transplanted with bone marrow cell transduced retroviruses showed successful engraft-
ment with prevention of lysosomal storage lesions in the CNS, PNS and kidney, and amelioration of neuromo-
tor coordination and electrophysiological parameters.
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BIOMEDICAL TECHNOLOGIES

MASS SPECTROMETRY

• Biomedical applications of mass spectrometry
M. Galli Kienle, F. Magni, A. Cattaneo.

Radiopharmaceuticals labelled with positron emitting atoms to be used for diagnosis with Positron Emission
Tomography (PET) are prepared in the Nuclear Medicine laboratories. Identification of intermediates and final
products during chemical synthesis of the labeled compound is usually confirmed by the mass spectra of these
compounds. Several ionisation techniques are used for this purpose: FAB-MS, ESI-MS, APCI-MS, EI-MS (low
and high resolution). In addition, a very careful evaluation of the purity of these synthetic compounds is also car-
ried out using the combination of mass spectrometry with HPLC (LC-ESI / APCI-MS) for the Quality Control
of the final preparation to be injected in the patient. As a continuation of these studies on radiotracers in the cur-
rent year we investigated the selective ligand [123I]bCIT to be used for studies on the dopaminergic and sero-
toninergic system in human brain.

NEURORADIOLOGY

• Interventional and therapeutic neuroradiology
G. Scotti, C. Righi, F. Simionato, F. Scomazzoni, S. Gerevini.
a) Evaluation of Gugliemi detachable coils (GDC) in the treatment of intracranial aneurysms: More than 160

cases were treated. The study confirms the value of the endovascular technique. A multicenter European
cooperative study to evaluate long term result is in progress.

b) Endovascular treatment of brain arterio-venous malformations with isobutyl 2-cyanoacrylate combined with
gamma knife: Thirty-five cases of combined treatment have been evaluated in follow up. Combined treatment
seems to be particularly effective in increasing the cure rate in large AVMs.

c) Angioplasty and Stenting: Long-term evaluation of angioplasty of stenosis of the subclavian and vertebral
arteries is continuing, as well as the evaluation of the role of stent treatment of subclavian and carotid steno-
sis. Evaluation of intracranial stent positioning to treat large neck aneurysms, both in combination with GDC
coils or stenting alone is under-way.

Key words: endovascular techniques, GDC, stenting.

• Cerebrovascular diseases and magnetic resonance angiography
G. Scotti, N. Anzalone, L. Strada.

Ultrafast arterial-phase 3D contrast-enhanced MRA of the epiaortic vessels: thirty cases have been studied and
evaluated. With 3D MRA + GD we were able to demonstrate pathology in all the epiaortic vessels; in particular
we described stenosis and occlusion caused by atherosclerosis with a good correlation with angiographic studies
in 15 patients.

MRA of the carotid bifurcations: a comparison of contrast-enhanced 3D MR angiography with TOF MR
Angiography and color Doppler: sensitivity, specificity and diagnostic accuracy of contrast enhanced MRA ver-
sus conventional MRA 3D TOF and Doppler were evaluated, in the detection of carotid stenosis in patients
affected by clinical signs of cerebrovascular disease. Acquisition of data is still ongoing to reach a significant
number of cases.

Key words: cerebrovascular disease, MRA.

• Magnetic resonance in the evaluation of multiple sclerosis
G. Scotti, A. Campi, S. Pontesilli.

Magnetic resonance (MR) studies of the brain with magnetization transfer technique in multiple sclerosis (MS):
a serial assessment of lesions and correlation with disability is still in progress and has been included in an Inter-
national multicenter project with trials in Europe, USA and Canada.

Magnetic resonance studies of the spinal cord: magnetic resonance studies of the spinal cord were performed
in patients with recurrent acute transverse myelopathy associated with anticardiolipin antibodies.

Key words: myelopathy, MS, MRI, MTR.
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CARDIAC SURGERY

• Novel mitral valve surgery techniques
O. Alfieri, F. Maisano, M Oppizzi, S. Benussi, C. Pappone, S. Nascimbene, J.J. Schreuder, P.L. Stefano, M. De Bonis,
A. Blasio.

The «Edge-to-Edge» mitral repair technique can be applied to patients with mitral valve regurgitation belong-
ing to NYHA classes I-IV.  The application of this technique in severe heart failure patients with ischemic mitral
valve dysfunction is increasing world-wide . 

We are currently studying peroperative effects of the acute hemodynamic changes effected by mitral valve
repair on cardiac performance. This study will be performed by computer simulation and by evaluation of car-
diac performance of the left ventricle (LV) in a pressure-volume (P-V) plane. Acute effects of mitral valve repair
on mitral regurgitation are measured by TEE and P-V relationships by conductance catheter technique at vary-
ing preload and afterload in patients undergoing mitral valve repair. Decreasing LV preload changes the contri-
bution of different phases of the cardiac cycle to the regurgitation from mesosystolic to protosystolic. 

In addition we are investigating the application of novel annular rings with adapted geometry for specific
regurgitation types. The feasibility of a future device for percutaneous application of the Edge-to-Edge technique
will be performed using an animal study. 

We have implemented a database to perform a clinical outcome study of all operated mitral valve regurgitation
patients. In this study, side effects of mitral repair were studied and sub-groups were analysed.

Finally, for patients with mitral regurgitation and atrial fibrillation, the use of epicardial radiofrequency abla-
tion of atrial fibrillation and concomitant mitral valve surgery is under study. 

Key words: heart failure, atrial fibrillation, radiofrequency ablation, regurgitation, left ventricular function.

• Cardiac surgery for the heart failure patient
L. Torracca, V. Franze’, A. Quarti, G. Ismeno, O. Alfieri, J.J. Schreuder, F. Maisano, A. Castiglioni, M. De Bonis.

We are investigating new approaches to develop an optimal surgical strategy for heart failure patients under-
going Off-pump CABG surgery, mitral valve reconstruction, and left ventricular aneurysmectomy.

The effects of Off-pump CABG on left ventricular performance are studied in patients with mild and severe
heart failure. Beating heart surgery performed with minimal displacement preserves LV performance. In con-
trast, major heart displacement induces significant acute decrease in LV contractile state. 

The surgical treatment of post myocardial infarction LV aneurysm nowadays attracts worldwide attention. The
evaluation of acute intra-operative effects of left ventricular  aneurysmectomy with endo-ventricular patch on left
ventricular performance and dyssynchrony is another objective of this study. Our current data show that left ven-
tricular aneurysmectomy with patch repair acutely effected increases in ejection fraction and improvements in
LV contractile state, and LV relaxation indexes. Left ventricular long-axis dyssynchrony is decreased  both in
diastole and systole, indicating improving mechanical efficiency. 

We are conducting research on the application of robotic technology during cardiac surgery focusing on its
feasibility  for coronary surgery, mitral valve surgery and congenital cardiac defects. Despite the good clinical
results, operative times are still prolonged compared with conventional cardiac surgery. Further development of
the technology could extend its application to heart failure patients.

Key words: beating heart surgery, left ventricular function, left ventricular dyssynchrony, heart failure, left ven-
tricular aneurysm. 

• Diagnostics and perioperative treatment techniques
J.J. Schreuder, F. Maisano, A. Castiglioni, P.L. Stefano, S. Benussi, L. Torracca, A. Caldarola, R. Sandrini, B. Fiorani,
O. Alfieri.

Several studies are being conducted regarding the development and application of novel diagnostic tests and
techniques to improve diagnosis and treatment of heart failure patients.
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LV dyssynchrony is common in heart failure patients, and is related to decreased mechanical efficiency. We
measured LV dyssynchrony from LV segmental volumes slices, perpendicular to the long heart axis, by a con-
ductance catheter. The results show that on-line measurements are accurate and feasible. Heart failure patients
show the highest values of long-axis dyssynchrony and can be classified accordingly. Current studies involve LV
long-axis dyssynchrony measurements in patients undergoing multisite biventricular pacing. 

Intra-aortic balloon counterpulsation (IABP) is routinely applied in heart failure patients undergoing cardiac
surgery. Therefore we analyse beat-to-beat effects on LV performance of optimal IABP in patients with low EF
undergoing aneurysmectomy, CABG, and mitral reconstruction. 

To reduce intra-operative risks for heart failure patients stable hemodynamic profiles might prove essential.
Therefore we  evaluated a closed-loop multiple drug infusion system for the control of cardiac pump-function
in heart failure patients. The current study will investigate its implementation during off-pomp CABG.

Other studies are dealing with implementation of novel algorithms in monitoring- (cardiac output), dia-
gnostic- (conductance catheter technique), LV assist- (IABP), and hemodynamic control- (blood pressure)
devices.

Key words: left ventricular function, left ventricular dyssynchrony, heart failure, intra-aortic balloon counterpul-
sation, beating heart surgery, multisite pacing, cardiac output, closed-loop control.

CLINICAL CARDIOLOGY

• Chromogranin A and soluble TNF receptors in heart failure
B. Colombo, E. Ferrero, A. Corti.

In chronic congestive heart failure (CHF), a complex syndrome consecutive to many cardiovascular diseases,
several hormonal systems are activated with diagnostic and prognostic implications. In previous work, carried
out in collaboration with C. Ceconi, R. Ferrari (University of Brescia), we showed that the TNF/TNF-receptor
system is activated in these patients. Although the exact clinical significance of TNF production in heart failure
patients remains uncertain, its ability to induce cachexia, left ventricular dysfunction and pulmonary edema, 
suggest that TNF, in concert with other inflammatory cytokines, could play a pathogenetic role. More recently,
we have found that serum chromogranin A (CgA), a protein secreted by many neuroendocrine cells and neu-
rons, is increased in CHF. Moreover, we found that CgA levels are an indicator of the overall neuroendocrine
activation and a predictive factor of mortality. The CgA levels were compared to those of various hormones,
including plasma renin activity, aldosterone, atrial natriuretic peptide, catecholamines, and TNF/soluble TNF
receptors. The increase of CgA correlated with the increase of soluble TNF-receptors suggesting the existence
of a regulatory link between the activation of the TNF receptor system and the release of CgA in circulation. 
In studies aimed at investigating whether CgA can regulate the activity of TNF, we found that this secretory pro-
tein can inhibit TNF-induced vascular leakage in a mouse model and can regulate the adhesion of fibroblasts
and smooth muscle cells to solid-phases. It is, therefore, possible that neuroendocrine secretion of CgA, in 
concert with the release of soluble receptors, plays a role in regulating the effects of pathological levels of TNF
in this disease. 

Key words: heart failure, tumor necrosis factor, cell adhesion, endothelium, smooth muscle cell.

• Effects of l-arginine on myocardial performance, endothelial function and insulin sensitivity in patients
with heart failure secondary to ischemic cardiomyopathy

G. Fragasso, A. Palloshi, P. M. Piatti, L. Monti, A. Margonato.
Energy starvation has been indicated as a contributing factor to the progressive fibrosis and cell death seen in

heart failure. Glucose is an important source of energy for the myocardium and normal insulin action is essen-
tial for a normal myocardial uptake of glucose. Glucose uptake and insulin release alterations may potentially
impair myocardial metabolism, resulting in energy starvation. Additionally, insulin could influence symptoms
like fatigue and exercise intolerance. In fact, this hormone regulates peripheral blood flow and skeletal muscle
metabolism.

Patients with heart failure seem to be resistant to insulin. Hyperinsulinemia occurs as a compensatory mecha-
nism to overcome the insulin resistance in heart failure. Microvascular/endothelial dysfunction have been
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described as important pathogenetic factors of insulin resistance in heart failure, particularly in patients with
concomitant atherosclerotic diseases, where an insulin resistant state has been shown to be very prevalent. The
endothelium derived relaxing factor nitric oxide (NO), is generated by NO synthase, which converts the
aminoacid L-arginine to NO through oxidation of the guanidinium nitrogen. These findings have suggested that
supplementation of L-arginine in heart failure patients facilitates the production of NO and augments endothe-
lium-dependent vasodilatation. In this context, by increasing NO production, L-arginine supplementation could
also improve insulin sensitivity in patients with heart failure. The aim of this study is to assess whether oral
administration of L-arginine could improve endothelial function, insulin sensitivity, myocardial performance and
exercise capacity in patients with chronic heart failure.

Key words: heart failure, arginine, left ventricular function, insulin sensitivity, endothelial function.

• Role of chromogranins in guiding beta blocking therapy in patients with advanced heart failure
G. Fragasso, A. Corti, A. Palloshi, A. Margonato.

Chromogranin A was originally discovered as the major soluble protein of adrenal medullary chromaffin gran-
ules. Although chromogranin A may be involved in the regulation of cell adhesion, its central role is played as
one of the secretory proteins present in many neuroendocrine tissues and the nervous system. Neuroendocrine
activation is a specific feature of heart failure. Catecholamines, endothelins and the renin-angiotensin-aldos-
terone system are activated and hormones are secreted, such as atrial and brain natriuretic peptides. Since some
of these hormones are co-stored with chromogranin A within the secretory granules of endocrine cells, circulat-
ing chromogranins are increased in patients with heart failure. Additionally, the increase appears to be positive-
ly correlated with disease severity and to be an independent prognostic mortality indicator. 

The potential benefit of beta-adrenergic blockade in heart failure is based on the reduction of the deleterious
effects of compensatory beta-adrenergic and neuroendocrine stimulation. A meta-analysis on 21 randomized tri-
als on NYHA class II or III patients show that beta-blockers increase LV ejection fraction and reduce hospital-
izations. Yet, several patients do not respond to beta-blockade or do not tolerate these drugs. In this context, a
test that could enable us to predict which patients will eventually respond positively to beta blocking drugs
would be of primary importance. The aim of this study is to assess whether serum chromogranine determination
in patients with advanced heart failure may adequately predict the clinical response to betablockers.

Key words: heart failure, betablockers, chromogranins, neuroendocrine activation.

ELECTROPHYSIOLOGY AND CARDIAC PACING

• Use of magnetic resonance imaging and angiography before and after circumferential pulmonary for atri-
al fibrillation

F. De Cobelli, F. Gugliotta, R. Mellone, C. Pappone, A.del Maschio.
The pulmonary veins (PVs) and surrounding ostial areas frequently house focal triggers or reentrant circuits

critical to the genesis of atrial fibrillation (AF). Recently, a new anatomic treatment aimed at isolating each PV
from the left atrium (LA) by circumferential radiofrequency (RF) lesions around their ostia has been developed
at our institute. We evaluated the role of magnetic resonance imaging (MRI) and angiography (MRA) in the
anatomic assessment of PVs and LA before RF ablation and at follow-up.

In the first year of our experience, 10 patients with resistant AF underwent MRI and MRA (GE 1.5T Signa
Echospeed) before and the day after ablation. Six patients were also evaluated with MR after 3 months. At the
pretreatment MRA, all four pulmonary veins were detected in the 10 patients; in one patient, a common ostium
of the right upper and lower pulmonary veins was depicted. At the post-treatment MRI, in all patients high sig-
nal intensity was detected in the atrial wall around the vein ostia due to oedema; in two patients, thin pericardial
effusion was evident. At the three-month follow-up, the LA volume was significantly decreased in those patients
who had sinus rhythm restoration; with MRA, PV stenosis was found in one patient. These preliminary results
suggest that MR is useful in evaluation of patients with AF before and after RF ablation of pulmonary vein ostia. 

Key words: atrial, catheter ablation, magnetic resonance angiography, pulmonary veins.
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• Evaluation of a novel implantable dual-chamber device delivering non-excitatory signals in heart failure
patients

C. Pappone, S. Rosanio, G. Vicedomini, M. Tocchi, V. Santinelli, S. Nardi, M. Romano.
Pilot human studies indicated that non-excitatory electrical signals delivered to the heart during the absolute

refractory period can enhance contractility. A single-blind, randomized, controlled crossover trial was designed
to evaluate a novel implantable dual-chamber device delivering non-excitatory signals. The system consists of 3
components: a) a dual-chamber device with specialized internal components for sensing local electrical activity
and generating the signal (3 biphasic 6.6-ms pulses with amplitude up to ±7.7V delivered 30-50 ms after local
sensing); b) a standard RA lead and 3 standard active fixation leads, one for standby RV pacing and 2 for signal
delivery to the RV septum; c) a programmer which interfaces with the signal processor via a standard pacemak-
er wand. The study will evaluate device effects on exercise tolerance and quality of life in subjects with NYHA
class III heart failure, EF < 35% and VO2<18 ml/min/kg. After device implantation, patients will undergo acute
testing (week 1), when signal or sham application will be done on 3 consecutive days, and chronic testing (weeks
2 to 7), when signal or sham application will be done for 5 days a week. Each signal application will last 3 hours,
an interval adequate to assess safety and potential benefits to cardiac performance. At baseline, randomization
and specific points during the study patients will undergo Holter monitoring, 6-min walk tests, VO2 testing, clin-
ical assessment, 12-lead ECG, and Minnesota questionnaire. Among 19 patients screened, 6 were enrolled and
successfully implanted with a >5% acute increase in +dP/dt. By July 2001, follow-up will be completed.

Key words: pacing, heart failure.

• Atrial electroanatomical remodeling after circumferential radiofrequency pulmonary vein ablation
C. Pappone, G. Oreto, S. Rosanio, M. Tocchi, F. Gugliotta, C. Dicandia, A. Salvati, P. Mazzone, G. Vicedomini.

Circumferential radiofrequency (RF) ablation around pulmonary vein (PV) ostia has recently been described as
a new anatomic approach for atrial fibrillation (AF). We treated 251 consecutive patients with paroxysmal (n=179)
or permanent (n=72) AF. Circular RF lesions were deployed transseptally during sinus rhythm (n=124) or AF
(n=127) at >5 mm from PV ostia using 3D-electroanatomical guidance. Procedures lasted 122±32 min, with
28±17 min of fluoroscopy. Complete isolation (bipolar electrogram amplitude <0.1 mV inside the lesion and delay
>30 ms across the line) was achieved in 73% of the 1004 PVs treated. Extent of ablated area (amplitude <0.1 mV)
was 3594±449 mm2, accounting for 23±9% of the total left atrial (LA) map surface. Major complications (cardiac
tamponade) occurred in 2 patients (0.8%). No PV stenoses were detected by transesophageal echocardiography.
After 10.4±4.5 months, 152 patients with paroxysmal AF (85%) and 49 with permanent AF (68%) were AF-free.
Patients with and without AF recurrence did not differ for age, AF duration, prevalence of heart disease and ejec-
tion fraction, but LA diameter was significantly higher (P<0.001) in permanent AF patients with recurrence. Per-
centage of PVs completely isolated was similar in patients with and without recurrence, but the latter had a larg-
er amount of electrically isolated tissue when related to the overall LA surface area (P<0.001).

Conclusions. Circumferential PV ablation is an effective treatment for AF. Its success is probably due to both
PV trigger isolation and electroanatomical remodeling of the area encompassing the PV ostia.

Key words: atrial fibrillation, ablation.

• Treatment of heart failure patients using transvenous biventricular pacing. The European experience
with the first 1000 over-the-wire implants

C. Pappone, G. Vicedomini, S. Rosanio, C. Di Gioia, S. Nardi, A. Salvati, C. Dicandia, P. Mazzone, S. Gulletta.
Resynchronization therapy with biventricular pacing increases the efficacy of cardiac contraction and improves

clinical status in heart failure pateints. The practical challenge for this therapy has been to insert a LV lead via
the coronary sinus. As the leading clinical center in Europe, we report the experience of the fisrt 1000 implants
with a novel over-the-wire LV lead system. All data from 249 centers were collected in a European registry which
included patient history, implant times, performance and patient symptoms at implant, predischarge and follow-
up. 86% of the attempted implants were successful. The most common reason for failure was not finding the
coronary sinus. Other reasons were: subendothelial dissection, phrenic nerve stimulation, unstable position and
inappropriate thresholds. Implants required approximately 169 min with 46 min of fluoroscopy. In conclusion,
this registry shows that the new over-the wire technology can pave the way for routine biventricular pacemaker
implantation. 

Key words: heart failure, pacing.
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• Correction of left ventricular contractile asynchrony by biventricular pacing correlates with long-term
outcome in patients with dilated cardiomyopathy

C. Pappone, S. Rosanio, M. Tocchi, S. Nardi, P. Mazzone, C. Dicandia, A. Salvati, G. Vicedomini.
Biventricular pacing (BVP) has recently been proposed for heart failure (HF) patients. However, BVP effects

on left ventricular (LV) contractile synchrony and long-term prognosis have not been characterized. To address
these issues, we used echocardiographic color kinesis (CK), a digital technology which allows real time quanti-
tatation of endocardial motion. In 55 HF patients who had adequate tracking of >80% of LV endocardial
boundary, CK was performed at 1 week from BVP implantation and monthly thereafter. Color pixel counts were
used to calculate regional fractional area change (RFAC), expressed as % of regional end-diastolic area. Systolic
regional time curves depicting % regional ejection at any % of ejection time were used to derive an index of sys-
tolic asynchrony (SAI), defined as the standard deviation of mean % ejection for all segments at 25% of ejection
time. During BVP, peak filling rate increase by 33±13% (p<0.05), with decreased mean filling time. A 19±8%
EF rise was associated with increased peak ejection rate and reduced mean ejection time. RFAC improved from
15±7% to 31±9% in all segments. At 1 week, correction of contractile asynchrony (SAI < 10) was detected in
27 patients (49%), and 19 had EF increase >10%. At 1 month, an additional 17 patients (31%) had a similar
SAI and EF response. These patterns were maintained at 3 and 6 months, and were associated with a stable
improvement in NYHA class and peak VO2 (from 11.1±3.0 to 16.1±3.2 mL/min per kg), which were consis-
tently better that in patients without correction of asynchrony.

By measuring LV cavity dynamics, CK detected immediate improvement in LV filling and contraction. Follow-
up CK showed that in a substantial proportion of patients BVP benefits are underestimated at 1 week.

Key words: heart failure, pacing.

• Long-term outcome of resynchronization therapy with or without defibrillation backup in heart failure
patients

C. Pappone, G. Oreto, G. Vicedomini, S. Rosanio, P. Mazzone.
Biventricular pacing (BVP) is a promising therapeutic modality for heart failure (HF) patients with left bun-

dle branch block. However, BVP impact on long-term mortality is not defined. We describe the outcome of 79
consecutive HF patients who received BVP with or without implantable cardioverter defibrillator (ICD) back-
up at our center. No procedural complications were observed. Close follow-up (F/U) was obtained. For patients
who died, interviews were conducted to ascertain the etiology. F/U (12±7 months) was available for all patients.
The first 17 patients had no history of syncope or VT/VF inducibility on electrophysiologic (EP) testing, and
received BVP alone. Three of these patients (18%) died suddenly at 30, 121 and 258 days from implantation.
None had had hemodynamic deterioration before the event and earlier visits had shown no BVP malfunction.
We then decided to use backup ICD in the ensuing 62 patients regardless of EP test results (35% were positive).
During F/U, 11 pts (18%, including 4 with positive EP tests) had VT/VF episodes successfully treated by the
device; 3 (5%) received inappropriate discharges on atrial fibrillation; and 2 (3%) died for pump failure. Patients
with arrhythmic events were significantly older (62±13 vs 56±11 years), had lower NYHA class (2.4±0.8 vs.
2.9±1.2) and had more frequently ischemic cardiomyopathy (75% vs 47%).

Mortality in HF patients remains high after BVP implantation, mainly because of sudden death. ICD 
backup may grant increased security in HF patients without standard indications to ventricular defibrillators.
Randomized studies are warranted for defining the cost/benefit ratio of adjunct ICD in resynchronization 
therapy.

Key words: heart failure, pacing.

INTERVENTIONAL CARDIOLOGY

• Mechanical treatment of in-stent restenosis and brachytherapy
A. Colombo, F. Liistro, P. Pagnotta, F. Sgura, M. Montorfano, G. Gimelli, V. Spanos, C. Di Mario.

The best mechanical treatment of in-stent restenosis has not yet been defined, and restenosis rate 
after conventional treatment ranges from 30% to 80% (the latter associated with long restenostic lesions). 
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A modified balloon with 3/4 blades (cutting balloon) used for in-stent restenosis facilitates plaque extrusion and
reduces plaque recoil. Small single-center trials have shown larger immediate gain with cutting balloon than 
conventional PTCA. Our center coordinates a large multicenter trial (RESCUT) comparing conventional bal-
loon angioplasty and cutting balloon dilatation. 

Removal of intimal hyperplasia can improve immediate results and reduced restenosis after treatment pf in-
stent restenosis. Unfortunately, the current atherectomy devices are not suitable for such treatment. Our center
has started the first clinical experience with a dedicated new atherectomy system (Fox Hollow).

Radiation therapy is an alternative modality to prevent restenosis and inhibit cell proliferation. We have test-
ed a new intracoronary source with optimal dosimetry. The multicenter BETTER trial, coordinated by our cen-
ter, has used a P 32 radioactive balloon is completing follow-up (40 patients treated in our hospital). We have
started enrollment in the VISION trial, using a P32 ribbon delivered with a centering balloon.

• Restenosis prevention with drug coated stents
M. Carlino, A. Castelli, C. Di Mario, A. Colombo.

Currently coronary stenting has supplanted balloon angioplasty as the dominant treatment for coronary artery
disease. Long term restenosis is less prevalent with stenting than it is with angioplasty alone; but with restenosis
rates of up to 50% in high risk lesion or pt subsets, recurrent stenosis is not solved.

The inadequacies of mechanical devices and single agent, systemic, pharmacological therapies to prevent
restenosis has stimulated interest in local pharmacological approaches. Local delivery of antiproliferative drugs
promises to interrupt the cascade of events that culminates in restenosis by interfering with cellular and molec-
ular processes including platelet activation, leukocyte infiltration, smooth muscle cell expansion, extracellular
matrix elaboration, and re-endothelialization.

The success of local therapy depends on developing a system that allows the efficient administration of a drug
that will aid in preventing restenosis. The delivery vehicle must release the drug into the vessel in a manner that
is consistent with the drug's mode of action. Additionally, the drug chosen should be one that inhibits the mul-
tiple components of the complex restenosis process.

A possible improvement of the modality of drug release will be tested in our department which coordinates a
large multicenter randomized European trial of 520 patients in de novo lesions. Boston Scientific has developed
the NIRx™ Paclitaxel-Coated Stent, a NIR‘ Conformer Coronary Stent coated with paclitaxel in a triblock
copolymer system, to reduce the fibrotic response that leads to restenosis. The study is expected to start in
August 2001 and be completed in May 2002.

• Antiproliferative drugs in restenosis prevention
M. Montorfano, F. Liistro, G. Gimelli, C. Di Mario, A. Colombo.

Paclitaxel, an antineoplastic agent, was originally isolated from the bark of the Pacific Yew tree. It is a diter-
penoid with a characteristic taxane-skeleton of 20 carbon atoms and has a molecular weight of 853.9 Daltons.
Unlike other antiproliferative agents of the colchicine type, which inhibit microtubule assembly, paclitaxel 
promotes microtubule assembly of stable microtubules, thereby interrupting proliferation, migration and signal
transduction. Experimental evidence indicates that paclitaxel stent coating may prevent or attenuate restenosis.
First, when added to smooth muscle cells in culture, paclitaxel inhibits proliferation and migration in a dose
dependent manner. In a rat balloon injury model, intraperitoneal administration of paclitaxel reduced the 
neointimal area. In a rabbit atherosclerotic model where the plaque burden was increased by electrical injury,
local administration of paclitaxel by infusion through a double balloon catheter also reduced neointimal thick-
ness. Similar results were obtained in a porcine model when paclitaxel was administered within the pericardium.
The QUANAM stent is the first stent with active antiproliferative coating available for clinical use and with 2-
year results available. Our Department is currently completing the follow-up evaluation of 40 patients enrolled
in a prospective multicenter registry of de novo and restenotic lesions. The data available show complete absence
of neo-intimal growth within the stent, even in patients with multiple recurrences of restenosis. Possible draw-
backs are the rare development of edge lesions and the presence of late (>3 months from stenting) stent throm-
bosis possibly explained by the presence of wide polymer sleeves wrapped around the stent where the drug 
is embedded. 
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BIOMEDICAL TECHNOLOGIES

NUCLEAR MEDICINE

• Myocardial functional imaging
C. Rossetti, F. Fazio, M. Picchio, M. Matarrese, G. Pepe.

The investigation into hibernated myocardial tissue and more recently into the myocardial neurotransmission
system has been the main part of research protocols in cardiology.

Patients with coronary artery disease and left ventricular dysfunction were examined with SPET and PET with
the aim of integrating the different methods for the preoperative assessment of reversible ventricular dysfunction
into a diagnostic protocol, allowing the definition of a diagnostic and economic strategy.

A retrospective analysis of a population with multivessel coronary artery disease, who had undergone coronary
by-passing grafting, demonstrated the striking prognostic accuracy of PET and [18F] -FDG in patients waiting
to undergo coronary revascularization. The relationship between FDG uptake in the dysfunctional myocardial
segments and post-operative clinical outcome was assessed. Research protocols have been started with a pre-
sumed endpoint in 2001. A metabolic PET study is in progress in collaboration with the Internal Medicine
Department with the aim of evaluating the effect of hyperinsulinemia and FFA levels on myocardial glucose
metabolism measured by PET and (18F) FDG. 

Another PET study has been undertaken to assess the myocardial perfusion and metabolism in patients with
dilatative cardiomyopathy: one group with a conventional pharmacological treatment and the other with a con-
ventional pharmacological treatment plus a new and innovative drug active on myocardial metabolism.

A new line of research has been started on the evaluation of cardiac neurotransmitter system, especially of the
adrenergic system. In patients with myocardial infarction the adrenergic abnormalities contribute to arrhythmo-
genesis and progression of heart dysfunction. The aim of our study is to evaluate the residual viability of infarct-
ed myocardium which has been proved to play a role in the pathogenesis of ventricular arrhythmias. After deter-
mination in a control group of normals, regional pre-synaptic receptor density with 11C hydroxyephedrine and
PET will be evaluated in three groups of patients: one with recent myocardial infarction and a second for one
year follow up after the infarction. In the third group of infarcted patients adrenergic system will be evaluated
one year after a new drug  therapy. The adrenergic activity will be assessed by dividing the left ventricle in infarct-
ed areas and areas next and remote from infarction. The evaluation in normals and acutes has been acomplished
and the recruitment of chronic infarcted patients is in progress.
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GENERAL AND DIGESTIVE SURGERY

• Bioethics in general surgery
A. Anzani.

With the continuous development of surgical and anaesthesiological techniques, surgeons face new ethical
problems regarding "what is right, when it is right, and in which case it is right". The relationship between the
patient and physician has also changed in our country and the patient is finally seen as the subject of any thera-
py he or she is undergoing, with the new horizon of "the truth to the patient". At the same time, surgery is more
and more a superspecialized job, where technical aspects are overwhelming the human dimension. For these rea-
sons, the average cultural background of a doctor may no longer be enough to maintain a correct patient-physi-
cian relationship, and surgeons need to work together with other specialists to solve daily ethical problems. At
our institute, an ad hoc committee is routinely active in promoting a continuous update of surgeons with class-
es, meetings etc. This approach allows the exchange of ideas, points of view, and information among different
specialists, and it helps to maintain a positive relationship between physicians and patients.

A second important aspect is represented by the need to regulate the application of new protocols of clinical
investigation. A careful preliminary analysis of the contents of new protocols is crucial. The Ethics Committee
was set up at HSR in 1986, and its approvation is necessary for any investigative protocol in the clinical field. 

Key words: bioethics, ethics committee.

• Hamster-to-rat heart and liver xenotransplantation
G. Ferla, M. Catena.

Experimental activity concentrated on cardiac xenotransplantation between closely related species. Hamster
hearts were heterotopically transplanted into both normal and previously sensitized rats by the transfusion of
donor blood. The data obtained supported the theory that induced antibodies directed against the graft endothe-
lium play a role in producing heart damage. The action of cyclophosphamide (CYP) on the spleen of recipients
following cardiac xenotransplantation was investigated. CYP was chosen because it has been shown to interact
with the B-lymphocyte system. The presence of natural preformed antibodies, persisting in spite of the drug, was
detected in these rats owing to the permanence of B-cell splenic clones against hamster antigens, which were not
depleted by CYP. In none of these rats were there elements to support the theory of cellular rejection. The effect
of Brequinar sodicum (BQR) in preventing cardiac xenorejection in a hamster-to-rat model was investigated at the
Pittsburgh Transplantation Institute. Based on the potentiation of BQR’s cytostatic effect by cytidine in vitro, we
attempted to confirm the stronger immunosoppressive activity of BQR plus cytidine in this cardiac xenograft
model. The prolongation of cardiac xenograft (mean graft survival time: 21 days) was significantly improved com-
pared with using either of the drugs alone (cytidine alone mean graft survival time: 3 days. BQR alone mean graft
survival time: 6 days). Surgical procedure of orthotopic rat-to-rat liver transplantation was also improved. Liver
was transplanted in rat according to Kamada’s technique (cuff technique). This first step allowed to perform the
more difficult hamster-to-rat orthotopic liver transplantation  and achieve a high rate of survival.

Key words: heart xenotransplantation, liver xenotransplantation.

• Experimental pancreatic islets transplantation in rat
G. Ferla, M. Catena, R. Pardi, B. Clissi, L. Ferla.

Experimental activity in rats concentrated on allogenic pancreatic islet transplantation between low responder
strains. The first step was to improve the transplant technique. Donors underwent  general anesthesia by xylazine
7 mg/Kg i.m. and ketamine 800 mg/Kg i.m. The pancreas was infused with 1.5 mg/ml of collagenase solution
(10 ml) by cannulation of common bile duct and removed for islet isolation. Pancreatic islets (about 3000
islets/recipients) were transplanted under left kidney capsule in streptozotocin-induced (50 mg/Kg e.v.) diabet-
ic animals for a syngeneic transplantation. The second step was to evaluate the efficacy of immunotherapy in 
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prolonging graft survival in allogenic combination. Lewis and Brown-Norway rats were used as donors and
recipients, respectively. Animals were divided in three groups of four animals. In group 1 rats were treated with
F(ab)’fragment anti-CD28 immunoglobulins (4 mg/Kg) at 12 hours from transplant and twice a day for three
days after transplantation. Group 2 animals were treated with monoclonal anti-LFA1 immunoglobulins (4
mg/Kg) in the same pattern. In group 3 rats were treated with association of the two antibodies. In group 1 ani-
mals, rejection occurred 11, 13, 13 and 16 days after transplantation (in non-treated animals rejection was
observed after 9-10 days). In group 2 animals, hyperglycemia was demonstrated 14, 16, 21 and 66 days after
transplantation. In the third group rejection occurred 20, 24 and 40 days after transplantation. In the fourth ani-
mal normoglycemia was detected for 80 days. This rat underwent left nephrectomy for histological and immuno-
histochemical examination. Morphological data and immunohistochemical determination for insulin in trans-
planted cells revealed a treatment-induced tolerance.

Key words: islets transplantation, experimental surgery.

• Effect of donor age and sex on the outcome of liver transplantation
G. Ferla, L. Aldrighetti.

The role of donor age in the outcome of liver transplantation has been widely debated. A series of 462 adult
liver transplants performed at the Pittsburgh Transplantation Institute was analyzed, comparing a group of 408
“younger” donors (under 60 years) with a group of 54 "older" donors (between 60 and 79 years old). The 2-year
actuarial graft survival rate was 43% in the older group and 71% in the younger group, a difference that was
highly significant (p=0.0001). The 2-year actuarial patient survival rate was 62% in the older group and 78% in
the younger group (p=0.037). Less has been written about the effect of donor sex on outcome after liver trans-
plantation. We examined with univariate and multivariate analysis the effect on outcome of donor age and sex,
singly and together, in a consecutive series of 462 liver transplants, taking into account an array of other risk fac-
tors. The clear influence of both donor and gender on outcome was identifiable. The effect of donor age became
evident only when they were over 45 years old. Livers from female donors yielded significantly poorer results,
with 2-year graft survival of female to male, 55% (95% CI, 45% to 67%); female to female, 64% (95% CI, 54%
to 77%); male to male, 72% (95% CI, 66% to 78%); and male to female, 78% (95% CI, 70% to 88%). The
only donors identified as questionable for liver procurement were elderly (> 60 years) women in whom the
adverse age and gender factors had a combined effect.

• Predictive indexes of early graft failure in liver transplantation
G. Ferla, L. Aldrighetti.

A retrospective analysis of 462 consecutive liver transplants was carried out. These were divided into two
groups according to whether they failed within 90 days (Group I) or survived longer than 90 days (Group II).
Twenty-five donor and recipient variables were analyzed. In the univariate analysis, the only donor variable that
was significantly different between the two groups was age (45.3 ± 16.9 years in Group I versus 37.9 ± 15.4 years
in Group II, p < 0.001). There were five recipient variables significantly associated with early graft failure: his-
tory of previous liver transplant (p < 0.0001), UNOS 4 status (p=0.003), primary diagnosis (p=0.001), preoper-
ative serum creatinine (1.97 ± 1.5 mg/dl in Group I versus 1.46 ± 1.2 mg/dl in Group II, p=0.005), and preop-
erative serum bilirubin (13.5 ± 14.4 mg/dl in Group I versus 8.4 ± 11.4 mg/dl in Group II, p=0.003). In the mul-
tivariate analysis, only three variables were independently associated with outcome: donor age greater than 45
years, abnormal (>1.5 mg/dl) recipient preoperative creatinine, and a history of previous liver transplantation.

Key words: liver transplantation, graft failure, predictive indexes.

• Significance of a positive cytotoxic crossmatch in liver transplantation
G. Ferla, L. Aldrighetti.

We evaluated the impact of a positive cytotoxic crossmatch on the outcome of liver transplantation, with a ret-
rospective analysis of 1520 liver transplants performed at the Pittsburgh Transplantation Institute. All cases had
a cytotoxic crossmatch using serum pretreated with dithiothreitol. There were 1390 negative crossmatches and
130 positive crossmatches. There was no difference in overall graft survival, although early survival rates were
lower in the positive crossmatch group, with the maximum difference at 6 months: 0.76 (95% CI 0.74 to 0.78)
for a negative crossmatch versus 0.68 (95% CI 0.61 to 0.77) for a positive crossmatch. These differences become
negligible by the 2-year mark. Using stepwise logistic regression, the authors identified seven variables indepen-
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dently associated with outcome: 1) donor age, 2) donor gender, 3) prior liver transplant, 4) medical urgency sta-
tus, 5) ischemia time, 6) indication for transplantation, 7) primary immunosuppressant. The cytotoxic cross-
match was not statistically associated with overall graft survival after liver transplantation. However, early failure
rates were higher in the positive crossmatch group, a difference that disappeared by the second year.

Key words: liver transplantation, cytotoxic crossmatch.

• Hepatic retransplantation
G. Ferla, L. Aldrighetti.

Hepatic retransplantation is controversial because the results are inferior to primary transplants and organs are
so scarse. We performed a multivariate analysis using stepwise logistic regression of 418 hepatic retransplanta-
tions performed at a single institute (Pittsburgh Transplantation Institute) to determine the factors which are
associated with poor outcome duing the first year following retransplantation. Seven variables were found to be
independently associated with subsequent graft failure: donor age (odds ratio 2.2 for each 10-year increase over
age 45, 95% CI 1.3 to 3.7), female donor sex (odds ratio 1.7, 95% CI 1.05 to 2.7), recipient age (odds ratio 1.6
for each 10-year increase over age 45, 95% CI 1.2 to 2.3), need for preoperative mechanical ventilation (odds
ratio 1.8, 95% CI 1.1 to 2.9), pretransplant serum creatinine (odds ratio 1.24 for each increase of 1 mg/dl, 95%
CI 1.1 to 1.4), pretransplant total serum bilirubin (odds ratio 1.4 for each 10 mg/dl-increase over 15 mg/dl, 95%
CI 1.1 to 1.8), and the primary immunosuppressant, using FK-506 as the reference category (odds ratio for
cyclosporine-based immunosuppression 3.9, 95% CI 2.3 to 6.8). Although not part of the logistic regression
model, the timing of retransplantation was also found to be important, with the overall probability of failure
increasing from 0.58 on day 0 to a peak of 0.8 on day 38 and decreasing slowly after that.

Key words: liver transplantation, graft failure, risk factors.

• Hepatoma dectection in patients with cirrhosis during liver transplant evaluation. A neural network
ensemble

G. Ferla, L. Aldrighetti.
After liver transplantation (OLTx) for cirrhosis with hepatocellular carcinoma (HCC), the recurrence rate is

about 40%, with a five-year patient survival of only 18% to 33%. One objective of liver transplant evaluation is
to identify patients who harbor a HCC, but standard screening techniques are not sensitive enough. We trained
neural network ensembles to predict the presence of HCC in patients with cirrhosis, based on information col-
lected at the time of transplant evaluation. Patient population consisted of 853 OLTx performed at the Pitts-
burgh Transplantation Institute. Input variables to neural network were age, sex, primary diagnosis, ethnic
group, total bilirubin, AST, ALT, gamma-GT, PT, alfa-FT, abdominal CT scan, abdominal ultrasound, HBs-Anti-
gen, HBc-Antibodies, HCV-Antibodies. Pathology of the native liver was considered for the presence or absence
of HCC. Network architecture and training were modified to handle missing observations. Three ensembles
were trained: ensemble A using the subset with no missing observations (528 patients); ensemble B using the
complete set, which included missing observations (853 patients); and ensemble C using the smaller subset, orig-
inally with complete data, but after a fixed number of observations were deleted (i.e. made “missing”). Ensem-
ble performance on testing sets was very good. The areas under the ROC curves were 0.91, 0.89, and 0.90, for
ensemble A, B, and C respectively.

Key words: hepatocellular carcinoma, liver transplantation, screening, neural network.

• Transjugular intrahepatic porto-systemic shunt in end stage liver diseases and liver transplant candidates
G. Ferla, L. Aldrighetti.

Transjugular Intrahepatic Porto-systemic Shunt (TIPS) may serve as a bridge treatment to liver transplant
(OLTx) without the negative technical effects seen with central surgical shunts during the transplant procedure
and the possible morbidity and mortality associated with the shunt procedure itself. A prospective study was per-
formed at the Pittsburgh Transplantation Institute on 85 cirrhotic patients who underwent a TIPS procedure for
gastrointestinal variceal bleeeding. Thirteen patients were Child A, 49 Child B, and 23 Child C. Fifty-three
patients were candidates for OLTx, and 32 were not, due to medical or social reasons. At a mean follow up of
582 days (range 1-1095), 35 patients were transplanted, 21 patients died, and 29 patients were still alive and not
transplanted. Technical complications were observed in 7% of patients and a new onset of clinical encephalopa-
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thy in 37%. The 30-day mortality after TIPS was 13%. Actuarial survival was 60% at 1 and 3 years. When Cox
proportional hazard model was used, Child C class and urgent TIPS were found to be two independent predic-
tor factors for mortality. TIPS was found to be a valuable procedure, not only as a bridge treatment in patients
awaiting OLTx, but also as a definitive palliative treatment for bleeding from portal hypertension in cirrhotic
patients excluded from OLTx waiting lists for medical (HCC, pulmonary hypertension, cardiac diseases) or
social (alcoholism, social environment, age) reasons.

Key words: transjugular intrahepatic porto-systemic shunt, liver cirrhosis, liver transplantation.

• Laparoscopic hepatobiliary surgery
G. Ferla, M. Giacomelli, L. Aldrighetti, M. Paganelli.

The complications of laparoscopic cholecystectomy (VLC) during the training period of a single surgical team
was retrospectively analyzed. The case material consisted of the first consecutive, non-selected 400 laparoscopic
cholecystectomies (VLC) performed by a single surgical team (operator and two assistants), after training on
mechanical models. For the purpose of the study, perioperative mortality (at any time within 30 days from
surgery), major (sepsis, hemorrhage, lesions to any structure, and biliary fistulas) and minor complications (pain
for > 3 days, respiratory or wound infections without sepsis) were analyzed. 394 (98.5%) cholecystectomies were
successfully performed with the laparoscopic approach. In six cases (1.5%), we converted to laparotomy, due to
unclear anatomy in 4 cases and to complications in 2 cases (lesions to the cystic artery and to the transverse
colon). Perioperative mortality was 0.2% (1 case), secondary to MSOF in postnecrotic cirrhosis. Two (0.5%)
transections of the CBD were postoperatively recognized, and were treated with a Roux-en-Y hepaticoje-
junonostomy. Biliary fistulas from the hepatic bed of the gallbladder occurred in 3 cases (0.7%); all patients
underwent endoscopic sphincterotomy, which proved successful in 2 cases, while 1 case required a new
laparoscopy to close the patent duct. The overall incidence of major complications was 2.2% (9/400), while
minor complications occurred in 10% of cases (40/400).

Key words: laparoscopic cholecystectomy, complications.

• Totally implantable devices for prolonged venous access
G. Ferla, L. Aldrighetti, M. Paganelli, M. Catena, R. Caterini.

Subcutaneous Infusion Ports (SIPs) for prolonged venous access are useful tools for drug administration in a
wide range of chronic diseases. A prospective evaluation of the early and late complications of the technique for
the blind placement of totally implantable devices for prolonged venous access was performed on 980 SIPs
implanted in 967 patients. Perioperative complications were recorded in 12.9% of the 980 insertion procedures,
including 77 cases of arterial puncture (7.8%) of subclavian artery, 1 case of hemoptysis (without clinical and
radiological evidence of pneumothorax), 23 cases of pneumothorax (2.3%), 20 of which (86.9%) required chest
drainage, 10 cases of unsuccessful progression of the J-wire after the venepuncture (1%), 16 cases of catheter
malposition (1.6%). As for the follow-up, 919 patients (95.0%) who had received 942 SIPs turned to be suitable
for long-term analysis, while 48 patients (5.0%) were excluded due to missing data. Seventy-seven SIPs (8.2%)
were removed during the follow up period, 13 of which received a second SIP. Long-term complications were
recorded in 9.5% of the 942 SIPs, including mechanical complications (2.9%), infections (4.4%) and venous
thrombosis (1.2%). Minor and major complication rates were 7.3% and 2.2% respectively. The overall incidence
of SIP-related complications was 22.1%, including 44 major complications (4.5%) and 173 minor complications
(17.6%).

Key words: subcutaneous infusion ports, devices for prolonged venous access, complications, technique.

• Hepatocellular carcinoma
G. Ferla, L. Aldrighetti, S. Mukenge, R. Caterini, M. Arru.

Hepatocellular carcinoma (HCC) occurs frequently during the natural history of chronic liver diseases, and
makes cirrhotic patients particularly difficult to treat, since a diminished hepatic reserve can rule out surgical
resection. The correct approach to the cirrhotic patient with HCC requires a combination of the treatment for
hepatic malignancy with the crucial need of preserving the residual hepatic function. Our protocol considers a
preliminary careful staging of the tumor (alfa-fetoprotein, abdominal ultrasound, CT scan, MRI, and, in select-
ed cases, diagnostic angiography with lipiodol) as well as of the liver disease (Child-Pugh score). Child A patients
with one or more (less than 3) nodules allowing limited resections (segmentectomy) are surgically treated, while
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patients with diffuse nodules (regardless of the Child-Pugh score) or Child B-C patients (regardless of the num-
ber of nodules) are excluded from hepatic resection. For Child B patients with multiple small nodules and paten-
cy of the portal vein, angiographic intrahepatic chemoembolization is performed, while Child C patients with
single or more (less than 3) nodules are candidates for percutaneous treatments (ethanol injection or radiofre-
quency). Selected Child B-C cases (less than 3 nodules, each less than 3 cm) showing good response to chemoem-
bolization, are considered as candidates for liver transplantation.

Key words: hepatocellular carcinoma, treatment.

• Influence of age on the outcome of liver resections
G. Ferla, L. Aldrighetti, G. Calori, S. Mukenge, M. Arru, R. Caterini.

Aim. To evaluate the influence of age on the outcome of liver resections. Materials and Methods. 105 consec-
utive hepatic resections were divided in two groups: age>65 years [Old Group (O-Group)] and age<65 years
[Young Group (Y-Group)]. O-Group and Y-Group were comparatively analyzed in terms of primary diagnosis,
concomitant diseases, previous surgery, type of operation (major or minor resection), associated procedures,
presence and length of portal clamping, intra-operative blood losses and transfusions, and length of operation.
End points of the study were considered post-operative mortality, morbidity, transfusions, and length of post-
operative hospitalization.

Results. Y-Group included 61 resections in 60 patients, with mean age 52±10 years (mean±SD), range 23-64
years, and O-Group included 44 resections in 43 patients, with mean age 71.4±4 years, range 65-82 years. O-Group
included more hepatomas (45.4% vs 18%, p=0.002), and cirrhosis (40.9% vs 18.7%, p=0.017); median length of
operation was slightly higher in Y-Group (300 minutes vs 270 minutes, p=0.003). O-Group and Y-Group were
comparable (p=n.s.) when evaluated for all other listed variables. As for the end points of the study, length of post-
operative hospitalization was identical in both groups (median 9 days, 5-60 days) and PRBC transfusions (O-Group
vs Y-Group: 16% vs 25%) or FFP transfusions (O-Group vs Y-Group: 13.6% vs 6.5%) were not statistically dif-
ferent. Post-operative mortality included 1 case among young patients while no death were recorded among old
patients. Post-operative morbidity was higher in Y-Group than in O-Group (31.5% vs 13.5%, p= 0.59).

Conclusions. Being elderly does not negatively affect the outcome of liver resections.

Key words: liver resection, outcome, elderly.

• Liver metastases from colorectal cancer
G. Ferla, L. Aldrighetti, S. Mukenge, R. Caterini, M. Arru.

Hepatic resection is the most effective treatment for liver metastases from colorectal cancer. Failure to achieve
a curative hepatectomy depends on technically unresectable or large or multiple metastases. In these patients,
Intra-Arterial Hepatic Chemotherapy (IAHC) with floxuridine is performed as definitive palliative therapy or
neoadiuvant treatment for tumor downstaging and potential retrieval of patients to radical liver resection. Out
of 57 patients affected by unresectable liver metastases treated by IAHC, 10 patients (17.5%) received hepatic
resection after a mean treatment period of 7.8±4.0 months. IAHC is also performed as adjuvant chemotherapy
after radical hepatic resection. An intra-arterial device for IAHC can be placed surgically or percutaneously.
Safety and efficacy of surgical and percutaneous transaxillary approaches were comparatively analyzed in two
groups of 28 patients in terms of number of IAHC cycles administered and device-related complications caus-
ing temporary or definitive suppression of IAHC. Surgically implanted indwelling catheters for IAHC present-
ed lower incidence of device-related complications than percutaneous transaxillary implanted catheters (7.1%
in surgical group versus 42.7% in the percutaneous group) so that surgical implant is still advised when laparo-
tomy has to be performed for other contextual procedures while percutaneous catheter placement is indicated
for palliative or neoadjuvant IAHC.

Key words: liver metastases, colorectal cancer, regional chemotherapy.

• Survival after repeat hepatic resection for recurrent colorectal metastases
C. Staudacher, A. Chiappa, S. Di Palo.

Background: This is a retrospective study done to examine survival of patients undergoing repeat hepatic
resection for recurrent colorectal metastases.

Rationale: The records of 41 patients undergoing hepatic resection for metastatic colorectal cancer were
reviewed. Curative resection (negative resection margin and no extrahepatic disease) were performed in all
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patients. Recurrence developed in 26 (63%) patients, with disease being confined to the liver in 16 (39%)
patients. Ten of them (24%) underwent hepatic resection and make up the study population.

Results: Ten patients develop recurrence confined to the liver at the median interval of 16 months after the first
hepatectomy. In 6, four anatomical hepatectomies and six non-anatomical wedge resections were performed.
Average blood loss was 900 cc; average hospital stay was 19 days. Perioperative mortality was nil. Morbidity was
20% (2 of 10). Actuarial 4 years specific survival was 44%. Actuarial disease-free survival at 4 years was 18%.

Conclusions: In appropriately selected patients, repeat hepatic resection for colorectal metastases is a worth-
while treatment. Mortality, morbidity and survival are similar to those after initial resection.

Key words: colorectal metastasis, hepatic resection, survival.

• Factors affecting survival and long-term outcome in cirrhotic patients submitted to hepatic resection for
hepatocellular carcinoma

C. Staudacher, A. Chiappa, S. Di Palo.
Background: Prognostic analysis of hepatocellular carcinoma (HCC) in cirrhotic patients undergoing hepatic

resection is necessary to determine the clinical effect of hepatectomy on prognosis.
Rationale: Univariate and multivariate retrospective analyses in 51 cirrhotic patients with supervening HCC

undergoing hepatic resection, were performed.
Results: The postoperative mortality rate was 8%. The tumours recurred in 23 patients (45%) in 12 patients

(52% of recurrences) they recurred within one year of surgery and 22 patients (96% of recurrences) within 3
years. Recurrent disease was most frequently intrahepatic (22 patients). The only significant risk factors for recur-
rence were micro/macro vascular invasion, multicentricity tumour and symptoms.

Conclusions: The recurrence rate of hepatocellular carcinoma in patients with cirrhosis undergoing surgical
resection alone is high and actuarial survival at 4 years is low. Other approaches to the treatment of hepatocel-
lular carcinoma in patients with cirrhosis require consideration.

Key words: cirrhosis, hepatocellular carcinoma, hepatic resection, survival, disease-free survival.

• Validation of TNM classification in hepatocellular carcinoma
C. Staudacher, A. Chiappa, S. Di Palo.

Background: The clinical value of UICC TNM classification regarding prognosis after hepatic resection for
hepatocellular carcinoma (HCC) was evaluated.

Rationale: In a consecutive series of 53 cirrhotic patients with HCC we analyzed clinical features, the histologic
presence of portal and/or hepatic vein invasion, surgical margins, tumours, number and size, the presence or
absence of a capsule and nodal involvement, the aetiology of associated liver disease and the classification of
hepatic functional reserve. Overall and disease-free survival were analyzed.

Results: We observed that the difference between stages 1 and 2 or stage 3 and 4A using the UICC TNM clas-
sification was not significant with respect to survival or disease free survival. The modified TNM Izumi classifi-
cation showed a significant difference between each stage with respect to survival and disease free survival. In
multivariate analysis lack of micro/macro vascular invasion was predictive for long term outcome.

Conclusions: Our results show that the UICC TNM classification for hepatocellular carcinoma is inadequate.
The modified staging system of Izumi is superior in assessing prognosis of surgical series of primary liver cancer.

Key words: hepatocellular carcinoma, cirrhosis, UICC TNM classification, prognostic factors.

• Elective hepatic resection for cancer in the elderly
C. Staudacher, A. Chiappa, S. Di Palo.

Background: Liver resection has traditionally been thought to have a high morbidity and mortality rate among
the elderly. This perspective study assessed the safety and validity of elective hepatic resection in patients over
65 years of age.

Rationale: An increasing need to justify use of limited healthcare resources prompted a prospective assessment
of 49 consecutive hepatic resections performed in patients over 65 years of age.

Results: The overall mortality rate was 8 per cent. Mean hospital stay was 23+10 days and admission to the
intensive care unit was required for only one patient. By univariate analysis, preoperative jaundice, duration of
operation, preoperative blood transfusion and extent of hepatic resection, were predictors of post-operative
complications. In a multivariate analysis only peroperative blood transfusion predicted complications (p=0.01).
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The 1, 3 and 5 years survival rates for the entire group were 88, 59 and 39 per cent respectively. When out-
come was compared with that in 65 patients under 65 years of age who had hepatic resection during the same
period, there were no differences in terms of mortality, morbidity and mean hospital stay.

Conclusions: Hepatic resections can be performed in the elderly with acceptable morbidity and mortality rates
and possible long-term survival. Chronologic age alone is not a controindication to liver resection for malignancy.

Key words: hepatic cancer, hepatic resection, elderly.

• Curative resection for colorectal cancer in the elderly. Prognostic factors and five-year follow-up
C. Staudacher, P. Baccari, S. Di Palo.

Background: The purpose of this perspective study was to evaluate which prognostic factors predict long-term
survival and disease-free survival (DFS) of elderly patients (> 65 years) who underwent surgery for colorectal 
carcinoma.

Rationale: Between January 1992 and December 1998, 196 colorectal cancer patients > 65 years (114M; 82F;
mean age: 75 years; range: 65-92) underwent surgery. One hundred and forty-five (74%) of them underwent 
curative and emergency surgery was more common in patients < 75 years of age than among those younger than
75 years (39% vs 23%; p = 0.01). 

Results: The overall peroperative mortality rate was 3% (n = 6). The median length of hospital stay was 18 days
(range: 3-86 days). By univariate analysis intraoperative bleeding (> 500 cc; p = 0.002), lenght of surgery (> 240
min.; p = 0.004), and rectal cancer (p = 0.0001) were associated with complications. By multivariate analysis, only
rectal cancer (p = 0.002) was associated with complications. The overall 1, 3-, and 5-year survival rate and DFS
rate were 97%, 82%, 74%, and 86%, 64% and 60% respectively. Using multivariate analysis only tumour stage
(p < 0.0001) and peroperative blood transfusion (> 500 cc; p = 0.006) were associated with outcome. 

Conclusions: Treatment decisions in elderly patients with colorectal carcinoma should not be influenced by the
chronologic age of the patients.

Key words: colorectal carcinoma, colorectal surgery, risk factors, survival, elderly patient.

• Histopathological parameters of colorectal carcinoma with metastasis to the liver 
C. Staudacher, A. Chiappa, M. Carlucci.

Background: Approximately two-thirds of patients who die of colorectal carcinoma (CC) have liver metasta-
sis (LM) at the time of death. Even after curative resection, about one-half of patients with CC die with LM.
Rationale: The aim of this study was to clarify the histopathologic characteristics of CC with LM. Histopatho-
logic features were compared between tumours with and without synchronous LM and factors independently
associated with LM were clarified by a multiple logistic regression analysis. A retrospective histopathologic
analysis of 436 patients CC (243 male, 193 female, mean age: 65 years, range: 23-92 years) diagnosed and treat-
ed between January 1992 and Decembre 1999, was performed. Histopathologic parameters of tumours with LM
were compared with those without LM. Results: One hundred and twelve patients (26%) had synchronous
metastasis. Tumours having LM, when compared with those not having LM, were characterized by high fre-
quency of serosal invasion (31% vs 3%) (p<0.00001), lymphatic embolization (41% vs 3%) (p<0.00001), vas-
cular invasion (60% vs 11%) (p<0.00001), lymphnode metastasis (38% vs 12%) (p<0.00001) and tumour dif-
ferentiation (37% vs 22%) (p<0.01). Multiple logistic regression analysis showed that factors independently
associated with LM were vascular invasion and lymphatic embolization. Accuracy in the diagnosis of LM was
highest for vascular invasion (p<0.01).

Conclusions: CC was characterized by serosal invasion, lymphatic embolization, vascular invasion, lymph node
metastasis and tumour differentiation. 

Key words: colorectal carcinoma, liver metastasis histopathology.

• One-stage resection and primary anastomosis in acute obstruction of the left colon for cancer
C. Staudacher, P. Baccari, M. Carlucci, S. Di Palo.

Background: The purpose of this study was to analyze the outcome in patients with acute obstruction of the
left colon for cancer and treated by intraoperative decompression, on-table lavage, resection, and the primary
anastomosis. 

Rationale: Between March 1992 and May 1998,  50 patients with acute obstruction of the left colon for cancer
underwent surgery. Of these, 39 patients (25 men and 14 women; mean age, 65 years; range, 23-89) were treated
with intraoperative decompression, on-table lavage, resection, and primary anastomosis. 
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Results: Six patients (15%) had fecal localized peritonitis. Left colectomies were performed in 16 patients
(32%), partial colectomies in 19 patients (38%), and anterior resections in 4 patients (8%). The primary anas-
tomosis was intraperitoneal in 29 patients (74%) and below the peritoneal reflection of the rectum in 10 (26%).
The postoperative course was uneventful in 30 of the 39 cases. One patient (3%) died (within 30 days of surgery)
from septic shock and multiple organ failure syndrome. Anastomotic leakage was observed in 2 patients (6%).
An intra-abdominal abscess occurred in one case (3%). Other common complications included wound infec-
tions in 3 patients (8%). 

Conclusions: This experience suggests that intraoperative decompression, one-table lavage, resection, and pri-
mary anastomosis can be performed more safely in selected patients with acute obstruction of the left colon for
cancer than in those with an anastomosis in the nondiverted colon. Anastomosis below the peritoneal reflection
is also not a contraindication.

Key words: colorectal carcinoma, colorectal surgery, risk factors, survival, elderly patient.

• Cancer of rectum in the elderly patient. Surgical treatment in emergency
C. Staudacher, A. Chiappa, M. Carlucci.

Background: This study is aimed at identifying the prognostic factors predicting overall-cancer specific (OCS)
and disease-free survival (DFS) in an elderly cohort of colorectal cancer (CRC) patients treated by surgery.

Rationale: 196 colorectal cancer patients >65 years (114 male, 82 female, mean age: 75 years, range: 65-92),
underwent surgery. One hundred and forty-five patients (74%) were resected for cure and 58 (30%) had surgery
as an emergency which was most commonly required after the age of >65 years (p=0.01).

Results: The overall peroperative mortality rate was 3% and median hospital stay 18 days. On univariate analy-
sis, intra-operative blood loss (>500 cc), duration of operation >240 minutes and cancer sited in the rectum, were
associated with a higher incidence of significant post-operative complications. Multivariate analysis showed how
only cancer affecting the rectum was significantly associated with post-operative morbidity. The 1-, 3- and 5-years
OCS was 97%, 82%, 74% and DFS was 86%, 64% and 60%. Both tumour stage (p<0.0001) and peroperative
transfusions (>500 cc) (p=0.006) were found as relevant prognosticators of outcome.

Conclusions: Curative surgery for CRC can be safely performed in the elderly achieving long-term survival with
acceptable morbidity and mortality rate.

Key words: colorectal cancer, elderly, surgical oncology, survival.

• In vitro characterization of tachykinin NK2-receptors modulating motor responses of human colon
G. Ferla, S. Mukenge.

A) Human in vitro preparations of colonic smooth muscle were potently and dose-dependently contracted by
neurokinin A (EC50, 4.9 nM), the tachykinin NK2-receptor selective agonist [(-Ala8] neurokinin A (4-10)([(-
Ala8]NKA (4-10)) (EC50, 5.0 nM), neurokinin B (EC50, 5.3 nM) and substance P (EC50, 160 nM), but not the
tachykinin NK1-receptor selective agonist [Sar9Met(02)11] substance P, or the NK3-receptor selective agonists,
senktide and [MePhe7] neurokinin B. B). Non-peptide antagonists for tachykinin NK2-receptors SR 48968, SR
144190 and its N-demethyl (SR 144743) and N,N-demethyl (SR 144782) metabolites were used to challenge ago-
nists responses, as appropriate. SR 144190 and the metabolites all potently and competitively antagonized the
response to [(-Ala8]NKA (4-10) with similar potency (Schild plot pA2 values 9.4,9.4 and 9.3, slope=1). SR 48968
antagonism was not competitive: the Schild plot slope was biphasic with a high (X intercept 9.3) and a low (X
intercept 8.4, slope 1.6) affinity site. Co-incubation of SR 48968 (10, 100 nM) and SR 144782 (10 nM) produced
additive effects; in this experimental condition, SR 48968 apparent affinity (pKB) was 8.2. In addition, SR
144782 (0.1 (M) antagonized responses to neurokinin A, substance P and neurokinin B, with pKB consistent
with its affinity for tachykinin NK2-receptors. The potent and selective NK1 and NK3-receptor antagonists, SR
140333 and SR 142801 (both 0.1 (M), failed to inhibit contractions induced by SP or NKB. C) Data are strong-
ly consistent with the presence of non-neuronal tachykinin NK2-receptors, but not tachykinin NK1- or NK3-
receptors. Our findings with SR 48968 suggest the existence of two tachykinin NK2-receptor subtypes, that it
seems to distinguish, unlike SR 144190 and its metabolites.

Key words: human colon, tachykinin NK2-receptor, motility.

• Standard versus radical Kausch-Wipple pancreatoduodenectomy in pancreatic cancer
V. Di Carlo, A. Zerbi, G. Balzano.

This is a multicentre, prospective, randomised study to determine whether “radical” lymphadenectomy is bet-
ter than “Standard” lymphadenectomy in the surgical treatment of pancreatic head cancer. Better survival after
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an extended lymphadenectomy has been reported by many Japanese surgeons in prospectives and retrospective,
uncontrolled studies. The same survival after a standard or an extended lymphadenectomy has been reported by
the single prospective, multicentre, randomised trial organized by Pedrazzoli’s Group in Padua (Italy); in this
study, a survival benefit was found, using a posteriori analysis, for lymph nodepositive patients who underwent
an extended lymphadenectomy. 

This surgical study will test three hypotheses in a two-arm study:
Whether survival rate is better after a “radical” lymphadenectomy than after a “standard” Lymphadenectomy

for patients with lymph node positive pancreatic cancer. 
Whether the survival rate is the same after “standard” or a “radical” lymphadenectomy for a patients with

lymph node negative pancreatic cancer. 
Whether survival rate is better after a “radical” lymphadenectomy than after a “standard” lymphadenectomy

for pancreatic cancer patients with histological negative lymph nodes that present micrometastases at further
research. 

The number of patients required in this clinical trial is: 
Lymph node negative patients Lymph node positive patients 
“standard” “radical” “standard” “radical”
n=67 n=67 n=75 n=75
Analysis and publication will be carried out when all patients have reached a minimum 2-year follow-up, i.e. 2

years after the trial closes recruitment. 

Key words: pancreatic cancer, lymphadenectomy, survival.

• Role of intraoperative radiotherapy in patients with resectable pancreatic cancer
A. Zerbi, M. Reni, G. Balzano, E. Villa, V. Di Carlo.

In the period 1985-1999, 203 patients underwent resection for PC. Locally limited disease (stage I-II; LLD)
was observed in 49 patients. IORT was used in 127 patients (30 LLD). Due to patient’s refusal or to the unavail-
ability of linear accelerator, 76 patients did not receive IORT.

Purpose: to assess the impact on local control, time to failure (TTF) and overall survival (OS) of IORT in
resectable pancreatic cancer (PC).

Results: mortality and morbidity were 3% and 38% in IORT patients and 4% and 45% in no-IORT patients.
In LLD patients, IORT significantly prolonged both median TTF (11.5 vs. 16.5 months; p=0.004) and median
OS (13 vs. 18.5 months; p=0.01). Five-yr OS was 22% (IORT) and 6% (no-IORT), respectively. IORT reduced
local failure from 60% to 26% (p=0.03) and systemic failure from 60 to 41% (p=0.23). 

In locally advanced disease (stage III-IVA; LAD) IORT had no impact either on TTF (median 8.5 months and
9 months in no-IORT and IORT patients, respectively; p=0.28) or on OS (median 12 months and 14.5 months
in no-IORT and IORT patients, respectively; p=0.37). Five-yr OS was 5% and 3% in no-IORT and IORT
patients, respectively. Local and systemic failure rates were 58% and 56%, respectively, in no-IORT; 52% and
59%, respectively, in IORT patients. 

The multivariate analysis, stratifying patients by age, tumor grade, resection margins, chemotherapy and exter-
nal radiotherapy, confirmed the independent impact of IORT on both TTF and OS in patients with LLD
(p=0.03; relative risk 0.46; 95% CI 0.23-0.93). 

Conclusions: in patients with LLD, IORT achieved a significant improvement in local control, TTF and OS.
No impact on pattern of failure, TTF or OS was observed with IORT use in patients with LAD. IORT did not
increase operative mortality and morbidity. 

Key words: pancreatic cancer, surgery, intraoperative radiotherapy, survival.

• Analysis of the surgical options for the treatment of non-malignant neoplasms of pancreatic body-tail
G. Balzano, A. Zerbi, V. Di Carlo.

The standard surgical treatment for benign neoplasms includes distal pancreatectomy (DP) enucleation (E) or
median pancreatectomy (MP). Aims: to assess operative and long-term results of DP, E, MP for benign pancre-
atic neoplasms. Methods: between 1990 and 1999, 72 patients underwent resection for benign tumours of the
body-tail. The operative procedures were: 29 DP (in 13 cases with spleen preservation), 28 MP and 15 E. Mean
tumour diameter was 5.7 cm in DP, 3.7 cm in MP, and 1.4 cm in E. (p<0.05). Operative data: mean operative
time was: 198 min for DP, 209 min for MP and 130 min for E (DP or MP vs E:p<0.01). Blood loss was 565 ml,
464 ml and 185 ml, respectively (DP or MP vs E:p<0.05). 7 patients (24%) received blood transfusions in 
cases of DP, 5 patients (18%) in cases of MP, no patient with E (NS). No operative mortality was observed. 
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Morbidity was: 31% (DP), 64% (MP) and 27% (E) (DP or E vs MP:p<0.05). 3 patients (10%) had a reopera-
tion after DP and 1 (3.5%) after MP. The most frequent complication was pancreatic fistula: 14% after DP,  50%
after MP, 13% after E (DP or E vs MP:p<0.01). In all cases fistulas healed spontaneously (15-95 days). Mean
postoperative stay was 11.2, 13.7 and 9.4, respectively (DP or MP vs E: p<0.05). Long term consequences: onset
of diabetes was observed in 15% of preoperatively non-diabetic patients after DP; 11% after MP; 0% after E.
No patient had problems in maintaining the usual body weight after the operation. One patient after DP and
two after MP have mild postoperative diarrhea. Conclusions: medial pancreatectomy does not offer advantages
with respect to distal pancreatectomy for the treatment of non-malignant neoplasm of pancreatic body-tail. Enu-
cleation is best option when the neoplasm has no relationship with the Wirsung duct.

Key words: pancreatic surgery, benign tumors.

• Laparoscopic gastric banding (LAGB) for morbid obesity
G. Ferla, M. Paganelli, M. Giacomelli, M. Catena, M. Casati.

Enrollment criteria for LAGB included: 1) primary obesity with Body Mass Index (BMI) > 40 or >35 either
with concomitant serious medical obesity-related conditions or with other indications to perform a laparoscop-
ical procedure on the upper abdomen; 2) good performance status; 3) informed consent. Preoperative evalua-
tion included screening for endocrine disease, endoscopic and radiological study of the upper digestive tract and
ultrasound study of the upper abdomen. The efficacy of the procedure was analyzed in terms of per cent of
excess body weight loss during the follow-up period. Between June 1996 and December 2000, 218 patients (41
males/177 females, ranging 18-65 years) were enrolled in the study. Mean body weight was 118.73 ± 19.63 Kg
(range 90-195 Kg), with a BMI ranging between 35 and 65.7 (mean 44.02 ± 6.19). Associated procedures were
performed in 66 cases (30.2 %), including 33 cholecystectomies due to gallstones, 21 viscerolysis due to previ-
ous operations, 6 hernioplasty for umbelical or incisional hernias. 15 patients had jatal hernia that was repaired.
The laparoscopic procedure was completed in 227 patients (97.02 %). Seven cases (2.98%) had to be convert-
ed to the laparotomic procedure either because of hepatomegaly (1 case) or because of gastric lesion during the
laparoscopic approach (6 cases). In all these cases the lesion was repaired and the gastric band was placed after
meticulous abdominal toilette. During the follow-up period (30.7 ± 14.21 months), per cent of excess body
weight loss was 15.68 ± 8.32 after 1 month, 25.62 ± 11.56 after 3 months, 39.40 ± 13.9 after 6 months, and 63.32
± 1.77 after 1 year. The laparoscopic adjustable gastric banding seems a feasible and effective procedure for the
treatment of selected cases of morbid obesity.

Key words: bariatric surgery, gastric banding, morbid obesity.

GYNAECOLOGY AND OBSTETRICS

• Delivery room group
F. Bombelli, G. Candotti, M. T. Castiglioni, F. Lagona, R. Cairone, L. Catalfamo.

Clinical activities
Since 1994 we have implemented the correct use of our partograph for the active management of labor.
We adopted a protocol for medical induction of labor with local PGE2 multiple dose applications (and now

with a vaginal insert) in patients requiring induction. Our results are comparable to those of the international lit-
erature. We also attempted to optimize the performance of cesarean section, the use of vacuum extractor (silc-
cup) and the use of epidural analgesia. Great importance has been given to specific publications for the patient’s
information as a guide to a good pregnancy and delivery.

Data collection
i) We evaluated 559 consecutive gravidae with labor induction with intracervical PGE2 and 882 patients

induced with intravaginal PGE2: our results were similar for the two groups. Of the 1381 patients, 76% had a
vaginal delivery. Four to six doses were necessary only for 4.7% of patients. In the group beyond term (432 gravi-
dae), vaginal delivery was obtained in 12 hours from the first prostaglandin administration in the 65.1 of cases
versus 68.1% of patients with other indications for induction. Neonatal outcome was good. Failed induction
occurred in 4.6% of B.T. and in 7.6% of O.I.
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ii) We controlled and statistically analyzed indications for cesarean sections performed in the year 2000, in
comparison with those performed in 1997. The rate of c.s. is 30.9% versus 25.7%.

iii) We are now evaluating our activity in 2000: we assisted 2099 deliveries with a perinatal mortality of 5.6 x
1000.

Key words: delivery, cesarean section, prostaglandins.

• Pathological pregnancy group
M. T. Castiglioni, L. Valsecchi, S. Rosa, G. Almirante.

Clinical activities
In 1997, over 100 pregnant women affected by diabetics and /or hypertension were followed up by our out-

patient monitoring system. Furthermore, a preconceptional screening program on patients with poor obstetric
hystory, concerning the main autoimmune processes, trombophily adrenal diseases, was obtained.

Scientific activities
Prognostics factors in patients at risk for preeclampsia
Genetics of preeclampsia (in collaboration with Bianchi, Dept. Of Nephrology).
Proinsulin secretion in GDM patients.
Intrauterine growth, neonatal features and self blood glucose monitoring in GDM pregnancies.
Intrauterine growth of fetuses large for gestational age (LGA) in IDDM pregnancies.
Progression of retinopathy in IDDM patients during pregnancy and puerperium.
Features of preeclampsia in IDDM pregnancies.

Key words: diabetes, pregnancy, preeclampsia.

• Recurrent abortion and autoimmune diseases in pregnancy
G. Marelli, P. De Marzi, R. Cairone.

Progesterone secreted by corpus luteum prepares the endometrium for receptivity to the blastocyst in a syn-
chronized schedule. Any breakdown or defect in corpus luteum function can affect endometrial maturity and its
ability to support an early pregnancy. The clinical manifestation of such a dysfunction is known as Luteal Phase
Deficiency (LPD), presenting as infertility or early pregnancy wastage. According to the literature, the incidence
of LPD in women affected by recurrent spontaneous abortion (RSA) has been estimated at 17-63%. Diagnosis
of LPD relies on either histological dating of endometrial biopsy and/or measurements of serum progesterone
levels. Recently, many authors have attributed to progesterone a pivotal role in the maternal immunomodulato-
ry mechanisms during pregnancy. In particular, progesterone stimulates lymphocytes to produce an immuno-
suppressor protein (Progesterone Induced Blocking Factor), which prevents cytokine embryotoxicity. On the
basis of the data, progesterone supplementation in periconceptional period may be of use not only in LPD
patients, but also in women affected by alloimmune or unexplained RSA. In collaboration with the University of
Turin, we are testing the use of progesterone in patients with LPD and unexplained recurrent aborters. The pre-
liminary encouraging data suggest that natural progestreone may be a useful tool for the treatment of patients
with hormonal or unexplained RSA. Another protocol to investigate the efficacy of natural progesterone in the
therapy of pre-term labor is in progress.

Key words: recurrent abortion, autoimmune diseases, pregnancy.

• Polycystic ovary syndrome and ovarian hyperstimulation syndrome: role of vascular endothelial growth
factor

N. Doldi, E. Papaleo, M. Bassan, A. Ferrari.
Polycystic ovary syndrome (PCOS) is a reproductive endocrine abnormality characterized by ovulatory infer-

tility and recurrent miscarriage. The most serious complication of ovulation induction for assisted conception in
PCOS is ovarian hyperstimulation syndrome (OHSS) which occurs in 1% to 10% in vitro fertilization (IVF)
cycles. The main pathological features of OHHS are: 1. increased capillary permeability, leading to fluid seques-
tration into the peritoneal cavity and 2. new capillary vessel formation (angiogenesis).

These features are most pronounced in the ovarian vasculature. Evidence for a role of vascular endothelial
growth factor (VEGF) is strong. It has been demonstrated that VEGF is the major capillary permeability factor
in OHSS ascitis.
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The primary object of our study is to analyze the in vitro hormonal changes of ovarian stimulation in PCOS
patients partecipating in an in vitro fertilization program at the Reproductive Endocrinology Centre of the
Department of Obstetrics and Gynecology. We will also analyze the in vitro role of VEGF in luteinizing granu-
losa cells by cell cultures and RNA analysis.

To date, we have found that VEGF mRNA expression in human granulosa cells is enhanced in all cultures
obtained from patients with PCOS and high serum oestradiol levels. These results suggest that VEGF may be
involved in the pathogenesis of OHSS.

Key words: polycystic ovary syndrome, ovarian hyperstimulation syndrome, in vitro fertilization, vascular endothe-
lial growth factor.

• Physiopathology of reproduction
F. Fusi, C. Brigante, N. Doldi, M. T. Potenza, E. Marsiglio, E. Papaleo.

Our infertility centre was re-organized as an independent structure, with laboratory and gynecological facili-
ties grouped together in a functional unity in 1994. This reorganization allowed us to introduce new techniques
in assisted fertlization (IVF-ET). Our centre is now able to offer adequate treatment for all causes of infertility.
The in vitro fertilization program follows the indications expressed by the Ethics Committee of our hospital. The
committee agrees to this technique if the embryo preserves the dignity of a human being, avoiding all forms of
manipulation. 

Our group performed two types of research. Clinical research aimed at a better definition of the male factor
of infertility and suitable treatment. This is obtained by studying the ability of spermatozoa to undergo the three
steps required before fertilization can occur.

The first step is the binding to the zona pellucida, the second the acrosome reaction and the third the ability
to fuse with the oolemma. Diagnostic techniques performed using flow cytometric analysis of spermatozoa were
established and the sperm penetration assay in hamster oocytes was developed. A better diagnosis allows us to
use in vitro interventions to overcome the altered function.

Basic research was performed to understand the molecular mechanisms of sperm-oolemmal interactions. We
are studying the involvement of adhesion molecules, such as integrins and selectins in the adhesion and egg pen-
etration. The role of vitronectin as a bridge molecule between the gametes has been described.

Key words: assisted, fertilisation, in vitro fertilisation, infertility.

• Centre of menopause
M. Petrone, R. Chionna, M. Bassan, R. Favia.

In 1997, over 900 menopausal women were observed in our Centre of Menopause. We screened our patients
for cardiovascular risk, osteoporosis, urogenital dystrophy, neurovegetative symptoms, and oncologic risk.

Our group collaborates with the Bone Metabolic Unit, in the management of patients affected by post-
menopausal osteoporosis and other bone metabolic diseases. Our group also collaborates with the Centre of
Dyslipidemia and the Centre of Metabolic Diseases, HSR.

Since the end of 1996 we have been collaborating with four multicentric studies:
1) Ultrasonographic and hysterosonographic evaluation of the endometrium during hormone replacement

therapy (HRT) in postmenopausal women (SIGO group).
2) Efficacy evaluation of low dose HRT in the prevention of osteoporosis in postmenopausal women

(ESTRAGEST CGP 38802).
3) Comparison of efficacy and acceptability of 300 mg nasal B Estradiol daily combined with 3 different regi-

mens of progestogens for one year (S 21400).
Our group collaborates with Icarus Italian Epidemiology Multicentric Studies.
In 1998 we began a multicentric study to evaluate the effect induced by oral sequential combined 17bB estra-

diol and dihydrogestone treatment on bleeding patterns of postmenopausal patients and another study on the
anabolic effects of estrogen replacement therapy in postmenopausal women.

Key words: osteoporosis, estrogen repalcement, menopause.

• Operative gynaecological laparoscopy
E. Conti, S. Ferrari, M. Surace.

The team has become skilfull in all advanced laparoscopic procedures.
Clinical and research protocols include:
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Laparoscopic management of tubal pregnancy; this study concerns patients treated with salpingostomy vs.
salpingectomy. Risk factors and pregnancy rate after endoscopic procedures were analysed.

Laparoscopic management of adnexal masses; this study concerns patients affected with benign adnexal cysts;
the limits of the procedure and the frequency of relapse were analysed. 

Gasless laparoscopy; this study evaluated the advantages of gasless laparoscopy in performing i) retropubic col-
posuspension for the treatment of urinary stress incontinence and ii) laparoassisted vaginal hysterectomy, to
reduce the frequency of the traditional laparotomic approach and perform a less invasive procedure.We are a
pilot centre in Italy for gasless laparoscopy in gynaecological surgery.

Key words: tubal pregnancy, laparoscopy, gasless laparoscopy.

• Gynecologic oncology group
G. Mangili, E. Rabaiotti, E. Garavaglia, R. Viganò, P. De Marzi, M. Carnelli, G. Aletti, F. Zanetto.

Ovarian cancer 
Use of lanreotide in palliation of intestinal obstruction in terminal ovarian cancer. 
Role of P53, c-erbB2/neu and DNA index as prognostic factors in epithelial ovarian cancer and new perspec

tives in therapy.
Multicentric randomized clinical trial in advanced cancer: standard therapy (taxol and carboplatin versus tax-

ol, carboplatin and topotecan).
Role of Caelyx (liposomial doxorubicine) in ovarian cancer.
High-dose chemotherapy in persistent ovarian cancer.
Uterine cancer.
Role of PET in the diagnostic approach to gynecological cancers.
Multicentric randomized study in high-risk endometrial cancer: observation versus chemo-radiotherapy.
Ultrasound in detection of myometrial invasion in trophobalstic tumors.

Key words: ovarian cancer, uterine cancer, biological factors, chemotherapy.

• Gynecologic urodynamic unit
R. Viganò, L. Gandini, P. Quellari, S. Filippis.

Surgical therapy of female stress urinary incontinence with tension-free vaginal tape
Tension-Free Vaginal Tape (T.V.T) is a new surgical technique for the therapy of female stress urinary inconti-

nence (S.U.I.) without significant genital prolapse. The procedure allows a mini-invasive approach without gen-
eral anesthesia, with very short surgical times and hospital stay. This is a development in the surgical approach
to S.U.I. About 40 patients have beeen operated with a cure rate of 98% at 1-year follow-up.

T.V.T. versus Burch colposuspension in the therapy of S.U.I.
Burch colposuspension is the first choice operation for female S.U.I.: cure rates of 85-90% are usually report-

ed at 5-year follow-up. TVT, a new mini-invasive surgical approach, seems to produce similar results with short-
er surgical times and hospital stay. The gasless laparoscopic technique allows us to perform colposuspension with
minimal trauma and comparable results. A randomized trial of the two procedures would give useful scientific
information about cost, quality of life and clinical and urodynamic outcome.

Tolterodine-urge incontinence
Clinical trial on efficacy and tolerability of tolterodine and oxybutynin versus placebo. A phase III, random-

ized, doubleblind, parallel study, in elderly patients with the symptoms of urinary urgency, frequency with or
without urge incontinence. The objectives of the study are to compare the clinical efficacy and tolerability of
tolterodine 2 mg b.i.d. with oxybutynin 5 mg b.i.d. and with placebo b.i.d. (test for difference) after an 8-week
treatment period in the elderly population (> 65 years) . 

Key words: urge incontinence, surgical therapy, stress urinary incontinence.

• Clinical activities with diagnostic ultrasound in obstetrics and gynecology
D. Spagnolo, L. Valsecchi, M. Smid.

Clinical activities included wide use of routine scan U.S. for outpatients and target group of pathologies.
a) Ultrasound and pathological pregnancies
Doppler ultrasound
Twins
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Intra-uterine growth retardation (I.U.G.R.) fetus
Serial scans in hypertensive disorders in pregnancy, diabetes, recurrent pregnancy loss.
Prenatal diagnosis and management in congenital disorders
Screening ultrasound in fetal heart congenital malformation in at-risk populations
Gynaecological pathology
Diagnosis of endometrial cancer
Fine needle biopsy in ovarian cysts

Key words: ultrasound, pregnancy, gynecologic pathology.

OPHTHALMOLOGY AND VISUAL SCIENCES

• Non invasive evaluation with color Doppler of orbital vessel flow changes in various ocular diseases
M. Venturini, E. Angeli, F. De Cobelli, L. Pierro, S. Bianchi, A. Dossena, R. Chiesa, R. Brancato, A. Del Maschio.

Color Doppler (CD) has allowed the quantitative evaluation of blood flow in the main retrobulbar vessels such
as ophthalmic (OA), central retinal (CRA), short posterior ciliary (SPCA) arteries; superior ophthalmic (SOV),
inferior ophthalmic (IOV), central retinal (CRV) veins. Different flow parameters were evaluated (peak systolic,
end diastolic velocities and resistive index for arteries; maximum and minimum velocities for veins) in healthy
volunteers and compared with pts with different ocular diseases.

Central retinal vein occlusion (CRVO). CRVO can determine a sudden visual loss with important ocular com-
plications (iris neovascularization). Our aim was to evaluate the flow velocities changes of CRV and CRA. Our
findings showed a significant reduction of CRV and CRA flow velocities. CD can be useful for non invasive diag-
nosis of CRVO and predict tendency to iris neovascularization.

Carotid cavernous sinus fistulas (CCSF). Several case reports showed flow changes of SOV. Our purpose was
to evaluate all the main orbital vessels in a relative large number of pts with high-flow CCSF. CD showed not
only SOV but also IOV dilated with reversed, arterialized and low resistance blood flow without significant
changes in the other vessels. CD allows an accurate diagnosis and can prevent possible complications (neovas-
cular glaucoma, CRVO).

Primary open angle glaucoma (POAG). POAG is characterized by a progressive optic neuropathy, visual
defects and elevated IOP. Our purpose was to evaluate the main orbital arteries in patients affected by POAG,
comparing them with healthy volunteers and pts with positive risk factors for atherosclerosis. In pts. with
POAG, a marked reduction of resistive index only in SPCA and CRA (in atherosclerotic pts in OA) can be use-
ful for diagnosis.

Key words: ultrasound, Doppler studies, orbit, US,  disease.

THORACIC SURGERY

• Model of lung transplantation in rats
P. Ciriaco.

In the last decade, lung transplantation has emerged as a reasonable therapy for patients with end stage lung
disease. The improvements in immunosuppressive therapy, infection control and organ preservation, and the
avoidance of early postoperative high dose corticosteroid administration, have led to successful lung transplan-
tation. Appropriate preservation is the first step for a successful transplantation. A variety of techniques and
preservation solutions have been used to extend the preservation period before transplantation, especially to
improve lung function. These include single lung flush, core cooling, lung immersion and one or more combi-
nations of the above with the addition of pulmonary artery relaxing agents. Several experimental studies using
small animals have been published, but the results that they provided are difficult to use in defining the preser-
vation conditions. Small animals present low cost and easy management. The rat capillary endothelium of the
blood-air barrier seems to be particularly similar to the human structure, which is why this model has been used
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so often in the study of lung preservation. Studies from the University of North Carolina reported the possibility
of determining whether postmortem ventilation of non-perfused lungs in vivo affects the ischemic course, assum-
ing that the lung does not rely on perfusion for oxygenation. The aim of our study is to develop a model of lung
transplant in the rat, retrieving the organ from non- beating heart donors ventilated after death, in order to eval-
uate ultrastructural damage of the lung in relation to ischemia and reperfusion injury after different times of
preservation of up to 4 hours, with modified Euro-Collins or low potassium dextran solution. 

Key words: lung transplantation, experimental surgery, rats.

• Experimental and clinical lung transplantation
P. Zannini, G. Melloni, P. Ciriaco.

Most of the group members have experience in the field of lung transplantation. Their research is aimed at
solving the most evident problems still present in this field, such as organ preservation and diagnosis and treat-
ment of rejection. Clinically, this involves the follow-up of several patients personally operated on in Italian cen-
tres and patients operated on abroad. Experimental research is done on medium-sized (sheep and pigs) and
small-sized laboratory animals (rats and rabbits) to evaluate the efficacy of different solutions in preserving func-
tion of the transplanted lung.

Key words: lung transplantation, experimental surgery, COPD.

• Tracheobronchial reconstructive surgery
P. Zannini, G. Melloni, A. Carretta, B. Canneto.

Postintubation stenoses of the trachea are best treated by means of tracheal resection and reconstruction.
When the stenosis involves long segments of the airway or extends to the cricoid cartilage, surgical treatment can
be difficult. Members of the group have a ten-year experience in reconstructive tracheal surgery and use special
techniques of tracheal mobilisation and complex surgical techniques of laryngotracheal resection to reconstruct
the airway with preservation of vocal cord function. The successful results obtained by the group in this field
have led to further extensions of surgical indications and the treatment of more complex cases.

Key words: tracheal surgery, post-intubation stenosis, tracheal tumors.

• Videothoracoscopic surgery
G. Negri, C. Voci.

Technological progress has opened up a new field of surgical research in the minimally-invasive treatment of
thoracic diseases. It is now possible to perform surgical operations such as pleurectomy, bullaectomy, exeresis of
peripheral lung nodules, sympathectomy, and the creation of pleural pericardial windows under thoracoscopic
control, without the need for thoracotomy. The continuous development of new surgical instruments expressly
made for this purpose is constantly enlarging the scope of such surgery. The research group is proficient in the
most up-to-date techniques of thoracoscopic surgery and expands the indications to more complex operations
as new thoracoscopic surgical instruments become available on the market.

Key words: thoracic surgery, thoracoscopy, minimally invasive surgery.

• Operative risks in thoracic surgery
P. Zannini, P. Ciriaco, G. Melloni, A. Carretta.

The main problem in thoracic surgery remains post-operative cardiorespiratory failure, especially in patients
with impaired cardiopulmonary function. Age, COPD, cardiological disorders associated with previous cardiac
surgery, are sometimes limiting factors in thoracic surgery. The purpose of the members of the group, in coop-
eration with the Department of Cardiology, is to define valid selection criteria for surgery in patients at risk
through a functional and cardiological preoperative evaluation that includes pulmonary function tests, arterial
blood gas, maximal oxygen uptake, six-minute walking test, EKG, echocardiogram and/or Holter.

Key words: thoracic surgery, postoperative complications, risk factors.
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• Comparative clinical trial of standard operative tracheostomy with percutaneous tracheostomy
G. Melloni.

Tracheostomy is frequently required in the treatment of critically ill patients to prevent the complications 
associated with prolonged translaryngeal intubation. The procedure can be performed traditionally by an open
technique in the operating room or in the intensive care unit.

Recently, percutaneous tracheostomy has been proposed as an alternative to conventional operative tra-
cheostomy. Complications of the procedure have been mild and infrequent, in contrast to the complications of
the conventional operative method. However, there have as yet been few clinical trials which directly compare
the two approaches.

To evaluate the potential advantages of this technique at the department of thoracic surgery and at the inten-
sive care unit of HSR, we initiated a clinical trial in which mechanically ventilated patients were assigned ran-
domly to undergo either standard operative or percutaneous tracheostomy. The aim of the trial is to evaluate the
operative events and complications of the two techniques.

Key words: tracheostomy, intensive care, postoperative complications.

• Lung volume reduction surgery for emphysema
P. Zannini, A. Carretta, G. Melloni, P. Ciriaco.

Lung volume reduction surgery was originally described by Mueller and Brantigan in 1957. In patients with
emphysema, circumferential traction in the bronchioles is lost, resulting in ventilation-perfusion mismatch.
Moreover, diaphragmatic motility is compromised, leading to an increase in the respiration rate. These authors
postulated that the resection of the most diseased areas of the lungs might restore elastic recoil and airway paten-
cy, improving expiratory airway obstruction and reducing dyspnea. However, significant early mortality was
observed after surgical treatment, and this approach was temporarily abandoned. In 1993 Cooper reintroduced
volume reduction surgery for the treatment of pulmonary emphysema, with favourable results. Early results were
confirmed in selected centres. However, the real impact of lung volume reduction surgery in the treatment of dif-
fuse emphysema and the definition of selection criteria have still to be completely understood and need further
investigation. At our department, a lung volume reduction surgery programme was begun in 1996, and the first
patients were successfully operated. The aim of the study is to define selection criteria and evaluate postopera-
tive results in patients submitted to volume reduction surgery for diffuse emphysema.

Key words: lung volume reduction surgery, COPD, emphysema.

• Neoadjuvant chemotherapy in lung cancer treatment
G. Chiesa, A. Carretta.

Stage III non-small cell lung cancer has poor survival results when treated with surgery alone. To improve these
results neoadjuvant chemotherapy with MPV (Mitomycin c, Cisplatin and Vinblastin) has been combined with
surgery. Our group has adopted this protocol with the addition of radiotherapy. The preliminary results show a
satisfactory response with higher survival rates as compared to patients who underwent surgery alone. The trial
is proceeding in order to evaluate this multi-modality treatment on a larger number of patients and to obtain
longer follow-up results. 

Key words: lung cancer, chemotherapy, multimodal treatment.

• Neurological paraneoplastic syndromes in lung cancer
P. Ciriaco.

Lung cancer is associated with a range of neurological paraneoplastic syndromes in 25% of cases. Neurologi-
cal findings without brain metastasis are most commonly reported with adenocarcinoma and small cell lung can-
cer. Type I anti-neuronal nuclear autoantibodies (ANNA I) are distinctive serologic markers of these tumors in
patients with peripheral neuropathies or encephalomyeloradiculopathies. Moreover, in these cases several anti-
neuronal autoantibodies have been identified. Members of the group in cooperation with the Department of
Neurology are studying the presence of ANNA I in the serum of patients with non-small and small cell lung can-
cer, correlated with the presence of neurologic symptoms. Patient serum is also tested on rats, in order to iden-
tify an additional autoantibody that reacts with antigens located in the frontal brain region.

Key words: lung cancer, paraneoplastic syndromes, neurology.
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• Evaluation of new prognostic factors in completely resected non-small cell lung cancer
G. Chiesa.

Surgery remains the mainstay in the treatment of resectable non-small cell lung cancer (NSCLC). Unfortu-
nately, less than 40% of the patients can undergo operation at the time of the initial diagnosis, and outcome is
largely dependent on the pathological status of the primary tumour and lymph nodes. In stage I, 5-year survival
is 70%. Because of this favourable outcome, adjuvant therapy is not recommended in stage I NSCLC. Standard
TNM staging may frequently lead to an underestimation or overestimation of the therapeutic results, however,
since the role of several prognostic factors is incompletely understood. In this study the prognostic significance
of traditional and new tumour-related biological markers such as deoxyribonucleic acid ploidy, proliferative
activity, mitotic count, neoangiogenesis and intratumoral or peritumoral blood or lymphatic vessel invasion by
tumour cells are investigated in patients operated on for NSCLC. The results of this study could provide a ratio-
nale for effective systemic adjuvant treatment in completely resected NSCLC tailored to the individual patient's
risk of developing recurrent neoplasms.

Key words: lung cancer, oncology, neoangiogenesis.

• A phase I trial investigating gene therapy after surgical maximal cytoreduction for malignant pleural
mesothelioma

G. Melloni, P. Ciriaco, P. Zannini, G. Ceresoli, A. Bolognesi, E. Villa, V. Russo, C. Bordignon.
Although malignant pleural mesothelioma (MPM) remains a rare tumor, epidemiologic studies confirm the

increasing incidence of this malignancy. The need for innovative treatment is clear because there are no univer-
sally accepted standard treatments for MPM, and the efficacy of current therapies remains disapponinting with
a median survival of 12 months.

Because of its localized nature, extremely poor prognosis and lack of effective therapy, MPM has been identi-
fied as a reasonable target for gene therapy. Recent studies support the idea that delivery of an adenovirus vec-
tor containing the herpes simplex thymidine kinase gene driven by an RSV promoter (Ad.RSVtk) followed by
the administration of gancyclovir may be an effective approach in the treatment of MPM.

The purpose of this Phase I trial is establish the safety, side effect profile and the maximally tolerated dose of
administered the Ad.RSVtk virus in patients with MPM after surgical maximal cytoreduction.

Key words: mesothelioma, pleura, gene therapy.

UROLOGY

• Sildenafil taken at bedtime significantly increases nocturnal erections: results of a placebo-controlled
study
Night-time erections occur at all ages and contribute to maintain the morphodynamic integrity of smooth mus-

cle cells within the corpora cavernosa. This study was aimed at evaluating the effect on nocturnal erections of
sildenafil versus a placebo taken at bedtime.

In most patients with good sleep efficiency and suffering from erectile dysfunction, sildenafil, rather than a
placebo, taken at bedtime produces a significantly improved nocturnal erectile activity. Further studies are need-
ed to verify whether this preliminary finding may constitute the basis for the use of sildenafil as a tool for pre-
venting erectile dysfunction.

• AMS three-piece inflatable implants for erectile dysfunction: a long-term multi-institutional study in 200
consecutive patients
The aim of this study was to assess the long-term mechanical reliability of AMS three-piece inflatable implants

and their impact on patient-partner satisfaction in 200 consecutive patients with erectile dysfunction who under-
went surgery in five different institutions.

AMS three piece inflatable implants provide an overall patient and partner  satisfaction rate of 92% and 96%,
respectively. However, postoperative penile shortening and poor glandular engorgement were the causes of some
complaint among the patient population as well as the unnaturalness of  prosthetic erection among female part-
ners. In the long-term, mechanically speaking CX cylinders seem to be  more reliable than the ultrex ones.
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• Switching from intracavernous prostaglandin E1 injections to oral sildenafil citrate in patients with erec-
tile dysfunction: results of a multicentere European study 
Intracavernous injection is a well established medical therapy for erectile dysfunction. We assessed the rate of

success when patients with erectile dysfuntion who were effectively treated with intracavernous injections of
prostaglandin E1 were changed to oral therapy with sildenafil citrate. More than two-thirds of the men with erec-
tile dysfunction who were stable on intracavernous injections of 20 ug. or less prostaglandin E1 successfully
changed to oral sildenafil, as determined by maintained or enhanced treatment satisfaction.

• Transdermal electromotive multidrug administration for Peyronie’s disease: preliminary results
This study was aimed at clarifying the actual therapeutic potential of a new transdermal drug delivery system

(electromotive drug administration - EMDA) for selected patients with Peyronie's disease. Penile pain disap-
peared in all patients in both studies. Penile lesion (nodule or plaque) either disappeared or significantly
improved in  79% and 90% of patients treated by the three- and two-drug association, respectively. Electromo-
tive drug administration is a novel technique capable of safely achieving satisfactory results in selected patients
with Peyronie's disease, not only in terms of improvement of patient's symptoms but also due to the reduced
need for penile surgery. 

• Evidence based assessment of long-term results of plaque incision and vein grafting for Peyronie’s 
disease
This study was aimed at assessing the longterm outcome of plaque incision and vein grafting in selected Pey-

ronie’s disease patients by means of extensive pre- and postoperative subjective and objective analysis.  Plaque
incision and vein grafting is able to guarantee satisfactory clinical results in the majority of patients with severe
Peyronie’s disease and stable disease, preoperative intact penile rigidity, normal penile color-power Doppler and
nocturnal RigiScan.

VASCULAR SURGERY

• The clinical study of the safety and cost effectiveness of carotid surgery performed with preoperative
non-invasive diagnosis

G. Melissano, R. Castellano, S. Mazzitelli, G. Zoppei, R. Chiesa.
Objective: to evaluate the safety and cost effectiveness of carotid surgery performed by altering the perioper-

ative protocol in an attempt to decrease resource utilisation. Setting: department of vascular surgery in a large
metropolitan teaching hospital in northern Italy. Design: prospective, non-selective study. Materials and meth-
ods: three hundred and eighty carotid procedures were performed in 1995 on 343 patients (274 males, 69
females, mean age 68.2 years, range 47-86 years). The most important cost containment measures, were: (i) lim-
iting the use of contrast arteriography to cases of dubious ultrasonographic diagnosis; (ii) routine use of loco-
regional anaesthesia; (iii) postoperative admission to an intensive care unit (ICU) only in selected cases; (iv) ear-
ly postoperative discharge where possible. Results: mortality was 0.26% and neurological morbidity 1.58%.
General anaesthesia was required in eight patients (2.1%), and only seven patients (1.8%) were admitted post-
operatively to the ICU. Arteriography was performed in 56 cases (14.7%). The average hospital stay was 5 days
with a global cost of 43,036 ECU, as compared with a cost of 6764 ECU for patients treated traditionally with
routine arteriography, general anaesthesia and routine ICU admission. Conclusions: selective use of arteriogra-
phy and ICU, routine use of loco-regional anaesthesia and reduced hospital stay make it possible to lower the
cost of carotid surgery without sacrificing quality.

• The multicentric prospective randomised study on eversion vs. standard carotid endarterectomy EVER-
EST

R. Chiesa.
Objective: The durability of carotid endarterectomy (CEA) may be affected by carotid restenosis. This 

study examines the long-term clinical outcome and incidence of recurrent stenosis in patients who undergo 
eversion CEA. 
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Methods: from October 1994 to March 1997, 1353 patients with surgical indications for carotid stenosis were
randomly assigned to undergo eversion (n = 678) or standard CEA (n = 675; primary closure, 419; patch, 256 

Results: restenosis was found at duplex scanning in 56 patients (19 in the eversion group, and 37 in the stan-
dard group). Of the patients with restenosis, 36% underwent cerebral angiography that confirmed restenosis in
all cases. The cumulative restenosis risk at 4 years was significantly lower in the group that underwent treatment
with eversion CEA as compared with the standard group (3.6% vs 9.2%; P=.01), with an absolute risk reduc-
tion of 5.6% and a relative risk reduction of 62%..There were no significant differeces in the cumulative risks of
ipsilateral stroke (3.9% for eversion, and 2.2% for standard; P=.2) and death (13.1% for eversion, and 12.7%
for standard; P=.7) in the two groups. Of the 18 variables that were examined for their influence on restenosis,
eversion CEA (hazard ratio, 0.3; 95% confidence interval, 0.2 to 0.6; P = .0004) and patch CEA (hazard ratio,
0.2; confidence interval, 0.07 to 0.6; P = .002) were negative independent predictors of restenosis with multi-
variate Cox proportional hazards regression analylis.

Conclusion: this trial showed that eversion CEA is safe, effective, and durable. No statistically significant dif-
ferences were found in late outcome between the eversion and standard techniques at the available follow-up
examination.

• The clinical evaluation of endovascular aortic grafts for minimally invasive treatment of abdominal and
thoracic aortic aneurysms

G. Melissano, C. Di Mario, Y. Tschomba, A. Anzuini, A. Del Maschio, A. Colombo, R. Chiesa.
Endovascular exclusion of abdominal aortic aneurysms has been shown to be feasible since 1991 and nowa-

days commercially available bifurcated endografts allow safe exclusion in selected cases.
In the last 2 years, 43 patients with aorto-iliac aneurysm and 4 patients with thoracic aneurysm received endovas-

cular treatment at our institute.We included patients with favorable anatomic characteristics (i.e. neck >15mm
length, and < 28 mm diameter, iliac neck < 12 mm diameter, absence of > 90° iliac or aortic angulation) and, in par-
ticular, those with increased surgical risk for systemic pathology (12 patients), or hostile abdomen (9 patients).

We employed Vanguard II (Boston Scientific) and Gore-Tex Excluder endovascular grafts introduced through a
surgically exposed common femoral artery; the controlateral limb of bifurcated grafts was inserted percutaneously.

The endograft was successfully implanted in all cases, requiring additional iliac cuffs for complete aneurysms
exclusion in 3 cases. The mean follow-up was 12 months: one patient died because of congestive heart failure.
No further morbidity was recorded. A type II endoleak was observed in one patient, originating from the infe-
rior mesenteric artery with no sac enlargement; this patient is still under observation.

In conclusion, with proper clinical selection, commercially available endovascular devices allow safe exclusion
of abdominal aortic aneurysms. Long-term follow-up is needed to ascertain the durability of the procedure.

• The clinical evaluation of ePTFE bifurcated vascular grafts for infrainguinal revascularization
R. Chiesa, G. Melissano, R. Castellano, S. Frigerio.

The operative experience and medium-term outcome achieved with longitudinally extensible (“stretch”)
expanded polytetrafluoroethylene (ePTFE) bifurcated grafts in patients undergoing aortoiliac or aortofemoral
reconstruction for occlusive disease at one institute were reviewed. Between 1991 and 1998, 242 patients
received a bifurcated stretch graft. Forty-one patients (17%) required aortic endarterectomy, and 63 (26%)
underwent femoral artery endarterectomy. A mean follow-up time of 32 months was obtained in 228 patients.
One patient (0.4%) died perioperatively. Perioperative morbidity included cardiac (3.7%), respiratory (2.5%),
and renal (3.3%) complications. Three patients required early reoperation to obtain hemostasis. Four (1.7%)
grafts thrombosed within 24 hours of surgery; eight additional grafts (3.3%) thrombosed 5 to 8 months later.
There were three postoperative aortic graft infections, one inguinal infection, three inguinal pseudoaneurysms,
and one aortic pseudoaneurysm. Ultrasonography during follow-up showed no periprosthetic fluid collections
or graft dilatations. The bifurcated ePTFE stretch graft is suitable for aortoiliac and aortofemoral reconstruction,
and its physical characteristics may help to reduce graft-related complications. 

• Fresh and cryopreserved arterial homografts in the treatment of prosthetic graft infections: experience
of the Italian collaborative vascular homograft group

R. Chiesa, D. Astore, G. Melissano, A. M. Jannello, E. M. Marone.
We evaluate the experience of the Italian Collaborative Vascular Homograft Group, with the use of fresh and

cryopreserved arterial homografts for the treatment of prosthetic graft infections. Between March 1994 and
December 1996, 44 patients with prosthetic graft infection were treated with homografts (13 preserved at 4°C,
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31 cryopreserved. Sepsis was diagnosed in 11 patients, aortoenteric fistula in 13, and false aneurysms in 10.
Staphylococcus was the main cause of infection. The types of vascular reconstruction with homograft were: 32
aortobifemoral, 3 aortoaortic, 2 iliofemoral, 4 peripheral, and 3 axillobifemoral. Human lymphocyte antigen
(HLA) and antibody (ABO) blood group system compatibility between donors and recipients was not respect-
ed. The mean duration of follow-up was 15 months (range 1-33).Clinical and duplex scanning evaluations were
routinely performed. Computed tomography (CT) or magnetic resonance (MR) scanning or arteriography were
performed on the basis of duplex scanning results. There were six deaths during the early postoperative period
(30 days) with a mortality rate of 13.6%. During the follow-up there were five late deaths with a mortality rate
of 11.4. The results of fresh and cryopreserved homograft were compared. No significative differences of early
postoperative mortality, late mortality, homograft related mortality, and graft occlusion were observed. We have
evaluated the actuarial survival of the patients and the actuarial patency of the homografts on the aortoiliac
reconstructions. Twelve months after the surgery the actuarial survival of the patients was 73% and the actuari-
al patency of the homografts was 56%. 

• Chlamydia pneumoniae eradication from carotid plaques. Results of an open, randomised treatment
study

G. Melissano, F. Blasi, G. Esposito, L. Dordoni, Y. Tschomba, R. Chiesa.
Objective: to determine the effect of specific antibiotic treatment with roxithromycin in the eradication of

Chlamydia pneumoniae from carotid artery plaques. 
Design: prospective open randomised treatment study.
Patients and methods: we analysed 32 patients (16 females, mean age 70.1 + 14.7 years) who underwent

surgery for the removal of atherosclerotic plaques from carotid arteries. During surgery samples of lingual vein
and superior thyroid artery were also taken. Before surgery, patients were randomised to receive either rox-
ithromycin 150 mg. twice daily or no treatment. Sixteen patients were treated with antibiotic for a mean of 26
days (range 17-35 days). The two groups of patients were comparable in terms of age, sex, risk factors, and sero-
prevalence for C. pneumoniae. We applied a seminested polymerase chain reaction (PCR) technique to the
carotid plaques, lingual vein, and thyroid artery samples. Blood samples were obtained from the patients for the
determination of C. pneumoniae IgG, IgA, and IgM antibody titres by a microimmunofluorescence technique.

Results: in twelve out of sixteen non-treated patients we found evidence of C. pneumoniae DNA in the carotid
plaques. Conversely, C. pneumoniae DNA was detected in only five out of sixteen treated patients (p=0.034, Chi-
squared test). In all cases PCR was negative for the lingual vein and thyroid artery samples.

Conclusions: roxithromycin seems effective in reducing the bacterial burden of C. pneumoniae within athero-
sclerotic plaques, although extended follow-up is needed to determinate whether antibiotic treatment benefits
long-term patient outcome.

• Chlamydia pneumoniae DNA detection in peripheral blood mononuclear cells is predictive of vascular
infection

F. Blasi, G. Esposito, G. Melissano, R. Chiesa.
Abdominal aortic aneurysm tissue and peripheral blood mononuclear cells (PBMC) of 41 consecutive subjects

undergoing abdominal aortic aneurysm surgery were analyzed by polymerase chain reaction (PCR) for the pres-
ence of Chlamydia pneumoniae, Mycoplasma pneumoniae, and Helicobacter pylori DNA. Twenty patients (49%)
were positive for C. pneumoniae DNA, 16 (39%) in both PBMC and aneurysm tissue, 3 (7.3%) in PBMC only,
and 1 (2.4%) in the artery specimen only. Previous exposure to C. pneumoniae was confirmed in 19 (95%) of
the 20 PCR positive subjects by C. pneumoniae-specific serology, using the microimmunofluorescence test. None
was positive for H. pylori or M. pneumoniae DNA, either in the PBMC or in the artery specimens. In conclusion,
carriage of C. pneumoniae DNA is common both in PBMC and in abdominal aortic tissue from patients under-
going abdominal aneurysm surgery. Blood PCR may be useful tool for indentifying subjects carrying C. pneu-
moniae in the vascular wall.

• Thrombogenicity of carotid atherosclerotic plaque: role of tissue factor (TF) and its inhibitor (TFPI).
A randomized, placebo-controlled, pilot study of statin in patients with ischemic vascular disease under-
going bilateral carotid endarterectomy

R. Chiesa, D. Astore, L. Garriboli.
Design: randomized, placebo-controlled, multicenter, pilot study
Centres: 6 vascular surgery centres of the Lombardy region
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Objectives:
– immunohistopathology of atherosclerotic plaque 
– TF and TFPI extracted from plaque
– correlaction with lipid ( LDL and HDL-C, TG) and hemostatic (fibrinogen, t-PA, PAI-1) variables, and with

clinical findings (echodoppler with intima media thickness study)
– comparison of the effect of 20 mg atorvastatin with placebo on plaque progression
– patients: 70 patients with ischemic vascular disease and bilateral critical carotid stenoses undergoing bilateral

carotid TEA in two stages.
Drug: after the first CEA, patients will be randomized into two groups: atorvastatin 20 mg ( oral single dose)

versus placebo.
Recruitment time: 12 months.
Follow-up: 6 months.

• The activity of a new ACE inhibitor: zofenopril, in the prevention of carotid restenosis (neointimal
thickening) after carotid endarterectomy

R. Chiesa, S. Frigerio, A. Dossena, L. Garriboli.
Design: randomized, controlled, double blind, pilot study
Centres: 1 vascular surgery centre in Northern Italy
Objectives:

– the effect of zofenopril (30 or 60 mg) and lercanidipin (10 or 20 mg) on carotid intima-media thickness (resteno-
sis) post carotid thromboendoarterectomy in patients (age range 30-70 aa) with mild or moderate ipertension

– evaluation of antihyperpertensive effect
– evaluation of tolerance and safety at middle term use
– evaluation of cardiac effect based on ECG
– evaluation of the effect on limb circulation based on Windsor index 

Patients: 80 patients with ischemic vascular disease and critical carotid stenoses undergoing carotid TEA 
Drug: patients will be randomized into two groups: zofenopril (30 or 60 mg) versus lercanidipin (10 or 20 mg)
Recruitment time: 18 months
Total duration of the study: 36 months

• A phase III, randomized, double-blind, placebo-controlled trial evaluating the efficacy and safety of roxi-
fiban in the prevention of ischemic events in subjects with moderate to severe peripheral arterial disease

R. Chiesa, L. Dordoni, S. Frigerio.
Study Objectives: the primary objectives of this multicenter, randomized, double-blind study is to compare the

safety and efficacy of long-term treatment with roxifiban plus acetylsalicylic acid (ASA) with placebo in reduc-
ing the incidence of death, non-fatal myocardial infarction (MI), or non-fatal stroke in subjects with moderate to
severe peripheral arterial disease (PAD). 

Study Design: approximately 1200 subjects with stable, moderate to severe PAD with a current ankle-to-
brachial index (ABI) < 0.60 in one leg, will be enrolled. Subjects will be randomized to receive oral roxifiban 1.5
mg daily or placebo in a 1:1 fashion. All subjects will receive 75-325 mg of ASA. Study drug treatment will con-
tinue until the end of the trial, for a minimum of 1.5 years for all subjects (mean, approximately 2 years). Dur-
ing this period, (at Day 1, at Day 3-4, Day 14, Day 30, Month 3, and every 3 months until completion of the tri-
al), every subject will undergo to physical examination, laboratory tests, ECG, plasma sample for DDAb (drug-
dependent antibody), urine or blood pregnancy test, determination of ABI.

The primary composite endpoint is expected to occur at a rate of 30% over a 2-year period for the control group
and is comprised of a 20% death rate, an 8% non-fatal MI rate, and a 2% non-fatal stroke rate. All calculations use
a two-sided significance level of &#61537;= 0,05 and 90% power (&#61538;= 0,10). With the control event rate of
30% in events with roxifiban, the sample size is 1200 subjects, allowing for a 20% treatment-discontinuation rate.

• Randomised, double blind, placebo-controlled, multicenter phase III study to evaluate the effects of 
iloprost on clinical outcome after surgical revascularization in patients with acute ischaemia of lower
extremities

R. Chiesa, E. M. Marone.
Iloprost (or placebo) is added to surgical revascularization with an initial, intra-arterial and intra-operative

bolus of 3000 ng, followed by a 4 to 7-day intravenous infusion, for 6 hours a day, at the maximum tolerated
dose, range 0.5 - 2.0 ng/Kg/min.
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A medium-term follow-up period (3 months) is scheduled.
Three hundred evaluable patients (150 for each treatment group) should enter the study.
Primary efficacy parameter is composite incidence of amputation and death during a 3-month post-operative

period.
Secondary efficacy parameters: 
Incidence of major clinical events (amputation, AMI, stroke, peripheral embolism, additional therapeutic

interventions, death) 30 and 90 days after surgical revascularization. 
Clinical symptomatology.
Safety evaluation: incidence of clinical and laboratory adverse events; blood pressure and heart rate during

drug infusion.

ANAESTHESIOLOGY AND INTENSIVE CARE

• Respiratory function in anaesthesia
G. Torri, A. Casati, A. Albertin, L. Comotti.

Physiologic dead space has been evaluated in patients undergoing general anaesthesia with different postures
on the operating table as well as during spontaneous and mechanical ventilation with different supraglottic
devices, such as the face mask, laryngeal mask airway (LMA) and cuffed oropharyngeal airway (COPA).

The effects of laparoscopic surgery and pneumoperitoneum have been evaluated in healthy and morbidly
obese patients, showing a significant increase in the physiological deadspace during laparoscopic procedures as
compared with the conventional approach. Abdominal insufflation also induces relevant cardiovacular and res-
piratory changes in morbidly obese patients, which are not reduced by the reverse Trendelenburg position.

Pulmonary function has also been evaluated during interscalene brachial plexus anesthesia using both spiro-
metric assessments and echographic evaluation of the diaphragm motion, showing that reducing the concentra-
tion of local anesthetic solution does not decrease the respiratory effects of interscalene brachial plexus block.

The accuracy of end-tidal CO2 measurement provided by new microstream capnometers has also been evalu-
ated both in mechanically ventilated and spontaneously breathing patients, as well as during mechanical ventila-
tion with supraglottic devices.

Key words: ventilation, monitoring, pulmonary function.

• General anaesthesia: inhalational and intravenous agents
G. Torri, A. Casati, A. Albertin, L. Comotti, M. Scarioni.

Sevoflurane pharmacokinetics were evaluated in morbid obese patients and in healthy nonobese patients, and
were compared with isoflurane pharmacokinetics. We also compared sevoflurane safety and efficacy with isoflu-
rane’s. The effects of adding small infusions of either remifentanil or sufentanil to sevoflurane was evaluated in
patients receiving general anesthesia for upper abdominal surgery, showing that remifentanil is as effective as
sufentanil during the intraoperative period, but that it provides shorter time to extubation and fewer effects on
postoperative SpO2 in the first 7 hours after surgery. 

The effects of different opioid drugs as well as those of a new transillumination technique for patient intuba-
tion have also been investigated in healthy patients undergoing general anesthesia for orthopedic, ophthalmic,
gynaecological, and general surgery. We have also evaluated the hemodynamic effects of placing different extra-
tracheal airways (LMA versus COPA).

Key words: anaesthesia, volatile, sevoflurane, isoflurane, pulse oximetry.

• Cardiac anaesthesia and intensive care
G. Marino, C. Monaco, D. Rapati.

This research group is partecipating in a multicentric European epidemiologic study in patients undergoing
cardiac surgery, supported by the IREF (Ischaemia Research Education Foundation, San Francisco, CA).

Moreover, the group has started a study on fast track after cardiac surgery. The preliminary results of this study have
demonstrated that the fast track technique is efficacious in decreasing the length of stay in the intensive care unit.

Finally, the cardioanaesthesia group is involved in the use of new anaesthetic drugs.

Key words: cardiovascular surgery, complications.
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• Neuroanaesthesia and intensive care
C. Tommasino, L. Beretta, M. Gemma.

The use of hypertonic saline solution to improve cerebral compliance and reduce intracranial pressure was
addressed in a clinical study using equal volumes of mannitol and hypertonic saline. 

Sevoflurane has also been compared with total intravenous anesthesia with propofol and remifentanil for neu-
rosurgical procedures, showing similar clinical efficacy and safety.

Key words: sevoflurane, cerebral function, monitoring.

• Anaesthesia in orthopaedic and ophthalmic surgery
A. Casati, G. Fanelli, M. Berti, G. Aldegheri, L. Gioia, G. Cappelleri, P. Beccaria, E. Moizo, M. Scarioni.

Among peripheral nerve block techniques, our research group is highly focused on the use of nerve stimula-
tors for nerve location, evaluating the advantages of the multiple injection technique when performing periph-
eral nerve blocks as compared with other injection techniques. The hemodynamic changes induced by different
regional anesthesia techniques have been evaluated with different noninvasive methods. 

Concerning new local anaesthetic molecules introduced in clinical practice, our research group evaluated intra-
and postoperative clinical properties of ropivacaine for both central and peripheral nerve blocks. Nowadays we are
also evaluating the clinical properties of a new local anaesthetic, levobupivacaine, in the same fields of interest. 

This research group is now focused on the evaluation of continuous peripheral nerve blocks for postoperative
pain relief in different fields of orthopaedic anesthesia.

Another important topic of our clinical research is the study of the effects on patient outcome produced by
preventing intraoperative hypothermia during major orthopaedic surgery. Our department conducted, as a ref-
erence center, a multicenter Italian study on the evaluation of normothermia during different anaesthesia and
surgical techniques.

We also evaluated the efficacy and safety of new computerized infusion devices for propofol sedation (target
controlled infusion systems).

Key words: regional anaesthesia, local anaesthetic, pain.

• Anaesthesia in paediatric patients
R. Valeri, R. Vergani, R. Fiori.

The research program of this group evaluated the use of propofol to induce and maintain anaesthesia in spon-
taneously breathing paediatric patients (n=82) during magnetic resonance imaging of the central nervous system.
Dosage of propofol during the time of induction and for maintenance of anaesthesia was significantly higher in
smaller children. The use of iv propofol for total intravenous anaesthesia in children undergoing MRI have also
been prospectively evaluated.

Key words: propofol, sedation.

• Anaesthesia in vascular surgery
S. Magrin, A. Carozzo, A. Leoni, A. Rigamonti.

The efficacy of different anesthetic solutions has been evaluated during cervical plexus for carotid endarterec-
tomy. While the predictability of a new monitoring system, the near-Infrared Spectroscopy (NIRS), to assess
cerebral function during carotid artery crossclamping has been compared with EEG.

Key words: cerebral function, monitoring, cervical plexus block.

• Anaesthesia in day-hospital and pain control
A. Casati, M. Berti, G. Cappelleri, G. Danelli, M. Scarioni.

The efficacy of continuous epidural techniques for acute postoperative pain relief after major abdominal and
orthopaedic surgey has been evaluated, comparing the analgesic efficacy and safety of different local anaesthet-
ic solutions, the addition of small doses of opioids, as well as the use of patient controlled infusion device, in
order to optimize patient well-being after surgery. 

The efficacy of different anesthesia techniques for outpatient procedures has also been evaluated, focused on
the anaesthetic and analgesic strategies to optimize patient discharge after day surgery.

Key words: propofol, local anaesthesia, opioid.
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• Intensive care
D. Giudici, S. Colombo, S. Muttini.

This research group has demonstrated, in a multicentric study, a correlation between clinical severity and meta-
bolic-hormonal profile. This represents the rationale for the administration of exogenous rhGH during the acute
phase of critical illness. The specific role of growth hormone suggests the possibility of interferring at hormonal
level with a hypermetabolic rate. In patients requiring prolonged ventilatory support, in terms of cost, procedure
time and early and late complications, percutaneous (PT) versus surgical tracheostomy (ST) have been compared
This research group has demonstrated that PT has a lower incidence of infective complications than ST, and is
more convenient in terms of cost and procedure time.

Key words: nutrition, intensive care, complications.

BIOMEDICAL TECHNOLOGIES

RADIOLOGY

• Magnetic resonance imaging with manganese-DPDP in evaluation of focal solid pancreatic lesions
A. Zanello, R. Nicoletti, P. Brambilla, G. Ferla, P. Balzano, A. Zerbi, C. Staudacher, V. Di Carlo, A. Del Maschio.

In recent years, many different contrast agents suitable for MR imaging have been developed.
In abdominal imaging and in particular in hepatic imaging we can choose from 4 different classes of contrast

agents:
– Gd-chelates with extracellular distribution;
– Hepatocyte-directed agents;
– Reticulo-endothelial system (RES) directed agents;
– Intravascular agents.
Manganese-DPDP (Mn-DPDP) is a hepatocyte-directed agent used in clinical practice, which has a transport

mechanism similar to Vit.B6 and causes a persistent enhancement of liver parenchyma on T1weighted sequences
starting 10-15 minutes after i.v. infusion. The enhancement has also been observed in pancreatic parenchyma,
myocardium, renal cortex, adrenal cortical glands.

Considering the specific enhancement of pancreatic gland, the aim of our study is to evaluate the possible role
and usefulness of Mn-DPDP in pancreatic pathology which is still unclear. In particular, we are interested in the
evaluation and staging of pancreatic carcinoma, detection of endocrine neoplasms, possible differentiation
between focal pancreatites and adenocarcinoma. These evaluations have been compared with the imaging
modalities routinely used (US and Helical-CT). We have evaluated with Mn-DPDP in 33 patients. Of these, 27
have a definitive diagnosis and can be included in the study (16 adenocarcinoma, 5 focal pancreatites, 3
endocrine neoplasms, 3 focal pancreatic disease-free).The actual accuracy of MRI in the detection of focal lesions
is 92%, better than Helical-CT (81%), of global accuracy. Regarding the identification of endocrine neoplasms
and the possibility of lesion characterization the actual numbers are still too small to be correctly evaluated. 

Key words: pancreas, magnetic resonance imaging, contrast media.

NUCLEAR MEDICINE

• 18FDG positron emission tomography in the staging of non-small cell lung cancer
A. Carretta, C. Landoni.

Preoperative staging is of utmost importance in the surgical treatment of non-small cell lung cancer. Standard
staging with total body CT scan and bone scan has limited accuracy. New techniques are therefore required to
improve these results. 18-FDG PET has been introduced with interesting results in the diagnostic evaluation of
lung cancer. Preliminary results seem to demonstrate that this technique could improve the results of the pre-
operative staging. The aim of this study is to evaluate the accuracy of 18FDG PET in the staging of lung cancer
and to compare these results with the curring staging methods. The influence of 18FDG PET on the therapeutic
strategy of patients with non-small cell lung cancer will also be evaluated. 

Key words: lung cancer, PET scan, oncology.
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• 18FDG positron emission tomography in the evaluation of the response to neoadjuvant treatment in
non-small cell lung cancer

A. Carretta, C. Landoni.
Long-term survival is extremely low in stage III non-small cell lung cancer (NSCLC) patients. In fact, even

after radical surgical resection, 5-year survival is only 10%. To improve therapeutic results, neoadjuvant
chemotherapy has been introduced in the treatment of stage III NSCLC. Preliminary results have demonstrated
an improvement in long-term survival. However, treatment results are impaired by several factors. Among them,
inadequacy of evaluation of the response to neoadjuvant treatment is extremely important. In fact, CT has low
diagnostic accuracy in the evaluation of primary neoplasm and mediastinal lymph nodes, especially after neoad-
juvant treatment. New diagnostic techniques are therefore required to improve these results. PET with 18FDG
seems to have favourable diagnostic accuracy in the evaluation of neoplastic tissue. The role of this technique in
the evaluation of NSCLC after neoadjuvant treatment has, however, to be evaluated. A study has begun at the
departments of thoracic surgery, nuclear medicine, radiology and radio-chemotherapy to evaluate the diagnostic
accuracy of 18FDG PET in the evaluation of the response to neoadjuvant chemotherapy in NSCLC patients.

Key words: lung cancer, PET scan, oncology.
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CFCM

• San Raffaele-Telethon core facility for conditional mutagenesis
M.E. Bianchi, J. Gonzalez, P. Giallonardo.

In September 1999 Telethon Foundation and the San Raffaele Biomedical Science Park established the Core
Facility for Conditional Mutagenesis (CFCM). 

The mission of CFCM is to offer the Telethon research community the opportunity to generate mouse models.

CFCM generates knockout (KO) or transgenic mice (tg) at a very low price for all the investigators supported
by a Telethon grant. The mice produced at CFCM are be SPF-certified, so that they can enter any Specific
Pathogen Free animal facility. 

To apply for the service, investigators must prove that:
1. they have received approval from the Telethon Committee for the generation of KO or tg mice
2. they have been authorized by the Ministry of Health to perform animal experimentation.
Detailed information for the utilization of CFCM services can be found at the site http://www.spr.it/New-

Files/cfcm.html.

CFCM operates in a “pure service” mode. Its involvement in successful projects will not result in authorship,
but in thanks in the Acknowledgement section of papers.

During the year 2000, CFCM generated 13 transgenic or KO mouse lines, half of which originated from intra-
mural research, and half from the rest of Italy.

Key words: mouse genetics, animal models.

CLINICAL CHEMISTRY

• External quality assessment scheme 
F. Ceriotti, C.A. Ferrero, A. Carobene, E. Guerra.
The External Quality Assessment (EQA) program for Clinical Chemistry named “PROLARIT”, has developed
further. The participation rose to nearly 200 laboratories. The program concerns 32 analytes (general chemistry
and five specific proteins) and is based on six different surveys with 12 lyophilised materials. This is the only Ital-
ian EQAS that can provide a real accuracy target. The control materials distributed to the participants are test-
ed for commutability and have a target value assigned by a reference method for 11 components (glucose, crea-
tinine, cholesterol, uric acid, sodium, potassium, AST, ALT, GGT, CK, LDH and amylase). A new cumulative
report has been implemented. Information on the program and a summary of the results can be found in the SPR
web page (www.spr.it/NewFiles/prolarit/base.htm).

Key words: external quality assessment, clinical chemistry, standardisation.

• Standardisation in enzymology
F. Ceriotti, C. A. Ferrero, A. Carobene, E. Guerra.

The group is working in an international joint project between IFCC (International Federation of Clinical
Chemistry) and IRMM (Institute for Reference Materials and Measurements of the European Community). The
definition of a reference system for the standardisation of the determination of the catalytic activities of enzymes
is almost completed for 4 enzymes (ALT, CK, GGT, LDH). Our group contributed to the preparation of 
the final version of the analytical methods that will be approved by IFCC by the end of 2001. During this year
our group worked for the verification of the optimal conditions for the AST method and participated in the 
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collaborative experiment for the value assignment to the Certified Reference Material # 476 for amylase. The ref-
erence methods are in use to assign target values to control materials.

Key words: standardization, enzymes, reference method.

MASS SPECTROMETRY

• Peptide and protein characterisation by mass spectrometry
M. Galli Kienle, F. Magni, C. Galbusera.

Interest in protein studies has increased greatly in all fields of biomedical research. The method of choice for
proteome identification implies structural characterisation by mass spectrometry. Protein obtained from tissues
or cell cultures may be employed for a specific purpose, such as evaluation of its biological activity and its phys-
ical and chemical properties or as a therapeutic agent. Therefore, it is important, when a protein has been iso-
lated, at least for the first time, to characterise it in terms of structure. First its molecular mass (Mr) can be deter-
mined by mass spectrometry and it is compared to the expected Mr, calculated from the amino acid sequence,
to ensure its identity. Several proteins were investigated. In collaboration with Dr. A. Corti group (Immuno-
biotechnology Unit) the structure-activity relationship of recombinant CgA fragments characterised by mass
spectrometry was evaluated. Studies on the possible modification of the TNF structure to enhance its therapeu-
tic index were also continued. In collaboration with Dr. P. Arosio (Protein Engineering Unit) recombinant
mouse and human H and L-ferritins from Escherichia coli were characterised by ESI-MS.

PROMIFA

• Protein microsequencing facility 
F. Blasi, M. Alessio, A. Bachi, F. Talamo, F. Magni.

In spring 2000 the San Raffaele H Scientific Institute, in collaboration with FIRC (Federazione Italiana per la
Ricerca sul Cancro) established a protein microsequencing facility (ProMiFa).

The purpose of the Protein Microsequencing Facility is to provide and implement the most advanced pro-
teomics technology. 

Access to mass spectrometry and bioinformatics is a crucial key in the emerging field of proteomics, the large
scale study of proteins and of their interactions, which provides a major contribution to the description and
understanding of biological processes at a molecular level. Mass spectrometry is the main tool for our studies
because it can provide a wide variety of information about protein structure requiring only small amounts of pro-
tein for analysis, thus enabling effective interface with molecular biology techniques.

The Facility is working in collaboration with:
– Professor M. Galli Kienle, Universita' Milano-Bicocca.
- Dr. Liliana Areces, European Institute of Oncology, Milan.
ProMiFa is equipped with all the instrumentation required for proteomics studies: 
– MALDI-TOF (Matrix Assisted Laser Desorption Ionization-Time of Flight), Voyager
DE super-STR 
– Nanoelectrospray hybrid quadrupole, q-Star Pulsar 
– Nano LC system
– Ion trap MS
– Electrophoresis unit for Immobiline drystrips (IPGphore)
– Electrophoresis units for a contemporary run of up to 6 gels  (BioRad Protean II)
– Software for 2D map analysis (ImageMaster 2D Elite 3.1)
– Standard biochemical laboratory equipment
The goal of the Protein Microsequencing Facility is to assist scientists with their research by helping them to

characterize proteins of biological relevance. 
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Coordinated collaborations with a number of people at HSR have been established to develop new methods
and new technologies to fulfil the requirements of biological research. 

Key words: proteomics, 2D gel electrophoresis, mass spectrometry, protein microcharacterization.

RADIOCHEMISTRY

• Radioligands production for routine and research
F. Fazio, M. Galli Kienle, F. Perugini, M. G. Minotti, A. Carpinelli, M. Matarrese, S. Todde, S. Debbia, F. Sudati,
M. Vaghi.

The activity of the radiochemistry group is mainly focused on the production of radiotracers for PET (Positron
Emission Tomography) and SPET (Single Photon Emission Tomography).

The activity of the group concerning positron emitting tracers, included:
a) the routine production of [18F]FDG, [18F]fluoroethylspiperon, [13N]ammonia, [15O]H2O and [15O]butanol;
b) the [11C]methylation with [11C]CH3I and [11C]methyl triflate using a remote controlled system previuosly 

set up;
c) the synthesis of [11C]acetone as intermediate for labelling of b-adrenergic compounds;
d) the development of new radioligands labelled with Carbon-11 for the in vivo studies of neurochemical vari-

ables by PET.

In particular the labelling of the ACE inhibitor [11C]zofenopril, the alpha1-adrenergic antagonist [11C]RN5,
were performed.

As a results of the activities of the radiochemistry group, the following radiotracers are now available at HSR
for clinical research: 
- [123I]b-CIT Serotonine and dopamine reuptake sites inhibitor
- [18F]FDG Glucose metabolism, brain, heart, tumor
- [18F]Fluoroethylspiperon Dopamine D2 and serotonine 5-HT2 receptors antagonist
- [13N]ammonia Myocardial blood flow
- [15O]H2O Myocardial and cerebral blood flow
- [15O]Butanol Cerebral blood flow
- [11C]SCH-23390 D1 dopamine receptor antagonist
- [11C]m-hydroxy-Efedrine Adrenergic nerve endings
- [11C]Isovaleroyl-Carnitine Brain metabolism
- [11C]Flumazenil Benzodiazepine receptors antagonist
- [11C]Fluvoxamine Serotonine  reuptake sites inhibitor
- [11C]CGP-62349 GABAA receptor antagonist
- [11C]Raclopride Dopamine D2-D3 receptor antagonist
- [11C]Clomipramine Tricyclic antidepressant
- [11C]Carazolol b1/b2-adrenergic antagonist
- [11C]Bisoprolol b1-adrenergic antagonist
- [11C]ICI-118551 b2-adrenergic antagonist
- [11C]Olanzapine Atypical antipsychotic
- [11C]Donepezil Acetylcholinesterase inhibitor
- [11C]FE-b-CIT Dopamine reuptake sites inhibitor
- [11C]PNU 157760 Serotonine 5-HT1A antagonist
- [11C]MCN-5652 Serotonine reuptake sites inhibitor
- [99mTc]MP-2066 Detection of thrombi
- [11C]MDL-100907 Serotonine 5-HT2A antagonist 
- [11C]WAY-100635 Serotonine 5-HT1A antagonist
- [11C]methyl-Choline Cancer metabolism
- [11C]Palmitate Fatty acid metabolism
- [11C]LZ-66 Adenosine A2A antagonist
- [11C]Zofenopril ACE Inhibitor
- [11C]RN5 alpha1-adrenergic antagonist
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PUBLICATIONS

YAC SCREENING CENTER
D. Toniolo, S. Bione, M. Cucciardi, M. Mancini, T. Sarno.

The YSC has been serving the Italian scientific community since 1993, providing clones from arrayed 
genomic libraries produced by laboratories involved in the Human Genome project.

The activities of the YAC Screening Center (YSC) can be subdivided as follows

• Screening and distribution of genomic clones
The YSC distributes individual clones and DNA pools for screenings. 
YACs were the first resource available at the YSC. Ordered human genomic libraries in PACs were subse-

quently imported and distributed. We have two human YAC libraries and two PAC libraries, the RPCI-5 library
from human male DNA and the mouse RPCI-21 library. The mouse library was made from DNA of the mouse
strain 129/SvEv, which is used to construct mouse mutants by homologous recombination in ES cells. The
library can therefore be used for studies aimed at functional analysis as well. 

To date more than 100 laboratories have used the center. up to 25 are groups from DIBIT and HSR. The num-
ber of YACs distributed is slightly decreasing, but it is still high and close to 2000 clones/year. The number of
PAC clones is increasing (> 500).

• Technical support 
The sequence and map information attached to the genomic libraries distributed at the YSC is stored in pub-

lic databases, accessible through internet. The staff at the center provides support for database analysis and clone
identification in the databases.

As in previous years, the center has provided technical support and protocols to most of the laboratories using
the YACs and PACs. 

To facilitate connections and distribution of information on screening and protocols a web site was activated
(http://www.spr.it/iger/home.html).

• Preparation of subsets of the library for diagnostic purposes
In situ hybridization with fluorescent probes (FISH) has become a widely used diagnostic tool. YACs and

PACs are good probes for FISH and are commonly used by cytogenetics laboratories for diagnostic purposes.
The YSC has started a collaboration with Rocchi (University of Bari), to construct chromosome specific sets of
YACs and PACs, spaced 5-10 Mb, as well as subsets in regions where tumor associated chromosomal rearrange-
ments are known to occur more frequently. YACs and PACs were sent to Rocchi who tested them: FISH results
can be found at http://bioserver.uniba.it:fish/rocchi/welcome.html, where pictures of the FISH experiments are
also shown. The YSC provides the YACs and PACs or the DNA of the YACs and PACs in the collections.
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STAFF



FUNCTIONAL GENOMICS

Biology of cellular stress

HEAD OF UNIT: Vincenzo Zimarino

Biology of myelin

HEAD OF UNIT: Lawrence Wrabetz

RESEARCHERS: Laura Feltri, Antonella Pizzagalli

TECHNICIAN: Marina Fasolini 

Biotechnologies

HEAD OF UNIT: Lucia Monaco

RESEARCHER: Maria Serena Fabbrini

Cellular motility

HEAD OF UNIT: Ivan De Curtis

DNA-protein interaction

HEAD OF UNIT: Marco Bianchi, Professor of Molecular Biology

RESEARCHERS: Alessandra Agresti, Stefania Guazzi, Valerio Orlando

Gene therapy program

HEAD OF UNIT: Massimo Conese

Growth factors and intracellular signaling

HEAD OF UNIT: Vincenzo Sorrentino, Professor of Histology, Siena University

TECHNICIAN: Antonio Conti

Leukocyte biology

HEAD OF UNIT: Ruggeri Pardi, Associate Professor of Pathology

RESEARCHERS: Elisabetta Bianchi, Samuele Burastero, Monica Fabbri

TECHNICIAN: Stella Putignano

Molecular biology of development

HEAD OF UNIT: Edoardo Boncinelli, Professor of Biology

RESEARCHERS: Antonio Faiella, Giovanni Lavorgna, Antonello Mallamaci, Maria Pannese

TECHNICIANS: Celia Pardini, Maria Luisa Pintonello

Molecular genetics

HEAD OF UNIT: Francesco Blasi, Professor of Molecular Biology

RESEARCHERS: Massimo Crippa, Roberta Mazzieri, Daniela Talarico

TECHNICIAN: Massimo Resnati
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Molecular genetics of behavior

HEAD OF UNIT: Riccardo Brambilla

Molecular histology

HEAD OF UNIT: Pier Carlo Marchisio, Professor of Histology

Molecular oncology

HEAD OF UNIT: Laura Beguinot

RESEARCHERS: Jeanette Meier 

TECHNICIAN: Gianfranco Di Stefano

Protein engineering

HEAD OF UNIT: Paolo Arosio, Assistant Professor of Biochemistry, Brescia University

RESEARCHERS: Anna Cozzi, Sonia Levi, Paolo Santambrogio

Protein transport and secretion

HEAD OF UNIT: Roberto Sitia, Professor of Molecular Biology

RESEARCHERS: Massimo Alessio, Andrea Cabibbo, Vittoria Schiaffino

TECHNICIANS: Elena Pasqualetto, Claudio Fagioli

Transcription regulation during development

HEAD OF UNIT: Vincenzo Zappavigna

DIABETES AND METABOLIC DISEASES

Gastroenterology and digestive endoscopy

HEAD OF DIVISION: Pier Alberto Testoni, Associate Professor of Gastroenterology

PHYSICIANS: Lorella Fanti, Mario Guslandi, Alberto Mariani, Enzo Masci, Sandro Passaretti, Edi Viale

Internal medicine I

HEAD OF DIVISION: Guido Pozza, Professor of Internal Medicine

PROFESSORS OF

INTERNAL MEDICINE: Emanuele Bosi, Antonio Secchi

HEADS OF UNIT: Ezio Bonifacio, Livio Luzi

PHYSICIANS: Miriam Alberetto, Rossana Caldara, Paolo Alberto Davalli, Gabriella Galimberti, Luca Falqui, 
Roberto Lanzi, Ennio La Rocca, Paola Maffi, Ruggero Mangili, Marco Manzoni, 
Sabina Martinenghi, Lucilla Monti, Manuela Pacchioni, Elena Pajetta, Rocco Matteo Pastore, 
Giovanna Petrella, Maria Vittoria Taglietti, Aurelio Vicari

RESEARCHERS: Alberto Battezzati, Elena Bazzigaluppi, Giliola Calori, Andrea Caumo, Nicoletta Dozio, 
Laura Galli, Gianluca Perseghin, Giacomo Ruotolo, Marina Scavini, Ileana Terruzzi, 
Giampaolo Zerbini

TECHNICIANS: Cristina Belloni, Sabrina Costa, Daniela Gabellini, Anna Maria Girardi, Anna Mortara, 
Emilia Paola Sandoli, Phan Van Coung
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Metabolic diseases

HEAD OF UNIT: Antonio Pontiroli, Professor of Internal Medicine

PHYSICIANS: Alberto Davalli, Maria Grazia Perfetti, Piermarco Piatti, Alessandro Saibene

RESEARCHER: Franco Folli

TECHNICIANS: Zaira Caradonna, Katia Fasolo, Monica Marchi, Letizia Sala

Nephrology and hypertension

HEAD OF DIVISION: Giuseppe Bianchi, Professor of Nephrology

PHYSICIANS: Paolo Manunta, Marco Melandri, Rita Quartagno, Giorgio Slaviero, Donatella Spotti, Paola Stella, 
Giuseppe Vezzoli

RESEARCHERS: Cristina Barlassina, Laura Soldati, Laura Zagato

Pediatrics

HEAD OF DIVISION: Giuseppe Chiumello, Professor of Pediatrics

ASSOCIATE PROFESSORS: Cesare Bianchi, Giovanna Weber, Franco Meschi, Graziano Barera, Alberto D’Arcais, 
Maria Pia Guarnieri

PHYSICIANS: Riccardo Bonfanti, Laura Bosio, Davide Cella, Monica Lukezic, Karen Marenzi, Antonella Polo-
niato, Gianni Russo, Gabriella Pozzobon, Rosanna Rovelli, Paola Sgaramella, Anna Taveggia, Cri-
stina Vigone, Matteo Viscardi 

RESEARCHERS: Stefano Mora, Maria Carla Proverbio

Bone metabolism

HEAD OF UNIT: Alessandro Rubinacci

PHYSICIAN: Giuseppina Resmini

RESEARCHER: Isabella Villa

GRADUATE TECHNICIAN: Fiorenza Dondi Benelli

IMMUNOLOGY AND INFECTIOUS DISEASES

Cancer immunotherapy and gene therapy program

COORDINATOR: Paolo Dellabona
PRINCIPAL INVESTIGATORS: Matteo Bellone, Giulia Casorati, Angelo Corti, Angelo Manfredi, Anna Mondino, Maria Pia Protti,

Catia Traversari
TECHNICIANS: Veronica Basso, Barbara Colombo, Giuseppe Consogno, Claudio Garavaglia, Daniela Maggioni,

Zulma Magnani, Angelina Sacchi, Paola Tornaghi, Dan Zhuo

Immunobiotechnology

HEAD OF UNIT: Angelo Corti
RESEARCHER: Fabio Curnis
TECHNICIANS: Barbara Colombo, Angelina Sacchi

Lymphocyte development

HEAD OF UNIT: Maria Guttinger
RESEARCHER: Lucia de Monte
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Laboratory of tumor immunology

PRINCIPAL INVESTIGATOR: Mara Zocchi
RESEARCHERS: Marina Ferrarini, Elisabetta Ferrero

Human virology

HEAD OF UNIT: Paolo Lusso

RESEARCHER: Mauro Malnati

AIDS immunopathogenesis unit

HEAD OF UNIT: Guido Poli

RESEARCHER: Elisa Vicenzi

Clinical HIV immunology

HEAD OF DIVISION: Adriano Lazzarin, Professor of Infectious Diseases

HEAD OF UNIT: Alberto Beretta

RESEARCHER: Claudio Fortis

TECHNICIANS: Arabella Bestetti, Giulia Morsica

HIV immunobiology

HEAD OF UNIT: Antonio Siccardi

RESEARCHERS: Lucia Lopalco, Gabriella Scarlatti, Fabio Grassi

TECHNICIAN: Claudia Pastori 

Hematology

HEAD OF DEPARTMENT: Claudio Bordignon

PHYSICIANS: Cinzia Bargiggia, Laura Bellio, Massimo Bernardi, Marco Bregni, Lionello Camba, Fabio Ciceri,
Paolo Corradini, Consuelo Corti, Magda Marcatti, Alessandra Pescarollo, Paola Ronchi, 
Paolo Servida, Elisabetta Zappone

Infectious diseases

HEAD OF DIVISION: Adriano Lazzarin, Professor of Infectious Diseases

PHYSICIANS: Anna Maria Brambilla, Antonella Castagna, Massimo Cernuschi, Paola Cinque, Fulvio Crippa,
Anna Danise, Renato Finazzi, Luca Fumagalli, Nicola Gianotti, Myriam Maillard, Matteo Moro, 
Roberto Novati, Paolo Scarpellini, Giuseppe Tambussi, Roberta Turconi, Caterina Uberti-Foppa

Internal medicine II

HEAD OF DIVISION: Claudio Rugarli, Professor of Internal Medicine

ASSOCIATE PROFESSOR: Carlo Besana

PHYSICIANS: Anna Borri, Giovanni Citterio, Giselda Colombo, Marco Foppoli, Felice Inversi, 
Maria Vittoria Lavorato, Federica Mariani, Simona Mauri, Massimo Memoli, Enrica Nogara, 
Chiara Salmaggi, Piero Salvioni, Nicoletta Saporiti, Raffaella Scotti, Alisa Shonheit, 
Maurizio Storti, Moreno Tresoldi, Magda Vecelio

Clinical immunology and rheumatology

COORDINATOR: Maria Grazia Sabbadini, Associate Professor of Internal Medicine

PHYSICIANS: Enrica Bozzolo, Gianfranco Ciboddo, Luisa Praderio
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NEUROSCIENCES

Department of neurology and clinical neurophysiology - Neurology

HEADS OF DIVISION: Nicola Canal, Professor of Neurology, Giancarlo Comi, Associate Professor of Neurophysiology

PHYSICIANS: Raffaello Nemni, Bruno Colombo, Mauro Comola, Massimo Corbo, Ubaldo Del Carro, 
Raffaella Fazio, Massimo Filippi, Giuseppe Magnani, Silvia Mammi, Vittorio Martinelli, 
Maria Grazia Natali Sora, Antonella Poggi, Maria Sessa, Giulio Truci, Maria Antonietta Volontè, 
Paolo Rossi, Lucia Moiola, Luisa Roveri 

PSYCOLOGIST: Monica Falautano

Neurology DSNP

HEADS OF DIVISION: Salvatore Smirne, Professor of Neurology, Luigi Ferini-Strambi

PHYSICIANS: Fabio Formaglio, Maria Cristina Giusti, Sandro Iannaccone, Marco Lacerenza, Paolo Marchettini,
Alessandra Marcone, Alessandro Oldani, Barbara Tedesi, Michele Zamboni, Marco Zucconi

Laboratory of clinical neurophysiology

HEAD OF UNITS: Giancarlo Comi, Associate Professor of Neurophysiology,

PHYSICIANS: Stefano Amadio, Giuseppe Galardi, Letizia Leocani, Tiziana Locatelli, Marco Rovaris,
Stefania Medaglini, Fabio Minicucci, Giovanna Fanelli

RESEARCHERS: Mara Cercignani, Elisabetta Pagani

TECHNICIANS: Aldo Elia, Paola Elia, Laura Giacomotti, Manuela Mauri, Silvia Mennea, Arianna Pratesi, 
Marisa Sblendido, Amelia Tirelli, Ivan Urban, Olga Vimercati, 

Neurosurgery

HEAD OF DIVISION: Massimo Giovanelli, Professor of Neurosurgery

PHYSICIANS: Stefania Acerno, Monica Baiguini, Claudio Bernucci, Marco Cenzato, Camillo Ferrari da Passano,
Alberto Franzin, Enrico Giugni, Marco Losa, Pietro Mortini, Enrico Motti, Aleandro Rocca, 
Fulvio Tartara, Laura Ventrella, Pietro Versari

Psychiatry

HEAD OF DIVISION: Enrico Smeraldi, Professor of Psychiatry

ASSOCIATE PROFESSOR: Laura Bellodi 

PHYSICIANS: Cinzia Arancio, Barbara Barbini, Francesco Benedetti, Euridice Campori, Marco Catalano,
Roberto Cavallaro, Maria Cristina Cavallini, Paolo Cavedini, Silvia Cocchi,Cristina Colombo, 
Giuseppina Diaferia, Stefano Erzegovesi, Linda Franchini, Angela Gabriele, Marco Locatelli, 
Adelio Lucca, Jorge Perez, Gianpaolo Perna, Ernestina Politi, Paolo Ronchi, Alessandro Serretti, 
Laura Sforzini, Raffaella Zanardi 

Department of Neurosciences

HEAD OF DEPARTMENT: Jacopo Meldolesi, Professor of Pharmacology

COORDINATOR: Giancarlo Comi, Associate Professor of Neurophysiology

Neurointensive care unit

HEAD OF UNIT: Luigi Beretta 

PHYSICIANS: Fabio Bernasconi, Silvano Cozzi, Antonio Dell'Acqua, Assunta De Vitis, Cristina Frascoli, Marco
Gemma, Elisabetta Grandi, Cristina Mattioli, Maurizio Mungo, Susanna Piccoli, Luisa Sacchi 

STAFF - 217



Neuropsychology unit

HEAD OF UNIT: Stefano Cappa

PRINCIPAL INVESTIGATOR: Andrea Moro

ASSISTANT PROFESSORS: Simona Siri, Marco Zorzi

Human molecular genetics unit

HEAD OF UNIT: Giorgio Casari

TECHNICIAN: Maurizio De Fusco

Cellular and molecular neurobiology unit

HEAD OF UNIT: Emilio Clementi 

PRINCIPAL INVESTIGATOR: Jacopo Meldolesi

TECHNICIAN: Clara Sciorati 

Developmental neurogenetics unit

HEAD OF UNIT: Gian Giacomo Consalez 

TECHNICIAN: Laura Croci 

Mesoderm stem cell biology unit

HEAD OF UNIT Giulio Cossu

ASSOCIATE PROFESSOR: Gabriella Cusella

RESEARCHER: Vania Broccoli, 

TECHNICIAN: Rossana Tonlorenzi

Spectroscopy and functional MR unit

HEAD OF UNIT: Andrea Falini

PRINCIPAL INVESTIGATOR: Giuseppe Scotti

Sleep disorders unit

HEAD OF UNIT: Luigi Ferini-Strambi 

PHYSICIANS: Alessandro Oldani, Marco Zucconi

TECHNICIANS: Massimo Antonio, Daniele Bizzozero, Vincenza Castronovo, Gianpaolo Lecciso 

Systems neurophysiology unit

HEAD OF UNIT: Riccardo Fesce 

PRINCIPAL INVESTIGATOR: Paolo Viviani

Neuroimaging unit

HEAD OF UNIT: Massimo Filippi 

PHYSICIAN: Marco Rovaris 

RESEARCHERS: Mara Cercignani, Elisabetta Pagani 

TECHNICIANS: Laura Giacomotti, Arianna Pratesi 
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Functional exploration of the CNS unit

HEAD OF UNIT: Giuseppe Galardi

BIOENGINEER: Marco Cursi

PHYSICIANS: Stefano Amadio, Letizia Leocani, Giuseppe Magnani, Stefania Medaglini,
Maria Grazia Natali Sora, Maria Antonietta Volontè

TECHNICIANS: Aldo Elia, Paola Elia, Silvia Mennea, Ivan Pietro Urban, Olga Vimercati

Cellular neurophysiology unit

HEAD OF UNIT: Fabio Grohovaz 

RESEARCHER: Zacchetti Daniele

TECHNICIAN: Codazzi Franca

Neuroendocrinology unit

HEAD OF UNIT: Marco Losa

PRINCIPAL INVESTIGATOR: Massimo Giovanelli

PHYSICIANS: Raffaella Barzaghi, Alberto Franzin, Pietro Mortini, Alberto Vimercati

Neurobiology of learning unit

HEAD OF UNIT: Antonio Malgaroli 

TECHNICIAN: Andrea Bergamaschi 

Neuroepidemiology unit

HEAD OF UNIT: Vittorio Martinelli

PRINCIPAL INVESTIGATOR: Giancarlo Comi

PHYSICIANS: Bruno Colombo, Lucia Moiola, Antonella Poggi, Mariemma Rodegher, Paolo Rossi

Neuroimmunology unit

HEAD OF UNIT: Gianvito Martino 

TECHNICIANS: Elena Brambilla, Alessandra Bergami 

EEG and related techniques unit

HEAD OF UNIT: Fabio Minicucci 

BIOENGINEER: Marco Cursi

PHYSICIAN: Carla Fornara

TECHNICIANS: Aldo Elia, Laura Giacomotti, Marisa Sblendido, Amelia Tirelli

Neuropsychopharmacology unit

HEAD OF UNIT: Rosa Maria Moresco

PRINCIPAL INVESTIGATOR: Ferruccio Fazio 

ASSOCIATE PROFESSOR: Cristina Messa 

RESEARCHERS: Assunta Carpinelli, Laura Galli, Clara Gobbo, Mario Matarrese, Sergio Todde,

TECHNICIANS: Mauro Vaghi, Pasquale Simonelli 

Functional neuroimaging unit

HEAD OF UNIT: Daniela Perani

TECHNICIANS: Gabriele Biella, Antonia Compierchio, Clelia Di Serio, Maria Felice Ghilardi, 
Maria Grazia Minotti, Eraldo Paulesu, Franco Perugini, Marco Rigamonti, Marisa Sotgiu
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Neuropathology unit

HEAD OF UNIT: Angelo Quattrini 

PRINCIPAL INVESTIGATOR: Sandro Iannaccone 

RESEARCHER: Stefano Previtali 

Experimental neuropharmacology unit

HEAD OF UNIT: Flavia Valtorta 

TECHNICIAN: Andrea Menegon 

Neural stem cell unit

HEAD OF UNIT: Angelo Vescovi

RESEARCHERS: Rossella Galli, Angela Gritti

CARDIOLOGY

Clinical cardiology

HEAD OF DIVISION: Alberto Margonato

PHYSICIANS: Carlo Ballarotto, Fabrizio Bonetti, Alberto Cappelletti, Orazio Carandente, Andrea Conversano, 
Gabriele Fragasso, Stefano Gerosa, Andrea Macchi, Alessandra Mailhac, Diana Mauro, 
Carlo Meloni, Marco Papa, Giuseppe Pizzetti, Patrizia Puccetti, Carmen Silipigni, 

RESEARCHER: Fabio Pellegatta

Interventional cardiology

HEAD OF DIVISION: Antonio Colombo

PRINCIPAL INVESTIGATOR: Carlo Di Mario

PHYSICIANS: Mauro Carlino, Alfredo Castelli, Angela Ferrari, Francesco Liistro, Matteo Montorfano, 
Paolo Pagnotta 

Electrophysiology and cardiac pacing

HEAD OF DIVISION: Carlo Pappone

PRINCIPAL INVESTIGATOR: Salvatore Rosanio, Monica Tocchi

PHYSICIANS: Mariella Benaduce, Cosimo Di Candia, Simone Gulletta, Patrizio Mazzone, Anna Maria Merone,
Stefano Nardi, Adriano Salvati, Vincenzo Santinelli, Gabriele Vicedomini

TECHNICIANS: Filippo Gugliotta, Leonardo Mandile, Anna Mognetti

Cardiac surgery

HEAD OF DIVISION: Ottavio Alfieri

PRINCIPAL INVESTIGATOR: Jan Schreuder

PHYSICIANS: Stefano Benussi, Alessandro Castiglioni, Mario De Bonis, Brenno Fioriani, Veronica Franzé, 
Giuseppe Ismeno, Francesco Maisano, Simona Nascimbene, Renzo Sandrini, Pierluigi Stefano, 
Lucia Torraca
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SURGERY

Digestive surgery

HEAD OF DIVISION: Gianfranco Ferla, Associate Professor of Surgery

ASSISTANT PROFESSOR: Maurizio Giacomelli

PHYSICIANS: Luca Aldrighetti, Alfredo Anzani, Giovanni Campagnano, Giuseppe Capasso, Luciano Erenbourg,
Silvano Mukenge, Michele Paganelli

General and transplantation surgery

HEAD OF DIVISION: Valerio Di Carlo, Professor of General Surgery

ASSOCIATE PROFESSOR

OF SURGERY: Marco Braga

PHYSICIANS: Gianpaolo Balzano, Renato Castoldi, Marco Cristallo, Paola De Nardi, Luca Gianotti, 
Elena Orsenigo, Carlo Socci, Marco Stella, Andrea Vignali, Alessandro Zerbi

RESEARCHERS: Federico Bertuzzi, Rita Nano

TECHNICIANS: Alessandra Caputo, Paola Magistretti

Emergency surgery

HEAD OF DIVISION: Carlo Staudacher, Professor of Emergency Surgery

PHYSICIANS: Paolo Baccari, Michele Carlucci, Saverio Di Palo,  Roberto Faccincani,  Danilo Parolini, 
Salvatore Spagnolo

Gynecology and obstetrics

HEAD OF DIVISION: Augusto Ferrari, Professor of Gynecology and Obstetrics

PHYSICIANS: Ferdinando Bombelli, Claudio Brigante, Guido Candotti, Maria Teresa Castiglioni, Gabriella
Colombo, Enrico Conti, Moreno Dindelli, Nicola Doldi, Davide Ferrari, Stefano Ferrari,
Francesco Fusi, Luca Gandini, Elisabetta Garavaglia, Stefania Luchini, Giorgia Mangili, Guido
Marelli, Massimo Origoni, Micaela Petrone, Susanna Rosa, Maddalena Smid, Daniele Spagnolo,
Luca Valsecchi, Riccardo Viganò

Ophthalmology and visual sciences

HEAD OF DIVISION: Rosario Brancato, Professor of Ophthalmology

ASSOCIATE PROFESSOR: Claudio Azzolini

PHYSICIANS: Paolo Bettin, Stefania Bianchi Marzoli, Gianluigi Bolognesi, Roberto Carassa, Marco Codenotti,
Carlo de Conciliis, Francesco Fasce, Ugo Introini, Rosangela Lattanzio, Francesco Loperfido,
Gisella Maestranzi, Giulio Modorati, Luisa Pierro, Alessandra Tavola

Thoracic surgery

HEAD OF DIVISION: Piero Zannini, Professor of Thoracic Surgery 

ASSISTANT PROFESSORS: Gianpiero Negri, Carlopietro Voci

PHYSICIANS: Angelo Carretta, Giuseppe Chiesa, Paola Ciriaco, Giulio Melloni

Urology

HEAD OF DIVISION: Patrizio Rigatti, Professor of Urology

ASSOCIATE PROFESSOR: Francesco Montorsi

PHYSICIANS: Roberto Bertini, Aldo Bocciardi, Lina Bua, Renzo Colombo, Luigi Da Pozzo, Valerio Di Girolamo,
Caterina Lania, Paolo Pompa, Marco Raber, Vincenzo Scattoni
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Vascular surgery

HEAD OF DIVISION: Roberto Chiesa

PHYSICIANS: Domenico Astore, Renata Castellano, Gloria Esposito, Dalmazio Frigerio, Antonio Jannello, 
Enrico M. Marone, Germano Melissano, Roberto Zucca

Anaesthesiology and intensive care 

HEAD OF DIVISION: Giorgio Torri, Professor of Anaesthesiology and Intensive Care

HEAD OF NEUROANAESTHESIA

AND INTENSIVE CARE UNIT: Luigi Beretta

ASSISTANT PROFESSOR: Concezione Tommasino

PHYSICIANS: Michela Acciaro, Massimo Agostoni, Giorgio Aldegheri, Paolo Beccaria, Ferdinando Bellotti,
Fabio Bernasconi, Marco Berti, Federica Biolcati, Tiziana Bove, Luca Cabrini, Tania Capocasa,
Gianluca Cappelleri, Andrea Casati, Andrea Carozzo, Valeria Cedrati, Enza Celeste, 
Antonella Cipriani, Eleonora Colnaghi, Sergio Colombo, Laura Comotti, Guglielmo Cornero, 
Silvano Cozzi, Antonella Crescenti, Giuseppe Crescenzi, Giorgio Danelli, Mariela Decembrino,
Antonio Dell’Acqua, Francesco Deni, Assunta De Vitis, Guido Fanelli, Antonino Felicia Adalgisa,
Rossana Fiori, Annalisa Franco, Cristina Frascoli, Marco Gemma, Chiara Gerli, Luigi Gioia,
Emiliano Giorgi, Daniela Giudici, Angelo Giupponi, Elisabetta Grandi, Giovanni Landoni, 
Daniela Larato, Carlo Leggieri, Albino Leoni, Francesca Lullo, Silvio Magrin, Giovanni Marino,
Carla Martani, Giuseppe Mascotto, Cristina Mattioli, Renato Meani, Antonella Memmo, 
Elena Moizo, Carolina Monaco, Silvia Morero, Alessandra Mossini, Milena Mucci, 
Maurizio Mungo, Fausto Muzzolon, Fiorella Nobili, Umberto Nuti, Jacques Nzepa Batonga, 
Federico Pappalardo, Valeria Perotti, Susanna Piccoli, Francesca Presti, Tiziana Quattrocchi, 
Giulio Rapati, Raffaella Reineke, Angelo Romano, Concetta Rosica, Luisa Sacchi, Davide Salaris,
Roberta Santorsola, Anna Mara Scandroglio, Monica Scarioni, Raffaella Senatore, 
Donatella Sparicio, Giovanna Valentini, Roberto Valeri, Roberta Vergani, Maria Cristina Verderio,
Alberto Zangrillo

CORE FACILITIES

CFCM

HEAD OF UNIT: Marco E. Bianchi, Professor of Molecular Biology

TECHNICIANS: Patrizia Giallonardo, José Gonzalez,

Mass spectrometry

HEAD OF UNIT: Marzia Galli Kienle, Professor of Medical Chemistry

RESEARCHER: Fulvio Magni

TECHNICIAN: Angela Cattaneo

PROMIFA

RESEARCHER: Angela Bachi

YAC screening center

HEAD OF UNIT: Daniela Toniolo 
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BIOMEDICAL TECHNOLOGIES

Laboratory medicine

HEAD OF UNIT: Pierangelo Bonini, Professor of Clinical Biochemistry

VICEDIRECTOR OF

DEPARTMENT: Michelangelo Murone

HEAD OF MICROBIOLOGY: Roberto Vaiani

HEAD OF MOLECULAR

MEDICINE LABORATORY: Maurizio Ferrari

HEAD OF TRANSFUSION

CENTER: Silvano Rossini

HEAD OF MASS

SPECTROMETRY LABORATORY: Marzia Galli Kienle, Professor of Medical Chemistry

HEADS OF CLINICAL

RESEARCH UNITS: Armando D’Angelo, Rita Paroni

PHYSICIANS: Vittorio Agape, Giulia Arrigo, Lorenzo Bello, Elena Benazzi, Enzo Boeri, Claudio Bonato, 
Romeo Carrozzo, Annalisa Cavallero, Ferruccio Ceriotti, Paola Cichero, Luciano Crippa, 
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