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I OVERVIEW

F.K. Winkler

INTRODUCTION

The Life Sciences Department has its major focus in
activities aiming to develop novel approaches in can-
cer therapy and diagnostics. For this, it makes use of
the unique PSI facilities (proton beam, radionuclide
production) and of the know-how that has been built
up in many associated areas of research and devel-
opment and in the treatment of patients. Another im-
portant effort is the production and evaluation of new
PET (positron emission tomography) radiotracers for
various applications in neurophysiology and drug de-
velopment. In line with PSI's general strategy to foster
in-house research on areas using its large scale facili-
ties, a new group in structural biology is being set up
to exploit the exciting new possibilities provided by the
SLS. The activities of the department thus range from
more basic research over the development of new
radiopharmaceuticals or radiotracers to actual patient
treatment by proton irradiation. Given the relatively
modest size of the department, collaborations and
contacts with many outside academic, clinical or in-
dustrial partners are essential to provide critical mass
and know-how to these technically diverse activities.

Organizationally, the department is subdivided into
four areas: Radiation Medicine, including the proton
therapy and tumor therapy evaluation groups, the
Center for Radiopharmaceutical Science (ZRP), the
Institute of Medical Radiobiology (IMR) and Struc-
tural Biology. In addition, TULOC represents a small
project aiming to develop a method for fast tracking of
the location of tumors affected by organ motion. ZRP
is a joint activity with ETH Zurich and the University of
Zurich, and IMR is a joint venture with the University of
Zurich. However, only the activities of the respective
PSI branches are reported here.

In the Proton Therapy project 31 patients could be
treated on the PSI spot scanning Gantry between April
and December 2000, bringing the total number treated
since 1996 to 72. Treatment performance has been
further increased through a number of improvements
in hardware, software and other work procedures. The
mastering of the demanding nature of this work to-
gether with the continuing implementation of diverse
technical improvements represents a remarkable
achievement of this group. The great challenge ahead
is the realization of the PROSCAN program aiming to
provide the basis for transferring PSI's unique proton
beam spot scanning technology to major hospitals.
The Proton Therapy group will play an essential role in
PSI's PROSCAN project, which itself represents a joint
effort between several PSI departments.

The established OPTIS program using a scattered,
lower energy proton beam for treating ocular malig-
nancies, continues to provide excellent clinical results
(98% tumor control) for a large number of patients
(236 in the year 2000).

In the Tumor Therapy Evaluation group, first treat-
ment planning comparisons between proton and pho-
ton treatment of canine nasal tumors have been per-
formed. Such comparisons based on real canine pa-
tient cases help to demonstrate in which cases the
spot scanning proton therapy is advantageous by de-
livering lower doses to adjacent healthy areas of the
brain. The close collaboration with the veterinary hos-
pital of the University of Zurich, where photon therapy
with modern treatment planning can now be carried
out on animal patients is a prerequisite for these com-
parative studies in treatment planning and actual
treatment. Such studies are expected to yield highly
informative data in the coming years and will be indis-
pensable for the demonstration of the efficacy of pro-
ton therapy.

The ZRP group pursues several projects that could
lead to novel radiopharmaceuticals for tumor diagno-
sis and therapy. At the same time it continues to ex-
plore more general solutions to recurring problems
such as unstable chemical coupling of radionuclides to
targeting molecules or the undesirable accumulation
of carrier proteins or peptides in certain organs. The
tricarbonyl labeling method developed here and ideally
suited to incorporate 99mTc or Re easily and stably into
potential radiopharmaceuticals has been further ex-
plored with new tridentate ligands and linkers. The
most advanced study using this type of labeling is the
neurotensin project intended to provide specific mole-
cules for targeting pancreatic tumors. Neurotensin
analogues with suitable pharmacological properties
have now been developed to the point that clinical
trials for diagnostic purposes can probably start early
in 2001. Other projects aim to incorporate 67Cu as
radionuclide because of its more favorable radiation
characteristics compared to other therapeutically used
radionuclides. 67Cu labeled anti-bladder cancer anti-
body C595 will be used in first clinical studies next
year in collaboration with the Queens Medical Center
in Nottingham. The production of sufficient amounts of
67Cu is not trivial and relies heavily on the usability of
our proton irradiation station at the PSI cyclotron. Im-
proved production schemes have been successfully
explored.

In collaboration with pharmaceutical companies, the
PET radiotracer group within ZRP is trying to develop
tracers for glutamatergic receptors by making use of
already known specific ligands. Such tracers would be
enormously helpful for the study of cognitive functions
and neurological disorders. The group is also involved
in a number of collaborative projects, such as using
PET tracers for measuring hypoxia in brain tumors.
With the very recent implementation of a PET scanner
allowing to study small animals with about 1 mm spa-
tial resolution, the group now has enhanced capabili-
ties for developing new tracers using animal models.



The IMR group investigates new approaches to tumor
therapy by trying to target the tumor vasculature in a
variety of ways. The group has entered this competi-
tive field just three years ago, but has now acquired
the necessary know-how such that it has been able to
achieve some promising results. Last year it could be
shown that the basic peptide derived from the HIV Tat
protein and shown to have agonistic properties on
VEGF-R2 (vascular endothelial growth factor receptor
2) has a binding site distinct from that of the natural
ligand. The potential of this alternative binding site
which resides primarily on domain 3 of the extracellu-
lar part of the receptor will be further explored includ-
ing efforts to determine the structure of the domain 3-
basic peptide complex. First progress has also been
achieved in characterizing radiation-inducible promot-
ers. These are intended to selectively induce the ex-
pression of toxic genes introduced for example into
cells of tumor vasculature by modest doses of radia-
tion.

The newly established Structural Biology group is
still in the build-up phase as far as personnel and pro-
ject work are concerned. The infrastructure to carry
out experimental work ranging from the cloning and
expression of gene products to their large scale purifi-
cation, crystallization and structure determination by
X-ray crystallography has been set up and is func-
tional. A number of projects in the general area of
specific biomolecular recognition are at the stage of
protein production. A major effort starting next year will
be in the area of membrane protein structure determi-
nation, in particular of G-protein coupled receptors.

I would like to express my gratitude to all the people in
the department who have contributed to the achieve-
ments summarized in this report and also to the nu-
merous collaborators at other academic and clinical
institutions, whose support and input is instrumental to
many of our projects.

F. Winkler



II STRUCTURAL BIOLOGY

F.K. Winkler

The planning of new structural projects, the build-up of
the necessary infrastructure and the start of first ex-
perimental work determined the activities of this newly
established group. Since August the newly designed
and furnished wet laboratory is suitably equipped and
functional. Similarly the new X-ray data collection sys-
tem comprising an X-ray rotating anode generator, a
2D image plate detector system and auxiliary equip-
ment for cryocooling has become operational during
the second half of the year. A first small structure, that
of a 17aa peptide designed to form an a-helical coiled
coil (see accompanying report) has been successfully
solved establishing the functional state of the crystal-
lographic infrastructure.

By the end of 2000 three scientists and one technician
had joined the group which will further expand in 2001
and engage in several new structure determination
projects. Funding for PhD students has been obtained

in the areas of DNA repair proteins (collaboration with
J. Jiricny, IMR Zurich) and small ribonucleoproteins
through two SNSF grant applications. A major long-
term effort is planned in the area of membrane protein
structure determination where our own commitment
will be substantially enhanced through funding by the
NCCR (National Centres of Competence in Research)
project 'Molecular Life Sciences: Three Dimensional
Structure, Folding and Interactions'. A number of other
projects addressing questions of specific biomolecular
interactions have been initiated. An example is the in-
house collaboration with the IMR group aiming to de-
termine the structure of novel VEGF receptor ligand
complexes.



DE NOVO DESIGN OF AN a-HELICAL COILED COIL THAT IS PREDISPOSED TO
FORM AMYLOID FIBRILS

M.O. Steinmetz, D. Kostrewa, C. Garcfa-Echeverrfa1 R. A. Kammerer2

(1Novartis Pharma AG, Basel, Switzerland;
2University of Manchester, Manchester, UK)

We here report the de novo design of a 17-residue peptide that forms a trimeric parallel a-helical coiled coil
at low temperatures and switches into p-sheet rich amyloid fibrils at elevated temperatures. The peptide
offers a simple model system to elucidate the mechanisms by which many natural proteins transform into
fibrils associated with Alzheimer's, Type II diabetes, and prion diseases.

INTRODUCTION

In recent years it became very clear that several di-
verse disorders have the same molecular basis: a
switch in the native protein conformation, which trig-
gers protein aggregation into amyloid fibrils. Amyloids
have been proposed as causative agents of the so-
called amyloids diseases (amyloidosis), such as Alz-
heimer's, Type II diabetes, and prion diseases. The
pathway of protein transformation or misfolding and
subsequent fibril formation involves the transition from,
e.g., an a-helix to a (3-sheet structure. The a-to-p tran-
sition is most apparent in the conversion of prion pro-
teins and for the (3-amyloid peptide (A(3), which is a
major component of the amyloid plaques deposited in
the brains of Alzheimer's disease patients. Although
unrelated proteins are involved in these diseases, it
appears that the amyloid fibrils composed of these
proteins have a remarkably similar basic molecular
architecture. All amyloid fibrils seem to exhibit the
following molecular properties, which are now consid-
ered to be diagnostic for amyloid (reviewed in 1): (i)
Amyloid aggregates examined under the electron mi-
croscope (EM) show uniform fibrils about 10 nm in
diameter, (ii) All amyloid fibrils can be stained with the
diazo dye Congo red, and display a green birefrin-
gence when viewed under polarized light, (iii) Amyloid
fibrils give raise to characteristic X-ray fibre diffraction
patterns dominated by a 4.7 A meridional and 10 A
equatorial reflections. These reflections are character-
istic of a cross-p structure in which the polypeptide
chain is organized in p-sheets arranged parallel to the
fibre axis with their constituent p-strands perpendicular
to the fibril axis.

To understand the basis of amyloidosis at the molecu-
lar level, it is important to assess the molecular deter-
minants that predispose a protein with a native fold to
form amyloids. Peptides based on de novo design
have provided useful information for constructing and
manipulating peptide conformations and elucidating
complex folding mechanisms. Therefore, the design of
a preferably short peptide sequence that on the one
hand adopts a stable native-like tertiary fold and on
the other hand experiences conformational intercon-
version (e.g., a-helix to p-sheet) and fibril formation
should be advantageous in studying the mechanistic
details of amyloidosis. Because of its simplicity, the a-
helical coiled-coil structural motif has frequently been

used as a model system for de novo protein design.
Coiled coils consist of two to five right-handed amphi-
pathic a-helices coiled around one another in a left-
handed manner. Based on recent studies on coiled-
coil 'trigger' sequences (2-7) in combination with avail-
able information in the literature on monomeric pep-
tides that undergo structural transition, we de novo
designed a 17-residue peptide sequence that is ex-
pected to fold into both a stable a-helical coiled coil
and p-sheet type of structures. The biophysical
properties of the peptide were investigated by circular
dichroism (CD) spectroscopy, X-ray crystallography,
Congo red staining, and electron microscopy (EM).

RESULTS AND DISCUSSION

The secondary structure of the synthetic 17-residue
peptide was analyzed by far-ultraviolet (UV) CD spec-
troscopy under physiological conditions. At 4 °C, the
CD spectrum recorded from the peptide with well-
defined minima at 222 and 208 nm was characteristic
of substantial a-helical structure.

At 50 °C the conformation of the peptide completely
changed within one hour as evidenced by a striking
change in the CD spectrum: A single pronounced
minimum at 216 nm was observed indicating a switch
in conformation from a-helix into p-sheet-rich struc-
ture. Within 2 hours, the intensity of the CD signal
started to decrease continuously, probably as a con-
sequence of formation of higher molecular weight
aggregates.

Fig. 1: Micropgraph of crystals of the de novo de-
signed 17-residue peptide obtained at 4 °C.
Scale bar, 0.15 mm.



Fig. 2: 2 A resolution crystal structure of the trimeric
parallel a-helical coiled coil. The side views of
seven trimers as observed in the crystal pack-
ing are shown schematically.

The structure of the peptide in its a-helical state was
further investigated by X-ray crystallography. As
shown in Fig. 1, crystals were obtained at 4 °C that
were suitable to record a complete data set to a reso-
lution of 2 A. The molecular replacement method was
used for structure determination. As shown in Fig. 2,
the structure consists of three parallel a-helices that
wrap around each other in a left-handed manner.
Consistent with a coiled-coil structure, the hydrophobic
side-chains within the hydrophobic core of the trimeric
molecule are packed in a 'knobs-into-holes' like fash-
ion.

The (3-sheet state of the peptide was analyzed by
negative stain transmission EM. Long and unbranched
fibrils ~8 nm in diameter that twist around each other
to form large bundles of various diameters were re-

vealed. The fibrillar material appears very similar to
the filaments observed in other amylogenic systems
(reviewed in 1). Consistent with this observation, addi-
tion of Congo red to the sample produced the charac-
teristic green birefringence under cross-polarized light,
which is highly diagnostic for the presence of amyloid.
Furthermore, preliminary X-ray fibre diffraction pat-
terns revealed the characteristic 4.7 A meridional and
10 A equatorial reflections confirming the presence of
a cross-p structure.

In conclusion, based on the knowledge on coiled-coil
trigger sites and monomeric peptides that undergo
structural transition we successfully designed a 17-
residue sequence that folds into a stable native-like a-
helical protein at low temperatures and switches into
cross-p rich amyloid-like fibrils at elevated tempera-
tures. The peptide may offer a simple model system to
assess the factors that influence protein transforma-
tion.
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INTRODUCTION

J. Jiricny

The long-term strategy of the IMR laboratory at the
PSI is to exploit tumour blood vessels as targets for
cancer therapy.

Tumours with a diameter larger than ~2mm cannot
grow without access to a blood supply, because the
cells in their centre become deprived of oxygen and
nutrients. In order to survive, these hypoxic cells
produce stress signals that lead to the secretion of
several growth hormones, which diffuse through the
surrounding tissue. Upon reaching a blood vessel,
one of these proteins, Vascular Endothelial Growth
Factor (VEGF), brings about permeabilisation of the
vessel and induces sprouting of new capillaries,
which grow in the direction of the tumour and eventu-
ally ensure its continued growth. The endothelial cells
of the newly-formed blood vessels express VEGF
receptors (VEGFRs) on their surface, which are
highly overexpressed in the tumour vasculature. We
propose to use these receptors in tumour therapy.
Our strategy has two main aspects: (i) to use VEGF
receptors for tumour targeting and (ii) to inhibit an-
giogenesis (the process of new blood vessel forma-
tion) through antagonists of these receptors. In the
former project, we intend to target the tumour vascu-
lature with delivery vehicles (e.g. liposomes) carrying
ligands for VEGFR. These ligands can be either sin-
gle chain antibody fragments to VEGFRs, or variants
of the basic peptide of the HIV-1 TAT protein (see
report by Ballmer and colleagues). Coupling of such
ligands to liposomes can bring substantial improve-
ments in the delivery of cytotoxic agents to the tu-
mours (see report by Schwendener and colleagues).
The liposomes can be charged also with biological
agents, such as expression vectors, capable of pro-
ducing proteins in situ. Such an approach is the sub-
ject of study of the third IMR group (see report by
Jaussi and colleagues). This study intends to develop
vectors that carry desired genes under the control of
inducible promoters. Activation of these promoters by
e.g. ionizing radiation should bring about localised
expression of the proteins encoded by these vectors.
The choice of proteins is large; they can be toxins
that directly kill the targeted endothelial cells, or se-
creted molecules that inhibit tumour growth. In this

way, it should be feasible to improve the efficacy of
radiotherapy through the expression of these proteins
in the irradiated tissue. Moreover, thanks to the pos-
sibility of confining the biological effect solely to the
irradiated zone, we should be able to employ agents
that cannot be used systemically due to their high
toxicity.

The second program of the IMR group aims to iden-
tify novel ligands of the VEGFRs, which would be
able to bind their respective cognate receptors with
high affinity and act either as super-agonists or su-
per-antagonists. Our initial effort in this project will
concentrate on the synthesis of variants of the TAT
peptide, which has been shown to bind to the VEGF
receptor with high affinity. Using novel technologies,
we shall mutagenise this peptide and test the result-
ing variants in several biological assays, so as to
identify those with the desired properties.

The success of both the above approaches depends
on the knowledge of the ligand/receptor system. In
collaboration with the Structural Biology group at the
PSI, we intend to co-crystallise the complex of the
VEGF receptor(s) with several ligands, specifically
the basic peptide of the HIV-1 TAT protein. In this
way, we should be able to identify the interaction
domains of the proteins and thus be able to modify
them effectively by site-directed mutagenesis. The
recombinant molecules with promising biological
activities will then be tested in different in vivo ex-
perimental systems, in collaboration with the Radio-
pharmacy, Tumour Therapy Evaluation and Proton
Therapy groups at the PSI.

We are aware of the fact that this field has become
extremely competitive in recent years. However, our
project targets a specific niche that is of particular
interest and relevance to the PSI, and which will
make use of technologies available almost exclu-
sively here. Moreover, the expertise of the present
scientific staff of the IMR laboratory at PSI, Kurt
Ballmer-Hofer, Rolf Jaussi and Reto Schwendener,
covers all areas that are required for this tumour tar-
geting program to succeed.
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SIGNALLING PROPERTIES OF A HUMAN IMMUNODEFICIENCY VIRUS-ENCODED
ANGIOGENIC PEPTIDE MIMICKING VASCULAR ENDOTHELIAL GROWTH FAC-

TOR ACTIVITY

P. Scheidegger, W. Weiglhofer, St. Suarez, S. Console, J. Waltenberger1, M.S. Pepper2, A. Demirovic,
R. Jaussi, K. Ballmer-Hofer

C University of Ulm, Germany;2University of Geneva, Switzerland)

Human immunodeficiency virus, HIV-1, expresses a multifunctional protein called TAT, whose function in
vivo is tightly correlated with the incidence of Kaposi's sarcoma in AIDS patients. TAT is angiogenic and
apparently binds to receptors specific for vascular endotheiial growth factor, VEGF. Amino acids 46-60
have been shown to be responsible for functional interaction with VEGF receptors. To further characterize
the binding properties of this peptide, its coding sequence was fused to the reading frame of bacterial
thioredoxin (Trx) allowing the production of high amounts of chimeric poiypeptide in bacteria in biologically
active form. Binding of chimeric proteins to VEGF receptors was studied in vitro in endotheiial cell cultures
expressing either of the two receptors. Chimeric Trx proteins carrying the basic domain of TAT bound both
VEGF receptors with affinities similar to HIV-TAT or VEGF. Trx/basic peptide chimera are functional ago-
nists mediating VEGF receptor signalling. They stimulate growth of endotheiial cells, together with bFGF
they cause tube formation of endotheiial cells in collagen gels, they induce blood vessel formation on the
chicken chorioallantoic membrane, and activate VEGF receptor kinase and MAP kinase activity.

INTRODUCTION

A complex series of biological effects is required for
sprouting of blood vessels during angiogenesis. VEGF
is among the primary factors modulating the behav-
iour of endotheiial cells in this process. VEGF is a
dimeric poiypeptide growth factor related to platelet
derived growth factor (PDGF) and specifically acti-
vates endotheiial cells upon binding to either of two
tyrosine kinase receptors, VEGFR-1 and VEGFR-2
(1,2). VEGF receptors are also targeted by the TAT
protein expressed by human immunodeficiency virus
infected cells (3-6). This protein is required for tran-
scription of viral and cellular genes. However, upon
secretion via an undefined pathway from infected
cells, TAT is also capable to stimulate angiogenesis.
This has for instance been observed in Kapos's sar-
coma, a condition often observed in AIDS patients. A
short basic sequence of 15 amino acids apparently
mediates binding to VEGFR-2. TAT is therefore a
functional peptide mimetic for VEGF, a concept that is
also tentatively supported by clinical data (5,7,8).

The fact that this TAT-derived peptide mimics the
effects of VEGF on its cognate receptors is puzzling
for several reasons. First, a much smaller binding
epitope on the receptor surface is expected to be rec-
ognized by this low Mr mimetic as compared with the
highly complex dimeric VEGF. Second, functional
interaction of receptors with dimeric ligand molecules
has been shown to dimerize receptors followed by
activation of the intracellular kinase domain. So far
there is no evidence that the basic peptide forms
dimers and it will therefore be interesting to dissect
the molecular mechanisms underlying the activity of
this VEGF mimetic.

RESULTS

To study the binding and signalling properties of the
basic peptide sequence present in HIV-TAT we engi-
neered fusion proteins. The basic peptide was ex-
pressed in the context of chimeric proteins derived
from either bacterial thioredoxin (Trx) or the lambda
pD coat protein. We showed that these chimera spe-
cifically interacted with both VEGF receptors (for de-
tails see annual report 1999). Binding of this peptide
to VEGF receptors was highly specific and involved
interaction with receptor sites that are, at least par-
tially, distinct from VEGF binding sites. The fact that
the basic peptide and VEGF showed weak competi-
tion in binding assays might be indicative of allosteric
interaction between binding sites specific for these
two ligands.

Trx chimeric proteins triggered cell growth to a similar
extent as the full length HIV-TAT protein or VEGFi64,
while Trx alone was completely inactive.

The biological activity of Trx/basic peptide chimera
was also tested in vivo using the chorio-allantoic
membrane (CAM) in the chicken egg as a model sys-
tem for angiogenesis. Trx/basic peptide stimulated
angiogenesis on the CAM, although to a lesser extent
than VEGF.

To further define the epitopes on VEGFR-2 capable to
interact with HIV-TAT, we expressed the extracellular
domains of this receptor in baculovirus-infected insect
cells. As shown in Fig. 1 the basic peptide expressed
in the context of the lambda phage pD protein specifi-
cally interacted with domain 3 while VEGF required
both domains 2 and 3 for specific binding. This tenta-
tively identifies domain 3 as the primary site of interac-
tion between the basic peptide of HIV-TAT and the
VEGFR-2 extracellular domain.
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Fig. 1: Association of pD basic peptide chimera with
extracellular VEGFR-2 (KDR) domains.

Top panel shows interaction of radioiodinated basic
peptide chimeric pD protein with VEGFR-2 domains 1,
2, 3, 1-3, and 1-7, respectively. Bottom panel shows
similar data for VEGF binding. Unspecific binding was
determined in the presence of a 100 fold excess of
unlabelled material.

We finally addressed the question whether Trx/basic
peptide chimera and VEGF activated the same path-
ways in the cellular signalling network downstream
from VEGF receptors. We measured the activity of
VEGFR-2 and the MAP kinase signalling cascade in
PAE cells and HUVE cells. Fig. 2A shows an in vitro
kinase assay performed with HUVE cells. In vitro
autophosphorylation activity of VEGFR-2 was stimu-
lated with both VEGF and Trx/basic peptide but not
with a control Trx protein lacking the sequence of the
TAT basic peptide. When lysates of control and ago-
nist-stimulated PAE cells were used in MAP kinase
assays, we obtained the result shown in Fig. 2B.

Both Trx/basic peptide and VEGF stimulated the activ-
ity of the Erk branch of MAP kinases in PAE cells
expressing VEGFR-2 (left panel). Control PAE cells
lacking VEGFR-2 were not stimulated (right panel).
This clearly shows that basic peptide, at least qualita-
tively, mimics VEGF-induced signalling via VEGFR-2.
The fact that control PAE cells were not activated by
Trx/basic peptide supports the notion that signalling is
VEGFR specific.

B PAE/KDB PAE

S 8

MBP

1.0 1.7 1.8 0,7 1,0 1.0 1,0 0.9

Fig. 2: In vitro kinase activity of VEGFR-2 (A) and
MAP kinase (B).

A: Starved HUVE cells were treated for 15 min with:
lane 2, 2 nM canine VEGF164; lane 4, 1 nM Trx-bp-
loop; lane 5, 1 nM Trx. Lanes 1 and 3 show results
from unstimulated control cells. A quantification of the
autoradiographs is shown below each lane, the con-
trol value was arbitrarily set to 1.0.

B: Control PAE and PAE/KDR cells expressing
VEGFR-2 were stimulated for 15 min with: lanes 2
and 6, 1 nM canine VEGF164; lanes 3 and 7, Trx/basic
peptide; lanes 4 and 8, 1 nM Trx. Lanes 1 and 5 show
results from unstimulated control cells. A quantifica-
tion of the autoradiographs is shown below each lane,
the control value was arbitrarily set to 1.0.

DISCUSSION

Our data extend earlier studies showing that a HIV-
TAT-derived peptide sequence promotes angiogene-
sis in a variety of systems through interaction with
VEGF receptors (3,9,10). VEGF receptors expressed
on endothelial cells bind the basic peptide derived
from HIV-TAT. In the case of receptor 2 our data sug-
gest interaction with extracellular domain 3. This
would imply different molecular interactions than pro-
posed for VEGF which apparently requires both do-
mains 2 and 3 for tight receptor binding.

This leads to the interesting question of how basic
peptide chimera and the full length TAT protein acti-
vate VEGF receptors. Stimulation of VEGFR-2 by full
length TAT and a TAT-derived short basic peptide
have been described earlier without elucidating the
underlying mechanism (3). Tyrosine kinase receptors
undergo changes in conformation upon ligand-
induced dimerization that lead to activation of the in-
tracellular kinase domain as described earlier. Several
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mechanisms may be envisioned for the functional
interaction of the TAT peptide with VEGF receptors: (i)
the basic peptide chimera might form dimers that in-
teract with two VEGF receptor monomers. This is
unlikely for the basic peptide alone that lacks se-
quences required for self association yet might play a
role in signalling by basic peptide chimera; (ii) binding
of the basic peptide to the extracellular domain of
VEGF receptors might alter the structure of mono-
meric receptor molecules. The acquired conformation
might then be translated into structural changes in the
intracellular kinase domain that unleash receptor tyro-
sine kinase activity; (iii) structural changes in the ex-
tracellular receptor domain upon ligand binding might
indirectly cause receptor dimerization through a struc-
tural change in receptor monomers. In all cases re-
ceptor activation will be followed by recruitment of
cellular signalling proteins into an active signal trans-
duction complex located at the cell membrane.

Mechanism of Receptor Dinrserizatson

by pesattve
charges sr.

domain 4 upon
ligand binding,
neutiaHsation of
frgaflve charcjss m

domain 3

Basic Peptide-mectsated Receptor Dtmerization

irsd ifect dimei izalion
via domain 4 upon
neutiahzafion of

negative charges in
domain 3 by basic

Fig. 3: Model based on structural data for PDGF and
Fms receptor dimerization. Receptors are
dimerized by domain 4 upon neutralization of
negative charges located in domain 3 of
VEGFR-2 that prevent receptor association in
the absence of ligand. This is the conse-
quence of a structural change imposed by
binding of VEGF (top) or by direct interaction
of domain 3 with the positively charged pep-
tide (bottom).

A model for the mechanism of association between
receptor monomers by HIV-TAT is given in Fig. 3.
This model is currently being verified by biochemical
and structural studies. We also persue the concept
that the basic peptide used in these studies can be
used as a endothelial cell-specific targeting molecule.
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VEGF TRANSIENTLY DISRUPTS GAP JUNCTIONAL COMMUNICATION
IN ENDOTHELIAL CELLS

S. Suarez, K. Ballmer-Hofer

Endothelial cells form multiple types of cell-cell junctions that are required for cellular organization into
complex networks. These junctions also regulate communication among adjacent cells. Stimulation by
various growth factors such as Epidermal growth factor (EGF) or Platelet derived growth factor (PDGF)
has been shown to disrupt cell-cell junctions, consequently affecting cell-to-cell communication. We are
interested in early signalling events downstream from Vascular endothelial growth factor (VEGF) receptors
that affect blood vessel homeostasis. We investigated gap junctional communication (GJC) by monitoring
the transfer of a low molecular weight fluorescent tracer molecule between adjacent cells using im-
munofluorescence microscopy. VEGF maximally blocked GJC 15 minutes after growth factor administra-
tion. The cells resumed communication via gap junctions within 1-2 hours after treatment. This early effect
of VEGF on communication correlated with changes in the phosphoryiation state of one of the proteins
involved in gap junction formation, connexin 43 (Cx43). The signalling mechanisms involved in this phe-
nomenon depend on activation of VEGF receptor 2, impinge on a tyrosine kinase of the Src family and
activate the Erk family of MAP kinases. The function of VEGF-mediated disruption of GJC might be to limit
an increase in endothelium permeability to the local environment in injured blood vessels.

INTRODUCTION

Cell-to-cell junctions determine the morphology of
epithelial and endothelial cell layers lining organ cavi-
ties and blood vessels. The initial contact sites re-
sponsible for maintaining cell junctions in epithelial
and endothelial cell monolayers are formed by homo-
typic cadherin/cadherin interactions. The formation of
these so called adherens junctions is a prerequisite
for tight junction assembly. Tight junctions link adja-
cent cells and allow only regulated transfer of mole-
cules between the apical and the basal side of epithe-
lial cell layers. Similarly, tight sealing of endothelial
cell monolayers ensures that blood vessels are sealed
towards the interstitial side of vascularized tissues.
Cells in contact with each other form also another type
of junctions, called gap junctions. These latter struc-
tures are formed by a family of proteins called connex-
ins (Cx) (1). Six connexin molecules form either
homo- or heteromeric connexons that, upon apposi-
tion in adjacent cells, form a pore spanning the mem-
branes of the cells in contact with eachother and
bridge the extracellular space between the cells. GJs
are a means through which cells rapidly exchange
information in the form of low Mr molecules such as
second messengers, e.g. Ca2+, or cellular metabolites.
In endothelial cells connexins Cx37, Cx40 and Cx43
are concomitantly expressed giving rise to connexons
of various composition and specificity (2). Coupling of
cells via GJs is essential for normal cell function and
is reduced under many pathological conditions, e.g. in
tumor tissue (3-5). The exact role of these junctions in
physiological processes such as the regulation of cell
morphology, migration, growth and differentiation is,
however, only poorly understood.

We are interested in the role of VEGFs, a subfamily of
the PDGF family of polypeptide growth factors, in
regulating cell-cell communication. Addition of either
of two members of this ligand family, VEGF-A or pla-
centa growth factor (PIGF), causes changes in vessel
homeostasis (6,7). The role of VEGF family proteins
has been studied in tissue culture models, in ex vivo

vessel preparations and in intact vessels in animals
(8-13). Here we use endothelial cell monolayers gen-
erated from umbilical vein-derived cells to study GJ
communication. We found that VEGF-A, but not PIGF,
rapidly and reversibly disrupts GJs. The signalling
cascade stimulated by VEGF-A activates VEGF re-
ceptor 2 (VEGFR-2) followed by activaton of the c-Src
tyrosine kinase and MAP kinases (MAPK) of the Erk
subfamily. The activation of these kinases may be
required directly or indirectly for phosphoryiation of
Cx43 giving rise to altered connexon function.

RESULTS

To study whether VEGF-stimulated cells still commu-
nicated with each other through GJs we microinjected
single cells with a solution of lucifer yellow (LY). We
then quantified the number of cells adjacent to the
injected cell that became LY positive within 15 min-
utes using a fluorescence microscope. VEGF treat-
ment maximally reduced GJC within 15-30. Commu-
nication was reestablished to normal levels within one
to two hours (for details see annual report 1999).

We next investigated which of the two angiogenic
receptors for VEGF family growth factors, VEGFR-1
or VEGFR-2, mediates disruption of GJC by using
receptor-specific VEGF isoforms. VEGF-A activates
both VEGFR-1 and -2 while a pox family virus-
encoded variant, VEGF-E, exclusively activates
VEGFR-2 (14). A more distantly related family mem-
ber, PIGF, is specific for VEGFR-1 (15). Fig. 1 shows
that the 164 amino acid isoform of VEGF-A and
VEGF-E, but not PIGF, cause disruption of GJC indi-
cating that receptor 2 activates the biochemical sig-
nals impinging on GJs. These findings were further
corroborated by the fact that a recently described
VEGFR-2-specific inhibitor, CGP41251 (16) com-
pletely blocked disruption of GJC by VEGF-A.
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VEGF-A and VEGF-E, but not PIGF, modulate
GJC in Ea.hy926 cells. Cells were treated with
50 ng/ml VEGF-A, 50 ng/ml VEGF-E or 50
ng/ml PIGF for up to 120 minutes.

VEGFR-2 activates many signalling pathways, the
most prominent targets being PLC(, PI-3 kinase, MAP
kinases, PKC, and Src family tyrosine kinases (15).
The exact role of these signalling intermediates in the
various responses of endothelial cells to VEGF re-
mains unclear. A specific inhibitor of c-Src blocked
VEGF-induced disruption of GJC (Fig. 2). Similarly,
U0126, an inhibitor of MAP kinase kinase (MEK) that
is specific for the Erk branch of MAPK signalling cas-
cades, also blocks disruption of GJC by VEGF (Fig.
2). Therefore, both enzymes are necessary for elicit-
ing the response of VEGF on cell communication.

Connexins, the transmembrane proteins that form gap
junctions, are susceptible to phosphorylation by a
variety of kinases. Phosphorylation at serine,
threonine and tyrosine residues is responsible, at
least in part, for the regulation of GJs. Addressing the
putative mechanism of disruption of GJC we studied
phosphorylation of connexin 43. Cx43 was transiently
phosphorylated in immunoprecipitates made from
extracts of VEGF-stimulated cells. Phosphorylation of
Cx43 was alkali-labile indicative of serine or threonine.
This suggests, but does not formally prove, that modi-
fication of Cx43 is responsible for the disruption of
GJs.

30 120

Time after VEGF164 addition (min)

30 120

Time after VEGF164 addition (min)

Fig. 2: Effect of c-Src or MAPK inhibition on VEGF-
induced changes in GJC in Ea.hy926 cells.
Cells were stimulated with 50 ng/ml VEGF-A
in the presence of 1|j,M CGP77675 (top), or
1|iMU0126 (bottom).

We finally investigated GJs microscopically using
Cx43-specific antibodies (Fig. 3). All antibodies gave
high cytoplasmic fluorescence that may result from
the presence of a large pool of soluble material not
involved in junction formation. A small fraction of Cx43
was found in discrete membrane-associated patches
as described before (17). VEGF did not change the
morphology or number of these structures indicating
that Cx43 phosphorylation may directly affect con-
nexon function, rather than turnover.

Fig. 3: Immunofluorescence analysis of gap junctions
in Ea.hy926 endothelial cells. Control cells or
cells treated with 50 ng/ml VEGF-A were la-
belled with a Cx43-specific antibody. Arrow-
heads mark patches of membrane-bound
Cx43 protein presumably representing GJs.
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DISCUSSION

The data presented here show that VEGF disrupts
GJC in endothelial cells. These findings depict a very
rapid and fully reversible biological readout through
VEGFR-2. The characterization of the signalling
pathways responsible for disruption of GJs indicates
that both c-Src and MAPK are required for this newly
discovered VEGF activity. These kinases are rapidly
and transiently activated upon treatment with VEGF-A
and reach maximal activity after about 15 minutes in
agreement with earlier published work (18).

The role of this newly discovered readout from
VEGFR-2 in blood vessel homeostasis is at present
unclear. In a natural situation disruption of GJs by
VEGF might be an acute response to growth factor
released by endothelial cells or pericytes upon vessel
damage. The effect of VEGF on GJC might prevent
the propagation of second messenger molecules
through cells coupled via GJs in the endothelial layer
of the vessel wall. Ca2+, for instance, is known to
spread among coupled endothelial cells in blood ves-
sels. Blocking GJC will restrict the propagation of sig-
nals initiated at a site of local vessel injury into the
adjacent healthy part of a vessel presumably prevent-
ing excessive vessel leakage that might otherwise
cause massive edema. In support of this idea,
changes in GJC between endothelial and smooth
muscle cells have been recently reported to modulate
endothelium-dependent relaxation of rabbit arteries in
vessel explants (11).
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POTENTIATION OF RADIOTHERAPY THROUGH INHIBITION OF
TUMOUR ANGIOGENESIS

C. Chastel, O. Guillaume-Gentil, K. Ballmer-Hofer, R. Jaussi

As a continuation of our efforts to improve the efficacy of radiotherapy through the inhibition of tumour-
specific vasculature, we are constructing radiation-inducible vectors capable of expressing anti-angiogenic
factors. The approach is based on three levels of specificity: I) targeted irradiation of tumour II) selective
expression of anti-angiogenic factor(s) in irradiated tissue and III) targeting of the radiation-inducible vec-
tors to the vascular endothelial growth factor receptors, which are generally overexpressed in tumour
blood vessels.

INTRODUCTION

Rationale of anti-angiogenic cancer therapy

The efficacy of cancer treatment is often limited by the
lack of selectivity of the therapeutics for tumour tissue
and through the rapid development of resistant tumour
cells. The former problem is linked to the fact that
chemotherapeutics in use today generally bring about
the destruction of all rapidly-dividing cells. This leads
to the common side effects such as hair loss, immune
deficiency and damage to healthy tissues and organs.
The latter problem relates to the heterogeneity of tu-
mours, which contain almost without exception ge-
netically unstable cell populations that display higher
mutation rates than normal cells. Treatment of such
tumours encourages the outgrowth of cell populations
that are resistant to that particular therapy regimen
and leads to the emergence of therapy-resistant tu-
mours.

Anti-angiogenic treatment of tumours represents a
new development, which ought to be free of the
above-mentioned problems. The field was pioneered
by a few research groups, notably those of Judah
Folkman at Harvard Medical School in Boston (1) and
Robert Kerbel in Toronto. The work of these groups
has sparked many consecutive studies in the field (2).
Currently, more than 60 clinical trials employing anti-
angiogenic strategies are underway (for detailed in-
formation, see http://cancertrials.nci.nih. gov/) reflect-
ing the high pace of the developments. By now, three
generations of anti-angiogenic strategies have arisen
(see Table 1). The initial strategy aimed at the direct
application of anti-angiogenic factors (e.g. endostatin),
which were efficacious in immuno-compromised mice
carrying human tumour xenografts (see ref. 1). During
the second stage, the combinations of two different
anti-angiogenic strategies were tried in similar mouse
models (3). The next step in the development of im-
proved therapies will involve the combination of clas-
sical therapies with anti-angiogenic strategies. This
type of therapy is the goal of our work, which bases
also on progress of other PSI research projects (K.
Ballmer-Hofer, R. Schwendener cf. this Scientific Re-
port).

Table 1 : Development of Anti-Angiogenic Therapies.

First
generation

Anti-
angiogenesis

Second
generation

Anti-
angiogenesis

Anti-
angiogenesis

A

B

Third
generation

Anti-
angiogenesis

Radiotherapy

Tumor targetting

Development of radiation-inducible promoters

Many naturally-existing promoters are induced by
ionizing radiation. Usually these promoters are in-
volved in pleiotropic stress responses and are induc-
ible by many toxic treatments. The aim of our current
research is the identification and characterization of
several existing promoters for their suitability for the
proposed clinical application. The ideal promoter
should exhibit low basal levels of transcription, but
should be activated many-fold following irradiation (1-
2 Gy). Because the response of most known promot-
ers has been tested only within the context of the in-
tact gene, we have to evaluate the properties of the
isolated promoter regions in suitable expression vec-
tors. We also need to know how the promoters be-
have upon fractionated irradiation. In order to be able
to answer these questions, we are developing a ver-
satile test system, employing both the promoter region
and a reporter region as cassettes in small plasmids.
Upon transfection into human cells, we can monitor
the expression levels of reporter genes under the
control of the chosen promoters (Fig. 1). We use
mainly the luciferase reporter, which permits sensitive
luminescence assays. These assays also display a
broad range of linearity of the response over several
orders of magnitude.



17

Promoter with
Binding sites for:

NF-KappaB
EGFM
Yesst Gal TF

Nco I /

I Hind Ilk**"*"*^ I

Reporter Region with:
Lwdferase
GFP
Endostatin

f ^
~5700bp

Eco NI

Fig. 1: Plasmids to test radiation-inducible promoters.

CO
Q. 30x10

o
£ 25x10

<J 20x103 '

SI
(0

o

15x10

10x10

>• 5x10

CO O

RESULTS AND DISCUSSION

Expession of anti-angiogenic proteins

We have obtained cDNAs encoding the human anti-
angiogenic factors endostatin and angiostatin (InVi-
voGen) and Pigment Epithelium-Derived Factor
(PEDF, from N. Bouck, Chicago). All cDNAs have
been subcloned into bacterial, yeast or mammalian
expression vectors and we are currently attempting to
optimise the yields of the expressed proteins. We
have obtained high levels of intracellular endostatin in
bacteria and human cells and we have human cells
that express secreted PEDF at low level. The effect of
this medium on irradiated endothelial cells can now be
tested.

Development of radiation-inducible promoter

The problems associated with high basal levels of
transcription can be avoided by using a promoter of
non-human origin with no cognate transcription factor
in human cells. One such a promoter is the yeast Gal
promoter. The yeast Gal transcription factor interacts
with this promoter through its DNA binding domain
and activates transcription through its signalling do-
main. If this latter domain is replaced by a human
signalling domain, for example the signalling domain
of Elk (a human transcription factor stimulated in irra-
diated cells), the resulting fusion protein (Gal-Elk) will
activate genes with Gal promoter sequences in hu-
man cells after irradiation. We have tested this hy-
pothesis by transfecting human endothelial cells with
two plasmids expressing the Gal-Elk transcription
factor and harbouring the Gal-Promoter-Luciferase
reporter system, respectively. As anticipated, the sys-
tem is activated after irradiation in NIH3T3 cells (Fig.
2) as well as in endothelial cells (Fig. 3).

These data are very promising and permit us to pro-
ceed with the construction of radiation-inducible vec-
tors that will express anti-angiogenic factors specifi-
cally in irradiated tissues.

Fig. 2: Induction of Gal-Elk system by X-irradiation in
NIH3T3 fibroblasts. C, Control (mock) trans-
fection; S, 10% serum stimulation, NT, not
transfected.

Fig. 3: Induction of Gal-Elk system by X-irradiation in
porcine aorta endothelial cells. C, Control
(mock) transfection; S, 10% serum stimula-
tion, NT, not transfected.

REFERENCES

1. Boehm, T., Folkman, J., Browder, T., O'Reilly, M.S.
Antiangiogenic therapy of experimental cancer does
not induce acquired drug resistance. Nature, 390: 404-
407, 1997.

2. Kerbel, R.S. Tumor angiogenesis: past, present and
the near future. Carcinogenesis, 21: 505-515, 2000.

3. Klement, G., Baruchel, S., Rak, J., Man, S., Clark, K.,
Hicklin, D.J., Bohlen, P., Kerbel, R.S. Continuous low-
dose therapy with vinblastine and VEGF receptor-2 an-
tibody induces sustained tumor regression without
overt toxicity. J Clin Invest, 105: R15-R24, 2000.



18

INHIBITION OF TUMOUR GROWTH BY SPECIFIC TARGETING OF ANTI-ED-B Fl-
BRONECTIN SCFV ANTIBODY-MODIFIED LIPOSOMES IN THE F9 MOUSE

TERATOCARCINOMA MODEL

C. Marty, K. Ballmer-Hofer, D. Neri1 R. Klemenz2, R. A. Schwendener

1ETH Zurich, 2University Hospital Zurich

Small unilamellar immunoliposomes containing single chain antibody fragments (scFv) specific for the ED-
B domain of the B-fibronectin isoform which is found only in newly formed blood vessels during tumour
angiogenesis were prepared. ScFv fragments were functionalized by introduction of 1-3 cysteines at the
C-terminus separated from the binding domains by hydrophilic amino acid spacers. The scFv were linked
via cysteine thiols to liposomes by formation of S-C-bridges to maleinimide groups located at the terminal
ends of poly(ethylene glycol) (PEG) modified phospholipids. The binding properties of the liposomes were
analyzed in vitro on ED-B expressing Caco-2 cells, and in vivo by biodistribution of114mIndium labeled anti-
ED-B scFv-PEG-liposomes in mice bearing s.c. F9 tumours. Compared to control PEG-liposomes the
scFv-immunoliposomes accumulated in the tumours at 2-3 fold higher concentrations during the first 2 h
after i.v. injection. Later (6-24 h) both liposome types accumulated at comparable amounts (8-10% ID/g
tumour). In a therapy experiment mice were treated during 5 days, every 24 h with PEG-liposomes as
controls and with anti-ED-B-scFv-immunoliposomes, both containing the cytotoxic dimer 5-FdU-NOAC. A
reduction of tumour volume by 50-60% was observed with the ED-B specific liposomes, whereas the un-
specific control liposomes exerted no significant cytotoxic activity. Immunoliposomes targeted to ED-B
positive tumours bind specifically to ED-B fibronectin in vitro and in vivo representing a promising drug
delivery system for the anti-angiogenic treatment of solid tumours.

INTRODUCTION

The physiology of solid tumours differs from that of
normal tissues in a number of important aspects.
Compared with the regular ordered vasculature of
normal tissues, blood vessels in tumours have distin-
guished capillaries with leaky walls and sluggish blood
flow (1). Tumour growth requires continuous formation
of new blood vessels (angiogenesis). The switch to
the angiogenic phenotype of endothelial cells involves
a change in the local equilibrium between positive
angiogenic regulators (fibroblast growth factors, vas-
cular endothelial growth factor (VEGF), placental
growth factor, transforming growth factor, etc.) and
negative angiogenic regulators (thrombospondin-1,
angiostatin, etc.) (2).
Because tumour growth depends on angiogenesis,
the selective delivery of toxic agents to specific targets
located on newly formed blood vessels could offer an
important new therapeutic benefit. VEGF is one of the
most important positive angiogenic factors. Therefore,
its receptors, VEGFR1 and KDR/VEGFR2 could rep-
resent promising markers for angiogenesis (3, 4).
Formation of new blood vessels is also strongly linked
to the extracellular matrix (ECM). Molecules in the
extracellular matrix such as fibronectins (5), integrins,
(6) or selectins (7) are upregulated or induced on
stimulated angiogenic vessels. Blocking of ECM pro-
teins could therefore represent an additional tool to
inhibit angiogenesis. Furthermore, proteases involved
in extracellular matrix degradation are important for
endothelial cell migration and angiogenesis. Potential
targets on tumour blood vessels are molecules that
are expressed on the endothelial cells as shown in
Fig. 1.

Fig. 1: Targets in the tumour vasculature: A) mole-
cules on the endothelial surface exposed to
the blood stream; B) molecules on the endo-
thelial surface exposed to the basement
membrane; C) molecules on the basement
membrane; D) molecules on the extracellular
matrix of the luminal side of endothelial cells;
E) molecules on the extracellular matrix of
abluminal side of endothelial cells.

We used the ED-B isoform of fibronectin, a compo-
nent of the extracellular matrix that is exclusively ex-
pressed in tumour tissue, as target for specific cyto-
toxic immunoliposomes. Antibody modified liposomes
represent an interesting system for target cell specific
delivery of cytotoxic molecules (8).

Starting from an anti-ED-B fibronectin single chain
antibody fragment (scFv) obtained from Prof. D. Neri
(ETH Zurich) 4 different functionalized scFv antibodies
were constructed and produced in large quantities in
the yeast P. pastoris (9). Attachment of proteins to the
distal end of the maleinimide modified PEG chains on
liposomes was done by incubation of the functional-
ised scFv fragments in presence of the reducing agent
tributylphosphine. Modified liposomes and unreacted
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scFv were separated by metrizamide gradient cen-
trifugation.

RESULTS

The binding properties of scFv-PEG-immuno-
liposomes were demonstrated in vitro on cell cultures
using ED-B positive Caco-2 and ED-B negative Co-
115 cells as shown in Fig. 2.

Fig. 2: Binding of fluorescence labeled scFv-PEG-
immuno-liposomes to cells cultured on colla-
gen. A,C,E: Phase contrast images of the
sections shown in B, D, F; B: a-ED-B scFv-
PEG-immunoliposomes on ED-B positive
Caco-2 cells; D: unmodified PEG-liposomes
on ED-B positive Caco-2 cells; F: a-ED-B
scFv-PEG-immunoliposomes on ED-B nega-
tive Co-115 cells.

Based on the specific binding found in the in vitro
studies, the in vivo properties of the a-ED-B scFv-
PEG-immunoliposomes were investigated by determi-
nation of pharmacokinetic properties, tumour uptake
and finally in a therapy experiment using the murine
F9 teratocarcinoma grown subcutaneously in nude
mice.

To assess the pharmacokinetic data and tumour up-
take, the liposomes were labelled by a remote loading
technique with 114mlndium (Fig. 3, Ref. 10).

Fig. 4 summarizes the accumulation in the tumours of
the specific scFv-PEG-immunoliposomes, as com-
pared to the non-specific PEG-liposomes. The ED-B
fibronectin-specific liposomes accumulated in the
tumours at higher levels only during the first hours
after administration. At time points of 6 and 24 h, the
PEG-liposomes reached equal values.

To evaluate the cytotoxic activity of ED-B fibronectin
specific liposomes, a therapy experiment was per-
formed, in which we used the lipophilic nucleoside
dimer 5-FdU-NOAC (11) as the cytotoxic drug. As
shown in Fig. 5, a reduction of tumour growth by 50-
60% was obtained with the scFv-PEG-
immunoliposomes containing 5-FdU-NOAC, as com-
pared to the empty scFv-liposomes.

a
" 4 m l n ! *

" 4 m l n "

Cl

114mFig. 3: Scheme of In labelling of liposomes.
114mln3+ ions diffuse through an ionophore
channel into the liposome. Inside a highly sta-
ble complex with nitrilotriacetic acid (NTA) is
formed.

110°
19 scFv-PEG-liposomes _ T

Fig. 4: Tumour accumulation of a-ED-B scFv-
liposomes. Nude mice bearing s.c. F9 tu-
mours were injected i.v. with 11 mln liposomes
and killed at different time points.

400-

200-

- • - Controls untreated

- • - empty liposomes
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-A-scFv-dimers

- * - 5FdU-M3AC liposomes

•HB- scFv-SFdU-NOAC-liposomes

t t t
Treatments (i.v.)

Days

Fig. 5: Effect of a-ED-B scFv-liposomes on tumour
growth in vivo. Nude mice bearing s.c. F9 tu-
mours were treated i.v. 5 times every 24h with
liposomes containing 600 ja.g 5FdU-NOAC.
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DISCUSSION

Four new constructs of oc-ED-B fibronectin scFv anti-
bodies containing C-terminal cysteines were produced
in P. pastoris and successfully attached to the surface
of cytotoxic liposomes. The oc-ED-B scFv-CM3 anti-
body containing 3 cysteines and a spacer between the
cysteines and the protein had the best coupling prop-
erties.
The cytotoxic effect detected with the scFv-5FdU-
NOAC-PEG-liposomes are very a promising basis for
further experiments with immunoliposomes by appli-
cation of other target molecules, other therapeutic
schedules or other cytotoxic agents (12).
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CENTER FOR RADIOPHARMACEUTICAL SCIENCE OF PSI, ETHZ AND UNIZ
OVERVIEW OF THE RESEARCH ACTIVITIES

PA. Schubiger

TUMOR TARGETING

The use of targeted radiotherapeutics applied locally
or systemically has become a very hot topic as a po-
tentially efficient and adjuvant therapy for specific
cancer types (e.g. lymphoma, neuroblastoma, bladder
cancer). In many cases, targeted radionuclide therapy
has been introduced into the clinical practice. The
collaboration with Techniclone/Berlex led to the suc-
cessful transfer of the know-how for the high dose 1311
labelling of anti-lymphoma antibody LYM-1 to the
company's production site in the USA. A clinical imag-
ing study with 1 3 1 I - labelled anti-neuroblastoma anti-
body chCE7 could be concluded in collaboration with
the Netherland's Cancer Institute in Amsterdam and
the results look so promising that clinical work will be
continued towards a dose escalation study. After an
initial diagnostic study, in the course of next year, a
phase I therapeutic study with a 67Cu- labelled anti-
bladder carcinoma antibody is initiated in collaboration
with the Queens Medical Center in Nottingham.

In our research efforts to further enhance the efficacy
of targeted radionuclide therapy we focus on the im-
provement of existing target molecules, investigations
of new promising target agents, development of suit-
able labelling and linker chemistry and characterisa-
tion of the radioconjugates in appropriate in vitro and
in vivo systems.

Targeting of renal tumours with anti- L1-CAM chCE7
antibody is being explored after having found out ear-
lier that in addition to neuroblastoma, many human
renal carcinoma cell lines express high levels of L1-
CAM protein. We could show that in renal tumour cells
overexpression of L1-CAM leads to a loss of control of
its phosphorylation by a growth factor, which is crucial
for the normal development of the kidney.

In order to further improve the in vivo stability and the
tumour uptake of 67Cu-labelled F(ab)2 fragments
various peptide- linked DOTA chelates were tested
and the length of the linker sequence was found to
have an important effect on the in vivo stability and
tumour uptake. A number of studies were aimed at the
reduction of the kidney accumulation of " m T c -
tricarbonyl labelled antibody single chain (scFv) frag-
ments. When the charge of scFv protein backbone or
of the polyhistidine tag was modified by chemical
means, a significant decrease of unspecific kidney
and liver uptake could be achieved. To further extend
the application of our new 99mTc/*Re-tricarbonyl label-
ling technique to larger size proteins and to the use of
milder reaction conditions, we synthesised tailor made
chelators with a cadaverine linker, which enables en-
zymatic attachment of the radiolabel to lysine or
glutamine residues of the antibody fragments.

In the search for novel tumour seeking agents suitable
for nuclide therapy, integrin antagonists are being
evaluated. Fusion proteins containing the integrin-
binding RGD sequence grafted into thioredoxin as
backbone are being produced in e.coli (in collabora-
tion with the IMR's PSI group) and the fusion proteins
have been tested on PC3 human prostate carcinoma
cells.

Within a European BIOMED collaboration on tumour
finding peptides we progressed to the selection of
several stable neurotensin (NT) analogues labelled
with 99mTc-tricarbonyl. All compounds have been
broadly characterised as described earlier and were
furthermore fully and properly characterised by NMR
and MS. Recently we found in addition that differ-
ences in affinity observed with the various NT deriva-
tives are correlated with differences in their agonistic
activity.

One of the stable NT peptides has been selected for
first imaging studies of pancreatic tumours in patients
at the University Hospital in Lausanne. The carbonyl
labelling technology could be applied successfully with
a newly introduced chelating group PADA to the neu-
ropeptide bombesin, a further very promising tumour
seeking peptide. This radioconjugate shows high affin-
ity for the GRP receptor and may be selected as a
future agent for the imaging of prostate cancer.

The application of our 99mTc/*Re-tricarbonyl labelling
method to ever more molecules led us to continue
improvement of carbonyl preparations in terms of
higher specific activities and lower toxicity during syn-
thesis and handling. The CO generation was facili-
tated, novel tridentate ligands were developed and
applied to molecules of high interest such as biotin. In
this case labelling with unprecedented high specific
activity was achieved, which will be of eminent impor-
tance in therapeutic applications using multistep pre-
targeting approaches involving 188/186Re-labeled bio-
tin. Besides 188/I86pje w e continued to focus on 67Cu
and 111Ag as therapeutic radionuclides emitting 13-
particles. As source for 188Re we have access to a
W/Re generator, whereas for 67Cu we rely on our
cyclotron. In order to improve the amount of activity
needed for preparing therapeutic doses of 67Cu-
labeled antibodies, we initiated a new production
scheme based on the enriched target material 68Zn.
The applicability of 111Ag is still hindered by the lack
of suitable chelators. Although highly interesting in-
sights on its co-ordination chemistry could be gained,
no useful chelator could be found.

We pursued our efforts to synthesise glucose deriva-
tives with the 99mTc-tricarbonyl label as a substitute
for 2-18F-deoxyglucose. Whereas the latter needs
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PET scanning technology, a 99mTc-glucose tracer
could be used on the more widely available SPET-
scanners. Functionalisation of the glucose must not
impair biological activity, such as the ability to be
transported into the cell by the GLUT 1 transporter
and to be metabolised (partially) by hexokinase. Sev-
eral derivatives with the various linkers and the Tc-
tricarbonyl label at the position C-2, C-3 and C-6 have
been synthesised and characterised. So far none
showed all desired properties.

PET TRACERS FOR FUNCTIONAL IMAGING

The PET-T racer research program at PSI and Zurich
could profit greatly from the installment of a second
human PET-scanner at the university hospital, since
50% of its scanning time is reserved for research pur-
poses. A further event with great impact is the arrival
of the HIDAC animal PET scanner (resolution 1mm) at
the PSI. It will go into operation next year and greatly
enhance our possibilities in assisting drug develop-
ment.

The research efforts concentrated on PET-receptor
tracers for the glutamate neuroreceptors. This system
is of great importance in cognitive functions and the
many neurological disorders associated with them.

However no useful PET tracer has yet been found. In
collaboration with the pharmaceutical industry (Novar-
tis, Boehringer) we synthesised several 11C-labeled
molecules. Although the pharmacological in vitro
characterisation revealed promising properties for
some compounds, the corresponding animal experi-
ments did not fulfil the expectations. This was particu-
larly true for tracers binding to the PCP-binding site in
the ionotropic NMDA receptor. Our future experiments
will now concentrate on developing tracers for the
metabotropic glutamate receptor.

In addition we currently assess the usefulness of 18F-
fluoromisonidazole to measure hypoxia of malignant
brain tumours with the goal of a better treatment plan-
ning of radiotherapy. This study is performed in col-
laboration with the Cantonal Hospital Aarau and the
University Veterinary Hospital in Zurich. Finally, the
last PET-study, initiated some years ago by
K. Leenders (now in Groningen), has been success-
fully completed. The study compared how the brain
processes pleasant stimuli in young healthy controls
with the processing in a group of former opiate ad-
dicts. The results appear to confirm that opiate addic-
tion is associated with changes in the processing of
emotionally salient information in the brain.
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TARGETTING RENAL TUMOURS WITH ANTI L1-CAM MAB CHCE7: LEVELS OF
L1-CAM EXPRESSION AND PHOSPHORYLATION OF L1-CAM IN RENAL TUMOR CELLS

/. Novak-Hofer, M. Heiz

In vivo phosphorylation of LI-CAM was measured in human 293 embryonal kidney cells and in renal tu-
mour cells. Glial Derived Neurotrophic Factor (GDNF) stimulates L1-CAM phosphorylation in the low ex-
pressing 293 cells and in Caki-2 renal carcinoma cells which show a 3 to 5 fold lower expression of LI-
CAM than Foehn renal carcinoma cells. No effect of GDNF on the phosphorylation of LI-CAM in the over-
expressing Foehn cells was found. The results indicate that overexpression of L1-CAM results in a loss of
control of its phosphorylation by GDNF.

Our earlier results on normal tissue reactivity of anti-
neuroblastoma mAb chCE7 obtained via Northern blot
and Western blot analysis, indicated that human brain
tissue is the only normal tissue showing high expres-
sion (both at the mRNA and protein level) of L1-CAM,
the target antigen of mAb chCE7. In contrast, human
kidney tissue showed high levels of L1-CAM mRNA
and low levels of L1-CAM protein. When we analysed
direct binding of 131l-mAb chCE7 to tissue sections of
human brain and kidney, we found high binding of the
mAb to brain sections and low, but detectable binding
to kidney sections (Fig. 1).

BRAIN

BRAIN NS

KIDNEY

KIDNEY NS

Fig. 1: Electronic autoradiography of human tissue
sections after binding of 131l-mAb chCE7. NS:
non-specific binding in the presence of a 100
fold excess of mAb chCE7.

We had found earlier that many human renal carci-
noma cell lines and a subset of renal tumour tissue
sections express high levels of L1-CAM protein, an
observation that serves as the basis for our ongoing
evaluation of mAb chCE7 for the targeting of renal
tumours.

In this study of L1-CAM phosphorylation in renal car-
cinoma cells, we investigated, if the levels of L1-CAM
expression affect the sensitivity of renal cells to Glial
Derived Neurotrophic Factor (GDNF), a growth factor
essential for renal development.

Low expressing K 293 human embryonal kidney cells,
low expressing renal carcinoma Caki-2 cells and high
expressing Foehn cells were chosen. Cell surface

expression of L1-CAM was measured by binding of
125l-chCE7 to these cells. Scatchard analysis of bind-
ing data gave a Bmax of 6000 sites/ 293 cell, 40 000
sites/ Caki-2 cell and a Bmax of 200 000 sites/ Foehn
cell. In vivo incorporation of 32P into L1-CAM was
measured in subconfluent serum-deprived cultures.
Cultures were labelled with 0.5 mCi of 32P/ml for 2 h
in low serum medium and GDNF was added for the
last 30 min of the labelling period. L1-CAM was iso-
lated from cell lysates by immunoprecipitation with
mAb chCE7 and immunoprecipitates were separated
by SDS-PAGE and analysed by electronic autoradio-
graphy. Fig. 2 shows that GDNF leads to a dose de-
pendent increase in phosphate incorporation into the
200 000 Mr band corresponding to L1-CAM in the
case of 293 cells (A) and of Caki-2 (C) cells. In con-
trast, no effect of GDNF on L1-CAM phosphorylation
in Foehn cells (B) is observed. The results indicate
that overexpression of L1 -CAM leads to a loss of con-
trol of its phosphorylation by a growth factor which is
crucial for the normal development of the kidney.

A B

Fig. 2: Phosphorylation of L1-CAM in embryonal
renal cells (A) and renal tumor cell lines (B,C)
* 5 ng/ml, * * 50 ng/ml GDNF, geni: 50 |aM
Genistein. Arrow: 200 kD form of L1-CAM.
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IN VIVO STABILITY OF 67CU-DOTA-F(ab')2 FRAGMENTS: EFFECT OF SHORTEN-
ING A TRIGLYCINE LINKER SEQUENCE

K. Zimmermann, N. Riesen, I. Novak-Hofer

F(ab')2 fragments of anti colon cancer antibody mAb 35 were derivatised with peptide-iinked DOTA che-
lates and labelled with 67Cu. Biodistributions in tumour bearing mice as well as in vivo metabolism in the
liver was compared. Results demonstrate that in vivo stability and tumour uptake of the 67Cu-F(ab')2 con-
jugates are influenced by the length of the linker sequence.

The tumour targeting ability of 67Cu-labeled immuno-
conjugates is strongly influenced by the copper che-
lates used for labelling. Both the charge of the che-
lates and the cleavage patterns of the copper com-
plexes from the protein play an important role. In our
ongoing effort to improve the biodistributions of 67Cu-
labeled antitumour antibody fragments, a number of
macrocyclic copper chelates (DOTA derivatives R1-
R5) were synthetised (Figure 1).

HOOC ' \ / >—COOH

D0TA-R3

D0TA-R4

PA-DOTA

Fig. 1: Peptide-iinked DOTA chelates for 67Cu label-
ling.

F(ab')2 fragments prepared from mAb 35 were deriva-
tised with R1-R4, labelled with 67Cu, purified by FPLC
size exclusion gel chromatography and evaluated for
in vivo stability and biodistributions in mice bearing
colon carcinoma xenografts. We recently found, that
tumour uptake and tumour/tissue ratios of 67Cu-
DO3A-F(ab')2 fragments can be improved by a trigly-
cine linker (R1) and that this effect correlates with
enhanced in vivo stability of this conjugate. Bioevalua-
tion of R2 and R3 indicated that the amino acid com-
position of the linker has a decisive effect on in vivo
stability and on biodistributions: Replacing the gly
residue in the middle of the sequence by a pro residue
(R3) did not affect the stability of the conjugate,
whereas a gly-phe-gly linker sequence (R2) resulted

in a high initial uptake of radioactivity in the liver as
well as in lower tumour uptake. We have evidence,
that this effect is due to rapid proteolytic cleavage at
the phe residue, resulting in reduced stability of this
conjugate (Annual Report 1999).

Fig. 2: Tumour and blood levels (% injected dose/ g
tissue on the y-axis) of 67Cu-F(ab')2 in tumour
bearing mice, 48 h post injection.

'A

t, min

R1,0-time

R1.30 min

R4, 30 min

Fig. 3: Size exclusion gel chromatography of liver
extracts 30 min post injection of 67Cu-DOTA-
R1-F(ab')2 and 67Cu-DOTA-R4-F(ab')2. The
arrow depicts the position of the intact F(ab')2

fragment.
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We then investigated the role of the length of the
linker in providing the higher stability of the R1-linked
conjugates. The triglycine sequence was shortened to
one glycine residue (R4) and the 67Cu-DOTA-R4-
F(ab)2 was compared with the R1- and R2 conjugate.

All of the three 67Cu-F(ab')2 were 100% immunoreac-
tive in vitro. Figure 2 shows tumour and blood levels
achieved with the conjugates, indicating that a short-
ened linker leads to a decrease in tumour uptake.

The in vivo stability of the R4-linked F(ab')2 was com-
pared with the R1-linked immunoconjugate by analys-
ing liver extracts 30 min post injection (Figure 3).
Results show a higher level of degradation products
accumulating in the liver in the case of the compound
with the shortened linker.

The initial rationale for using peptide linked chelates
was to provide cleavage sites in the immunoconjugate
to achieve rapid clearance of radioactive metabolites
from the liver, thus improving tumour/liver ratios. We
then found however, that the triglycine linker we inves-
tigated improved tumour/tissue ratios by a different
mechanism. The results we obtained with the R1-R4
peptide-linked DOTA chelates indicate that not in-
creased metabolism in the liver but enhanced stability
of the immunoconjugates towards proteolytic degrada-
tion in the liver leads to higher tumour uptake.
The effect may be due to the transiently higher blood
levels that are achieved by the "stabilised" F(ab')2

conjugates, which prolong their availability for tumour
binding.
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HIGH KIDNEY ACCUMULATION OF RADIOMETAL LABELLED SINGLE CHAIN AN-
TIBODY FRAGMENTS: DOES CHEMISTRY MAKE A DIFFERENCE?

R. Waibel, A. Stichelberger, U. Bosshard, Ch. De Pasquale

Charge-modifications of 99mTc-tricarbonyl labeled single chain antibody fragments have been shown to
have an impact on unspecific kidney retention of metallic radionuclides. By modifying the charge of the
chelating polyhistidine moiety we could further reduce unspecific renal accumulation as well as liver ac-
cumulation.

INTRODUCTION

Single-chain antibody fragments (scFvs) have supe-
rior pharmacokinetics and biodistribution characteris-
tics compared with larger fragments when used for
radioimaging of human tumours. However, persistent
localisation of radioactivity was observed in nontarget
tissues such as kidney and liver after administration of
radiometal labelled proteins and peptides, which com-
promises the diagnostic accuracy of the radiopharma-
ceuticals.

The most likely mechanism for high kidney accumula-
tion is that in an effort to salvage amino acids the
proximal tubule cells sequester protein fragments and
polypeptides from the glomerular filtrate. It is known
that glomerular permeability of macromolecules is a
function of their size and charge. Positively charged
macromolecules cross the glomerular wall more read-
ily than neutral molecules, and negatively charged
ones are restricted from crossing.

Fig. 1: SDS-gel of kidney extracts of mice show high
and persistent accumulation of small MW me-
tabolites.

CHEMICAL MODIFICATIONS

We have developed a direct labelling method of re-
combinant proteins. 99mTc-tricarbonyl coordinates to
sequences of several His (polyHis-tag) in a fast and
efficient way. Most recombinant proteins carry at their
C- or N-terminus a polyHis-tag for ease of purification
with IMAC-chromatography. These 5 to 12 His at the
C- or N- terminus are positively charged at neutral pH.
Positively charged macromolecules and metabolites
thereof will be retained in the kidney.

By introducing carboxylate groups at the polyHis- tag
and at the protein backbone, we investigated their
combined influence on charge modification. Using as
an in vivo model a recombinant protein 6His-
Thioredoxin, (MW12kDa.) kidney and liver accumula-
tion was accessed.
lodoacetate can react with a number of functional
groups within proteins. The relative reactivity toward

protein functionalities is sulfhydryl > imidazoly > thio-
ether> amine. At acidic pH carboxymethylhistidinyl is
predominantly formed.

Succinic anhydride is highly reactive toward nucleo-
philes and is able to acetylate amine compounds of
lysine side chains. On nucleophilic attack, the anhy-
dride yields one carboxylic acid for every acetylated
product.

Histidine

Lysine Succinic Anhydride

Fig. 2: Chemical modifications to make anionic mole-
cules.

RESULTS

These chemical modifications had a profound influ-
ence on the isoelectric point of the molecule.

These modifications hade no influence on the labelling
efficiency with 99mTc-tricarbonyl. There stability was
also not impaired. In vivo, these modifications showed
a reduced accumulation of radioactivity in the kidney.
Succinylation of the lysine side chains and modifying
the charge of the polyHis-tag had an additive effect on
reducing renal retention of metabolites.
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LIVER UPTAKE

Tis Ts Ti T " ' 5 "

Fig. 3: lEF-gel pH 3.5-8; Markers are T: 6His-
thioredoxin, Ti: modified with iodoacetate, Ts:
modified with succinic anhydride, Tis: modi-
fied with both iodoacetate and succinic anhy-
dride.
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Fig. 5: Liver uptake of chemically modified 6His-
thioredoxin constructs labelled with " m T c -
tricarbonyl.

CONCLUSION

The result underscores the need to optimise the poly-
His-tag chemistry and the overall charge of the re-
combinant targeting-protein carrier by chemical or
molecular engineering means. Important areas for
further study include characterization of radioactive
metabolites and the design of the polyHis-tag and its
adjunct amino acids which direct the disposition of
metabolites reducing retention in normal organs.

24 h after i.v. injection

Fig. 4: Kidney uptake of chemically modified 6His
thioredoxin constructs labelled with " m T c -
tricarbonyl.

As an added benefit, liver uptake was also drastically
reduced.
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CHEMICAL MODIFICATIONS ON MODEL SINGLE CHAIN FV FRAGMENTS FOR
IMPROVED IN VIVO BEHAVIOUR IN TUMOUR TARGETTING AND THERAPY

A. Stichelberger, R. Waibel

Improving the in vivo behaviour of a 99mTc(l)-labelled scFv by knowledge transfer from behaviour of tri-
dentate labelled peptides using the classical approach.

INTRODUCTION

Labelling of IgG's and their corresponding fragments,
such as Fab's, Fab'2 and scFv's with the radiometal
nuclides 99mTc / 186/188Re(CO)3(H2O)3 is to become
an easy and powerful method for the production of
diagnostic and therapeutic tools. Studies on peptides
labelled with this method revealed, that tridentate
coordination of these radionuclides, is favourable over
bidentate coordination in in vivo behaviour (1). Com-
pared to peptides, proteins require milder conditions
for the usage of this labelling procedure. This means
ambient temperature, aqueous solutions within more
or less physiological pH ranges and not more than
20% v/v of organic solvent. We report on the testing of
several ligandsystems being attached to scFv frag-
ments.

DISCUSSION

Coupling of ligands R1 and R2 (Fig 1.) to scFv's was
performed according to classic DCC (Dicyclohexy-
Icarbo-diimid) protocol (2). Furthermore, these ligands
were coupled via active ester formation using TFP
(2,3,5,6-Tetralfuorophenol), NHS (N-Hydroxy-
succinimide) and S-NHS (N-Hydroxysulfo-
succinimide) at variable concentrations and pH ranges
(3-4). And finally, the ligand systems R3 and R4 were
reacted with squaric acid diethyl ester in order to be
coupled to scFv's (5).

R t = -(CH2)4-COOH

R2 = -(CH2)l0-COOH

R3 = -(CH2)6-NH2

R4 = -(CH2CH2O-)2-(CH2)2-NH2

Fig. 1: Different ligand derivatives.

Radiolabelling of the scFv's Ri and R2 conjugates with
99mTc(CO)3(H2O)3 showed no significant labelling
effect compared to control. HPLC analysis of R-, and
R2 ligands prior to scFv conjugation showed more
than one product. Radiolabelling of these precursors
showed that several species were present none of
which in excess and sufficient yield.
Coupling of the ligands R3 and R4 to squaric acid
diethyl ester was not successful whereas coupling of
benzylamine as model compound worked well.

CONCLUSION
It is known that the e-nitrogen of the imidazole moiety
of histidine is susceptible to many reagents and thus
can be easily modified. We assume that this modifica-
tion of the e-nitrogen also takes place in that the acti-
vated ligand system may undergo cyclisation and/or
polymerisation because the single proton signal in the
1H-NMR of the 2 imidazole protons vanished upon
activation of the ligand system.

OUTLOOK

Considering the labile chemical character of these
ligand systems and the versatile residues, which can
be attached to them, we consider to synthesize a
ligand system bearing a cadaverine residue thus mim-
icking a lysine residue. Transglutaminase (TGase) is
known to catalyse an acyl-transfer reaction between
the y-car-boxamido group of glutamine and the e-
amino group of lysine (Fig. 2).

Methyldiimidazole-cadaverine

H,N H H

Fig. 2: Reaction pathway of TGase.

Either the glutamine or lysine side chain can be mim-
icked by small synthetic molecules enabling the
TGase reaction to attach small labels selectively at
lysine or glutamine side chains of a protein. By this,
one should be able to conjugate the desired ligand
system to scFv's under ambient conditions thus pro-
viding a simple and directed method for conjugation of
small molecules.
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INTEGRIN ANTAGONISTS FOR TUMOUR TARGETTING: CHARACTERISATION
OF RGD-THIOREDOXIN FUSION PROTEINS

/. Novak-Hofer, U. Bosshard, N. Riesen, K. Zimmermann, K. Ballmer-Hofer1

(1 Institute for Medical Radiobiology, PS I)

An integrin-binding RDG sequence was grafted into a bacterial thioredoxin (trx) protein. Trx-RGD is pro-
duced in e.coli and conditions for obtaining monomeric and dimeric forms of trx-RGD were established.
PC3 human prostate carcinoma cells are used for investigating in vitro anti-integrin activity and in vivo
tumour targeting ability of the trx-RGD forms.

av(33-integrin is involved in tumour growth and metas-
tasis and is overexpressed in certain tumours. We
investigate the use of 67Cu-labelled fusion proteins
containing RGD sequences to deliver cytotoxic beta
particle radiation to av(33-integrin overexpressing
tumours. RGD sequences were engineered into the
C-terminal part of a 14 kD thioredoxin (trx) moiety.
Trx-RGD fusion proteins were chosen because of
their ease of expression in e.coli, enhanced in vivo
stability and slower pharmacokinetics compared with
smaller RGD peptide antagonists. The purification
procedure was modified to produce either a mono-
meric form of trx-RGD or a disulfide-linked trx-RGD
dimer. Cells were extracted in either a denaturing
buffer containing 6M guanidinium hydrochloride pH 8
or in a "native" buffer consisting of 20 mM Na- phos-
phate, 0.5 M NaCI pH 7.8. Proteins recovered in the
denaturing buffer were bound to Ni-NTA and stepwise
renaturated with PBS. Purification was by Ni-NTA
affinity chromatography and elution was with 0.5 M
imidazole in PBS. In the case of purification in "native"
buffer 85% of the protein was recovered in the
monomeric form, whereas denaturing conditions
yielded 40% of the monomeric form. Overall yields
were similar. The dimeric form was isolated from the
mixture by FPLC size exclusion gel chromatography.
If necessary the isolated proteins were concentrated
by a further Ni-NTA affinity step. In order to character-
ize the integrin-binding activity of the fusion proteins,
av(33-integrin expressing PC3 human prostate carci-
noma cells were chosen. Fig. 1 shows a Western blot
of PC3 cell lysates which were immunopreciptated
and then probed with an av-integrin specific antibody.
The 116 kD band corresponds to av-integrin, indicat-
ing that PC3 cells can be used for targeting the RGD-
proteins.

Anti-integrin activity of trx-RGD proteins is assayed by
incubating PC3 cells with up to 200 |aM trx-RGD and
the adhesion of cells to vitronectin (VN)- and collagen-
1 (C-l) coated tissue culture wells is measured. Inhibi-
tion of cell binding by trx-RGD is compared with a
control peptide (GRGDSP) of known potency. Figure
2 shows that the control peptide inhibits attachement
to VN but not to C-l. The trx peptide without RGD
sequence shows no effect on adhesion of PC3 cells.
The results indicate that in contrast to the GRGDSP
sequence, the HIV-TAT derived RGD sequence in the
trx-RGD protein inhibits cell attachement to both VN
and C-l. The dose response curves for trx-RGD
monomeric and dimeric forms are established at the
present time.

Fig. 2:

4.0

c
1.0

0.0
n

PBS RGD trx-RGD

n
PBS RGD trx-RGD

Inhibition of cell attachment to vitronectin (A)
and collagen-l (B) coated wells. PBS: buffer
control; RGD: 500 |aM GRGDSP; trx: 17 uJvi
trx; trx-RGD:(mixture monomer/dimer): 17 uJvi
trx-RGD.

Fig. 1: Western blot of PC3 lysates immunoprecipi-
tated with av-integrin antibody. From left to
right: reduced sample; non-reduced sample;
molecular weight standards. The arrow de-
picts the 116kD protein recognized by the
av-integrin-specific antibody.
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NEUROTENSIN(8-13) ANALOGUES INDUCE CA2+ MOBILISATION IN HUMAN
PROSTATE CARCINOMA PC-3 CELLS

E. Garcia Garayoa, P. Blauenstein, A. Blanc, R. Bugmann (PSI), D. Tourwe1, R. Muff2

(1 Vrije Universiteit Brussel, 2Balgrist Klinik, Zurich)

The effect of some NT(8-13) analogues on Ca2+ mobilisation was analysed in PC-3 cells which show both
NT1 and NT2 receptor subtypes. The affinity for NT1 receptors was previously evaluated in HT-29 cells
(expressing only NT1R). Differences in the agonistic activity were found in keeping with the differences in
the affinity.

INTRODUCTION

Intracellular Ca2+ mobilisation has been described as
the major signal transduction pathway for neurotensin
(NT) receptors. NT receptors are G-protein coupled
receptors whose activation results in the stimulation of
the polyphosphoinositide pathway leading to free
[Ca2+]| mobilisation. We work with a series of NT(8-

13) derivatives as potential candidates for the in vivo
tumour imaging and therapy. Three analogues (NT-
VIM, NT-XI, NT-XII) showing the best affinities for NT
receptors as well as the highest in vivo tumour uptake
have been selected as promising candidates for clini-
cal studies and one of them, NT-XI, will be included in
a clinical trial. We evaluated the ability of these three
analogues of stimulating Ca2+ mobilisation in the hu-
man prostate carcinoma PC-3 cell line.

METHODS

PC-3 cells (1 x 106 cells/measurement) were loaded
with Fura2/AM. After extensive washing, the cells
were placed in a Lumin escence spectrometer for
[Ca2+]j monitoring (excitation wavelengths: 340 and
380 nm; emission wavelength: 510 nm). A dose-
response analysis was performed for each analogue
and its respective rhenium derivative.

RESULTS

All the derivatives were able to induce a transient rise
in [Ca2+]| showing a similar response pattern. In previ-
ous binding assays we found that the NT(8-13) ana-
logues showed a higher affinity for NT1 receptors
when they were labelled (Table 1). The EC50 values
for [Ca2+]j increase were higher for NT-VIM and NT-XI
than for Re-NT-VMI and Re-NT-XI in good agreement
with the affinities (Table 1).

Table 1 : Affinity for human NT1R in HT-29 cells and
effect on Ca2+ mobilisation in PC-3 cells.

Peptide pair Affinity

(IC50, nM)

[Ca2+]i influx

(EC50, nM)

NT(8-13)

NT-VIII / Re-NT

NT-XI / Re~N1

NT-XII / Re-NT

0.9

21.1 / /

135.7/1

26.8 / 3

1.3

31.3 IV

870.5 / £

18.3/1

NT-XI induced a much lower [Ca2+]j influx than NT-VIII
and NT-XII (100 nM, each). The rhenium derivatives
showed a comparable curve. After peptide addition a
rapid increase in [Ca2+]| was found. Values returned to
baseline after 2-3 min. Fig. 1 illustrates the response
obtained for the three pair of analogues.
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Fig. 1: Time course effect of the analogues and the
Re-derivatives (100 nM, each) on [Ca2+]i
mobilisation in PC-3 cells.

CONCLUSION

[Ca2+]| mobilisation was triggered by the three ana-
logues and their rhenium derivatives with some differ-
ences in signalling potency which could be related to
the different affinity for NT1 receptors. This could be
due to a distinct conformation of non-labelled ana-
logues compared to labelled ones. A consequence
would be a lower probability of side effect incidence
after treatment with the radiolabelled analogues when
carrier peptide is present.
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NEUROTENSIN DERIVATIVES:
QUALITY CONTROL IN VIEW OF HUMAN APPLICATION

P. Blauenstein, F. Feurer, E. Garcia Garayoa, R. Bugmann, A. Blanc

Neurotensin derivatives are potential vehicles to transport "mTc and 188Re into tumour cells for diagnostic
or therapeutic purposes. The search for stabilised neurotensin analogues yielded two analogues which
were analysed in view of the clinical test, and finally NT-XI was selected as the most promising candidate.

INTRODUCTION

Neurotensin belongs to the group of neuropeptides
and binds to receptors which are present on cells of
healthy tissues and are over expressed in different
tumours, like the ductal pancreatic carcinoma. This
type tumour is present in 90 % of the patients with a
tumour of the pancreas and in about 75 % of the
cases neurotensin receptors were found. Pancreas
tumours are very difficult to treat.

The stability of the NT analogues was found to be
crucial and thus, several stabilised NT derivatives
were synthesised by the group of Prof Tourwe (Brus-
sels). (In this text "Tc-labelled" means use of 99mTc.)

Table 1: Two out of 15 Neurotensin analogues la-
belled with Tc(CO)3 which show highest tu-
mour uptake. The natural NT7-13 is shown
for comparison.

NT7-13

NT-VIM

NT-XI

Pro-Arg-Arg-Pro-Tyr-lle-Leu

(NaHis)Ac-(N-CH3)-Arg-Lys-Pro-Tyr-Tle-Leu

(NaHis)Ac-Lys-(YCH2NH)-Arg-Pro-Tyr-Tle-Leu

The histidinyl acetate (NaHis)Ac is a tridentate ligand
which forms an uncharged and stable complex with
the Tc-tricarbonyl moiety. This complex is only slightly
polar and does not form hydrogen bridges. Thus the
complex is biologically inert, i.e. it does not influence
the biological properties of the labelled biomolecule
and it is thus an ideal candidate for in vivo application.
However, HPLC analysis showed that two different
species are formed (Fig. 1). An important point was to
show that there is no pharmacological difference be-
tween the two forms. Another goal of this year was the
introduction of a biochemical test which allows a quick
analysis of the finished product.

RESULTS

The binding studies were done according to Lindmo
and Scatchard, respectively, and the comparison of
them (Table 2) shows no difference in the results. The
advantage of the test according to Lindmo is the low
level of activity which is needed, and thus it can be
performed with a small aliquot of a patient dose. The
test according to Scatchard would need the whole
dose.

i_

Trace 1: Reaction mixture
15minat75°C,
trace 2: re-injected fraction
containing P1,
trace 3: re-injected fraction
containing P2

Same solutions heated
additionally for 1 h at 75 °C

Fig. 1: HPLC analysis showing the raw product and
both species of Tc-labelled NT-VIM.

Table 2: Binding of Tc-labelled NT analogues using
different methods of analysis.

NT-VIM

NT-VIM

NT-XI

NT-XI

-log Kd (Scatchard)

-logKd (Lindmo)

-log Kd (Scatchard)

-logKd (Lindmo)

P1

8.7 + 0.6

9.7 + 0.5
-

9.4 + 0.4

P2

9.0 + 0.4

9.5 + 0.5

9.3 + 0.6

9.6 + 0.3

CONCLUSION

The results listed in Table 2 show clearly that the most
important parameter, namely the receptor affinity of
both species is the same. Moreover it was noticed that
heating of the separated species at pH 7 (the free
peptide is also absent) did not destroy the complex
(this is not the case at high and low pH values).

The test production showed that a sterile product was
obtained and the toxicity study done at the RCC Ltd
yielded a value of > 50 ng/kg body weight for NT-XI.
All the data indicate that the application to patients will
be safe.
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COLD RHENIUM COMPLEXES OF NEUROTENSIN ANALOGUES

A.Blanc, P. Blauenstein, R. Schibli, E. Garcia Garayoa, D. Tourwe1 (1Vrije Universiteit Brussel)

The same species of the neurotensin complexes were found after the synthesis with "mTc and cold Rhe-
nium tricarbonyl. In contrast to tracer amounts obtained with "mTc it was possible to analyse the Re com-
pounds with NMR and MS.

INTRODUCTION

The Technetium tricarbonyl moiety has been shown to
have excellent properties for the labelling of neuro-
tensin analogues and the Nahistidinyl acetate to be a
favourable ligand. We observed that two different
species were formed with Tc-99m (see Neurotensin in
view of human application, this report, next page) and
therefore the same complexes were synthesised with
natural Rhenium to enable spectroscopic analysis of
the products. The first important finding was the simi-
lar HPLC trace indicating that the same complexes
were formed. This was confirmed by the similar values
obtained with Tc and Re for the binding of the Re-NT-
XI on HT29 cells and human tumour slices (Prof. J.C.
Reubi, University Bern).

METHODS AND RESULTS

Synthesis: 5 (a.mol of the peptide were mixed with a
slight excess of 5.25 pmol of (TEA)2Re(CO)3Br3, the
pH was adjusted to 7 by addition of NaOH and water
was added to a total volume of 1 ml. The solution was
heated for at least 7 h (sometimes over night) and the
product analysed with a reversed phase HPLC. The
HPLC runs had to be repeated several times in order
to get sufficient material for further analysis.

The Mass-Spectrum (MALDI-TOF) of both fractions
showed no difference and the highest peaks were
found at the expected molecular mass of 1240 and
1238 Dalton (reflecting the ratio of the natural isotopes
of Re). Smaller peaks at 1239 and 1241 Dalton are
interpreted as protonated forms.

The NMR spectrum was recorded using the new
nano-probe. Most signals show small differences be-
tween the species, and, as it is expected, rather large
differences of the His-H. If the assignment (which is
not yet unequivocal) is really correct, the signal of the
acetate-protons does not change.

Table 1: NMR data: chemical shift (8) of the Histidine
signals of the different species.

Imidazole

His Ha

HisHp

free NT-XI

6.97, 8.5

3.90

3.28

Re-NT-XI
Fract. 1

6.95, 8.01

3.92

3.18,3.62

Re-NT-XI
Fract. 2

6.91,8.01

4.05

3.23, 3.92

1 1 2 1
Number of H

1 1 1 1
Number of H

Fig. 1: Selected part of the NMR spectra of the
Re(CO)3-NTXI complexes (left: fraction 1,
right fraction 2).

The NMR Spectrum can be divided into 4 different
regions: In addition to the data listed in Table 1 we
found the aromatic protons of Tyr at 6.6 and 7.0 ppm,
the alpha-CH of the amino acids between 4 and 4.5
ppm and the protons of the methyl- and methylen-
groups of the amino acids in the region between 0.7
and 3.0 ppm. Two H at about 3.45 and 3.6 ppm are
most probably the H8 of Pro.

CONCLUSION

The analysis of the corresponding Tc-complexes
showed that initially the first peak is formed and after
about 2 h of heating an equilibrium is observed. This
leads to the assumption that the first peak represents
an only bidentately bound ligand with either a free
amine or carboxylate and 1 H2O still bound to Re. It is
clear that such a complex is more hydrophilic because
of the longer distance between the charged groups
and the bound water molecule (several hydrogen
bridges possible). The second peak is thus the triden-
tately bound ligand. The NMR data fit rather well with
this assumption. There are two other possible explica-
tions: The inversion of the chirality of the a-carbon of
His or the inversion at the a-amine of His. The MS
data support this assumption, however, they are also
in agreement with the first assumption, if we assume
that the heating of the molecule with the laser leads to
the elimination of the water bound to Re.
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PHARMACOLOGICAL EVALUATION OF A 99MTC(I)-LABELLED BOMBESIN
ANALOGUE FOR GRP RECEPTOR-TARGETTED SCINTIGRAPHY

R. La Bella, E. Garcia Garayoa, M. Langer1, P. Blauenstein, A. Blanc, R. Bugmann,
A.G. Beck-Sickinger1 (1 University of Leipzig, Germany)

A 99mTc(l)-labelled bombesin analogue was characterised in vitro and in vivo for use in gamma
scintigraphy.

INTRODUCTION

An overexpression of neuropeptide receptors is ob-
served in many cancers what makes them an attrac-
tive target for tumour imaging and therapy. Bombesin,
a 14 amino acid peptide, exhibits a high affinity for the
gastrin releasing peptide receptor which is strongly
overexpressed by a variety of tumours (1].

METHODS AND RESULTS

The radiolabelled bombesin analogue (Fig. 1) was
obtained by a prelabelling approach and was charac-
terized in vitro and in vivo.

NH,

- | - c o
CO

VNH S

Fig. 1: Structure of [M(l)-PADA-AVA]bom-
besin(7-14) (M = 99mTc, Re).

Binding studies revealed a high affinity of the rhenium-
labelled homologue (IC50 = 2.2 nM) for GRP receptors
expressed on the PC-3 humane prostate cancer cell-
line. [99mTc(l)-PADA-AVA]bombesin(7-14) showed a
rapid and specific internalisation in PC-3 cells. At
37°C more than 70% was internalised within the first
15 min and remained constant up to 2 hr (Fig. 2).
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Fig. 2: Internalised [125l-Tyr4]bombesin (white bars,
control) and [99mTc(l)-PADA-AVA]bombesin
(7-14) (black bars) by PC-3 prostate tumour
cells incubated at 37°C, after a 2 h preincuba-
tion at 4°C.

Biodistribution studies performed in PC-3 tumour-
bearing CD-1 immunosuppressed mice showed rapid
clearance of the radioactivity from the blood compart-
ment. The highest uptake was found in the pancreas.
High uptake was also observed in the kidneys and the
liver. Tumour uptake was rather low, however, the
receptor blocking study confirmed the specificity of the
bioconjugate toward GRP receptors (Fig. 3).

Pancreas Tumor Intestines Blood Liver Kidneys

Fig. 3: [99mTc(l)-PADA-AVA]bombesin(7-14) was
injected i.v. and the mice were sacrificed 1.5
hr p.i. (white bars). For the blockade experi-
ment 300 |ug bombesin/mouse were co-
injected with the radioligand and the mice
were sacrificed 1.5 hr p.i. (black bars).

A significant reduction of the uptake in the pancreas
and the tumour, and partly in the intestines, was ob-
served with the additionally injected 300 jig of bombe-
sin. No reduction was obtained in all other organs
(data not shown).

CONCLUSION

The synthesized 99mTc(l)-labelled bombesin analogue
shows a high affinity for GRP receptors, is quickly
internalised by GRP receptor expressing cells and has
in vivo a highly specific uptake into GRP receptor-
positive tissues. Therefore, [99mTc(l)-PADA-
AVA]bombesin (7-14) might be used successfully for
scintigraphy of GRP receptor-expressing tumours.
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IMPROVED PREPARATION OF [M(OH2)3(CO)3]+(M = 9 9 M J C , 1 8 8 R E ) AND ITS
APPLICATION FOR RADIOLABELLING OF VARIOUS

FUNCTIONALISED BIOMOLECULES

R. Schibli, C. Muller, B. Sigrist, M. Netter, J. Stahel, R. Schwarzbach, R. Alberto1,
K. Ornter1, I. Zolle2

(1 University of Zurich, 2University of Vienna)

Improved preparations of [M(OH2)3(CO)3l
+ (M="mTc, 188Re) have been elaborated in order to achieve

higher specific activities, lower toxicity during synthesis and simplify handling. The last two points could be
addressed by substituting NaBH4 and gaseous CO with K2H3BCO2. Biotin, estradiol, testosterone and

metomidate have been functionalised in order to be able to label them with [M(OH2)3(CO)3]
+.

INTRODUCTION

The organometallic technetium and rhenium tricar-
bonyl precursor [M(OH2)3(CO)3]

+ (M = 99mTc, 188Re)
for labelling of biomolecules has attracted the atten-
tion of several research groups(1). Although the cur-
rent preparation of the precursor is easy and straight-
forward, the fact, that gaseous CO is needed during
preparation, may hamper its use in a hospital envi-
ronment. A stable, water-soluble, non-toxic source of
CO had to be found preferentially with reducing prop-
erties.

RESULTS AND DISCUSSION

Together with the group of Prof. Alberto at the Uni-
versity of Zurich we have found that potassium boron
carbonates, K2H3BCO2, fulfil all theses prerequisites
ideally. K2H3BCO2 releases CO under aqueous con-
ditions upon heating (2) (Fig.1). At the same time, it
has the potential to reduce 99mTcO4~ form oxidation

state +VII to +l. Thus, the source of CO and reduction
are conveniently hosted in the same molecule.

2-
H+ H+

^ H3BCO2H" ^ H3BC(OH)2

B(OH)3 + 3 H2 + CO H3BCO + 3 H2O

Fig. 1: Hydrolytic pathway of K2H3BCO2.

Further studies about the basic reaction mechanism
of reduction and carbonylation will be performed in
the future. Initial toxicity studies performed at Mal-
linckrodt Inc. (Petten, Holland) have shown that bo-
ron carbonates in the applied quantities (5-10 mg)
are readily tolerated in rats with no effects when in-
jected intravenously. The elegant formulation for
[99mTc(OH2)3(CO)3]+ enables now the routine and

harmless preparation of this organometallic fragment
with high specific activities even in non-chemical
laboratories. Other groups will be able to profit from
this facile kit preparation in order to readily apply the
novel labelling technique for their purposes.

We also improved the preparation of the Re-188 pre-
cursor [188Re(OH2)3(CO)3]+ potentially useful for ther-
apy applying the same labelling methodology as with
[99mTc(OH2)3(CO)3]+. The new synthesis using
BH3»NH3 enables the preparation of the versatile pre-
cursor in better yield and higher specific activities than
the previous one with NaBH4 (1).

In order to translate the high specific activities of the
precursors [M(OH2)3(CO)3]

+ to the labelling of bio-
molecules, we have developed a new versatile and
very effective, tridentate ligand system, enabling the
connection to biomolecules via an amine or a carbox-
ylic acid functionality using standard peptide synthetic
strategies. Introducing of this ligand system to an e.g.
tumour avid peptide via automated solid phase tech-
niques should, thus, be possible. The synthesis of the
ligand system is simple and the yields generally >85 %
(Fig. 2).

H2N-(CH2)n-NHR IN*¥ H
/ • ) -N- (CH 2 ) n - lNH2

H2N-(CH2)n-COOR
(CH2)n—COOH

• B

Fig. 2: Synthesis of bifunctional, tridentate ligand sys-
tems for labelling with [M(OH2)3(CO)3]+.

The X-ray structure (Fig. 3) of a corresponding model
complex [Re(LB)(CO)3]Br (R=Me; n=1) has shown, that
the ligand coordinates indeed tridentately to the
M(CO)3 core improving stability as well as in vivo
clearance of labelled molecules.

Several novel biomolecules have been exploited in our
group for their potential to be functionalised and la-
belled with [M(OH2)3(CO)3 ]+ (under retention of bioaf-

finity) during diploma theses and short time scientific
mission of the European COST action (B12).
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Fig. 3: ORTEP of complex cation [Re(LB)(CO)3]+
(R=Me; n=1).

Namely, biotin (applied e.g. in therapeutic tumour
"pre-targeting" approaches), estradiol and testoster-
one (diagnosis and therapy of mamma carcinoma or
prostate carcinoma) and metomidate (3) (diagnosis of
adrenal gland carcinoma) (Fig. 4).

Fig. 4: Native structures of biomolecules: 1 Biotin, 2
Estradiol, 3 Testosterone, 4 Metomidate.

The functionalisation and labelling strategies are
outlined in figure 5.

Fig. 5: Structure of functionalised and labelled bio-
molecules.

In case of biotin the above mentioned Ligands LA

(R=H, n=3, 10) were connected via the carboxylic
acid functionality and the corresponding bioconjugate
subsequently labelled with [M(OH2)3(CO)3]

+. Specific

activities of 1 TBq/nmol (99mTc) and 400 GBq/|imol
(188Re) could be reached, which is significantly

higher (10-100 times) than with other labelling proce-
dures. This is mainly due to the excellent labelling and
coordination properties of [M(OH2)3(CO)3]

+ and the
applied chelating systems. The conjugate was stable
for more than 24 h in PBS buffer at 37°C (<95%, de-
termined by HPLC) with only minor reformation of
MO4". More important, the labelled biotin derivative
revealed excellent bioaffinity (<90%) comparable to
native biotin. This was verified by standard biotin-
streptavidin protocols (Dynabeads®).

The two steroids estradiol and testosterone were suc-
cessfully functionalised at position 17a known to only
little interfere with the hormone receptor. The bidentate
metal chelate consists of a pyridine ring an imine func-
tionality (Schiff base). Log D values (octanol/water) for
the two 99mTc-tricarbonyl labelled compounds were
around 2 and therefore, significantly smaller than for
the native hormones (4.7 and 5.6 respectively) pre-
sumably due to the hydrophilic character of the metal
centre. Furthermore, the labelled compounds revealed
an unexpected low stability in different buffered media.
One reason for the instability is the tendency of Schiff
bases to hydrolyse. When incubated in human or bo-
vine plasma, fast aggregation of the compounds to the
plasma protein was observed, which prohibited further
in vitro affinity tests. Thus, for future derivatisation of
steroids more lipophilic, more stable and tridentate
ligands have to be applied.

During a short time scientific visit the potential tracer
for carcinoma of the adrenal gland, metomidate (3),
was modified to be able to label it with
99mTc(OH2)3(CO)3]+. From the literature it was pro-
posed that for specific receptor binding the ester, imi-
dazole and an aromatic moiety is critical. Thus, the
lead structure was essentially retained. The aromatic
moiety was replaced by a bipyridine system, which
enables radioactive labelling with the 99mTc-
tricarbonyl. Preliminary in vitro binding experiments
have shown significant uptake of the 99mTc-compound
in the corona of the adrenal gland.

CONCLUSION
We have developed a kit preparation of the or-
ganometallic precursor 99mTc(OH2)3(CO)3]+ ready for
commercialisation and have improved the synthesis of
its therapeutic twin [188Re(OH2)3(CO)3]+ in order to
obtain higher specific activities. The possibility, limita-
tions and future perspectives of labelling biomolecules
with these precursors could again be exemplified with
various derivatised biomolecules.
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FUNCTIONALISATION OF GLUCOSE AT POSITION C-2 AND C-6
FOR THE LABELLING WITH 99mTc-TRICARBONYL

C. Dumas, R. Schibli, J. Petrig, J. Stahel, D. Kunz, S. Schweri

Cancer cells growth is heavily dependent on increased glucose metabolism. Thus, a glucose derivative
that is transported by GLUT 1 could be useful for the imaging of tumours. Glucoses substituted at position
C-2 and C-6 have been synthesized with the intention to develop of radioactive labelled drugs such as the
PET (Positron Emission Tomography) tracer 2-[18F]-2-deoxy-glucose (FDG) for diagnostic purposes. The
strategy to substitute the glucose at these two positions will be described.

INTRODUCTION

The biological activity of glucose is defined by two
facts: its ability to enter the cells (GLUT transporters)
and its metabolism in the cell (hexokinase).

In order to optimise the substitution work on the glu-
cose we decided to study the interaction of the glu-
cose with its transporter, when it enter the cell, and
with hexokinase, once it is in the cell. As the structure
of the GLUT1 is not determined, the modelling of the
GLUT1/glucose complex is not yet possible. But, the
modelling of the hexokinase/glucose complex (Fig. 1)
suggests that glucose can be functionalised at posi-
tion C-2 or C-6 and still enter the hexokinase active
site.

Fig. 1: Labelled glucose functionalised at C-2 by a
heptene spacer and chelating moiety in the
active site of hexokinase and the available
free space (1).

Earlier attempts to label glucose directly with the
transition metal " m T c failed due to low in vivo stabil-
ity of the compounds and due to the direct coordina-
tion of the metal centre to the sugar hydroxy func-
tionalities important for substrate recognition (2).

To maintain bio affinity it is necessary to bifunctional-
ise glucose with an appropriate metal chelating sys-
tem and to separate the sugar moiety and the metal
chelating system. We decided to functionalise glu-
cose at position C-2 and C-6 with an iminodiacetic
acid moiety separated by spacers of different chain
length (Fig. 2) (3).

H2Ck,
OH2

.L*co

chelate > _
Linker
n=2,3...

Glucose

RESULTS AND DISCUSSION

Substitution at C-6

To start with the substitution of glucose, we have de-
cided to set up the reactions at position C-6 with a
linker of three carbons.

Substitution at position C-6 (Scheme 1) was initiated
by protecting all the hydroxyl functions except the one
at C-6 to form pyranose 1. The addition of A/-protected
aminobromide at C-6 affords the desired glucose ana-
logue 2, after acidic treatment to remove the Boc pro-
tection. In the later step the amine had be functional-
ised by action of methylbromoacetate to form the
ligand. Finally the derivative 3 was obtained by saponi-
fication of the esters and elimination of the acetals.

a)

D-Glucose

N XOoH

Fig. 2: Scheme of novel 99mTctricarbonyl labelled
and schematic functionalised glucose.

:O?H

Scheme 1: a) i) p-formaldehyde, AcOH, ii) MeONa,
MeOH, 59 %, b) i) MeONa, MeOH, ii)
Br(CH2)3NHBoc, NaH, DMF, Hi)
CF3CO2H, CH2CI2, 30 %, c) i)
BrCH2CO2CH3, NEt3, THF, ii) NaOH,
H2O, 78 %.

The work at position C-6 was facilitated by the rapid
protection and deprotection of the alkanol functions in
one step. Consequently, the sugar derivative substi-
tuted at position C-6 was straightforwardly obtained in
a six steps synthesis.

Substitution at C-2

After a broad investigation of the previous work on
position C-2, which is known to be difficult, the synthe-
sis of these derivatives was started using three differ-
ent strategies. The first one consists in the alkylation of
the sugar when it is in its pyranose form (Scheme 2).
The epoxidation of commercially available tri-
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benzylglucal took place in presence of m-
chloroperbenzoic acid and the methanol directly
opened the epoxide to form the tetraprotected sugar
4. Unfortunately all the attempts to alkylate at position
C-2 the free alcohol of sugar 4 failed.

^.Bn

Bn

Tribenzylglucal 4 M

Scheme 2: a) m-CPBA, MeOH, 64%.

A second strategy was used to substitute the sugar at
C-2 (Scheme 3). We decided to substitute the C-2 by
opening of the 2,3 epoxide of 1,6-anhydroglucose.
The commercially available anhydroglucose was
tosylated at position C-2 and C-4 to afford 5, and the
leaving group, O-tosyl at position C-4, was eliminated
to form the epoxide 6. This epoxide was then opened
by addition of benzyl alcohol and the epoxide 7 was
closed by basic treatment. However, we never
achieved to open the epoxide of 7.

OH OH

Anhydro-D-glucose

Ts'

c)

Scheme 3: a) CITs; Pyridine, 100 %, b) NaOMe,
NaOH, 46%, c) i) BnOH, BF3,Et20,
Toluol, ii) NaOMe, NaOH, 40 %.

Our last strategy to substitute carbon C-2 was to
alkylate the alcohol when the sugar was in its fu-
ranose form (Scheme 4). The commercially available
D-glucose was first transformed in its furanose
equivalent and then acetals groups had protected the
alcohols at C-1, C-2 and C-5, C-6. Selective depro-
tection of the acetal at position C-5, C-6, and then
alkylation of the three free alcohols by benzyl groups
afford, after deprotection of the acetal at position C-1,
C-2 the sugar tetraprotected 9. The addition of the
linker and the formation of the ligand proceeded as
described for the synthesis of sugar 4 to afford 10.
The acetylated sugar 11 was then obtained by hy-
drogenolisis of the benzyl groups and transformation
of the furanose in pyranose. The final product will be
obtained by saponification of the esters.

o a) Bn°Bntf

D-Glucose

OAc

c)

MeO2C

Scheme 4: a) i) Acetone, H+,
ii) Resin, MeOH, H2O, 62 %,
iii) BnCI, NaH, iv) HCI, MeOH, 57 %,

b) i) Br(CH2)3NHBoc, DMF,
ii) CF3CO2H, CH2CI2, 51 %,
iii) BrCH2CO2Me, NEt3, THF, 56 %,

c) i) H2, Pd(OH)2, MeOH, ii) H2SO4,
Ac2O, 43 %.

After three different strategies we finally found the op-
timal one to substitute the glucose at position C-2.
Four steps are necessary to protect the alcohols at
position C-1, C-3, C-5 and C-6 and leave the one at
position C-2 free. But it appears to be the safer and the
more efficient tactic. Now, that all the protocols are well
established we will be able to functionalised this posi-
tion with other linker and different ligands.

CONCLUSION

We succeeded in the functionalisation at position C-6
and C-2 of glucose and hopefully will soon show their
compatibility with transporter GLUT-1 and hexokinase.
This work will go on with the substitution of the sugar
by longer linkers, as a height-carbon chain (to fit to the
channel of hexokinase showed in Figure 1), and by
changing the chelating system.
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FUNCTIONALISATION OF GLUCOSE AT POSITION C-3 FOR THE LABELLING
WITH 99mTC(l)-TRICARBONYL

J. Petrig, C. Dumas, Ft. Schibli, J. Stahel, D. Kunz

r18rThe aim of this project is to replace the expensive PET tracer [ F]-2-Fluorodeoxyglucose by a inexpen-
sive 99mTc labelled analogue for tumour imaging. For this purpose, we synthesised a series of glucose
derivatives at position C3 with different ligand systems. We successfully labelled these derivatives with
the organometallic precursor fac-["Tc(OH2)3(00)^.

INTRODUCTION

It is assumed that the high uptake of FDG in tumour
cells is due to the strong overexpression of the
GLUT1 glucose tranporter in many carcinomas.(1, 2)
Recognition sites for the GLUT1 are the positions 1
and 3 of the glucose(3). Whereby position 3 seems to
be less important, because 3-Methylglucose has a
similar IC50-value as glucose(4). Since 3-0-

Methylglucose has a similar affinity to the GLUT1 and
high stability even in rat liver(5), it can serve as lead
structure for designing a glucose derivative for the
labelling with Tc(l)-tricarbonyl.

RESULTS AND DISCUSSION

Presumably the charge of the complex is crucial for
the biological activity of the complexes. Therefore
glucose compounds, derivatised at position 3, with
different chelating systems, yielding neutral, positive
and negative charged complexes, were synthesized in
a six step synthesis from the commercial Diacetone-
D-glucose 1.

HOO<

H O O C — ' \ k .

Scheme 1 : Synthesis of the ligands.

The obtained ligands 2, 3, 4 and 5 were labelled at a
ligand concetration of 10"4 M at 70° for 30 minutes
with fac-["Tc(OH2)3(CO)3]+, which gave the corres-
ponding Tc-complexes 2a, 3a, 4a and 5a.

The labelling afforded in all cases single products in
high yield (87-97). The radioactive complexes showed
high stabilities, between 85 and 99 % after 24 hours,
in PBS and in human serum. From 1D proton NMR

experiments it can be concluded that the linker is long
enough that the sugar part does not interfere with the
chelator. For further characterizations the correspond-
ing Re-complexes 2b, 3b, 4b, and 5b were synthe-
sized and characterized with mass and NMR spec-
troscopy. They had similar retention times on the
HPLC as the 99mTc-compounds which evidences that

2 ^/3

M = 99mTc, Re [M(CO)3(H2O)3]
+

4a, 4b
they have the same structure.

5a, 5b

Scheme 2: Labelling with 99mTc(l)-tricarbonyl and
Re(l)-tricarbonyl.

CONCLUSION

We synthesised a series of novel glucose derivatives
for the labelling with low valent organometallic techne-
tium precursors. The present strategy allows the sta-
ble and specific labelling of glucose with " m T c in high
yield. The complexes show also a very high stability
which is important for further investigations as affinity
tests on the GLUT1.
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IN-OUT-ISOMERISM OF NS3-CAGE COMPOUNDS FOR THE
IN VIVO STABILISATION OF AG-111

J.M. Baumeister, R. Alberto1, Th.A. Kaden2, K. Ortner1

(1 University of Zurich,2 University of Basel)

Synthesis of NS3-cage compounds yielded in-isomers of the desired ligands. Synthetic strategies leading

to out-isomers as potential111Ag-ligands for radioimmunotherapy are pursued.

Good decay properties make 111Ag one of the most
interesting radionuclides for applications in radioim-
munotherapy. Yet the metal exhibits in its +l (d10)
oxidation state a very flexible coordination behaviour.
This is mirrored in labile complexes which undergo
rapid transmetallation with competing ligands.

Especially in biological systems potential therapeutic
agents marked with 111Ag will face a wide variety of
e.g. thiolate groups which can coordinate 111Ag. The
radioactive silver ion will then be bound unspecifically
and will be distributed all over the body. Since the
concentration of competing ligands exceeds original
donors by orders of magnitude, an appropriate ligand
has to form both thermodynamically stable and kineti-
cally inert complexes.

Suitable complexes will then be bound to tumorspeci-
fic biomolecules (e.g. antibodies) via specific linker
molecules.

We improved the synthesis of one essential building
block, 3-(2-Chloroethyl)-1,5-dichloropentane, as
shown in Fig. 1: The new synthesis consists of
straightforward, high-yield reaction steps.

\ — C O

-H2O; -C0 2

COOEt

COOEt

I H2; Pd/C

N — /—COOEt

*—COOEt

OH" > ^ HO

JJX.
T SOCI2

JJX.
J LiAIH,

1.OH

2. H +

;OOH f
/ H + ; EtOH

Fig. 1: Synthetic approach to 3-(2-Chloroethyl)-1,5-
dichloropentane.

The next step was to perform a high dilution reaction
to synthesise the desired cage compound bearing the
NS3-complexating moiety. We reacted Triethanthiola-
mine with 3-(2-Chloroethyl)-1,5-dichloropentane in
DMF using Cs2CO3 as a template/base. Workup after
one week yielded exclusively in-isomer in 5% yield
(Fig.2).

Cs2CO,

i T \ DMF-

Fig. 2: High-dilution reaction to NS3-cage compound.

1H-NMR-studies of this ligand showed extraordinary
downfield-shift of the hydrogen-atom bound to the
bridgehead-carbon (Fig. 3), resulting from interaction
with the bridgehead-nitrogen. A crystal structure
analysis of its silver complex confirmed these expec-
tations (Fig. 4).

\

Fig. 3: Significant downfield-shift of the hydrogen-
atom (arrow) bound to the bridgehead carbon-
atom.

Ag(l)

Fig. 4: In-isomer showing surface coordination of
Ag(l). The NS3-coordination site is blocked
due to geometric constraints and the bridge-
head-hydrogen. Ag(l) is four-coordinated, two
additional coordinating NS3-cages are omitted
for clarity. The tosylate-counterion occupies
the fourth coordination site.

REFERENCES
1. Alder, R.W.

1996.
et al., Chem. Rev., 2097-2111,



42

SYNTHESIS, RADIOLABELLING AND CHARACTERIZATION OF POTENTIAL PET
TRACERS FOR THE GLUTAMATERGIC SYSTEM

M. Honer, M. Kokic, L Kessler, F. Gaspahni1, M. Grauerf, S.M. Ametamey
(1Novartis Pharma AG, Basle, 2Boehringer Ingelheim GmbH, Ingelheim, Germany)

The methodology to perform pharmacological in vitro characterizations of potential PET tracers was estab-
lished using [11C]Methyl-BIII277CL, a putative ligand for the glutamatergic N-methyl-D-aspartate (NMDA)
receptor. M-MPEP has been radiolabelled and biologically evaluated. PET studies in 5 healthy volunteers
of [18F]memantine have been completed.

SYNTHESIS AND IN VITRO CHARACTERISATION
OF [11C]METHYL-BIII277CL

INTRODUCTION

A PET tracer has to meet several requirements before
it can be used in a clinical setting. Apart from a suffi-
cient penetration of the blood-brain barrier and a low
metabolism and toxicity, the most basic prerequisites
for a PET tracer are a high affinity and selectivity for
its target. Furthermore, the pharmacokinetic proper-
ties should guarantee that a binding equilibrium can
be quickly reached and that the dissociation of the
ligand-target-complex is not too slow.

Affinity, selectivity and kinetic properties of a potential
PET tracer can be determined in vitro by radioligand
binding assays. In displacement assays, the potential
PET tracer is used in an unlabelled form and tested
against various tritiated ligands that specifically inter-
act with distinct targets. For saturation assays, the
PET tracer is labelled with a PET nuclide and em-
ployed in kinetic studies and Scatchard analyses.
However, radioligand binding studies with short-lived
PET nuclides (e.g. 11C with t1/2 = 20.4 min) are physi-
cally limited since the duration of the experiments
should not exceed five half-lives to maintain adequate
signal-to-noise ratios. We established the methodol-
ogy to perform these binding studies and used
[11C]Methyl-BIII277CL, a potential PET tracer for the
glutamatergic N-methyl-D-aspartate (NMDA) receptor,
for an initial test.

RADIOSYNTHESIS

Methyl-BIII277CL is a derivative of the benzomorphan
BIII277CL, a specific ligand for the PCP binding site of
the NMDA receptor with a negligible cross-reactivity
for the G1 -binding site. Methyl-BIII277CL is radio-
labelled with carbon-11 at the O-position of the des-
methyl precursor (BIII277CL) by heating for 10 min at
120°C with 11C-methyl iodide in DMSO (Fig. 1).

HO.

CH3 I .

DMSO.
K2CO3 rrc

11C-Methyl-BIII277CL

DISPLACEMENT ASSAYS

The pharmacological profile of Methyl-BIII277CL was
determined by an in vitro receptor-screening assay. At
a concentration of 100 nM, Methyl-BIII277CL showed
a significant interaction only with the PCP binding site
of the NMDA receptor (79 % inhibition of specific bind-
ing) and the cA -binding site (46 % inhibition). The
affinity of Methyl-BIII277CL for these two binding sites
was further analysed in a displacement assay using
membranes of mice cortex/hippocampus and [3H]TCP
and [3H]Pentazocine as specific radioligands for the
PCP- and a1-binding site, respectively. A high affinity
interaction of Methyl-BIII277CL with the PCP binding
site was identified (Kj = 49 ± 14 nM) whereas binding
to the o1-binding site was 130-fold lower (Kj = 6.35 ±

0.26 (xM) (Fig. 2). Consequently, at nanomolar con-
centrations Methyl-BIII277CL can be described as a
specific ligand for the PCP-binding site of the NMDA
receptor.
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Fig. 1: Radiosynthesis of 11C -Methyl-BIII277CL.

log [Methyl-Bill 277 CL]

Fig. 2: Displacement curves of Methyl-BIII277CL
(representative experiment).

SATURATION ASSAYS

For the estimation of the kinetic parameter ty2on and
the dissociation constant KD, Methyl-BIII277CL was
11C-labelled and employed in saturation studies using
rat whole brain homogenates. Kinetic analysis of
[11C]Methyl-BIII277CL binding was analysed by incu-
bating the radioligand (70 nM) with the brain homoge-
nate (0.5 mg/ml protein) at room temperature for dif-
ferent time periods (1 - 85 min) followed by determina-
tion of bound radioactivity via filtration. Non-specific
binding was quantified by co-incubation with 100 |j,M
PCP and amounted to 45 %. The kinetic saturation
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curve revealed that saturation of [11C]Methyl-
BIII277CL binding was reached after 20 min (Fig. 3).
The isotherm was fitted using the software KELL,
giving the best fit for a single exponential function and
a ty2on-value of 0.02 min.

1,0E-09

.4.
0 1000 2000 3000 4000 5000 6000

incubation time [s]

Fig. 3: Time course of [11C]Methyl-BIII277CL binding
to rat whole brain homogenate (representative
experiment).

Scatchard binding assays were performed in a con-
centration range of 5 - 1500 nM of [11C]Methyl-
BIII277CL. Increasing concentrations of the radioli-
gand were incubated with the homogenate for 40 min
at room temperature in absence and presence of 100
|iM PCP. Scatchard transformation of [11C]Methyl-
BIII277CL saturation binding data resulted in a single
high-affinity binding site of [11C]Methyl-BIII277CL with
a dissociation constant (KD) of 6 + 1 nM and a maxi-
mum number of binding sites (Bmax) of 670 ±
154 fmol/mg protein (Fig. 4).
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Fig. 4: Scatchard plot of [11C]Methyl-BIII277CL bind-
ing (representative experiment).

CONCLUSION

This study demonstrates that in vitro determination of
receptor binding parameters of 11C-labelled receptor
ligands is feasible despite the physical limitation of a
short half-life. Methyl-BIII277CL interacts with high
affinity with the PCP-binding site of the NMDA recep-
tor and shows a more than 100-fold higher binding
preference to the PCP-binding site compared to the
o1-binding site. Furthermore, [11C]MethylBIII277CL
binding equilibrium in vitro is quickly reached within 20
min. All these binding parameters warrant further
evaluation of [11C]Methyl-BIII277CL as a PET tracer
for the NMDA receptor. Currently, in vivo PET studies
in rats and pigs as well as biodistribution studies in
rats are in progress.

PET STUDIES OF 18F-MEMANTINE IN HEALTHY
VOLUNTEERS

We previously reported on the synthesis, radiolabel-
ling, biodistribution studies in mice and PET investiga-
tions in a Rhesus monkey of 1-amino-3-[F-18]fluoro-
5-methyladamatane ([18F]-memantine). In these stud-
ies, the regional brain distribution of [18F]-memantine
was changed by memantine and (+)-MK-801 suggest-
ing competition for the same binding sites. To further
examine the binding characteristics of
[18F]-memantine, we carried out PET investigations in
5 healthy volunteers. The time-activity curves of [18F]-
memantine uptake indicated a homogeneous distribu-
tion in gray matter (cortex and basal ganglia regions)
as well as the cerebellum of human brain. Kinetic
modelling of the PET data showed that the uptake
curves of [18F]-memantine in receptor-rich regions
such as striatum and frontal cortex were best de-
scribed by a 1-tissue, 2-compartment model. The
distribution volume (DV") values of all gray matter
were, however, similar and ranged from 15 to 20

ml/ml. The white matter showed a DV" value of 15 +
1.4 ml/ml. These results suggest that [18F]-memantine
distribution in human brain does not reflect regional
NMDA receptor concentration, and this radioligand
lacks the specificity required for the PET imaging of
the NMDA receptors.

RADIOLABELLING AND IN VIVO EVALUATION OF
11C-M-MPEP FOR PET IMAGING OF THE ME-
TABOTROPIC GLUTAMATE RECEPTOR
5 (mGLUR5)

Binding of glutamate at the mGluR5, which belongs to
class I of the mGluRs, results in a G-protein mediated
activation of phospholipase C (PLC) in dendrites and
cell body neurons in most of brain areas. An exces-
sive activation of these glutamate receptors is thought
to implicate in a variety of neurological diseases such
as epilepsy, focal and global ischemia, pain and neu-
rodegenerative diseases. In order to map the mGluR5
in the brain and to evaluate its possible influence in
the above-mentioned disorders by PET, M-MPEP (2-
methyl-6-(3-methoxyphenyl) ethynyl-pyridine), a new
and highly potent (KD = 3.5 nM) non-competitive an-
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tagonist for the mGluR5 was radiolabelled with car-
bon-11. The radiosynthesis of 11C-M-MPEP was ac-
complished by O-methylation of the desmethyl pre-
cursor (hydroxy-MPEP) with 11C-methyl iodide (Figure
5). 11C-MPEP was purified by reversed phase HPLC
using a semi-preparative |a-Bondapack C-18 column
with 0.1% H3PO4/MeOH (70:30) as eluent and at a
flow rate of 4ml/min. The product was formulated in a
solution containing Polysorbatum (0.1%) and 0.9%
saline.

DMF,
K2CO3

120°C,
10min.

Hydroxy-MPEP "C-M-MPEP

Fig. 5: Radiosynthesis of11 C-M-MPEP.

The total synthesis time was between 45-50 minutes
with a radiochemical yield of 10-20% and the final
product had a specific activity of 30-60GBq/mmol
(800-1600Ci/mmol) at the end of synthesis (EOS).
The radiochemical purity of 11C-M-MPEP was >99%.
The log P value of M-MPEP was determined using the
shake flask method in phosphate buffer
(pH=7.4)/octanol and amounted to 1.3.

In vivo Rat-PET studies were performed and a time
activity curve was generated. The PET-study indi-
cated an initial rapid uptake of radioactivity into the rat
brain. Thereafter, a fast clearance from the brain re-
gion was observed. Blockade studies by co-injection
of 11C-M-MPEP and non-labelled M-MPEP (1mg/kg)
showed contrary to our expectations an increased
uptake of radioactivity in the rat brain (Figure 6).

3 j
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Fig. 6: Time activity curve of 11C-M-MPEP.

11C-M-MPEP, due to its high lipophilicity and non-
specific binding may not be a suitable PET-radioligand
for imaging the mGluR5. Synthesis, radiolabelling and
first biological evaluation of new derivatives of M-
MPEP with a lower lipophilicity are currently being
pursued.



45

TUMOUR HYPOXIA MEASUREMENTS BY POSITRON EMISSION TOMOGRAPHY

M. Bruehlmeier, U. Roelcke1, B. Kaser-Hotz2, O. Gardelle, E. Sinnig, C. Vetter, S.M. Ametamey
(1Cantonal Hospital Aarau, 2 Veterinary University Clinic Zurich)

Using 18F-fluoromisonidazole and 15O-H2O, we assess hypoxia and perfusion of malignant brain tumours
by PET. The goal is the treatment planning of radiotherapy considering hypoxia.

INTRODUCTION

Positron emission tomography (PET) offers a non-
invasive method to determine important parameters
for treatment planning of malignant tumours, e.g. tis-
sue perfusion, edema and hypoxia. We currently as-
sess the usefulness of 18F-fluoromisonidazole
(FMISO) to measure hypoxia of malignant brain tu-
mours in humans. Tissue hypoxia leads to a trapping
of FMISO by nitroreduction and covalent binding to
cellular components, leading to signal increase in
PET. However, hypoxia measurements by PET are
hampered by limited tracer delivery in low-perfused
tissue and, in the brain, by the influence of the blood
brain barrier. We correlated these parameters by per-
forming multi-tracer PET studies in tumour patients. In
4 patients with malignant brain tumours and in addi-
tion in one dog with a peripheral fibrosarcoma, we
measured hypoxia using FMISO and tumour perfusion
using 15O-H2O.

RESULTS

arterial plasma
brain tumour
normal brain

2000 4000

Time [s]

6000

Fig. 1: Plasma concentration of FMISO and time
activity curves (TAC) of tumour and normal
brain tissue in a 51-year old male patient with
a glioblastoma multiforme.

In normal brain tissue, radioactivity slowly increases
during time, indicating that no equilibrium is reached.
The TAC of the brain tumour starts at a higher level
and then increases at a steeper slope than normal
brain, the latter indicating tissue hypoxia. However,
conventional, static FMISO PET images, typically
performed at 2-3 hours after tracer injection, solely
depend on current tissue radioactivity, i.e. the ,,right
end" of the TAC. The steep increase of tumour TAC at
the beginning, compared to a slow tracer uptake into

normal brain, is clearly a consequence of the dis-
rupted blood brain barrier in tumour and in part con-
founds FMISO accumulation in late images. In other
words, brain tumours with a disrupted blood brain
barrier would appear more ,,hypoxic" than tumours
with an intact barrier.
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Fig. 2: Plasma concentration of FMISO and time
activity curves (TAC) of a fibrosarcoma in a
dog, with a low-perfused area in the centre of
the tumour and well-perfused tumour parts at
the rim.

The TAC from the well-perfused area peaks and pro-
gresses virtually parallel with the radioactivity in
plasma, indicating FMISO distribution in a single com-
partment. The TAC from the low-perfused tissue
shows that tracer delivery to tissue is limited at early
scan times. Both TACs eventually reach the same
level, i.e. that late FMISO PET images in this case
show a homogenous FMISO distribution throughout
the whole tumour, apparently without hypoxia. How-
ever, if a kinetic analysis is performed, an irreversible
FMISO trapping in the centre of the tumour can be
demonstrated, indicating hypoxia.

CONCLUSION

When measuring tissue hypoxia by PET, the influence
of perfusion and the brain blood barrier have to be
evaluated carefully. FMISO has limitations in brain
tumours, where BBB alterations may play a role, and
in peripheral tumour, where perfusion is very low,
especially if hypoxia measurements solely rely on a
late, static PET image. These problems can in part be
overcome by suitable kinetic analysis, if a dynamic
PET data set is available.
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SMALL ANIMAL PET IMAGING AT PSI

S.M. Ametamey, M. Honer, J. Missimer

A PET camera, the quad HIDAC, designed to image small animals PET was delivered to and installed at
PSI in December. This camera, a noninvasive tool to access biological function, will permit us to address
important issues in neurobiology and oncology with medical imaging techniques.

Limited until recently to humans and large animals
due to the spatial resolution of commercial cameras,
positron emission tomography (PET) dedicated to
imaging small laboratory animals has been developed
during the past five years. The motivation for this de-
velopment proceeds from interest in addressing ques-
tions in neurobiology and oncology with medical imag-
ing techniques (1). With the increasing number of
animal models of human diseases, e.g. transgenic
mice, PET represents a noninvasive tool to access
biological functions. Clearly, this new tool could be
very useful to the pharmaceutical industry.

Manufactured by Oxford Positron Systems, the quad
HIDAC is one of the first commercial PET cameras
designed to image small animals (2). HIDAC is the
pseudonym for High Density Avalanche Chamber,
quad refers to the quadratic configuration of 16 planar
detector modules, four modules stacked on each side.
The distance between opposite modules is 170 mm
and the modules are 280 mm deep, providing a cylin-
drical field of view with corresponding diameter and
length. This space is adequate for the rats or mice for
which the camera is designed.

Each detector consists of a multiwire proportional
chamber combined with laminated plates of inter-
leaved lead and insulating sheets mechanically drilled
with a dense matrix of small holes. An electric field
focuses conversion electrons to the centre of the
holes. They are .4 mm in diameter and .5 mm from
centre to centre, yielding intrinsic submillimeter resolu-
tion. In order to assure uniform acquisition, the detec-
tor bank rotates continuously 180° backwards and
forwards every 6 sec.
The camera delivered to PSI in mid December is the
second commercial model. Before ordering the cam-
era, we examined a prototype housed at Hammer-
smith Hospital, London. Acceptance tests performed
at Hammersmith since delivery of the first commercial
model last summer and at the factory in November
demonstrated a resolution of 1.2 mm full width at half
maximum after reconstruction using the filtered back
projection algorithm supplied with the camera. This is
half the resolution of commercial animal PET cameras
using crystal detectors, justifying our decision to pur-
chase the HIDAC. The efficiency of our camera for
detecting coincident photons from a point source is
about 1%.

. • • • • • ,

After initial testing and phantom studies, equipping the
camera with devices to prevent the rodent from mov-
ing, to keep it warm, and to monitor and maintain it
under anaesthesia is necessary before the scientific
program can begin.

The goals of the research program at Centre for Ra-
diopharmaceutical Science include the development
of PET radioligands for the glutamatergic system,
monitoring the response to radio-immunotherapy fol-
lowing treatment of diseased animals with therapeutic
doses of radiolabelled antibodies and retroviral vec-
tors, and imaging receptor-positive tumours with Cu-
64 labelled tumour-binding peptides.

REFERENCES

1. Phelps, M.E. PET: The Merging of Biology and Imag-
ing into Molecular Imaging, J. Nucl. Med., 41, 661-681,
2000.

2. Jeavons, A.P.,Chandler, R.A. Dettmar, C.A.R. A 3D
HIDAC-PET Camera with Sub-millimetre Resolution for
Imaging Small Animals, IEEE Trans. Nucl. Sci., 46,
468-473, 1999.



47

RCBF CHANGES ASSOCIATED WITH THE PRESENTATION OF
PLEASANT STIMULI IN HEROIN ADDICTS

C. Martin Soelch, A-F. Chevalley1, K.L. Leenders2, J. Missimer, S. Magyar, G. Kuenig,, W. Schultz3

(1University Hospital Geneva, 2University Hospital Groningen, The Netherlands, 3University of Fribourg)

We performed a study comparing how the brain processes pleasant stimuli in young healthy controls with
the processing in a group of former opiate addicts. The results appear to confirm that opiate addiction is
associated with changes in the processing of emotional salient information in the brain.

INTRODUCTION

Substance abuse is one of the major causes of pre-
mature and preventable illness, disability and death.
Some personality features seem to play a role in de-
pendence processes. Thus drug addicts have higher
values in sensation-seeking and in hedonism than
controls (1,2). Furthermore, in a previous PET-study
we showed that the brains of opiate addicts react in a
different way to motivational stimuli than controls (3).
For this reason, we performed a new study in which
we compared how pleasant stimuli are processed in
the brain in a group of young healthy controls and in a
group of former opiate addicts. This project is collabo-
ration between PSI, the Department of Substance
Abuse of the University hospital of Geneva, and the
Institute of Physiology of the University of Fribourg.

METHODS AND PATIENTS

We compared a group of 9 right-handed, healthy male
volunteers with a group of 10 right-handed, male for-
mer heroin addicts on methadone maintenance. Sub-
jects were matched for age. We measured regional
cerebral blood flow (rCBF), an index of neural activity,
with H2

15O PET. rCBF was recorded using H2
15O PET

while subjects watched 3 minute film clips of musical
color feature films. The films were selected by sub-
jects as producing pleasure. We presented 4 types of
film clips: science-fiction, sea and underwater ani-
mals, acrobatic skiing and rebellion. The clips were
presented in a semi-random order. We performed one
baseline scan and four scans with clips selected to
produce pleasure in one session. We recorded sub-
jective ratings of pleasure, well being and arousal
immediately after each scan on a visual analogue
scale. We presented a 5 minutes visuo-cognitive task
washout between each clip.

RESULTS AND DISCUSSION

In healthy controls, our results showed rCBF in-
creases in the mediodorsal prefrontal cortex, the sup-
plementary motor area, the orbitofrontal cortex, the
gyrus cinguli as well as in different regions of the pa-
rietal, temporal and occipital cortex, including the pri-
mary visual area. In opiate addicts, activation was
found in the same regions as well as in additional
regions like the striatum, the thalamus and the mid-
brain.

Thus the orbitofrontal and mediodorsal frontal cortex
as well as the occipital cortex seem to be involved in
the processing of emotional information. Interestingly
regions associated with motor behavior were also
activated in response to emotional stimulation, al-
though no motor response was requested in the ex-
periment. The regions that were additionally activated
in opiate addicts are regions influenced by dopamine
and involved in reward processing. Furthermore, opi-
ate addicts (3) already showed a different pattern of
activation in these regions in response to reward.
These findings appear to confirm that opiate addiction
is associated with changes in the processing of emo-
tional salient information in the brain.

A. OPIATE ADDICTS B. HEALTHY CONTROLS

Fig. 1: SPM projections of significantly activated
brain areas in the comparison between pleas-
ure and baseline conditions (p=0.001) A. in
opiate addicts, B. in controls.
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DIVISION OF RADIATION MEDICINE -
PATIENT TREATMENTS AND TUMOR THERAPY EVALUATION

G. Goitein, H. Blattmann

The beam period 2000 has been the fourth season for
patient treatments on the PSI Spotscanning Gantry,
again, like in 1999, with an increase of the number of
patients. This, of course, is only one positive aspect of
the Proton Therapy Project, which has two important
activities: The OPTIS program for irradiation of ocular
malignancies with the scattered 70 MeV proton beam
of the pre-injector 1, and the Gantry program for
treatments of deep seated lesions in various anatomi-
cal regions with scanned proton beams of variable
energies.

OPTIS is the very established branch with the world-
wide largest number of patients per year. The clinical
results are excellent, as the continuous follow-up ef-
forts are showing. OPTIS is at the same time the con-
vincing example for the medical benefits one can
achieve by using protons, especially for large lesions
in relation to the radiation-sensitive anatomical com-
partment, and for the importance of high quality per-
formance of the treatments as well as regular, long
term follow-up; the latter being often the most difficult
part of the work.

The Gantry program has become a well regarded
medical contribution to national and international ef-
forts to improve cancer treatment. Patients were re-
ferred by ten Swiss and four international centers of
Radiation Oncology, Neurosurgery and Surgery.
Chordomas and chondrosarcomas were the main
group of tumors, and lesions outside the base of skull
were more frequent than in previous year. Particularly
large tumor volumes meant real challenge for treat-
ment planning, performance and the whole therapeu-
tical concepts. Of the 31 patients treated between
April and December 2000, twenty-eight received cura-
tive therapy for primary lesions. Combined therapy
with protons and photons were on the program as well
as the combination of proton irradiation with chemo-
therapy, which is particularly promising for pediatric
tumors. The daily treatment performance has been
improved again, with respect to hardware, software,
e.g. implementation of a "PatBase" program and a
speed up of the spot application, and work procedures
in general.

One strong goal of our activities is the development of
proton beam technology, which can be transferred to
major hospitals in order to add to high quality cancer
treatment modalities. Strong national and international
interest supports PROSCAN, the program for the im-
plementation of a medical accelerator at PSI and the
development of a second generation Gantry, which
could be commercialized. The decision about the type
of accelerator is about to be taken, and the installation
of this machine together with new beam lines for the

existing Gantry, OPTIS and the Gantry 2 will be a joint
activity of many groups at PSI and one of our main
focuses for the coming year.

Within the TTE program the project for segmentation
of abdominal organs in CT scans has been com-
pleted. The conclusion from the Ph.D. work of M.
Quicken is, that the results of the completely auto-
matic, statistical shape model based segmentation for
bladder and prostate need manual post-processing to
reach sufficient accuracy to be used for quality assur-
ance purposes in radiation therapy of the prostate.

At the veterinary hospital of the University of Zurich
the Linac, and with it the treatment planning system,
have been taken into full operation this year. This
made it possible to perform first treatment planning
comparisons between proton and photon treatment for
canine nasal tumors. For patients where the brain had
to be partially included in the treatment volume, the
dose volume histograms demonstrate a clear advan-
tage for proton irradiation. With a patient throughput of
approx. 400 patients per year, a good basis for further
comparative studies is available.

On the cellular level of radiation biology, with the
apoptosis assay of leukocytes, the radiation induced
apoptosis rate is being studied in dogs before and
during a treatment course. A second main activity was
the radiation induced genetic instability, discussed in a
separate contribution (Crompton et al.).

Within the "Microbeam Radiation Therapy Project" at
the ESRF, headed by Prof. J. A. Laissue, Bern, arrays
of parallel thin ( =25 - 50 |j,m), closely spaced (5-
10/mm) microplanar beams of synchrotron x rays
have been applied on developing brains of rats and
pigs uni-directionally or bi-directionally. A 1.5 cm x 1.5
cm lateral array of equally spaced 25 |j,m-wide vertical
microbeams was targeted to the center of the cerebel-
lum. The skin-entrance doses ranged from 150 Gy to
600 Gy. Absorbed doses were computed by use of
the PSI version of the Monte Carlo code GEANT. In
pigs, more than one year (first litter), or half a year
after irradiation (second litter), the irradiated animals
remained indistinguishable from their sham-irradiated
littermates in terms of body weight, behavior, neuro-
logical status and cerebellar imaging criteria. The
observations in microbeam-treated rats and piglets
suggest that MRT might be useful, where other kinds
of radiotherapy for brain tumors of infancy are not
safe. The underlying radiobiological mechanisms will
be studied at the ESRF and possibly later at the SLS,
within a collaboration initiated by the Swiss Society for
Radiobiology and Medical Physics.
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A SINGLE LOW DOSE OF X-RAYS INDUCES HIGH FREQUENCIES OF GENETIC
INSTABILITY AND HERITABLE DAMAGE

N.E.A. Crompton, Y.-Q. Shi, G.C. Emery, F. Wuergler1 H. Blattmann

institute for Toxicology, Swiss Federal Institute of Technology Zurich,
CH-8603 Schwerzenbach, Switzerland

Proton therapy reduces the radiation load to healthy tissues during radiotherapy of cancer patients.
Genotoxic cancer therapies (radio- and chemotherapies) need to be tailored to the characteristics of a
patient, and his or her tumour, in order to keep potential chronic treatment complications associated with
induction of genetic damage in healthy normal tissues to a minimum. We have investigated these issues
using a flow cytometric assay of radiation-induced genetic instability.

INTRODUCTION

Genetic instability presents a complex dilemma for
cancer therapies. Many forms of cancer treatment
involve the use of drugs, which are potentially clasto-
genic. They can cause second malignancies and drug
resistance in non-malignant, healthy cells by inducing
genetic instability (1). Induction of heritable damage
leading to genetic instability is an important considera-
tion in cancer therapy, which motivates the develop-
ment of novel, less genotoxic, treatment designs and
technologies. In previous studies we reported that
radiation-induced morphologically transformed C3H
10T1/2 mouse fibroblasts displayed unstable intracel-
lular DNA contents, expressed as aneuploidy and/or
polyploidy (2,3). In the present investigations we ex-
amined whether genetic instability is limited to mor-
phologically transformed cells, or if it is a common
feature of both transformed and non-transformed cells
damaged by ionizing radiation. We examined whether
radiation can induce similar effects in other cell types.
We have also reported that C3H 10T1/2 cells display
reduced checkpoint stringency when compared with
hamster fibroblasts and human lymphoblastoid cells
(3). Therefore, we investigated the role of checkpoint
stringency and p53 function in the induction of herita-
ble damage. In these studies, two parameters were
measured in the surviving clones of four cell lines
exposed to radiation. Intracellular DNA content was
measured in two rodent, fibroblast cell lines (C3H
10T1/2 and V79). Intracellular DNA content and pre-
disposition to apoptosis were measured in two human,
lymphoblastoid cell lines (TK6 and WTK1), which dif-
fer in functional p53 status.

RESULTS

In total 321 clones were isolated, propagated and
analysed. 102 clones were derived from cells not ex-
posed to radiation and 219 clones were derived from
exposed cells. 149 rodent fibroblast clones and 172
human lymphoblastoid cell clones were examined. A
total of 44 C3H T101/2 murine fibroblast clones were
harvested and analysed: 26 clones from non-
irradiated cells and 18 clones from irradiated cells.
Only one of the 21 non-irradiated clones displayed an
abnormal DNA content (3.8%). This control clone

displayed a mixture of diploid and tetraploid DNA con-
tent. All eighteen clones grown from cells surviving 8
Gy X-rays displayed abnormal DNA contents (100%).
14 clones were hypoaneuploid, 2 were hyperane-
uploid, and 2 displayed dual hyperaneuploid peaks.
None of these clones was isolated from a morphologi-
cally transformed focus. Increased intracellular DNA
content correlated positively with increased cell size.
A total of 105 V79 Chinese fibroblast clones were
harvested and analysed: 25 clones from non-
irradiated cells and 80 clones from irradiated cells.
None of the clones from non-irradiated control cells
displayed an abnormal DNA content. Among the 80
clones grown from cells surviving 8 Gy X-rays, 9
(11.25%) displayed abnormal DNA content: 2 hypo-
diploid, 4 hyperdiploid, 1 tetraploid, 1 with both hypo-
diploid and diploid peaks, and 1 with both diploid and
hyperdiploid peaks.

Because rodent cell lines tend to display less stringent
cell cycle checkpoint controls than human cell lines
(4), we investigated human B-lymphoblastoid cell lines
for evidence of radiation-induced ploidy change. We
examined two closely related cell lines: TK6 and
WTK1, which have similar cytological and growth
characteristics but which differ in their functional p53
status. TK6 cells have wild-type p53 function but
WTK1 cells have mutated p53 function. The lym-
phoblastoid cells exposed to radiation received a dose
of 1.5 Gy X-rays. A total of 61 TK6 clones were har-
vested and analysed: 29 clones from non-irradiated
cells and 32 clones from irradiated cells. All of them
displayed normal diploid DNA content. A total of 111
WTK1 clones were harvested and analysed: 22
clones grown from non-irradiated cells and 89 clones
grown from irradiated cells. A single abnormal clone
was found amongst the control clones, which was
hyperaneuploid. Three abnormal clones were ob-
served in the clones grown from irradiated cells. Two
were hyperaneuploid; the third displayed dual peaks,
one diploid and the other hyperaneuploid. The fre-
quency of clones with ploidy change grown from non-
irradiated WTK1 cells (1/22) was not significantly dif-
ferent (p > 0.6, t = 0.273) from the frequency of those
with ploidy change grown from irradiated WTK1 cells
(3/89).
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Human lymphoblastoid cells are highly sensitive to the
presence of clastogenic damage, which causes them
to undergo apoptosis. The apoptosis effectively elimi-
nates potentially carcinogenic and mutagenic cells
from a population. We examined the TK6 and WTK1
cell lines for their ability to undergo radiation-induced
apoptosis. TK6 cells displayed high levels of apop-
tosis 48 h after exposure to radiation. However, WTK1
cells, which contain two mutated p53 genes, were
unable to mount a radiation-induced apoptotic re-
sponse.

Normal (< 14% apoptosis) WTK1 clones, grown from
non-irradiated cells, displayed more background
apoptosis (8.4%) than normal TK6 clones (5.7%),
reflecting the skewed character of the WTK1 fre-
quency distribution. Even in the absence of radiation,
predisposition to apoptosis caused by mutated p53
function was observed in 5 of 22 WTK1 clones
(22.7%). The average apoptotic fraction in these 5
clones was 23.9%. Predisposition to apoptosis in-
duced by exposure to 1.5 Gy X-rays was observed in
5 of 32 TK6 clones (15.6%). The average apoptotic
fraction in these 5 clones was 40.0%. Although fewer
clones expressed predisposition to apoptosis after X-
ray exposure, in those that did, the predisposition was
significantly greater. Predisposition to apoptosis in-
duced by exposure to 1.5 Gy X-rays was observed in
53 of 89 WTK1 clones (59.6%). The average apop-
totic fraction in these 53 clones was 37.9%. No signifi-
cant differences between the apoptotically predis-
posed TK6 and WTK1 clones were observed, either in
the predisposition to apoptosis (p > 0.8, t = 0.217) or
in the time required till harvest (p > 0.8, t = 0.208).

Our data on predisposition to apoptosis suggest that
heritable damage is frequently induced by radiation
exposure. Under suitable conditions it can lead to
genetic instability and tumorigenesis or normal tissue
damage. Patients displaying autonomous genetic
instability due to specific gene deficiencies, such as
Ataxia telangiectasia or Nijmegen breakage syn-
drome, show both enhanced radiosensitivity (5,6) and
an enhanced predisposition to cancer (7). Diagnosis
of patients, who are hypersensitive to radiation-
induced toxicity, is of significant clinical relevance (8).
More targeted or conformal treatments, such as pro-
ton therapy, should be used during radiotherapy to
reduce dose to healthy tissues received by patients,
particularly to patients with extensive post-therapy life-
expectancy. Our data clearly demonstrate the induc-
tion of heritable damage in both rodent and human
cell lines. A single dose of 1.5 Gy X-rays induced pre-
disposition to apoptosis in at least 15.6% of the TK6
cells and 36.9% of the WTK1 cells. In order to induce
heritable damage in these cells it was not necessary
that they be exposed to multiple rounds of treatment,
as suggested by recent studies of genetic instability
induced by chemotherapy (1). A single low dose was

sufficient indicating that mammalian cells are exqui-
sitely sensitive to its induction. In the different cell
types studied, radiation induced a different spectrum
of genetic instabilities, as has been reported previ-
ously (9). We also observed that various mechanisms
to suppress expression of radiation-induced heritable
damage exist in cells, depending on cell type and p53
function. Nevertheless, we conclude that genotoxic
cancer therapies (radio- and chemotherapies) should
be tailored to the characteristics of the patient, and his
or her tumour, in order to keep chronic treatment
complications associated with induction of heritable
damage in healthy normal tissues to a minimum. Nota
bene: Dr. med. Dr. rer. nat. Yu-Quan Shi was heavily
involved in these studies. We are pleased to be able
to congratulate him on the successful completion of
his PhD studies at the ETH Zurich. He has begun a
post doc in Philadelphia at the University of Pennsyl-
vania and we wish him the best for the future.
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SPONTANEOUS ANIMAL TUMORS

B. Kaser Hotz, A. Sumova, J. Fidel, C. Rohrer, S. Stankeova, P. Theiler, R. Achermann,
O. Gardelle, H. Blattmann

The installation of a linear accelerator at the
veterinary school was the highlight of the year
2000. This finally enables us to perform direct
comparisons between photon and proton therapy
planning for the same patient. We continue to
exploit the NTCP model of Lyman and Burmann
to study normal tissue side effects. Our prelimi-
nary data on canine nasal tumors indicates, that
proton therapy is most advantageous when a
partial brain volume of a considerable size has to
be irradiated. Once the volume is very large,
such that almost the entire brain is involved, the
advantages of proton irradiation is less pro-
nounced.

Fig. 1: Dose distribution for a dog with a nasal
tumor, left for protons right for photons.
The arrows mark the area of major dif-
ference.
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Fig. 2: Dose volume histograms and complica-
tion probabilities for protons and photons
of the same dog.

There were 4 new dogs entered into the dose
escalation program. The highest selected dose is
now being used and it seems tolerated, at least
clinically. We are continuing to collect histopa-
thologic data.

Last fall we started along a new research ave-
nue: molecular biology-based radiation therapy
planning. There is renewed interest in tumor
hypoxia, for several reasons: hypoxic tumors are
not only more radioresistant but they also tend
to behave biologically more aggressively. Spe-
cifically, hypoxic conditions promote the upregu-
lation of hypoxia induced factor-1 (HIF-1) which
induces vascular endothelial growth (VEGF).
VEGF enhances tumor angiogenesis and thus
promotes tumor growth. In vivo determination of
intratumoral oxygen tension with the Eppendorf
needle electrode suggests that the level of hy-
poxia varies considerably between and within
tumors. If representative images of the three-
dimensional tumor hypoxia levels were available,
this information could be directly incorporated
into conformal proton therapy or intensity modu-
lated radiation therapy (IMRT) planning. Conse-
quently, the regions of more pronounced tumor
hypoxia could then be targeted with higher radia-
tion doses.

Fig. 3: With the Eppendorf needle profiles, of
oxygen partial pressures are measured
in vivo.

j 10 15 20 25 30 35 40 45 50 55 60 65 70 75 SO 85 90

Tissue oxygen pressure (mmHg)

Fig. 4: Example of a distribution of partial pO2
pressure measurements in a myosar-
coma of a dog. The high frequencies of
oxygen pressure measurements below
20 mm Hg. are evidence for hypoxia in
this tumor.
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RESULTS WITH A GRID CHAMBER FOR FAST PROTON BEAM MONITORING

S. Lin, A. Coray, T. Bohringer, E. Pedroni

INTRODUCTION

A grid ionization chamber, based on a design of
a detector traditionally used for measuring alpha
radioactivity (1), has been developed and
checked for four year along with patient treat-
ments at PSI for use as a fast proton beam flux
monitor. The results have proved that it is stable
and reliable for our applications. Comparing it
with our parallel plane ionization chamber (PIC),
monitor 1 (2), it has the advantages that it is
faster and is not sensitive to microphonics ef-
fects (3). The grid chamber will be used to re-
place monitor 1 as the dose steering monitor.

OVERVIEW OF THE GRID CHAMBER SYS-
TEM
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Fig. 1: Schematic diagram showing the principle
of the grid chamber system, where d =
1.0mm, r =0.05mm, p = 10.0mm, q =
30.0mm, V c = - 4500V, Vg =-1500V;

d 2 = 1.0 cm, V 2 = +2000V.

Figure 1 illustrates the principle of the system.
The dose check monitor 2 (PIC) (2) is located
downstream of the grid chamber. The anode of
the grid chamber collects the ionization elec-
trons. The grid shields the anode from the induc-
tion of the positive ionization ions which are mov-
ing toward the cathode. The grid chamber is
filled with pure nitrogen gas instead of ambient
air, in order to avoid electron attachment by the

electronegative impurities. The gas pressure is
kept at about 1 % higher than the ambient pres-
sure by adjusting the gas flow with a gas pres-
sure regulator. The theoretical and experimental
studies of the chamber have been described in
ref (3).

RESULTS FROM THE LOG FILES OF THE
PATIENT TREAMENTS
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Fig. 2: The ratio of the measured single spot
counts (gridmonitor/monitor 1) against
the nominal spot presets in a period of
one patient treatment. The spot dose
was defined by monitor 1. (Monitor 1 is
located between the grid chamber and
monitor 2 and not shown in Figure 1.
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Fig. 3: Comparison of the measured ratio
(gridmonitor/monitor 1) of one patient
treatment against the whole treatment
period (3 months, 96 treatments and 32
fractions). The spot dose was defined by
monitor 1.

In Figure 2, when the nominal spot preset is
lower than about 2000, the spot length will be
less than 1 millisecond. Therefore the precision
of the ratio measurement is limited and the re-
sults show more deviations. Figure 3 illustrates
that the grid chamber remained stable during the
whole patient treatment period of three months.

1. Bunemann, O. et. Al. Canadian J. of Research,
Vol. 27:191-206, 1949.

2. Pedroni, E. et al. Med.Phys. 22(1), January
1995.

3. Lin, S. et. al. 16-17, Annual Report, Annex II,
1995.
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ROUTINE PATIENT SETUP AT THE PSI-GANTRY USING A REMOTE CT SCANNER

W. Roser, T. Bohringer, E. Egger, G. Goitein, M. Grossmann, A. Lomax, L. Wisser

Conformal radiotherapy requires a highly precise patient positioning procedure for the daily repositioning
of the patients. At the PSI gantry, this procedure has been simplified in the year 2000 using table offsets,
leading to a more accurate patient positioning, which is easier to achieve than in previous year.

INTRODUCTION

Due to the highly conformal nature of the treatments
provided by the PSI gantry, an accurate and repro-
ducible patient setup procedure is required. In order to
accurately assess a patient's position, a remotely
situated computer tomography (CT) system has been
adopted. This decision was also taken in order to in-
crease the patient throughput and thus to reduce the
effective costs of the whole treatment facility. With this
arrangement, most of the preparatory work with the
patients is performed outside the treatment room,
leading to a more efficient utilization of the treatment
gantry.

METHOD

We are using a General Electric CT system, (GE
Medical Systems, Milwaukee, Wl, U.S.A.) which was
installed in the winter shutdown period 1998/1999. For
the determination of the correct patient position, we
first acquire a few pre-selected CT slices. From these
pictures, which are directly compared to those from
the planning CT, it is decided whether the patient
needs to be repositioned in his mould. Afterwards two
orthogonal CT topograms are acquired to confirm the
correct positioning of the patient in the spatial direc-
tions. In-house developed software allows a direct
comparison of the position of predefined anatomical
landmarks in the topograms in and around the tumor
region to an accuracy of ± 0.5 mm.
In summer 2000, our treatment control system has
been modified in such a way that a proton treatment
can be applied with user-defined gantry table offsets
in order to correct translational errors in a patient's
positioning. This now enables us to skip most of the
patient's repositionings in the CT, provided that the
patient is not rotated and that the delivered fields are
all coplanar, which is the case for about one half of
our patients.

RESULTS

The first patient with whom this possibility has rou-
tinely been used was a patient being treated for a
cervical tumor. Fig. 1 shows an enlarged section of
the lateral CT topogram used for daily positioning. The
two arrows indicate the positions of two anatomical
points, which were used for the determination of the
table offsets, i.e., the edges of a metal fixation plate at
the anterior aspect of the target region.

Fig. 1: Metal fixation plate in the patient's spine.

Table 1 summarizes the distribution of the daily CT
positioning offsets of the metal plate shown in Fig. 1,
the applied gantry table offsets, and the resulting pa-
tient offsets in the 37 treatment fractions. From these
data it is clear that it was possible to obtain a position-
ing accuracy of this patient, which was below 1 mm in
all directions.

Table 1: Mean positioning errors of the metal plate
shown in Fig. 1 over all 37 treatment frac-
tions.

X

y

z

CT topogram
offset

2.0 ± 1.0 mm

1.8 ± 1.8 mm

-0.9 ± 1.5 mm

Applied gantry
table offset

-1.7 ± 1.2 mm

-1.6 ± 1.7 mm

0.7 ± 1.4 mm

Resulting treat-
ment offset

0.3 ±0.7 mm

0.2 ±0.8 mm

-0.2 ± 0.6 mm

CONCLUSIONS

By the use of orthogonal topograms with our remote
CT system we are able to prepare a patient for treat-
ment with a high degree of positional accuracy while
another patient is still being treated on the proton gan-
try. With the introduction of automatic corrections of
measured offsets from our CT topogram analysis, we
have shown that in head and neck cases a positioning
accuracy of 1 mm or less over the whole treatment
period is achievable. This option offers an increased
patient throughput together with an improved preci-
sion of the preparatory process for each single treat-
ment fraction.
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INITIAL EXPERIENCE OF USING A CCD BASED DOSIMETRY SYSTEM

E. Pedroni, S. Lin, H.U. Stauble, O. Stadelmann

INTRODUCTION

The use of a scintillating screen viewed through a
mirror by a CCD camera has been firstly proposed for
dosimetry in proton beams by our colleagues in Gron-
ingen. Results obtained with scanning beams at PSI
by this group have been recently published (1). In this
article we report on the initial experience of using our
own equipment developed specifically for routine do-
simetry on the PSI gantry.

THE NEW EQUIPMENT

Fig. 1 : Photograph of the CCD equipment.

The new apparatus can be mounted on the PSI gantry
in a reproducible way and provides the capability to
measure, under remote control, dose distributions at
different gantry angles and at different depths below a
stack of Plexiglas plates.

SYSTEM PERFORMANCE

Fig. 2: Dose shadows of a thimble ionisation cham-
ber in the homogenous portion of a dose field
(see text).

To give an impression of the level of sensitivity, which
can be achieved with the CCD system, we show in
Fig. 2 a dose distribution measured in the middle of
the Spread Out Bragg Peak of a perfectly homogene-
ous square box of dose. An Exradin ionisation cham-
ber was mounted in a tight hole in the lowest of the

Plexiglas plates placed in front of the screen. For the
image of Figure 2 we have adapted the grey scale
contrast to see details in the very last few % of the
homogenous portion of the dose. One can easily rec-
ognise the shadows of the thimble ionisation chamber.
These effects arise from small changes in proton flu-
ence, due to multiple scattering at the density inter-
faces of the chamber. That such effects are depicted
at the level of only some percent of the dose can be
seen from picture 2, where we show the measured
dose profiles with and without chamber.

FIRST RESULTS FOR ROUTINE DOSIMETRY

The CCD system combines at the same time a good
position resolution with an excellent stability of the
measured signal, making it an ideal instrument for
routine verification dosimetry with scanning proton
beams. Possible disadvantages are a moderate de-
pendence of the response with LET and the fact that
the system is suitable only for relative dosimetry. We
show in Fig. 3 (see Appendix 1) as an example the
comparison of measured and calculated dose distribu-
tions for the central field of the first intensity modu-
lated proton therapy treated at PSI in 1999 (2). The
calculation of the dose contains a small dE/dx de-
pendent correction for the quenching of the scintillator
response with LET, but the comparison is performed
with the same constant adjustment factor for all
depths. In order to give a more quantitative idea on
the agreement of the results, we show the dose com-
parison for an arbitrary profile (position of the yellow
band in the first image of Figure 2). The red curve (the
measurement) differs very little from the calculation (in
blue) (the systematic discrepancy at the first depth is
probably due to a build-up effect of the dose depos-
ited by nuclear interactions). The quick availability of a
large number of data points permits to rapidly obtain a
complete and precise overview on 3d shaped dose
fields, otherwise very difficult to obtain using ionisation
chambers alone. These good results show the high
accuracy of the physical dose model used in treat-
ment planning and the reliability of the beam delivery
system developed for the PSI gantry. Beside routine
dosimetry, the CCD system is also well suited for
characterising the details of the proton pencil beam
used for scanning, for investigating multiple Coulomb
scattering effects in complex anatomical structures (in
antropomorphic phantoms) and to measure the pe-
numbra of collimators used in addition to scanning.

REFERENCES

1. Boon S.N. et al, "Performance of a fluorescent screen
and CCD camera as two-dimensional dosimetry sys-
tem ...", Med. Phys. 27(10), 2000.

2. Lomax, A. in this newsletter issue.
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INTENSITY MODULATED PROTON THERAPY: A FIRST CLINICAL EXAMPLE

A.J Lomax, T. Boehringer, A. Coray, E.. Egger, G. Goitein, M. Grossmann, P. Juelke, S. Lin,
E. Pedroni, B. Rohrer, W. Roser, B. Rossi, B. Siegenthaler, O. Stadelmann, H. Stauble,

C. Vetter, L. Wisser

INTRODUCTION

Here we report on the first treatment of a patient using
fully automated 3D intensity modulated proton therapy
(IMPT). By 3D IMPT, we refer to the calculation and
delivery of multiple ports for which the optimisation
process has been applied to all three dimensionally
distributed proton Bragg peaks from all fields simulta-
neously. This results in a set of individually in-
homogenous fields which nevertheless combine to
deliver a homogenous resultant dose across the tar-
get volume.

MATERIALS AND METHODS

A 34 year old man was referred for proton therapy
with a Chondrosarcoma in the posterior portion of the
seventh and eighth thoracic vertebrae. The defined
target volume was prescribed a dose of 72Gy and
was found to wrap partially around the spinal cord
creating a 'classic' treatment planning problem (fig-
ure 1). The spinal cord was assigned a maximum
tolerance dose of 60Gy. The planning problem in this
case was accentuated by two additional physical con-
straints. Firstly, beams through the heart and lung
were to be avoided due to errors in the delivered dose
that could result from motion of these organs. Sec-
ondly, the delivery of highly weighted Bragg peaks
deposited directly against the spinal cord were to be
avoided, due to the risk of dose 'overshoot' into the
spinal cord and possible RBE effects in the distal
edge of the Bragg peaks.

In order to avoid these problems, a three field,
patched technique was adopted, with Bragg peaks
from all three fields being optimised using the 3D

IMPT method described by Lomax (1). Three inde-
pendent assessments of the sensitivity of the calcu-
lated plan to potential delivery and calculation errors
were used; 1) range error analysis, 2) patient set-up
error analysis and 3) Monte Carlo verification of the
analytic dose calculation.

RESULTS

Figure 1 shows the optimised dose distributions of the
individual fields planned for this case. Three fields
were defined; right posterior oblique (figure 1a), poste-
rior (figure 1b) and left posterior oblique (figure 1c). In
order to avoid directing proton pencil beams directly at
the spinal cord, both the RPO and LPO fields were
designed such as to only cover the left and right lobes
of the target volume respectively (figure 1a and 1c).

With the RPO and LPO beams alone, it is impossible
to achieve a homogenous dose across the full target
volume due to the combined plateau doses in the
middle-posterior portion of the target volume (the por-
tion immediately posterior to the spinal cord). The
third, posterior beam was therefore introduced. As a
result of the raised dose in the RPO-LPO overlap
region, and in order to obtain a homogenous resultant
dose, the multiple field optimisation process necessar-
ily reduces beam weights in the central portion of the
posterior beam (see figure 1b). Due to the geometry
of the patched field arrangement, these beams are
also the ones that are incident on the spinal cord.
Thus, after optimisation, the posterior field delivers
only Bragg peaks of a relatively low weight against the
spinal cord.

A C
Fig. 1: RPO (A), posterior (B) and LPO (C) fields for the optimised 3D IMPT plan. Note the clearly reduced dose in

the central portion of the posterior field (the portion incident on the spinal cord) and the patched arrange-
ment of the RPO and LPO fields.
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A C
Fig. 2: The nominal (A), 10% overshoot (B) and worst case (C ) 3 field IMPT plans. Note degree of conformation

achieved by the nominal plan (A), the sparing of the spinal cord even when considering large range uncer-
tainties (B) and the potential cold areas (< 95% of PTV dose) along the patch lines that could result from
positioning errors of 5mm in the AP direction.

The resultant dose distribution for all fields together is
shown in figure 2a. Through the use of three patched
fields (none of which pass through the thorax) and 3D
IMPT, a high degree of conformity could be achieved
with almost complete sparing of both the lungs and
heart and with no high weighted Bragg peaks being
directed at the spinal cord.

A recalculated dose distribution with 10% reduced CT
values is shown in figure 2b. Although an overshoot of
dose from the RPO and LPO beams into the lungs is
clearly seen, no similar effect is evident in the region
of the spinal cord, indicating that the plan is relatively
insensitive to range errors in this region. Indeed, com-
parison of the nominal and overshoot spinal cord
DVHs showed that although the mean dose to the
cord would be increased in the case of such an error
in range, the maximum dose would remain the same
(58Gy in both cases).

Figure 2c shows a composite, or 'worst case', dose
distribution derived from the six error dose distribu-
tions resulting from the set-up error analysis (one for
each of the offsets along the major anatomical axes).
The 'worst case' distribution clearly shows the possi-
bility of cold regions in the target volume as the result
of positioning errors (figure 2c). Further analysis re-
vealed that these areas would result from offsets of
the patients positioning in the AP direction in particu-
lar. Post-treatment analysis of the patients positioning
showed that, although day-to-day variations of the
order +/- 4mm (2SD) could be observed, the mean
offset over all fractions in the AP direction was found
to be only 0.1mm.

Due to the site of the lesion and the dynamic nature of
the treatment method, it was also considered neces-
sary to assess the magnitude of the organ motion in
the region of the target volume. To this purpose, rep-
resentative inhalation and exhalation CT slices were
acquired twice through the course of the treatment.
Both checks indicated that motion in the region of the
target was minimal (of the order of 1 mm), even though
motion in the thorax (away from the target volume)
could be quite considerable.

DISCUSSION

With only three fields, field patching and 3D IMPT, a
high degree of conformity has been achieved for this
challenging case within a relatively short overall
treatment time (typical delivery times per field of 1-2
minutes). In addition, by choosing three fields that all
come from the posterior aspect of the patient, minimal
dose has been delivered to the heart and lungs and
overall integral dose has also been significantly re-
duced.
The main advantage of this approach however, is the
inherently safer set of Bragg peak positions and
weights that result. That this is the case has been
shown by the error analysis applied to this case. The
range error analysis presented here has been calcu-
lated assuming a 10% underestimate of the CT (pro-
ton stopping power) values in treatment planning. In
fact, this figure is very much a worst-case value. Di-
rect measurements of proton stopping powers for
biological tissues indicate that these can be estimated
from our CT with an accuracy of about 1 % in soft tis-
sues and 2% in bone (2). However, as this patient
was relatively large, we took a value of 10% for this
case to also allow for day-to-day variations in the
amount of soft tissue that may in the posterior aspect
of the target volume. Even with this relatively large
error, the spinal cord has been found to be well pro-
tected using this treatment technique.

CONCLUSIONS

3D IMPT has been clinically applied for the first time.
Detailed error analysis of the plan has demonstrated
that the treatment can be applied safely (indeed this
was the main impetus to apply IMPT methods in this
case) and that highly conformal plans can be con-
structed using small numbers of fields in a challenging
treatment site.

REFERENCES

1. Lomax, A. 1999 Phys. Med. Biol. 44 185-205.

2. Schaffner, B., Pedroni, E. 1998 Phys. Med. Biol.
43: 1579-1592.
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OPTIS: SUMMARY OF THE RESULTS

E. Egger, G. Goitein, L Zografos , D. Beati*, T. Bohringer, L Chamot*, W. Roser, A. Schalenbourg*

*H6pital Ophtalmique Jules Gonin, Avenue de France 15, CH-1004 Lausanne

The OPTIS program continued successfully during the year 2000, in which we treated 239 patients with
ocular tumors. By the end of December 2000, the total number of patients treated at our facility is 3259.
Our main effort during the past year was concentrated on the analysis of our treatment and follow-up data
and the presentation of our results. A brief summary of these results is presented here.

INTRODUCTION

Proton therapy has become the treatment of choice
for large uveal melanomas and tumors located close
to sensitive structures like optic disc and nerve, and
macula. Since proton therapy is not available every-
where, other treatment techniques like irradiation with
the gamma knife have been tried. The results pub-
lished in (1), while reporting only on 7 years of follow-
up, show that gamma knife irradiation of large uveal
melanoma is followed by significant morbidity. The
gamma knife was developed for radiosurgery and is
not indicated for fractionated treatments. Zehet-
meyer, who has pioneered gamma knife treatments
for uveal melanoma, has abandoned this treatment
because he concluded that a larger number of frac-
tions is required to reduce the complication rates (1).
Proton therapy remains the only effective conserva-
tive treatment for large uveal melanoma.

PATIENTS AND METHODS

Between March 1984 and December 1999, we have
treated 3014 patients presenting with ocular tumors.
Among them, 2638 were uveal melanomas. They are
the subject of this report.

Follow up data available through August 2000 were
used in this analysis. The endpoint events assessed
were death from any cause, ocular tumor related
death, recurrence, enucleation, and loss of visual
acuity to less than 20/200.

RESULTS

By August 2000, 225 patients had been lost to follow
up. 21 patients refused any follow up examinations.
426 patients had died. The death was related to the
ocular tumor in 333 cases, 27 patients died from
other tumors. Four patients died from other causes
with known metastases from the ocular tumor. 35
patients died from other causes without metastases.
In 27 cases the cause of death could not be found by
us. 76 patients had to receive a second treatment
because of tumor recurrence. 38 of them received a
second conservative treatment, 38 eyes were enu-
cleated. In total, 218 eyes had to be enucleated
mainly because of uncontrolled neovascular glau-
coma and functional loss.
Our main concern was local tumor control, knowing
that recurrences have an important effect on survival

(2). We identified different causes for local tumor
control failures, such as reduction of safety margin,
incorrect estimation of the thickness of the upper
eyelid within the irradiation field, and invisible exten-
sion of the tumor within the ciliary body. Identifying
these causes, we were able to find remedies to these
problems and thus, to increase progressively the rate
of local tumor control. The rate of local tumor control
at 5 year passed from 90.8 % for patients treated
before 1988 to 99.1 % for patients treated after 1994.
The Kaplan-Meier local tumor control rates are
shown in figure 1.

Recurrence free survival
1,00

o

24 48 72 96 120 144 168 192

Time [months]

Fig. 1: Local tumor control in function of treatment
year.
1. Patients treated before December 88
2. Patients treated between January 89 and

December 93
3. Patients treated after January 94

The improvement of local tumor control had also an
influence on survival, as shown in figure 2. However,
in order to be sure that the improved survival was
due to improved local tumor control rate and not to a
more favorable selection of patients, we analyzed the
data of the three groups of patients. This analysis
showed that tumor diameter, patient's age and the
number of patients with extrascleral extension be-
comes less favorable in the second and the third
group, while tumor thickness becomes somewhat
more favorable. Tumor diameter being the most im-
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portant parameter, we conclude that the improvement
of the survival rate is related to the better local tumor
control. The 5-year survival rate was improved from
82.7% for patients treated before 1988 to 91.3% for
patients treated after 1994.

Survival Functions

Eye Retention

E
O

24 48 72 96 120 144 168 192

Time [months]

Fig. 2: Survival in function of treatment year.
1. Patients treated before December 88
2. Patients treated between January 89 and

December 93
3. Patients treated after January 94

Half of the patients with recurrent tumors were
treated by enucleation. Therefore, we expected im-
provement of local tumor control rate to have also a
benefic effect on the eye retention rate, as shown in
figure 3. While 81.4% of the patients treated before
1988 still had conserved their eye after 5 year, this
number increased to 94.5% for patients treated after
1994.
The proportion of patients with useful vision is shown
in figure 4. There are no changes at 5 year between
the 3 groups of patients analyzed.

CONCLUSION

Proton therapy of uveal melanoma has been demon-
strated to be excellent in terms of local tumor control
with a local tumor control rate greater than 99% at 5
year. As compared to enucleation, survival is not
reduced by application of such an efficient conserva-
tive treatment. The eye retention rate is greater than
90% at 5 year with no increased risk of death from
metastases as compared to enucleation. 40% of the
treated patients still have a useful vision 5 year after
treatment. This is the only outcome which has not yet
been improved. It will be subject for special care in
the future.
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Fig. 3: Eye retention in function of treatment year.
1. Patients treated before December 88
2. Patients treated between January 89 and

December 93
3. Patients treated after January 94
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Fig. 4: Proportion of patients with useful vision in
function of treatment year.
1. Patients treated before December 88
2. Patients treated between January 89 and

December 93
3. Patients treated after January 94
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FOURTH BEAM PERIOD OF PROTON RADIATION THERAPY
USING THE SPOTSCANNING GANTRY

G. Goitein, L. Wisser, A. Lomax, and Team Radiation Medicine

NEW PATIENTS

During the beam period of the year 2000 thirty-one
new patients underwent proton radiation therapy on
the PSI Spotscanning Gantry. 16 patients were male,
15 female. Age ranged from 7 to 79 year with a mean
of 46.9 and a median age of 50 year.

Five patients, (4 females, 1 male) presented with the
diagnose of benign meningioma. Two of these lesions
were affecting the optic nerve and showed typical
characteristics of benign meningiomas in radiological
studies as well as in clinical course. Due to the local-
ization, no histological verification had been per-
formed. The remaining three meningiomas were lo-
cated in the sphenoid region, the cavernous sinus and
the orbit and one postoperatively along the falx cere-
bri. The latter case was complicated by previous
gamma knife irradiation in 1994 and extensive left
hemispherical surgery in 1990. We applied 54 CGE
(Cobalt Gray Equivalent) to all five meningiomas, four
fractions per week, and 2 CGE single dose. The le-
sions required each careful design of beam angles
and spot weights in order to achieve appropriate pro-
tection of the adjacent optic apparatus and sensitive
brain structures. The pre-irradiated patient was
treated with compromised dose in the region of the
gamma knife radiation - according to the existing
documentation, which resulted in a substantial dose
inhomogeneity in parts of the target volume.

Six patients, one of whom 7 years, one 19 years old
(2 females, 4 males), were treated for sarcomas out-
side the skull base or spine. One myxoid liposarcoma
in the area of the apex of the left lung, infiltrating the
brachial plexus, the subclavian artery and vessels of
the neck by extending into the paravertebral region,
had been incompletely resected prior to radiation.
Radiotherapy was performed as combination of pho-
tons up to 40 Gy and protons up to 30 CGE, adding
up to a total target dose of 70 CGE. The combination
of the two radiation modalities was planned from the
beginning in order to compensate for the motion of the
target and normal tissues in the area of the upper
thorax. Three other adult patients received combined
photon and proton therapy: One large pleomorphic
leiomyosarcoma of the left iliac muscle had been
treated with surgery and chemotherapy prior to radia-
tion with 50.4 Gy photons. Additional 19.8 CGE pro-
tons have been applied with excellent sparing of the
intestinal and pelvic normal tissues. One patient suf-
fered from a giant chondrosarcoma extending from
the cervical region into the thorax. After incomplete
surgery prior to radiation therapy, we could only apply

16 CGE protons due to the onset of the yearly shut-
down at PSI. A third patient received irradiation after
incomplete surgical excision of a pelvic chondrosar-
coma. The intervention had included extensive osteo-

synthetic procedures to stabilize the pelvic girdle,
using titanium screws and plates. The postoperative
radiotherapy was again a combined approach using
protons and photons. The completion of radiation
therapy has been planned and calculated - as in the
cases described before - in close collaboration with
the referring and co-operating radiation oncologists,
members of the Swiss PROTON USERS GROUP SPUG.
One 19-year-old patient diagnosed with rhabdomyo-
sarcoma of the ethnocide and right orbital region re-
ceived 8 x 2 CGE protons in the framework of com-
bined chemo-radiation therapy for juvenile patients.
The radiation part was again completed with photons.
The youngest patient, a 7-year-old boy, suffered from
an extensive rhabdomyosarcoma in the left infra-
temporal region destroying part of the facial bones.
The child was treated according to the MMT-95 Study
with combined chemo-radiotherapy. After some first
fractions with photons, the boy was referred to proton
therapy in order to take advantage of the superior
sparing of normal tissues - the very important aspect
for the future life of the patient. The treatment had to
be interrupted twice for two and one weeks respec-
tively due to severe mucositis and febrile infection in
connection with the cycles of chemotherapy. At the
end of proton irradiation, the patient had only mild
intraoral mucositis in the left part of the maxilla, which
was part off the target volume, and slight grade 1 skin
reaction with hyperemia on the left cheek.

Three patients presented with lesions of the head and
neck: One 15-year-old girl with a cancer of the naso-
pharynx with involvement of the nuchal lymph nodes.
The patient was treated with combined chemo-
radiotherapy, the radiation part administered with 50
Gy photons to a volume including the neck nodes and
14 CGE protons to the primary lesion. One patient
received a combination of 40 Gy photons and 26 CGE
protons for a carcinoma of the nasal cavity. The third
patient in this group suffered from an esthesioneuro-
blastoma, involving the right ethmoid region and orbit.
After several surgical interventions since 1992, the
tumor had only slightly been debulked. According to
the recommendations of the group at the Mass. Gen-
eral Hospital in Boston, where these tumors are part
of the proton program, the patient received chemo-
therapy prior to proton therapy with 68 CGE.

Chordomas and chondrosarcomas of the base of
skull, spine and sacrum formed the largest group of
tumors in the year 2000. Six patients were irradiated
for lesions in the base of skull, one chondrosarcoma,
receiving 70 CGE, and five chordomas, which were
treated up to 74 CGE. In all cases, the prescribed
dose was administered using a shrinking volume
technique in order to respect the - for these tumors
established - normal tissue constraints of the surface



63

and center of the brain stem and spinal cord of 65 and
55 CGE respectively as well as of the optic chiasm
and nerves of maximally 62 CGE. This technique of-
ten results in a certain underdosage in part of the
target volume adjacent to the critical structure, which
requires the reduction of the total dose. Four patients
had chordomas of the spine, all of which had been
operated on one or several times with tumor extirpa-
tion and stabilization of the spinal column. This stabili-
zation was done in all but one cases using titanium
implants plus Palacos® or autologous bone implant.
Our dose calculation takes these materials into ac-
count, though the strong differences in density are
demanding with respect to beam angles, spot weights
and the aspects of safety of the dose deposition.
Again, shrinking volume technique and one or more
replannings are standard in such situations. The fifth
patient, an 11-year-old girl, had no metal implant,
instead only an autologous tibia graft to stabilize the
cervical spine after resection of parts of C3 and C4.
The vitality of the graft was known to be at risk for in
future, but careful follow up may lead to another inter-
vention to stabilize the cervical spine in case of ne-
cessity or risk of instability. Four patients received
proton therapy for sacral chordomas. In two cases, R1
resection had been performed; a proton dose of 74
CGE could be applied while protecting the largest part
of the rectal circumference. One patient suffered from
a local relapse after surgery two years ago, combined
proton - photon radiation was given with a proton
dose of 24 CGE. The fourth patient had been judged
inoperable at the occasion of open biopsy. This gen-
tleman had had previous photon radiation up to 54 Gy
to shrinking volumes, based on only radiological find-
ings, before the histological verification had been un-
dertaken. The proton dose had to be accordingly low
with 19.8 CGE.

Three patients received palliative proton beam ther-
apy: In one case of a large local recurrence of a rectal
cancer, involving and in part destroying the sacral
bones, even a low dose photon irradiation would have
been substantially risky due to several accompanying
diseases and postoperative complications like perito-
nitis and sepsis. After 55.8 CGE and chemotherapy
with 5-FU, the patient was mobilized again. One pa-
tient with a singular metastasis of a thyroid cancer in
the right occipital bone and base of skull region was
irradiated with 70 CGE. The treatment was planned
within the overall concept with radioiodine treatments,
assuming that the survival time and the excellent
physical status of this young mother of two children
should be maintained over a long period. Ophthal-
mologists, who referred a patient with an orbital me-
tastasis of a malignant melanoma, initiated the third
palliative irradiation. After incomplete resection of this
lesion, consolidation of the local manifestation was
aimed at, though the total dose had to be limited at 60
CGE due to the tolerance of the intraorbital structures.
In addition, a lesion in the ipsilateral cavernous sinus
was treated with 54 CGE, assuming the histology of a
meningioma.

All proton treatments were performed using our 3-d
treatment-planning program. Normal tissue con-
straints were taken care of by applying multiple beam
angles, variable spot weights, individual adaptation of
selected volumes ("technical volumes") and shrinking
volume techniques with two or more individual plans.
In case of strong tissue inhomogeneities, we used
additional Monte Carlo calculations in order to avoid
inaccuracies in the application of high therapeutical
doses. All patients were immobilized with individual
whole body molds, vacuum bite blocks for treatments
in the whole head and neck region or hard body-
conform covers, made out of thermo-elastic material,
in cases of irradiation of truncal lesions. Daily position-
ing controls were performed using the CT- scout
views and reference slices as well as X-rays on the
gantry on selected days. Except one (recurrence of
rectal cancer), all patients had ambulatory treatments.
We saw no unexpected toxicity during the courses of
proton therapy. Normal, dose-adequate reactions like
e.g. dryness of oral mucosa, skin reaction, are not
judged as complication and were treated symptomati-
cally, if necessary.

FOLLOW UP

The follow up reports of the patients treated until the
end of 1999 with protons have been collected. Of the
41 patients, 32 had received curative proton irradia-
tion: 10 meningiomas, 7 lesions of the brain tissues, 8
chordomas and chondrosarcomas of the skull base
and spine, 4 sarcomas of the trunk and extremities, 1
prostate cancer, 1 carcinoma of the epipharynx, 1
esthesioneuroblastoma (re-irradiation). One of the
meningioma cases had been special with four lesions
of atypical histology. After a well tolerated conformal
treatment, one of the manifestations showed early
central tumor necrosis with extensive surrounding
edema. This was the reason for necrosectomy. Unfor-
tunately, the patient suffered postoperatively from
internal medical complications, which finally caused
fatal outcome. One patient with an olfactory men-
ingioma, causing severe reduction in visual acuity,
reports 15 months after therapy almost normalization
on one eye and improvement of visual acuity on the
other side. Of the 7 patients with brain tumors, three
had presented with focal necroses within the high
dose region outside the lesion. Two were sympto-
matic, requiring long term steroid medication in one
case, short term treatment in the other. The third pa-
tient was and is obviously asymptomatic. One patient
suffers from a histologically verified local relapse 18
months after treatment for an astrocytoma II. No
treatment related complication or failure has been
reported to date from the other groups of tumors. At
the end of 2000, thirty-one of the 32 curatively irradi-
ated patients are alive, 1 2 - 4 2 months after proton
therapy, with local tumor control in 31 cases.

We would like to mention the excellent co-operation
with the Swiss PROTON USERS GROUP SPUG, who
contributes to the success of the proton program.
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TULOC: A NOVEL TECHNIQUE FOR THE TRACKING OF TUMOR POSITIONS IN
CONFORMAL RADIOTHERAPY

THE TULOC METHOD WHOSE NAME STANDS FOR "TUMOR LOCATION" IS FILED FOR PATENT UNDER
PCT/CH97/00132 AND WO97/36192 AND IS BEING ASSIGNED TO THE MEDNETIX AG,

A SPIN-OFF COMPANY OF PSI

R.K. Munch, P.G. Seiler, J. Verwey

Tumor movements induced by organ motion (respiration, circulation and peristalsis) can impede the full
exploitation of precision radiotherapy. We are developing a novel technique for the magnetic tracking of
tumor positions. This technique shall allow the real time adaptation of the irradiation pattern to the position
and shape of the tumor during conformal radiotherapy. Eddy currents in near by electrically conducting objects
distort our position measurements. We have developed a method to correct for that effect.

The TULOC method is a novel magnetic tracking
technique described elsewhere (1,2). For the tracking
of miniaturized implantable sensors, we use
alternating magnetic fields that are slowly modulated
with a frequency of about 10 kHz. Such fields induce
eddy currents in near by electrically conducting
objects. The eddy currents, leading to distortions of
the original field, falsify the position measurement. We
have developed a method to correct for those eddy
current effects and demonstrated the correctness of
the method on various example setups in the
laboratory. The method to compute the eddy currents
has been filed for patent.

Fig. 1 shows an experimental setup chosen to test the
eddy current calculations for a copper disc. The points
marked 1 to 125 are the positions in which the sensor
was placed sequentially.
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Fig. 2 shows the positions determined by the
magnetic tracking system without and with taking the
effect of eddy currents into account. Note the
considerable reduction of the systematic error!

We are now adapting the correction calculations to the
real geometry of selected irradiation facilities.
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Fig. 1: Schematic setup to compare eddy current
calculations with measurements for a copper
disc. The sensor is positioned sequentially
into the position 1 through to 125.
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M.O. Steinmetz "Mechanism of action of Op18/stathmin on
tubulin and Microtubules" 14th Regio Meeting in Structural
Biology, Braunwald, Switzerland, September 21, 2000.
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5-HT binding sites in humans" Gemeinsame Jahrestagung
der Deutschen. Osterreichischen und Schweizerischen
Gesellschaft fur Nuklearmedizin, Munich, Germany, March
29 - April 1, 2000.
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P.A. Schubiger, D. Tourve "Pharmacological Evaluation OF
metabolically stabilised Neurotensin Analogues labelled
with technetium-99m" 24th Iternational Symposium on
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ning" invited talk at the International Meeting on Medical
Accelerators (IMMAC 2000) Vienna University of Technolgy
Vienna, Austria, July 1, 2000



71

E. Pedroni "The PSI compact gantry system dedicated to
beam scanning: acquired experience and possible further
developments", invited talk at the "Workshop Cyclotrons in
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STRUCTURAL BIOLOGY

F.K. Winkler "Molekularbiologie und Biophysik V: Proteine:
Struktur, Funktion und Engineering" (with others) ETH Zü-
rich, WS 2000/2001.

INSTITUTE OF MEDICAL RADIOBIOLOGY

R. Jaussi, K. Ballmer-Hofer WS 1999/2000, Postgraduate
Kurs für experimentelle Medizin und Biologie (Leitung J.
Zapf) Vorlesungsverzeichnis #858 UNIZH.

R. Jaussi WS 1999/2000, Biochemie III (Koordinator:
A. Plückthun) Vorlesungsverzeichnis #2247 UNIZH.

R. Jaussi, K. Ballmer-Hofer SS 2000, Postgraduate Kurs für
experimentelle Medizin und Biologie (Leitung J. Zapf R.
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CENTER FOR RADIOPHARMACEUTICAL
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P.A. Schubiger "Tumor-Targeting" Vorlesung ND5, Medizin-
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mit R. Alberto.
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RADIATION MEDICINE

H. Blattmann „Bestrahlungstechniken bei perkutanen Be-
strahlungen". XII. Winterschule der DGMP, ÖGMP,
SGSMP, Medizinische Physik in der Strahlentherapie, Pichl,
Österreich, January 17-21, 2000.

N.E.A. Crompton "Krebs, Altern und Zelltod" Vorlesung No.
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N.E.A. Crompton "Einführung in der Durchflusszytometrie"
Vorlesung No. 471, Universität Zürich.

N.E.A. Crompton "Zellen und Noxen" Vorlesung No. 496,
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N.E.A. Crompton "Durchflusszytometrie für Forschungs-
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Appendix 1

W=7.82 cm W=8.98 cm

Fig. 3: Example of a dose verification with CCD dosimetry. The 8 groups of images correspond to
different depths of the dose field (W = water equivalent range). The upper image in each
group is the CCD measurement and the lower picture is the corresponding dose
calculation. In order to give a quantitative impression of the agreement, a dose profile at an
arbitrarily chosen position (the yellow band in the first image) is shown in the lower part of
each picture (in red the measurement, in blue the calculation). The true size of the images
is about 14 cm.


