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I FOREWORD

INTRODUCTION

The Department of Life Sciences, a small "micro-
cosmos" within the PSI, is aiming to perform high
quality research in biosciences focused primarily on
oncology and in close interaction with the technical
facilities at PSI e.g. proton therapy, SINQ, SLS, and
the national and international bioscience community.
In 1998, relevant changes took place in our depart-
ment both at the personal and the structural level.

First we deplore the death of professor Borje Larsson,
who died in his home town Uppsala on October 12,
1998. B. Larsson was the first director of the Institute
of Medical Radiobiology (IMR), a joint institute of PSI
and University of Zurich which was founded in 1990.
He devoted much energy and enthusiasm as leader of
this world-wide recognised scientific center.

Prof. K. Leenders, head of the PET-research program
left PSI by the end of March, 1998. He moved back
home and became professor of neurology at the Uni-
versity of Groningen. K. Leenders has been a pioneer
of the PET research appreciated by the global neuro-
science community. Before he left, the clinical activities
of the PET-program had moved to the University Hos-
pital Zurich and a redimensioned PET-program con-
tinues at PSI as part of the Division of Radiopharmacy.

In March 1998, Michael Goitein, PhD in biophysics,
professor at the Northeast Proton Therapy Center of
the MGH and Harvard Medical School, Boston has
been appointed as scientific advisor of the Division of
Radiation Medicine at PSI. He was also appointed as
guest professor at the Medical Faculty, Zurich.

By October 1st, 1998 Dr. P. Seiler, former head of
B8/PSI, has been transferred to the TTE project
(Tumor therapy evaluation). P. Seiler is heading the
research project (TULOC 2) which aims at locating

tumor positions to guarantee high precision of radio-
therapy in case of organ movement.

By the end of this year, the Division of Radiation Hy-
giene (ASH) headed by Dr. R. Andres will be trans-
ferred to the Section of Logistics and Marketing with a
broader spectrum of responsibilities (as Division of
Radiation protection and Waste Treatment). During
the last 3 years, R. Andres acted, in addition to his
duty as head of ASH, as deputy of the department
head and he was very active both regarding reduction
of personnel ("Masterplan" 1997) and in focusing of
the research strategy (based on Audit 1996). His en-
gaged leadership based on high professional compe-
tence and on the motto: "suave in modo, forte in re"
was appreciated within the PSI and the Life Sciences
Department. R. Andres deserves our sincere gratitude
for his major contributions to our department. Many
persons outside and particularly inside the department
have continuously and efficiently given valuable sup-
port to our common aim in fostering high standard
biomedical science. We acknowledge with gratitude
this engagement and great help.

Rudolf W. Ammann,
Honorary Professor in Gastroenterology,

Universiy of Zurich
Head ad interim of

the Department of Life Sciences, PSI



SCOPE OF THE RESEARCH ACTIVITY

Following the disengagement of ASH, the Department
of Life Science will consist of the following 4 divisions,
1) Radiation Medicine with 2 subunits

i) Proton Therapy (headed by G. Munkel) and
ii) Tumor Therapy Evaluation

(headed by H. Blattmann);

2) Center of Radiopharmacy (joint institute of
PSI, ETH and University Zurich,
headed by P.A. Schubiger;

3) Institute of Medical/Molecular Radiation Biology
(headed by J. Jiricny) and

4) Division of Structure Biology.

At the present, the latter division exists only on the
organigram of PSI. The search for the head of this
division is under way. A joint position is planned for a
professor of protein crystallography at the ETH com-
bined with the function of heading both the new Divi-
sion of Structure Biology (in close interaction with the
SLS-Team) and the Life Sciences Department at PSI.

It is the strong belief of experts in bioscience that
structure biology particularly with the SLS-technology
will have an important impact on the future biological-
medical research, both for the ongoing research activi-
ties at PSI as well as for external users e.g. Universi-
ties, ETH and industry.

Recently, marked progress has been made toward a
coherent research strategy within the rather heteroge-
neous Life Sciences Department. Optimalization of
conformal proton radiation therapy for localized tumors
and tumor-targeting by biomolecules including Radi-
onuclide therapy for extended or disseminated tumors
are two main lines of our ongoing research activity
which in fact represent a synergistic approach to tumor
therapy.

The world's first compact proton gantry using the
unique spot scanning technique has been brought into
operation. By the end of 1998, 20 patients with various
tumors will have completed conformal proton therapy.
All treatments were well tolerated and no serious side
effects were noted. Thus the short-term outcome of
treatment is encouraging but needs now long-term
evaluation in close collaboration with the Proton User
Group. The Optis-program was continued and the
annual number of refered patients has increased by
about 10 %.

Radiopharmacy (ZRP) and Molecular Radiobiology
(IMR) explore new approaches that target both re-
gional and systemic tumor disease. IMR works on the
VEGF (vascular endothelial growth factor), a humoral
growth factor regulating the blood supply to growing
tumors. Suppression of this process by specific anti-
VEGF-factor(s) is a promising research project. The
ZRP program aims to use biomolecules to target by
radiotracers, and treat by radionuclides, tumors and
metastases which are beyond the reach of conformal

proton therapy. The proof of principle of the IMR- and
ZRP-technologies is already available and it is ex-
pected that these programs will complement the pro-
ton therapy program in the coming 5 to 10 years. An
ideal model to explore these new therapeutic options
for cancer is the TTE-program, closely linked with the
Division of Oncology at the Faculty of Veterinary Medi-
cine, University of Zurich. The collaboration in experi-
mental radiotherapy on spontaneous animal tumors
e.g. dogs and cats is a unique approach. With this
program, PSI is supporting the socially relevant trends
both in diminishing animal experiments by using
"animal tumor patients" and offering similar therapeutic
options for pet animals as in human medicine.

The principal research and development activities of
the Division for Radiation Protection and Radioactive
Waste Treatment concern novel methods for neutron
dosimetry, and the study of presence and pathways of
natural and man made radioactivity in humans and in
the environment. An example is the measurement and
interpretation of the deposition of radon decay prod-
ucts in the respiratory tract of human volunteers, a
unique study in the context of an European Research
programme.
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DIVISION OF RADIATION MEDICINE -
PATIENT TREATMENTS AND TUMOR THERAPY EVALUATION

G. Goitein, H. Blattmann

INTRODUCTION

When PSI decided several years ago to develop, in-
stall and run a state of the art proton irradiation facility
for treatments of deep seated tumors, one could al-
ready look back on the convincing therapeutic results
of proton irradiation, which had been obtained by sev-
eral centers worldwide, mainly by the group at the
Harvard Cyclotron (>7900 patients).

Also PSI has since 1984 substantially contributed to
the successful history of proton radiation therapy by
treating more than 2500 ocular melanomas with the
remarkable overall local control rate of 98% and eye
preservation in 90%. Meanwhile we are looking back
on 14 years of eye treatments. This means having
achieved broad experience, excellent know how, and,
in the first instance, having gained clinical long term
follow-up data of our patients through the University
Eye Clinic in Lausanne. This is exactly the main goal
of radiation therapy in general, and of proton therapy
in particular: real long term follow-up as the result of
local and systemic tumor control. Of course, the de-
tection and validation of any treatment related side
effects has big importance. Once tumor cure has be-
come "normal" for a patient, any treatment induced
toxicity becomes more dominant, particularly if it ap-
pears as a "new disease". Therefore we are still in-
vesting in improving the treatment of ocular lesions in
order to reduce the already low rate of late side ef-
fects. Balancing high radiation doses to the target
volume against optimal protection of normal tissues
has been the main success of proton radiation therapy
for ocular and other tumors. However, with increasing
knowledge and advanced technologies we are facing
the permanent challenge to do better, even if we are
already doing well.

In this context, the PSI gantry, using worldwide for the
first time scanned proton beams of different energies
for treatments of deep seated tumors, is a funda-
mentally important contribution to modem radiation
therapy. Being able to deliver highly conformal, high
radiation doses to tumors in the brain, base of skull,
retroperitoneum and pelvis, we have treated up to now
20 patients during two short beam periods of five
months each. We are looking carefully, with respect to
tumor control and side effects, at the still short term
results. So far we have good reasons to claim that

radiation therapy with spot scanning protons is effec-
tive and well tolerated.
The goal of dynamic proton radiotherapy is an opti-
mized dose distribution to allow for a better normal
tissue sparing. Whether the dose to the tumor and
thus the local control and survival can be increased
remains to be seen. The projects in the Tumor Ther-
apy Evaluation Program (TTE) contribute from differ-
ent aspects to study this question.

Irradiation of spontaneous animal tumors in collabora-
tion with the radio-oncology group of the Veterinary
Medical School of the University of Zurich enables to
perform a dose escalation program in order to find the
tolerance dose to specific normal tissues in respect to
spatial dose distribution. Nasal tumors in dogs are of
special interest for conformal proton therapy because
radiotherapy with photons did not lead to cure in these
patients, and because various important anatomical
structures are at risk, and protons have the potential of
better dose distributions. The treatment planning as-
pect has been the subject of a doctoral thesis of a
veterinary student which is close to completion. Proton
treatment plans of 8 dogs with nasal tumors have been
analyzed in respect to complication probability of brain,
eyes, oral mucosa, skin and the potential to increase
dose to the target volume.

On the Gantry 6 dogs have been treated with protons
up to now for this tumor with doses up to 52.5 CGE
(Cobalt Gray equivalent) corresponding to a dose of
72.2 Gy for late responding tissues if compared to a
fractionation used in human radiation oncology, i.e. 2
Gy per fraction. 4 dogs had to be euthanized due to
local recurrence and/or neurological signs with a mean
survival of 428 days. The brains have been dissected
in the slices of 4 mm thickness and the tissue reaction
analyzed in relation to the proton dose distribution as
calculated for the respective CT slice.

The radiation oncology group of the veterinary school
will install a linear accelerator in 1999, financed by a
private foundation, which will allow state of the art
comparison between proton and photon radiation
treatments in the future.

Five doctoral thesis in biology and veterinary medicine
are ongoing or close to completion in the (TTE) pro-
gram. The areas are characterization of radiosensitiv-
ity of tumor or normal tissue cells, and image seg-
mentation of the male pelvis (EU grant CONQUEST).
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TWENTY PATIENTS TREATED ON THE PSI SPOT SCANNING GANTRY -
SHORT TERM RESULTS

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

Since the PSI spot scanning gantry has been taken into medical operation, twenty patients have been irra-
diated for different malignant lesions in the brain, skull base, orbita, soft tissue of the shoulder, retroperito-
neum, and pelvis. Seven patients received palliative treatment, thirteen patients were supposed to be lo-
cally cured or at least to be long term survivors due to their special tumor situation. So far we have not
seen a local tumor progression, even not in those four patients who died from distant metastases. Two
patients present with radiation induced necrosis in areas, which were treated with therapeutically high
doses. None of the patients has up to now unexpected side effects in normal tissues outside the target
volumes.

INTRODUCTION

Since 1954, more than 23000 patients worldwide have
undergone proton radiation therapy for selected tu-
mors. Now, 44 years after introducing this particle
beam to radiation oncology, we know that we can
achieve excellent therapeutic results with improved
local tumor control and little treatment related side
effects. The most convincing success with proton
beam irradiation in patients with lesions of the base of
skull has set standards for every new activity, particu-
larly if one combines the well known physics charac-
teristics of protons with novel technologies, as we do
at PSI using spot scanning protons for the treatment of
deep seated tumors.

METHOD

In contrast to all existing proton therapy installations
worldwide, who deliver proton radiation with scattered
beams, PSI uses scanned, narrow proton beams,
which deposit single dose spots within tumors or the
defined target volumes. Thus, a target volume is being
"filled" with radiation dose in a dynamic process. The
resulting spatial distribution of the prescribed dose is
particularly well conformal to the shape of the target,
even if, or especially if a target is irregularly shaped or
relatively large. Therefore the indications for proton
therapy at PSI include, beside tumors in the brain and
skull base, sarcomas in various anatomical regions.
These soft tissue lesions are often characterized by
inoperability, and large, occasionally very irregularly
shaped tumor volumes.

RESULTS

Since November 1996, when the first human patient
was irradiated on the PSI spot scanning gantry, we
have treated twenty patients during two short beam
periods of five months each. Nine patients underwent
proton therapy in 1997. As reported earlier, one pa-
tient refused to complete proton therapy or any other
radiation treatment and returned instead to his south-
ern home country. Of the remaining eight patients of
1997, three died from distant metastases 2, 13 and 15
months respectively after irradiation. Two of these

patients had suffered from osteosarcomas, one from a
retroperitoneal malignant fibrous histiocytoma. None of
the irradiated primaries had shown local progression.

Both patients, who were treated for large pelvic chor-
domas, are alive. One patient with a huge, inoperable
lesion (> 2 lit.) invading the subcutaneous tissues and
the skin, developed 14 months after proton therapy a
percutaneous fistula in the area which had to be irradi-
ated with full tumor dose of 69.8 CGE (Cobalt Gray
Equivalent). Despite this negative clinical situation, we
validate the necrosis as treatment consequence rather
than complication, as the localization of the fistula
corresponds to the high dose region of the proton
therapy. The patient is in stable general status, she
has conservative treatment, wound care and physio-
therapeutical mobilization. Up to now, no tumor pro-
gression or distant metastases have been diagnosed.
The second patient who was treated for a sacral chor-
doma presents with a stable, questionably shrinking
tumor mass, no treatment toxicity and very good gen-
eral status. She is fully mobilized and manages her
daily life including household work.

The three patients with brain tumors, treated in 1997,
are regularly followed. One patient, irradiated with 56
CGE for a meningioma in the visual cortex, is alive
with NED, but persisting deficits in concentration and a
slight emotional lability, both had been existing before
proton therapy. One other patient, who was treated for
an oligodendroglioma II - III, has developed radiation
necrosis within the target volume at the 56 CGE level
This late effect became symptomatic with hemiparesis
13 months after proton irradiation. The pathological
finding of a stereotactic biopsy excluded tumor pro-
gression as cause for the necrosis. Under steroid
medication the clinical symptoms regressed com-
pletely, Regular MRI studies are planned in short in-
tervals to document the development of the necrosis.
The third brain tumor patient of 1997, irradiated for an
oligo-astrocytoma II - III is free of symptoms, MRI
studies show almost complete tumor regression.

In 1998 we treated ten patients between August and
December. The first indication was a liposarcoma of
the deltoideus muscle, after two incomplete resections,
three cycles of chemotherapy (IDA) and photon irra-



diation with 41.2 Gy. Protons were used as boost
treatment due to a shutdown period of the PSI accel-
erator. We delivered additional 28 CGE with a shrink-
ing volume technique to the involved muscle com-
partment and the former tumor bed. The patient is
now, four months after radiation treatment, free of any
symptoms, NED, no radiation induced toxicity.

One patient received palliative therapy for a large ret-
robulbar metastases of a malignant melanoma. We
treated with 30 CGE, 3CGE per single fraction. The
tumor responded at the end of therapy, acute toxicity
was mild with hyperemia of the conjunctiva and the
external skin. The palliative effect - complete regres-
sion of the diplopia and pain - could be achieved. The
patient is alive with generalized metastases (liver,
lung).

We could start in 1998 with the irradiation of skull base
tumors. Three patients presented with chondrosarco-
mas of the base of skull. All had undergone previous
surgery. Two patients suffered from postoperative
neurological deficits. We irradiated these lesions with
doses up to 72 CGE to the gross tumor volume. Vol-
ume reductions saved the brainstem and the optic
chiasm from critical radiation dose. We used coplanar
and non coplanar beam angles to achieve satisfying
conformation of the high dose region. None of the
patients needed steroid medication, we did not ob-
serve nausea or any other manifestation of acute re-
action, which would have required medication or other
medical intervention. All three patients are shortly after
treatment in very good condition.

Three patients were irradiated for meningiomas: one
optic nerve meningioma, one lesion in the olfactory
tract, on in the right temporal region. We delivered 54
CGE in single fractions of 2 CGE, four times per week.
Also these patients showed no treatment complication.
Again, no steroid medication was needed during the
therapy courses. All three patients had impaired vi-

sion,. One patient was almost completely blind. These
clinical signs were unchanged at the end of treatment.

Two patients with astrocytomas had proton radiation,
without complication, with 64 CGE to the gross tumor
volume and 54 CGE to a larger safety margin. One
patient reported at the end of therapy regression of
pre-existing strong headaches, the other patient had
clearly reduced incidence of seizures. Again, the short
observation time allows for no judgment about tumor
control or late side effects.

CONCLUSION

After only two beam periods we can look back on early
treatment results with spot scanning protons. We irra-
diated 20 patients, seven of whom had palliative
treatments. Of these seven, four patients died from
generalized metastases, Two patients present with
necrosis in the treated area, one skin / tumor necrosis,
one radiation induced necrosis in the brain, within the
target volume. All other patients are in stable condi-
tion, without treatment related side effects. Up to now
no tumor progression has been reported. All patients
alive are under regular follow up control. We shall very
carefully analyze the reported results in order to im-
prove our treatments where needed.

Thanks to the excellent collaboration within the Swiss
Proton Users Group and with national as well as in-
ternational colleagues we have referrals according to
the existing protocols. They include low grade gliomas,
meningiomas, skull base tumors, sarcomas. The pro-
tocol for prostate tumors has not yet been activated
due to limited capacities.

PSI evaluated the possibilities of installing a medical
accelerator, which would patient not only increase our
capacities substantially, but also support our effort to
develop and maturate the technical system in order to
help implementing proton radiation facilities in hospi-
tals.
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OPTIS: SUCCESS AND FURTHER DEVELOPMENTS

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

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

The OPTIS program continued successfully during 1998 when 266 patients with ocular tumors have been
treated. The total number of patients at the end of December 1998 is 2753. The improvement of the treat-
ment technique in order to reduce the number of complications, i.e. to increase the number of patients
keeping a useful vision without jeopardizing the excellent local tumor control probability, is our main con-
cern today and will remain our main domain of activities for the next years.

INTRODUCTION

Since March 1984, patients with ocular tumors are
being treated with proton beam irradiation at PSI in
close collaboration with the University Eye Clinic in
Lausanne. So far we have treated 2753 patients. At
the beginning only uveal melanomas were irradiated
with protons. The OPTIS group extended the use of
proton beam irradiation to other indications: melano-
mas of the conjunctiva (1986), intraocular metastases
(1986), choroidal hemangiomas (1988), and we pio-
neered the use of a proton beam for the treatment of
age-related macular degeneration in 1992. Today,
proton beam irradiation has become the treatment of
choice for uveal melanoma.

PRESENT STATUS

The analysis of the data based on the treatment of
more than 2500 patients and on the follow-up of these
patients for nearly 15 years is still going on. We have
already demonstrated the effectiveness of proton ra-
diotherapy in order to achieve local tumor control (local
tumor control rate at 5 years: 97 %) and save the pa-
tient's eye (eye retention probability at 5 years: 90 %).

Our main effort is now focused on the analysis of the
complications that occurred following proton beam
irradiation of uveal melanomas, with a special interest
for those complications which have important conse-
quences for the patient such as removal of the eye or
reduction of visual acuity. These complications are
neovascular glaucoma, radiation induced optic neuro-
pathy and optic atrophy and radiation induced maculo-
pathy. The complication free survival for optic neuro-
pathy is shown in the figure below. The time elapsed
between treatment and apparition of the complication
is similar for all the complications listed above. One
can observe that complications begin to appear ap-
proximately between six months and one year after the
treatment. Most of the complications appear within 7
years, but even ten or twelve years after the treatment,
radiation induced complications can still appear. This
demonstrates the need for a long follow - up time in
order to establish a new treatment technique.

FUTURE DEVELOPMENTS

One of the main goals in the future will be to avoid
complications where possible and to minimize the
effect of unavoidable complications. The development
of a new treatment planning program using a more
elaborated dose calculation algorithm than the pres-
ently used EYEPLAN program will be a step towards
the avoidance of unnecessary complications. The use
of alternative treatment schedules, for example the
delivery of a larger number of fractions, may be a step
towards reduction of the complication rate and the
severity of complications. It is the opinion of the first
author that there is no need for a slowly growing tumor
as the uveal melanoma to be treated with 4 fractions
within 4 days. A treatment schedule with a larger num-
ber of fractions and thus a lower dose per fraction
would probably be as effective to achieve local tumor
control. However, the number of complications as well
as their severity could be reduced by application of a
lower dose per fraction. This of course has to be bal-
anced with the presently achieved local tumor control
probability of 98 %. The optimal treatment schedule for
radiotherapy of uveal melanoma is still unknown today
and should be investigated seriously now.

Optic neuropathy
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STEERING SYSTEM PERFORMANCE AND DOSE VERIFICATION

T. Bohringer, A. Coray, M. Grossmann, S. Lin, A. Lomax, E. Pedroni, B. Rohrer, W. Roser,
O. Stadelmann, H. Stauble

The steering system performance has been checked continuously during the beam period 1998 and found
to be very stable. The precision of the dose verification of the patient irradiations will be shown.

INTRODUCTION

During the 1998 patient irradiation period which
started in the end of July and lasted till December
18th, we treated 10 patients. An accurate and safe
dose application requires a thorough check of the
gantry scanning system hardware as well as a verifi-
cation that the planned dose is applied to the right
location. The hardware check is done every morning
before the patient irradiations, and the dose verifica-
tion once before the start of the particular patient
treatment. For details about the gantry system and
irradiation methods, please refer to the annual reports
from the previous years (1).

DOSE APPLICATION SYSTEM STABILITY

Each morning before the patient irradiations start, vital
components of the dose application hardware and
related software are checked through the so-called
daily check procedure, and the results of these checks
are logged. We show in the following plots the time
dependence over the 1998 patient irradiation period of
a few important check results, in order to illustrate their
stability.

Fig. 1 shows the ratio of monitor 1 to monitor 2 rates
versus time. Monitor 1 is an ionisation chamber used
to control the amount of dose applied in each spot,
and monitor 2 is a different ionisation chamber used to
check that the dose measured by monitor 1 is correct.
Since monitor 1 and monitor 2 have different construc-
tion parameters, one cannot compare directly their
outputs, but the ratio between the measured rates
should stay constant.

The plot in Fig. 1 shows that the reproducibility of the
ratio measurement is better than 0.11% (S.D.).

Daily Check 1998 : Ratio Monitori / Monitor2 at 13B MeV

.S
S 126-
D:

Mean = 1.2762, SD = 0.0014

Fig. 2 shows the range for 138 MeV protons in per-
spex measured in the daily check procedure versus
time. This range is measured each day by doing a
range shifter scan (putting all range shifter plates one
by one successively into the beam) and measuring the
resulting rates with a large ionisation chamber. The
stability of the range measurement gives us confi-
dence in the reliability of the scanning system con-
cerning the reproducibility of the Bragg peak fall-off
location.

As can be seen in Fig. 2, the range instability is lower
than 0.1 mm (S.D.), i.e. the stability is better than one
per mille.

13.4-
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Dailv Check 1998
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: Range measurement at 138 MeV
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Beam period 1998

Fig. 2: Range measurement at 138 MeV versus time.

In Fig. 3 we show the results of the so-called daily
check box dose measurements performed over the
1998 patient treatment beam period.

A 6x6x6 cm3 regular field with a prescribed dose of
2 Gy is applied to the inside of a perspex phantom,
and the dose is measured in the middle of the Spread
Out Bragg Peak (SOBP) with a 0.5 cm3 ionisation
chamber (Exradin T2). The beam energy is changed
each day. We show here the results of the check for a
beam energy of 138 MeV, which is the energy used for
most of the 1998 patient treatments. This measure-
ment is performed with all safety checks and watch-
dogs in place, as if one would treat a patient.

The plot in Fig. 3 shows that the dose measurement
reproduces to a precision of better than 0.7% (S.D.).

Fig. 1: Ratio of Monitor 1 to Monitor 2 rates versus
time.
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Daily Check: Box dose in SOBP at 138 MeV

2.20 -i

2.15-

2.10-

2.05-

S5, 2.00 -

I 1.95-

1.90-

1.85-

1.80

Mean = 2.006 SD = 0.013

0763 2107M 10OBBS 3:03 ranse I81J9S

Beam period 1998

Fig. 3: Dose measurement in the SOBP at 138 MeV
versus time.

The regular execution of these checks and the stability
of their results give us the necessary confidence to
perform safe patient treatments, considering the fact
that we now have an experience over two years. The
daily check procedure is an essential part of our qual-
ity assurance scheme.

DOSE VERIFICATION RESULTS

Before a patient is treated, it is essential to check,
among other things, that the dose required by the cor-
responding computerised treatment planning proce-
dure is applied at the right place and with the right
magnitude.

This check, the so-called dose verification procedure,
is performed before the actual patient treatment starts,
usually at night after the daily patient irradiations are
done. The treatment field is applied to a homogeneous
perspex phantom. The dose distributions at different
depths and in two orthogonal directions are measured
with a linear array of 10 graphite wall chambers (0.08
cm3 ) through repeated applications of the field. The
resulting lateral and distal dose profiles give a 3D
quantitative information about the dose distribution in
the treatment field, and can be compared with the
expected dose profiles.

Another important check, in this respect, is the treat-
ment field irradiation of a film stack consisting of alter-
nating perspex layers and films. This allows a fast
comparison of the shape of the field at different depths
with the expected one.

If these comparisons yield good results, the patient
treatment can be started.

Fig. 4 shows a summary of the dose profile measure-
ments for the 51 fields verified in the 1998 patient
treatment period. The plot shows measured against
calculated dose for the 1998 patient treatment period.
One can see that we have an overall dose error of less
than ± 0.03 Gy (S.D.), which indicates a very good
agreement between calculated and measured dose.

199B dosimetry fobsolute)

Meosured Dene (Gy)

Fig. 4: Calculated dose versus measured dose for the
1998 patient treatment period.

The evening dose verifications performed before each
patient treatment still take a lot of time. To increase
their speed, we plan to use in 1999 a so-called cross
array of ionisation chambers, of the same type which
are used for the linear array. It consists of 15 by 15
ionisation chambers, with 1 cm spacing, arranged in
an orthogonal cross pattern. This cross array will per-
mit us to measure two orthogonal dose profiles at the
same time, which will halve our verification time with
respect to the 1998 patient treatment period.

Another improvement in the speed of verification time
will come from the use of our CCD system, together
with our water column, which will allow us to get a real
two dimensional dose distribution. A report in this an-
nual report is devoted to it (2).

REFERENCES

1. PSI Annual Reports Annex II, years 1990 -1997.

2. PSI Annual Report Annex II 1998.
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FIRST EXPERIENCE USING A CCD DOSIMETRY SYSTEM

E. Pedroni, S. Lin, A. Coray, T. Bohringer, A. Lomax, W. Roser, M. Grossmann, O. Stadelmann,
B. Rohrer, H.U. Stauble

In order to speed up our verification dosimetry we developed a dosimetric system based on a scintillating
screen viewed under a 45° degree mirror by a CCD camera . The preliminary results show a very high
reproducibility of both the measuring and the beam delivery system. The excellent position resolution of the
system will also be used for improving our detailed knowledge on the pencil beam used for scanning.

METHOD AND RESULTS

We started recently to use a scintillating screen viewed
by a highly sensitive camera for verification dosimetry.
As opposed to X-rays films, where only the proton flux
is registered on the picture, the Bragg peak is only
moderately depleted in the CCD images (the quench-
ing of the Bragg peak is maximally 10%). In order to
achieve good quantitative dose results, we have de-
veloped methods to calibrate the digital pictures in
position and dose response. The dose from calibrated
CCD pictures were then compared with the dose cal-
culated directly from the steering file used for the irra-
diation. A quenching correction proportional to the
stopping power of the beam has been applied to the
dose calculation (the effect seems to be larger by 50%
than observed in the work of ref. (1)). Figure 1 shows
a comparison between the dose distributions calcu-
lated and measured with the CCD system. The
agreement is very good (the quantitative analysis is
actually best performed by sweeping through the 2d-
dose distribution with the cursor comparing dynami-
cally the dose profiles on a workstation). A possible
problem for this system could be scattered light pro-
ducing a spurious dependence of the dose with target
volume.

Fig. 1: Comparison of calculated vs. measured dose.

The advantage of this system is obviously the excel-
lent position resolution. This will be used to gain more
insight into the details of the shape of the proton pencil
beam. Figure 2 shows as an example lines of spots
measured at different sweeper positions (-9,-
4.5,0,+4.5,+9 cm in the vertical direction of the image)
and at different depths (0,10,20,30,40 cm distance

from the nozzle, displaced in 5 cm steps in the lateral
direction). The picture demonstrates the almost perfect
parallelism of the scanned beam. The central spot is
also shown separately to demonstrate the capability to
resolve details of the order of millimetres.

Fig. 2: Characterisation of the proton beam (see text).

It is interesting to mention here the very high repro-
ducibility of the measured data . We show, as an ex-
ample in figure 3, the same profile through a dose box
measured twice sequentially with the CCD system.
The profiles are almost indistinguishable. The agree-
ment of the order of 0.1% implies an excellent repro-
ducibility of both the CCD system and the beam deliv-
ery system.

RUNE2.DOS RUNE5.D0S

Fig. 3: Dose profiles for repeated measurements of a
6cm dose box.

REFERENCE
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EMPIRICAL PARAMETRISATION OF NUCLEAR INTERACTION EFFECTS IN THE
(ABSOLUTE) DOSE CALCULATION FOR PROTON THERAPY

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

Nuclear interactions produce not only an attenuation of the primary proton beam but deposit part of their
dose through charged secondary products outside of the primary beam. This report shows how a simple
model can be used to correct systematic errors in the dose calculation for treatment planning.

INTRODUCTION

Our routine dosimetric verifications performed with
ionisation chambers usually agree quite good with the
absolute dose calculated in treatment planning (within
about +,- 3%). In certain situations however larger
errors and/or systematic deviations were observed due
to systematic effects. For large fields the measured
dose is for example always slightly higher than for
small fields. We ascribe part of the observed effects to
proton beam losses with subsequent deposition of
dose through scattered nuclear interactions products.
In this report we describe a preliminary attempt to take
into account these effects in the dose calculation for
treatment planning.

METHODS

During their slowing down protons have a certain
probability to undergo nuclear reactions. About 10 to
20% (depending on the initial energy) of the protons
are so removed from the primary beam. The modifica-
tion of the proton flux is presently considered in our
original dose model (described in ref. 1) only as a sim-
ple reduction of the integral depth dose, with the dose
of the secondary products assumed to be deposited
inside the primary beam, neglecting that nuclear reac-
tions products are scattered outside of the beam path.
Nuclear reactions in the range shifter and in the patient
are therefore expected to produce a broad dose halo
around the primary pencil beam. To measure the halo
we scanned a mono-energetic proton beam of 138
MeV to the shape of flat concentric squared frames.
The sides were 3 cm for the full square A, and 3-5, 5-7
and 7-10 cm for the hollow frames B,C,D respectively.
A 1 ccm Exradin T1 chamber was placed in the middle
of these scanned fields. The depth in the phantom was
changed after each scan using a water column. In this
way the effect of the beam halo was cumulated in the
middle of each dose frame and was thus measured
quite precisely as a function of the depth and of the
lateral distance from the beam. The typical contribu-
tions were of the order of 0.1 to 2% of the total dose.
The results of this experiment were then used to
parametrize the width and the integral content of the
beam halo of dose due to nuclear interactions. The
measurements (and the results of the model calcula-
tions described below) are shown in figure 1. For the
sake of simplicity the beam halo is described by a two
dimensional Gaussian, whose intensity and width is
tabulated as a function of the depth in the phantom.

The parameters of the look-up table describing the
shape of the beam halo in water are shown in figure 2.
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Results of the "frame" measurements: the
symbols represents measured data. The lines
are obtained using the model parametrization
of figure 2. Field A+B+C+D is identical with the
integral depth dose (i.e. with the Bragg peak).

Nuclear secondaries parametrisation

depth cm

Fig. 2: Parametrisation as a function of the depth of
the percentage (lowest curve) of the depth
dose (upper curve) and of the width (middle
curve) of the additional second Gaussian
which describes the beam halo due to nuclear
secondaries (in water at 138 MeV).

This model has been further refined to take into ac-
count also the propagation of the lateral spreading of
the nuclear secondary products created in the range
shifter plates and propagating through the air gap be-
tween range shifter and patient. We use here a simple
linearisation of the width of the beam with air gap dis-
tance and in proportion of the range lost in the range
shifter plates. For reasons of space we can not de-
scribe the details of the model here.
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RESULTS

The following examples show the typical size of the
systematic effects expected from charged secondary
products spreading outside the beam.

Figure 3 shows a comparison of ionisation chamber
measurements with calculation for a single proton
pencil beam. Although the size of the ionisation cham-
bers is similar to the beam width, the agreement be-
tween experiment and calculation is quite good. The
observed depletion of the Bragg peak is due to multi-
ple Coulomb scattering at the end of the range. The
new calculation model with nuclear interaction correc-
tions (the lower curve) agrees better with the meas-
urements than the original model (the upper curve).
This can be understood as nuclear secondary contri-
butions being lost outside of the pencil beam.

13B5JCT0JBa0JQ.3C0_W.J

Fig. 3: Pristine proton pencil beam (symbols = meas-
urements, upper line = original model, lower
line = model with nuclear interactions).

Next (Fig 4) is the same kind of comparison with a
beam scanned regularly inside a large square surface
(a 6cm sided square). There is not difference between
the two calculation models since the beam halo gets
integrated here over a large area and nothing is lost in
the middle of the extended field.

Fig 5 shows the same comparison for a Spread-out-
Bragg-Peak dose box. Again, there is no difference
between the two models (as before the charged sec-
ondary products gets integrated in the middle of the
extended field).

Fig.6 shows now the same dose box, but this time for
a scan starting with 10 range shifter plates and with a
large air gap in front of the phantom. A significant
amount of charged secondaries are now produced
directly in the range shifter and are scattered away
from the target volume in the air gap. The linearisation
model seems here to predict correctly the loss of dose
observed in the measurement.

Fig. 4: Same as figure 3, but for a square field (mono-
energetic beam).

Position (cm) of

Fig. 5: SOBP box (6cm) starting at 0 range shifter
plates.

GBOX1383-CT0-666_10.5C0_W_000

Position (cm} of axis v

Fig. 6: SOBP box starting with 10 range shifter plates
and with a large air gap (12.cm).

These preliminary comparisons of the new model with
dosimetric data indicate that nuclear reactions are
expected to produce errors of the order of 5% or more
(for a single beam) and should be therefore included
into standard proton treatment planning.
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THE EXCHANGE OF RADIOTHERAPY DATA AS PART OF AN ELECTRONIC
PATIENT REFERRAL SYSTEM

A Lomax, M Grossmann, TBoehringer, L Cozzf, U Schneide?, P-A Terete?, M Logean", W Volken,
O Ratib", R Mirabel?

'Ospedale San Giovanni, Bellinzona, zTriemlispital, Zurich, 3CHUV, Lausanne, "HCUG, Geneva

INTRODUCTION

There is a growing need in radiotherapy to be able to
exchange data between institutions. Such applications
include quality assurance and inter-institutional com-
parisons of treatment plans, comparison of different
treatment techniques between institutes with special-
ised expertise and the electronic referral of potential
patients to a particular treatment facility. For such ap-
plications, it is necessary to define a standard protocol
for the exchange of all types of therapy planning data.
Here we report on the implementation of a system for
the exchange of radiotherapy treatment plans between
radiation oncology centres in Switzerland and PSI as
part of an electronic patient referral system for the
proton therapy facility at this institute.

ELECTRONIC PATIENT REFERRAL

Before a patient can be referred, or accepted, for
treatment with protons at PSI, each individual case
should be evaluated by staff at both PSI, with the pro-
ton therapy expertise, and the referring clinic. The
electronic exchange of radiotherapy data sets has a
number of attractive features in this context, the most
important of which is the possibility it provides of as-
sessing the advantages and practicalities of using
proton therapy on a patient by patient basis, through
the use of preliminary planning exercises on diagnostic
or planning CT data sets provided by the referring
institute. Thus, the aim of this project has been to put
in place methods for the exchange of 'core' radiother-
apy data sets between the commercial treatment plan-
ning systems of the referring clinics and the 'in house'
developed planning software of PSI.
As part of the PSI proton therapy project a number of
comparative planning studies have been undertaken in
collaboration with other institutes within and outside of
Switzerland. These have all involved the exchange of
radiotherapy data sets between different planning
systems with the collection and analysis of the plans
being performed at a central institute. From this work,
we have found that treatment plans can be adequately
evaluated clinically through the accurate exchange of
the following three data types; CT volume data sets,
volumes of interest (VOIs) and 3d dose distributions.
These three data types have therefore been selected
as the core data sets for exchange in this work.

Level 2

AS core dates lypes transferable

Workh

Fig. 1: Current status of TPS - PAPYRUS conver-
sions for the different TPS's of the main refer-
ring centres.

Among the main referring centres for the Swiss proton
therapy project, three different commercial treatment
planning systems (TPSs) are currently employed:
CADPLAN, DOSIGRAY and Helax. In addition, treat-
ment planning for proton therapy is performed using a
planning system developed at PSI. For the successful
electronic referral of patients, the core data sets must
be exchanged between all these different systems
through the use of an intermediary data exchange
format. In choosing such an exchange format, three
main criteria have been taken into consideration. First
and foremost is the ease with which the TPS manu-
facturers would be able to provide the necessary im-
port and export modules to the exchange format. Sec-
ondly, that the selected format could be used to sup-
port all the defined core sets using the same or very
similar formats, and thirdly, and equally importantly,
we wished to use a format for which local expertise
was readily available for the maintenance and devel-
opment of software to support the exchange format.
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Based on these criteria, we have selected as an inter-
mediary exchange format the PAPYRUS format, de-
fined at the University of Geneva. This was originally
defined for the transfer of diagnostic image sets but
has a number of useful extensions which can be util-
ised for the exchange of radiotherapy data sets, nota-
bly that it has the capability of storing 3d data sets,
such as CT data, in a single file, and can also store an
unlimited number of VOIs associated with the CT data
in the same file. Dose distributions are stored in a
separate PAPYRUS file, but one which has similar
dimensions and resolution as that of the originating CT
images. Such PAPYRUS files are currently transferred
between institutes via the internet, using FTP or by
mailed tapes.

MANUFACTURERS COMPLIANCE

Figure 1 schematically shows the current status of the
data exchange links provided by the three manufac-
turers providing treatment planning systems to the
referring centres. All have provided links to the PAPY-
RUS format to one or other of the previously defined
compliance levels. HELAX have provided an export
only solution of all the core data sets; VARIAN, the
import and export of all core data sets for their CAD-
PLAN planning system and DOSIGRAY, a full export
of all data sets, as well as the import of CT and VOI
data into their TPS system. Work is currently under
way to provide a facility for the import of dose matrices
for this system. Finally, full two-way conversion of PA-
PYRUS into the PSI planning system is provided by
the 'CHAMPOLLION' code, developed by the same
University of Geneva group responsible for the devel-
opment of the PAPYRUS exchange format.

APPLICATIONS

The mechanisms for the exchange of radiotherapy
data sets as described in this report have been in
place for over a year now, and have already been
found to be a useful tool in our clinical program. Of all
the patients treated in the 1998 beam period, 50% of
the cases were initially referred using the PAPYRUS
exchange format, allowing for a full planning evalua-
tion of each of these cases before the patient came to
PSI for their first appointment. However, the exchange
of planning data has also been exploited in a number
of treatment planning comparison projects with the
University Hospitals of Geneva, Lausanne and Zurich,
as well as the Ospedale San Giovanni hospital in Bel-
linzona.

DISCUSSION

A particularly important issue in patient selection for
treatment at a non-clinical site such as PSI is the suit-
ability of the individual cases for the particular therapy
provided by that site. In the case of protons, improved
dose distributions (i.e. a reduced dose to normal tis-
sues for a similar or improved target coverage) will
generally be found over all forms of photon therapy.
However, the actual clinical advantage resulting from
this difference must be judged and balanced against

the socio-economic impact to the patient of being
treated at a remote site.
The electronic exchange of radiotherapy data sets
allows such comparisons to be efficient, accurate and
to be performed at a distance, an important considera-
tion given the work loads of modern radiation oncology
clinics.

Fig. 2: Program sharing and veo conferencing
through the PAPYRUS data exchange stan-
dard and NetMeeting.

In this work, our aim has been to set-up an exchange
standard by which different treatment planning sys-
tems can 'talk' to one another. However, the import of
externally calculated dose distributions into the com-
mercial planning systems of the referring centres is an
important part of this process. When this facility does
not exist, as for the HELAX systems in this work, then
alternative strategies for the local assessment of a
remotely calculated plan must be adopted. For in-
stance, for one HELAX centre involved in this project,
this has been solved by supplying the clinic with a
dedicated planning comparison and assessment tool
that works directly with data stored in the PSI data
formats
Such a distribution, or sharing, of a common program
is, in many ways, analogous to the exchange of data
by the use of a common intermediate format, as
shown in figure 2. For instance, a common plan analy-
sis tool could be accessed by many remote users
through the use of emerging technologies such as
network-wide program sharing utilities and video-
conferencing. Such technologies are now providing
methods by which it is possible for many, remotely
situated users to concurrently and interactively work
with one or more programs, whilst simultaneously
providing both video and audio connection between
the different users. Through the use of Microsoft's
NetMeeting software, we are just beginning to explore
the potential of such technologies to allow for regular
proton planning video conferences with our referring
clinics and the use of such technology, we feel, will be
another important advance towards the full electronic
integration of our facility with the radiation oncology
community of Switzerland.
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PROTON RADIOGRAPHY ON THE PSI GANTRY : A STATUS REPORT

M.Dellert*, E. Pedroni, H.-U. Stauble, M. Moosburger * J.deBoer*, U. Schneider t, P.Pemlert,
*University of Munich, t Stadtspital Triemli, Zurich

A proton radiography system is under development in collaboration with the University of Munich. The ra-
diographic transmission images are expected to provide additional information on the precision of proton
range calculations performed by the treatment planning algorithms. The system has been mounted partly
on the PSI gantry in 1998 and tested.

INTRODUCTION

The precision of a CT-based proton therapy treatment
planning is depending on the precision of proton range
calculation in the patient. Uncertainties in range pre-
dictions arise from areas of heterogeneous density
distribution and from inaccuracies in the knowledge of
proton stopping power values of human tissue (3,4).
By measuring the residual range of the protons trans-
mitted through the patient high-density resolution pro-
ton radiographies are produced. The images can be
used to check the results of the range calculations of
the planning algorithms. These are of interest espe-
cially in areas of large density inhomogeneities, like
cavities in the nasal region. Thus proton radiography
can provide an additional instrument for the planning
process helping to define the size of safety margins or
to choose an appropriate beam incidence direction.
The associated dose delivered to the patient is ex-
pected to be much lower compared to X-ray images of
comparable size (1).

METHODS

Position and energy sensitive scintillating detectors are
used to detect entrance and exit coordinates as well
as the residual energy of individual protons using coin-
cidence techniques (1,2). The detectors are mounted
in two boxes, one in front of the patient and the other
behind the patient. The boxes can be rotated into
working position via remote control. The two-
dimensional scans are performed by sweeping the
proton pencil beam in one direction across the detec-
tor area and by moving the patient table in the or-
thogonal direction. The system can handle a proton
rate up to 106/s.

FIRST RESULTS

From the scan data, two-dimensional maps of the
mean range and range uncertainties can be obtained
and displayed within a few minutes (1). Fig.1 shows
the mean range (on the left) of protons transmitted
through a perspex phantom with engraved letters. On
the right the range uncertainties are pictured, which
arise from the large density gradients orthogonal to the
beam direction at the air/letter-transition.

Fig.1: Radiographic images of a perspex plate with
engraved letters (10 mm deep and 5 mm
wide), mean residual range (left) and range
uncertainties (right).

OUTLOOK

One position sensitive detector is currently beeing re-
built to improve the efficiency of the system. We ex-
pect that this will result in a shorter radiation time and
a lower dose delivered to the patient. The range cali-
bration of the radiography system will be performed in
the near future using data taken on a water phantom.
An additional safety concept will be designed to inte-
grate the radiography system into the patient treat-
ment environment. Finally images of dogs with nasal
tumors that are treated at PSI will be taken and com-
pared to the range predictions given by the treatment
planning algorithms.
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SEMIAUTOMATIC THREE-DIMENSIONAL MODEL-BASED SEGMENTATION FOR
RADIATION TREATMENT EVALUTATION

M. Quicken, G. Szekely1, G. Gerig2, R. Kubik-Huch3, H. Blattmann
'Image Science Laboratory ETHZ, Zurich,i'University of North Carolina, Chapel Hill,

3University Hospital Zurich

A three-dimensional model-based segmentation scheme was set up for segmentation of CTdata of the
male abdomen. To achieve this goal a tool for routine image segmentation has been developed. The tool
was used for segmentation of CT data sets resulting from daily patient treatment and MR data sets from a
MR study for quantification of organ motion due to variance in bladder and rectum fillings. The manually
segmented data sets have been used to build a statistical model of human male anatomy in the abdomen.
Finally the statistical model was used for segmentation of new CTdata sets.

INTRODUCTION

As it is impossible to avoid completely delivering dose
to healthy tissue during radiation therapy one wants to
quantify the damage to healthy organs for alternative
treatment plans in advance. This can be done, if the
sensitivity of organs to radiation is known. To get reli-
able statistical data in form of dose-response relation-
ships it is necessary to record dose distributions on a
routine basis. This necessitates the outlining of organs
in a CT data set in the vicinity of the irradiated regions
for each patient treated. This organ delineation is a
very time consuming task if done manually.

The project aims to speed up segmentation of CT data
sets through image analysis methods to allow routine
acquisition of dose-response relationships.

METHODS

Segmentation is facilitated through a three-dimensio-
nal model-based algorithm. For this purpose a statisti-
cal model of the interesting anatomy, in our case, the
male abdomen, was built. The statistical model in-
cludes shape as well as image intensity information of
the selected organs.

This statistical model was then used to segment new
data sets. For this purpose the generic model of the
organ of interest has to be fitted to the individual data
as described later.

DATA ACQUISITION AND SEGMENTATION

In co-operation with the University Hospital Zurich,
200 CT data sets resulting from routine patient treat-
ment have been collected to create such a statistical
model. Additionally, a volunteer MR study was per-
formed to investigate the effect of different bladder and
rectum fillings on organ geometry and the change of
organ position through time. Investigation of this organ
motion makes statistical data available to assign safety
margins around organs at risk.

To evaluate the collected data a large amount of CT
and MR data sets had to be segmented manually. For
this purpose a segmentation tool has been developed
in collaboration with the Image Science Laboratory,
Federal Institute of Technology, Zurich. The developed

tool allows segmentation of CT and MR images with
computer assistance through B-Spline Snakes (1). The
implemented solution is especially suited for propaga-
tion of organ contours across slices. In combination
with the intuitive B-Spline representation this facilitates
and speeds up segmentation.

Utilizing this segmentation tool several organs in the
vicinity of the prostate were outlined in up to now
70 data sets, most notably the bladder, rectum and
prostate and several blood vessels.

STATISTICAL MODEL CREATION

From the segmented CT data the individual organ
geometries have been combined to a generic ana-
tomical model based on a statistical description of
shape and image intensity variation observed in the
training set (Fig 1).

Fig 1: Three-dimensional models are formed from
segmented CT data and combined to a shape
model.

Shape Statistics

For the generation of shape statistics and establish-
ment of correspondence necessary for the statistical
analysis described below a parametric model of the
organ is used. To generate this parametric model the
three-dimensional voxel data resulting from the man-
ual segmentation step is parameterized on the unit
sphere and the surface is represented using spherical

harmonic basis functions Yf1 (2). This way the sur-

face x=(x,y,z) is described in the form
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l=Omm-l

To obtain a feasible description of shape statistics of

organs the coefficients cf = [c™i,c™i,c™J of the

spherical harmonic basis functions are analyzed. First
the arithmetic mean is calculated followed by the Ei-
genanalysis of the covariance matrix. The resulting
Eigenvalues and Eigenvectors describe the main
modes of variation in organ shape (Fig 2). They give a
shape description tailored to the needs of model fitting
later performed for segmentation.

Fig 2: Two main modes of variation of male bladder.

Intensity Level Statistics

To segment organs in new CT images shape statistics
is not enough. It only provides the limits of appropriate
variation; the actual driving force has to result from the
image intensity information. This has been incorpo-
rated through intensity-level models. The object sur-
faces are sampled uniformly and at each sampling
point an intensity level profile orthogonal to the surface
is extracted. Statistics, similar to the shape analysis,
are computed for these intensity profiles which are
later used for segmentation. Figure 3 shows a layer of
the mean intensity profile of the bladder looking from
the right side of the body. Even after averaging over
17 realizations bright structures resulting from the
neighboring bones of the hip joint and dark structures
from neighboring tissues are clearly distinguishable.

Fig 3: Intensity levels on an outer layer of the mean
profiles shown on an 'inflated' bladder model.

MODEL FITTING

After initialization based on the mean organ shape the
fitting process mainly consists of two steps.
First the intensity level profiles are fitted to the actual
image data. In this step the surface is sampled in the
same manner as during model creation. Then every
sample point is moved orthogonal to the surface within

a reasonable distance range to a position where its
intensity profile best matches the statistics according
to the Mahalanobis distance. In the second step these
point movements are limited to meet overall shape
constraints. To achieve this, an optimization is per-
formed to optimally fit the new moved vertices within
the subspace spanned by the Eigenvectors of the
spherical harmonic descriptors. During this step only a
limited number of Eigenmodes is incorporated and the
movement in the direction of each Eigenmode is lim-
ited relative to its Eigenvalue. This assures that the
fitting result always stays consistent with the shape
model.

These two steps are performed repeatedly until a
specified fitting criterion is met.

The above procedure is integrated into the segmenta-
tion package used for manual segmentation in the
data acquisition step. Using this package the results
from automatic segmentation can be corrected by a
human expert. This is essential as no fully automatic
procedure developed so far can meet the reliability
requirements necessary for radiation treatment
evaluation.

RESULTS

The described segmentation procedure showed con-
vincing results in MR brain segmentation presented
in (3). From our experience so far due to the higher
complexity and considerably larger variance of organs
in the abdomen the usability is limited in this more
general case. Further investigation is needed to solve
a number of problems resulting from the different re-
quirements. Especially the routine used for parame-
terization to the unit sphere is not well suited for larger
and more complex shapes often encountered during
abdomen segmentation.

OUTLOOK

Future work will first focus on the development of a
new parameterization routine to provide best corre-
spondence for intensity level profile extraction and a
better description of shape through spherical harmon-
ics. Parameterization will be performed in a multi-
resolution environment. Doing this we plan to over-
come the limitations mentioned above.
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TUMOUR THERAPY EVALUATION: A PATIENT RADIOSENSITIVITY ASSAY FOR
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Much emphasis was placed this year on a trans-Swiss
clinical oncology study evaluating the use of the Leu-
kocyte Apoptosis Assay in predicting patient response
to radiation therapy, in order to establish its use for
proton therapy patients. Basic studies were also per-
formed into mechanisms of radiations-induced cell
death. Results are briefly summarized in below. An
extremely capable "Praktikantin", Ms. Mirjam Weibel,
joined us and performed excellent investigations into
the radiation response of human peripheral blood B-
lymphocytes. The TESLA Acceleration Center in Bel-
grade, Yugoslavia, requested our participation on their
radiobiology advisory committee and we were fortu-
nate enough to receive an associate research fellow
from their institute, Dr. Marija Radojcic, who used our
white blood cell cytotoxicity assay to compare the rela-
tive biological efficiencies of protons and X-rays. Dr.
N. E. A. Crompton was pleased to receive the venia
legendi from the medical faculty of Zurich University.
The year was tragically marred by the sudden loss of
Prof. Dr. Boerje Larsson. His scientific legacy is enor-
mous, his clinical legacy extends to more than 80,000
patients, and he is deeply missed by us all.

Using the Leukocyte Apoptosis Assay we have previ-
ously demonstrated that mutation of the ataxia telangi-
ectasia gene results in compromised radiation-induced
apoptosis in T-lymphocytes (Ozsahin et al., Int J Ra-
diat Oncol Biol Phys 1997; 38: 429-440). A retrospec-
tive study of radiation-induced apoptosis in T-
lymphocytes from cancer patients who displayed en-
hanced toxicity to radiation therapy was performed to
test for compromised response. A cohort of 12 hyper-
sensitive patients were evaluated; 11 displayed either
enhanced acute- or late-toxicity to radiotherapy, and a
lupus erythematosus patient was also included. The
cohort displayed less radiation-induced apoptosis than
average age-matched donors, see figure 1. Although
the patients all had a previous history of radiation ex-
posure and all displayed abnormally high spontaneous
levels of apoptosis, there was no indication that previ-
ous radiation history influenced subsequent radiation-
induced apoptotic response. The study demonstrated
that the Leukocyte Apoptosis Assay can be used to
predict individuals likely to display increased toxicity to
radiation therapy, as such it should be a useful tech-
nique for prospective diagnosis of proton therapy pa-
tient response.
The tumour suppresser gene, p53, and the intracellu-
lar signaling substance, ceramide, have both been

shown to play a crucial role in apoptosis induced by
ionizing radiation as well as various other cytotoxic
agents. We examined the relationship between the
p53-dependent and the ceramide-dependent mecha-
nisms of cell death induction. These investigations
demonstrated that, in lymphoblast cells; 1. Ceramide-
induced apoptosis is expressed much faster than ra-
diation-induced apoptosis, 2. Ceramide-and radiation-
induced apoptotic cells display characteristic differ-
ences in DNA staining, and 3. Radiation-induced
apoptosis is p53 dependent, while ceramide-induced
apoptosis is p53 independent. The p53-dependent and
the ceramide-dependent mechanisms of cell death
induction are independent signal pathways leading to
apoptosis induced by radiation. Since p53 is very often
dysfunctional in tumour cells, modifying the ceramide
pathway should be a promising strategy to increase a
tumour's sensitivity to radiation and other anticancer
agents.

u
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Fig. 1: Apoptotic response of CD8 T-lymphocytes
compared with the response of CD4 T-
lymphocytes. Results from three cohorts of
donors are displayed, representing three
groups of responders; small + symbols: a
combined cohort of 151 normal responders;
filled squares: a cohort of 12 enhanced radio-
sensitivity patients; large X symbols, a cohort
of 4 ataxia telangiectasia homozygotes
(extremely radiosensitive patients). The ex-
pected contribution of age was subtracted and
the data are presented as z-scores (number of
standard deviations from the mean).
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INTRODUCTION

PA. Schubiger

Radiopharmaceutical research and development is carried out by the Center for Radiopharmaceutical Sci-
ences as a part of the PSI Life Science Department and the Professorship of Radiopharmacy at ETH to-
gether with the PET chemistry group at the USZ. The common theme consists in the search for radionu-
clide-labelled tracer molecules, which bind to specific targets in the body. Such radiopharmaceuticals are
applied either systemically into the blood stream or locally to patients and due to their specific molecular
binding properties combined with the emitted radiation, they allow to detect aberrant biochemical structures
and functions. In addition they can be used to deliver cytotoxic radiation to tumour cells.

A study of the EC indicates that every 3rd European will
become a cancer patient during the course of his/ her
life. At the time the disease is first diagnosed, already
40% of patients will present metatstatic disease, with
unfavourable prognosis. In these cases the systemic
application of radiolabelled tumour-seeking sub-
stances may allow destruction of disseminated tumour
which cannot be reached efficiently by other treatment
modalities.

Systemic delivery of therapeutically effective radiation
to tumour cells is most advanced in the case of spe-
cific antibodies targeting tumour associated cell sur-
face proteins. This is exemplified by the phase III ra-
dioimmunotherapy (RIT) trials in non Hodgkin's lym-
phoma patients with high doses of 131l-labelled lym-1
antibody which were pursued in our center in collabo-
ration with Techniclone. Our research efforts in the
antibody targeting field are directed towards the im-
provement of the pharmacokinetics of antibody-based
vehicles by genetic engineering, the introduction of
radionuclides with better therapeutic efficacy than 131|
and the study of biological systems that are well suited
for the RIT approach. Concerning antibody constructs
and nuclides, a number of single chain antibody frag-
ments were evaluated after developing a novel
99mTc(CO)3 labelling method, with the aim to translate
these procedures to labellings with the therapeutic
186Re nuclide, in the future. In contrast to the low MW
scFv fragments, a large trivalent 131l-labelled construct
based on anticolon-cancer mAb 35 is being evaluated
clinically. Because of the possibility of producing the
beta particle emitting nuclide 67Cu at PSI, a therapeu-
tic study in bladder carcinoma is being set up in col-
laboration with the University of Nottingham UK.

In terms of selecting appropriate biological systems for
RIT, additional therapeutic benefit is expected when
antibody fragments are internalised into tumour cells
and labelled metabolites are retained intracellularly
such as in the case of F(ab')2 fragments of antineuro-
blastoma mAb chCE7 labelled with 67Cu. Based on
insight gained from previous metabolite analysis, the
synthesis of peptide linked copper chelators, has im-
proved both tumour uptake and biodistributions of
e^Cu- labelled chCE7 F(ab')2 fragments. After the
identification of the target antigen for antineuro-
blastoma mAb chCE7 as a variant form of L1-CAM,

interest is now directed towards overexpression of this
protein in a subset of renal tumours which may extend
the application of mAb chCE7 beyond the targeting of
neuroblastomas.

Apart from antitumour antibodies, receptor binding
peptides have attracted attention as tumourseeking
vehicles, due to the successful application of 111 ln-
and 90Y-labelled somatostatin (ST) analogues in diag-
nosis and therapy of ST receptor positive cancers. The
neurotensin (NT) receptor has been chosen as a tar-
get for the therapy of NT receptor positive tumours in a
project supported by a European Biomed program.
Labelling of neurotensin analogues with M(CO)3
(M = 99mTc, i86Re, i88Re) was studied and labelled
peptides which maintain high receptor binding affinity
in vitro were selected. The influence of modifying pep-
tide sequences and ligands on tumour uptake and
biodistributions are now being evaluated with the aim
of finding labelled analogues which are metabolically
stable and show low accumulation in normal tissues.

The novel labelling method developed by the chelator
chemistry group involving M(CO)3 has been patented
and licensed to Mallinckrodt. Its potential application is
further extended by the synthesis of alternative li-
gands, which bind to the M(CO)3 moiety and are
evaluated for the labelling of low molecular weight
radiopharmaceuticals, such as biotin or glucose.

In the mammalian Central Nervous System (CNS) the
glutamatergic NMDA-receptors plays a key role in
mediating synaptic excitation. The NMDA-receptor is
implicated in many neurological disease (eg. Stroke,
Alzheimer's). Overactivation of this receptor triggers a
cascade of events that leads to cell death. We are
therefore interested in developing together with phar-
maceutical companies (Novartis, Boehringer) radioli-
gands that could be used to map the various binding
sites of the NMDA-receptor complex using PET as
imaging modality.

In collaboration with the University Hospital Zurich
radiotracers for the dopamine and serotonine trans-
porter as well as for the nicotinergic receptor-system
have been established with the goal of studying the
effects of drug abuse (e.g. ecstasy).
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RADIOIMMUNOTHERAPY OF NEUROBLASTOMA XENOGRAFTS
WITH131|-MABCHCE7

M. Rutgers1, C.K.M. Buitenhuis1, LA. Smets1, C. Ruch, I. Novak-Hofer
(1Dept. of Experimental Therapy, Netherlands Cancer Institute, Amsterdam)

Antitumour responses of 131l-labelled mAb chCE7 were measured in nude mice bearing neuroblastoma
xenografts and were compared with antitumour effects of131l-MIBG.

The efficacy of the catecholamine analogue 1 3 1 I -
metaiodobenzylguanidine (MIBG) in treating neuro-
blastoma is limited by the appearance, during the
course of the disease, of tumour cells which do not
take up this drug. MAb chCE7 binds to an L1-CAM
isoform expressed on neuroblastomas of different
stages, independent of their MIBG uptake properties
and radioimmunotherapy with 131l-chCE7 may thus be
an alternative in systemic therapy of neuroblastoma.

In order to assess the therapeutic efficacy of 1 3 1 I -
labelled chCE7 in an animal model, a study was per-
formed in nude mice bearing neuroblastoma
xenografts. The antitumour responses induced by 1 3 1 I -
chCE7 and 131I-MIBG were compared in nude mice
bearing SK-N-BE(2c) neuroblastoma xenografts (size
range 10-300 mg). This human neuroblastoma cell line
takes up MIBG and binds mAb chCE7. MAb chCE7
was labelled with 131I to a specific activity of about 150
MBq/mg, was purified by gel filtration chromatography
and retained 80-100% immunoreactivity. In groups of
6 mice tumour size was measured after single i.v.
administrations of 131l-chCE7 (5 MBq and 17 MBq;
"low dose" and "high dose" treatment respectively).
Another group of mice was injected with 113 MBq 1 3 1 I -
MIBG.

Maximum tumour levels of radioactivity were found to
be 55.9±9 and 2.5±0.4 injected dose/g for chCE7 after
24h and for MIBG after 1h respectively. Tumour/blood
ratios were consistently higher with MIBG than with
mAb chCE7.

The treatment results are briefly summarised in Table
1 and are expressed as days to reach 4-times the pre-
treatment size of the tumours.

the higher doses delivered to normal tissues compared
with MIBG treatment.
The therapeutic efficacy of 131l-chCE7 was found to
be considerably higher than that of 131I-MIBG, which
correlates with the finding that tumour radiation expo-
sure is >50 fold increased when treating with mAb
chCE7 compared with MIBG.

In a second set of experiments tumours consisting of
SK-N-SH human neuroblastoma cells were treated
with 1311-IVIIBG, i3i|-mAb35 as a non-specific control
mAb and i3i|.mAb chCE7 over 35 days. Results in
Figure 1 show rapid growth of tumours in controls
without treatment, some growth delay with the non-
specific mAb 35 and anti-tumour effects of MIBG and
mAb chCE7. Therapy with 131l-mAb chCE7 resulted in
complete suppression of tumour regrowth.
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Days after injection (i.v)

Fig. 1: Tumour size in groups of 5 mice, after treat-
ment with radioiodinated MIBG, non-specific
mAb 35 and neuroblastoma-specific mAb
chCE7.

Control,

saline

6 ± 1

chCE7

5 MBq

11 ±4

chCE7

17 MBq

30 ±5

MIBG

113 MBq

9 ± 2

The data obtained in this study strongly support the
contention that radioimmunotherapy with mAb chCE7
appears a promising alternative in the rare cases of
MIBG-negative neuroblastoma and may be a useful
tool in treating residual neuroblastoma after MIBG
therapy.

Toxicity of the treatments was assessed by following
the body weight changes of the animals and no toxicity
of the radioimmunotherapy was observed, despite of
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EFFECT OF A TRIGLYCINE LINKER ON THE BIODISTRIBUTIONS OF 67CU-CPTA-
AND 67CU-DOTA-LABELLED ANTI-NEUROBLASTOMA MAB CHCE7 FRAGMENTS

K. Zimmermann, C. Ruch, I. Novak-Hofer

F(ab')2 fragments of anti-neuroblastoma mAb chCE7 were derivatized with CPTA and DOTA macrocycles
and the effect of introducing a triglycine peptide between chelators and F(ab')2 on biodistributions of the
67Cu-labelied immunoconjugates was measured in tumour mice.

During our search for means to improve the biodistri-
butions of 67Cu-labelled antibody fragments, we had
synthesised bifunctional ligands consisting of the
negatively charged DOTA macrocyclic chelator linked
to antibody fragments via tripeptide linkers gly-gly-gly
(R1), gly-phe-gly (R2) and gly-pro-gly (R3). When we
investigated conjugates of anti-coloncancer mAb 35
F(ab')2 fragments with these peptide- linked DOTA

compounds we found that 67Cu-DOTA-R1-F(ab')2

showed significant improvement of tumour uptake as
well as of tumour/kidney and tumour/liver ratios com-
pared with the immunoconjugate containing the mac-
rocyle without linker.

In the present study we asked how the triglycine linker
(R1) influences metabolism and biodistribution of mAb
chCE7 F(ab')2 fragments labelled via the positively

charged CPTA macrocycle. To this end we synthe-
sised a bifunctional CPTA derivative linked to the
triglycine peptide (CPTA-R1) (Fig.1). CPTA-R1 was
coupled to F(ab')2 fragments of anti-neuroblastoma

mAb chCE7 and was labelled with 67Cu to a specific
activity of about 18 MBq/mg. Labelled immunoconju-
gates were purified by FPLC size exclusion chroma-
tography and were found to be 80-100% immunoreac-
tive. For comparison, mAb chCE7 F(ab')2 fragments
were derivatized in an analogous manner with DOTA-
R1. Biodistributions of 67Cu-CPTA-R1-F(ab')2 and of
67Cu-DOTA-R1-F(ab')2 were measured in groups (3-

6) of nude mice bearing neuroblastoma xenografts
and compared with the respective CPTA- and DOTA-
conjugates without the R1 linker. Table 1 shows tu-
mour and tissue uptake as % of the injected dose (%
ID) per g at 48 h post injection. In the case of 67Cu-
labelling via CPTA, the introduction of the R1 linker
leads to both increased tumour uptake and to im-
proved tumour/tissue ratios, the most striking effect
being the improvement in tumour/kidney ratios. In the
case of the 67Cu-DOTA conjugates of mAb chCE7
F(ab')2 the introduction of the peptide linker has

smaller effects than the effects we had observed with
anti-colon cancer mAb 35 F(ab')2, indicating that dif-
ferences between antibodies exist. We conclude from
these data that in the case of anti-neuroblastoma mAb

chCE7 F(ab')2 introduction of the triglycine linker sig-
nificantly improves bio-distributions of 67Cu-CPTA-
conjugates. However, 67Cu-DOTA conjugates are still
superior to CPTA-R1-conjugates and the tripeptide
linker leads to an additional (smaller) benefit in the
case of the DOTA-conjugate.

Table 1: Uptake of 67Cu-chCE7 F(ab')2 immunocon-
jugates (% ID/g) in tumour and normal tis-
sues measured 48 h post injection in nude
mice bearing neuroblastoma xenografts.

% ID/g

Blood

Kidney

Liver

Tumour

CPTA-

0.4

±0.09

76.0

±20.4

6.1

±1.8

3.3

±0.8

CPTA-

R1

0.6

±0.06

20.4

±6.3

4.5

±0.9

4.7

±0.7

DOTA-

0.8

±0.1

21.5

±0.5

11.4

±3.2

10.2

±1.9

DOTA-

R1

1.8

±0.1

12.3

±1.8

9.3

±0.9

15.5

±2.9

CPTA-

H H H H

•giy-i'y-giy-

Fig. 1: A. CPTA-R1-F(ab')2 and B. DOTA-R1-F(ab')2.
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EXPRESSION OF L1-CAM IN RENAL TUMOURS AND NORMAL RENAL TISSUE

M. Meli, F. Carrel, 1H. Moch, 2R. Jaussi, I. Novak-Hofer
(1 Institute for Pathology, University Hospital, Basel,2lnstitute for Medical Radiobiology, PSI)

Analysis of protein and mRNA expression in human renal carcinoma cell lines and renal tumours was com-
pared with expression in normal human tissues.

We have recently identified the antigen recognised by
anti-neuroblastoma mAb chCE7 as cell adhesion
molecule L1 (L1-CAM) and found that, in addition to
neuroblastoma cells and tumours, it is also expressed
in renal carcinoma cell lines and at a very low level in
normal kidney. These findings suggested that mAb
chCE7 may also be useful for the targeting of renal
tumours. In order to further investigate this question,
we performed Western blot analysis with frozen tissue
sections from 15 renal carcinomas provided by the
Institute of Pathology at the University of Basel. We
found that 5 out of 15 tested tumour samples reacted
with mAb chCE7. Figure 1 shows reactivity of renal
cancer cell lines (1-7), embryonal renal cells (8-9),
normal kidney tissue (10) and 4 renal tumours (11-14)
with mAb chCE7. In contrast to previous studies with
neuroblastomas, where 100% of the tested tumour
samples were found to react with mAb chCE7, in the
case of renal tumours 30% were positive. More tumour
samples will have to be tested in order to find possible
correlations between the expression of L1-CAM with
histopathology and known genetic aberrations present
in different renal tumours.

• *
# *•' 4 ? * -

1 2 3 4 5 6 7 8 9 10 11 12 13 14

Fig. 1: Levels of L1-CAM protein expression as
analysed by Western blotting with mAb
chCE7: Renal carcinoma cell lines (1-7); :
embryonal kidney cells (8-9); normal kidney
tissue (10); renal tumours (11-14).

L1-CAM mRNA expression:

The results we obtained previously using RT-PCR on
the nature of L1-CAM transcripts present in renal can-
cer cell lines indicated in a qualitative way that renal
cancer cells express the exon 2-1 exon 27-deleted
isoform of L1-CAM. In order to find out more about the
amounts of L1-CAM mRNA present in renal cancer
cells and in normal human tissues, total RNA was
analysed on Northern blots using a 423 bp N-terminal
cDNA probe specific for L1-CAM. In order to assess
the relative amounts and the quality of the mRNA the
blots were reprobed with a cDNA for human ribosomal
protein S26 as an invariant control probe (Fig. 2A,
lower blot). Figure 2A (upper blot) shows that in the

case of the neuroblastoma- and renal carcinoma cell
lines (1-8) high levels of protein expression correlate
with high levels of a single mRNA species of about 5.5
kb. The highest amount of mRNA was found in the
Foehn renal carcinoma cell line (4) which also ex-
presses the highest L1-CAM protein levels we have
encountered so far.
Concerning L1-CAM mRNA expression in normal hu-
man tissues (Figure 2B), heart, liver, spleen and colon
(2, 4, 5, 6) were negative, whereas L1-CAM expres-
sion was found in brain (1) and kidney (3). In general,
low protein levels measured with mAb chCE7 binding,
correlated with low mRNA expression. However, in
normal kidney tissue very low protein levels were de-
tected in the presence of significant mRNA levels and
the reason for this discrepancy is not known at the
present time.

A
1 2 3 4 5 6 7 8 9 10 11 12

*
*
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B

Fig. 2: Levels of L1-CAM mRNA expression as
analysed by Northern blotting:

A. Upper blot: neuroblastoma cell lines (1,2);
renal carcinoma cell lines (4-8); CHO cells
transfected with L1-CAM (11,12).
Lower blot: the same samples probed with
S26 cDNA.

B. Normal human tissues (blot from
"Origene" Inc.): brain (1); heart (2); kidney
(3); liver (4); spleen (5); colon (6).
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HOMOLOGY MODELLING OF THE EXTRACELLULAR PART OF
THE "CE7 ANTIGEN" L1 CAM (FIRST APPROACH)

P.H. Hasler, I. Novak-Hofer

A 3D structure of the extracellular part of the "CE7 antigen" is proposed by homology modelling.

INTRODUCTION

Neuroblastomas, embryonal tumours of the sympa-
thetic nervous system, occur mainly in early childhood
and can often be cured at an early stage. For imaging
and therapy we use the high affinity chimeric mono-
clonal anti-neuroblastoma antibody 1-131 chCE7. From
our studies it is known that the cell surface antigen -
recognised by mAbchCE7 - is homologous to the neu-
ral cell adhesion molecule L1 (CAM L1, L1-CAM,
SWISS-PROT P32004). This protein has 1257 amino
acid residues and several internal disulfide bridges.
The protein itself starts at residue 20 (1 - 19 is the
signal region). It contains 6 Ig-like C2-type domains
(36 - 614) and 5 fibronectin type-Ill areas (615 -1113),
a short transmembrane part (1121-1143) and a small
cytoplasmic section (1144-1257). To understand better
the binding of this antibody to its antigen on the neuro-
blastoma cell surface we modelled this antigen by
homology modelling.

ALIGNMENTS
Up to now, there is no other homologous protein
known, which corresponds to the whole sequence of
the protein L1 CAM. Therefore, it was necessary to
search for proteins with well known structure in the
PDB 7data bank, which have 1) a high homology over
a long range, 2) a good 3D resolution and 3) good
overlapping regions from one template to the other.
Such proteins were searched with the Sequences
Annotated by Structure (SAS) program in the internet
(http://www.biochem.ucl.ac.uk/bsrri/sas/). This tool
aims to bridge the gap between protein sequence and
structural analysis, and aid identification of a protein
sequence, by using structural information to recognise
distant homologues.

Table 1: The best templates for homology modelling
of L1 CAM.

PDB file

1cks(A)-part
1opg(L)
3hfl(H)

2fb4(L)

2lbd-part
1fnf

Amino acid
no.of L1 CAM

20-34
35 - 228

218-421

409-610

608-618

616-1015

Percentage
identity (%)

63.6
24.4

26.3
23.7

71.4

23.2

Resolution
(A)

2.10
2.00
2.65

1.90

2.00

2.00

According to the FASTA/SAS results the best tem-
plates are 1cks(A), 1opg(L), 3hfl(H), 2fb4(L), 2lbd and
1fnf (cf. Table 1) and these were used for alignments.
For each sequence part of L1 CAM, i.e. for each se-

quence part with a well known 3D structure (= PDB
file) the homology alignment was carried out with the
program HOMOLOGY (MSI, San Diego) according to
the pairwise results of the FASTA/SAS results. One
example for such an alignment is presented in Table 2.

HOMOLOGY MODELLING

The MODELER program (MSI, San Diego) then cal-
culated five possible 3D structures (high optimise
level) of each of these 6 template PDB file with the
sequence of the L1 CAM protein. These 5 raw struc-
tures were then optimised by energy minimisation
(DISCOVER, MSI, San Diego) (100 steps steepest-
descents method and 1000 steps conjugate gradients
method, or minimisation is stopped when average
derivative of 0.01 kcal mol-iA-1 is achieved).
The six different 3D parts of the L1 CAM structure
were then linked together part by part also with the
HOMOLOGY program (see Table 3). Because the
2lbd - part is only a small connection region (2fb4(L)
and 1fnf do not overlap and have a gap of 5 amino
acid residues), this 2lbd part was first added to both
parts: 2fb4(L) and 1fnf.
For each of these new combinations 5 structures were
proposed, and for each of these an energy minimisa-
tion was carried out (see above). These one with the
lowest energy was used for further connections.
The final L1 CAM 3D structure modelled by homology
modelling is given in Figure 2.

Table 2: Alignment of L1 CAM with 1opg(L).

1 2 3 i 5 6
12315678901234567890123456789012315678901234567890123456789012345 Protein

y + + 1. 1. +

FVXTEQSPHRZiWFPTDDlSZiKCEASOKFEVQFRWTIUXSVaFXPKEELaVTVyQSPHaa SFT LI CAM

DZXjLTQSPATLSVTPGDBVSLSCRASgSXSNEILHWYQQKSHZSPR—LLXCTASQSXSGXPSH7S l o p a (L)

1 1 1 1
7 8 9 0 1 2 3

6789012345678901234567B901234567B9012345678S012345678901234567890
XTGHHSNFAQH2Q-

protein

-GXXHCFAS19KLGTAHSHZIRUU2GAPKWPXETVKPVZVZE LI CAM

i i i lopffd.)

1 1 1 1 1 1
4 5 6 7 8 9

12345678901234567890123456789012345678901231567890123456789012345

CESWX.PC HPPPSAEPLRXYWM NSKXLEXKQDERV!IHQQNOin.YFAElVliTSDEl
: : : : : : : . . . : . . . : . : : : . : .
QASW—CFLNNFYP—ITOINVKWKIDQSERQKaVIjNSWTDQD-BKDSTlfSHSSTIiTliTKDEYER

2
0 1 2

6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1

H8DYICHA-HFPGTRTIIQKEPXDLR
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Table 3: Homology Modelling Strategy for L1 CAM.

1cks 1opg 3hfi 2fb4 2lbd Ifnf

Final LI CAM

Fig. 2: The final 3D structure of the extracellular part
of the L1 CAM displayed after homology mod-
elling.

CONCLUSIONS AND OUTLOOK
The preliminary 3D structure derived from our homol-
ogy modelling of the extracellular part of the L1 CAM
shows a stretched form with a globular part at the
outer end of the molecule, but further structure re-
finement procedures (especially in the IgG regions)
will be necessary. This result corresponds with the
findings by Drescher et al. (1), who find with an other
approach via EM pictures a similar structure.

This first homology modelling approach to the 3D
structure of the antigen recognised by anti-
neuroblastoma mAbchCE7 is the starting point for
better understanding of the binding region.
The epitope for mAbchCE7 on the extracellular part of
CAM L1 is not yet known. However from our previous
studies we know that the mAbchCE7 binding depends
on the presence of carbohydrates and of intact disul-
fide bridges.
The next steps of the molecular modelling procedures
will be the addition of the glycoprotein residues and
finally docking experiments between the 3D structure
of L1 CAM and the 3D structure of the mAbchCE7,
which was modelled earlier.

REFERENCE

1. Drescher, B., Spiess, E., Schachner, M., and
Probstmeier, R. Structure Analysis of the Murine Cell
Adhesion Molecule L1 by Electron Microscopy and
Computer-assisted Modelling. Eur. J. Neurosci.,
8 (12): 2467-2478, 1996.
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TECHNETIUM AND RHENIUM: COOORDINATION CHEMISTRY OF THE "M(CO)3"
MOIETY: COMPLEX FORMATION FOR THE LABELLING OF BIOMOLECULES

ft Alberto, ft Schibli, J. Stahel, M. Iftimia-Peyer, ft La Bella, A. Schaffland, ft Schwarzbach,
Th.A. Kaden1, U. Abram2 (1Uni Basel, 2Uni Tubingen)

The basic investigations of the aqueous organometaliic chemistry of technetium and rhenium have been
extensively continued. A number of novel compounds with a broad range of (bio)ligands have been pre-
pared. Their formation and their properties have been studied in order to find complexes which will fit best
to the characteristics of a particular biomolecule and to clinical application.

As a basis for the application of complexes, derived
from [M(OH2)3(CO)3]

+ (1) (M = 99mTc, 188Re), in nu-
clide therapy and - diagnosis, the synthesis of this
important starting material was routinely performed
during the last year. Additionally, the procedure was
transferred to other laboratories in different countries,
where the protocols could be reproduced. This tech-
nology transfer revealed, that the importance and the
advantages of 1 for the labelling of different biomole-
cules are on the way to be widely accepted as a su-
perior alternative to the usual Tc(V) approaches.
Several proofs of principle were elaborated and dif-
ferent biomolecules directly labelled with the
"Tc(CO)3" moiety. Although a number of model com-
plexes have been synthesised and characterised with
ligands modelling the potential co-ordination sites in
biomolecules (i.e. histamine), the effective co-
ordination around the Tc(l) core could not yet unam-
biguously be verified.

One of the major advantages of 1 over other precur-
sors is its flexibility in respect of ligand types able to
co-ordinate to the remaining three sites. Even mixed
ligand complexes are accessible if an appropriate
mono - and bidentate chelator is chosen. The free
choice of ligand is an absolute prerequisite, if the
labelling of very different biomolecules is aimed at.
The properties of the metal complex might interfere
with those of the biomolecule often resulting in loss of
bioactivity and/or different physiological behaviour.
Under these circumstances, it would be a decisive
advantage, if the ligands could be chosen according
to the properties of the biomolecules, i.e. charged
ligand and complexes for hydrophilic molecolules and
vice versa.

Up to now, we have investigated mainly the chemistry
of neutral complexes with bidentate ligands, charge
compensation took place by an additional halide at
the third position. Such complexes are rather lipophilic
and might induce high liver retention as observed in
case of the respective model complexes. A first ex-
tension was the synthesis of the tridentate bifunctional
ligand picolinamine-diaceticacid (PADA) which was
derived from the donor atoms in histidine (His). Com-
plexes with His have been found to be highly stable
and to co-ordinate on an almost stochiometric level to
the "M(CO)3

+" moiety. Although the resulting Tc(l)

complex was neutral in charge, the polarised groups

in the backbone make it hydrophilic. The same could
be expected with PADA which formed, like His, a
highly stable complex with 1 at low concentrations.
[M(PADA)(CO)3] was stable in serum for at least 24 h
at 37° C without any decomposition. The complex
could be isolated and the x-ray structure be eluci-
dated. An ORTEP presentation is given in the figure
below.

It is remarkable, that the free carboxylic acid group
points right away from the metal centre. Steric or
electrostatic interactions in a labelled biomolecule
should, thus, be small. HPLC showed, that the com-
plex was slightly more lipophilic than the His complex,
but much less than other neutral complexes contain-
ing no polar groups. With PADA, additional charged
groups can be introduced in the pyridine ring. Deriva-
tisation at these positions will allow a fine tuning of the
hydrophilicity.

A further increase in hydrophilicity can only be
achieved by the preparation of a charged complex of
the "M(CO)3" moiety. As Tc(l) is a B-type metal cen-
tre, ligands with electron accepting properties are
considered to be thermodynamically preferred over
pure donors. Negative charges can only be intro-
duced by the latter type of ligands. Chelators typically
stabilising hard metal centres are the polyamino-
polycarboxylic acids. But for kinetic reasons, they are
also able to coordinate to the "[M(CO)3]" moiety which

was shown with imino-diacetic acid (IDA). Even at low
concentrations, IDA co-ordinates by all three donors,
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thus, forming an anionic complex of high hydrophilic-
ity. The complex was completely stable in serum for
more than 24 h at 37° C. The 1H NMR spectrum
shows one single AB pattern for the CH2 protons con-
firming the suggested composition of the complex.

IDA

AB system CH2

It is easily possible to alkylate the amine group with a
additional function for attaching the IDA ligand to a
biomolecule. Nitrilo-triacetic acid is the most conven-
ient ligand in that respect.

Neutral, but nevertheless hydrophilic complexes can
be achieved by choosing a monoanionic bidentate
ligand. The third position, usually occupied by a X' is
then complexed by H2O in i.e. case of picolinic acid.
This situation is interesting in several aspects.

The water ligand can be substituted by an additional
ligand, resulting in a tri-substituted highly inert com-
plex. It is shown that Uc(pic)(CO)3] co-ordinates as
well to phosphate, which is available in a broad vari-
ety of biomolecules. An x-ray structure of this precur-
sor compound is given in the figure above. The com-
plex [Tc(OH2)(pic)(CO)3] represented the first example
for a co-ordinated H2O, confirmed by x-ray structure
analysis.

With these different ligands (and derivatives), an ex-
tended number is now available for derivatisation of
biomolecules. The properties of the chelators can be
adapted which will reduce interference with the bioac-
tivity.

Furthermore, some potential anchor groups have
been attached to biomolecules such as biotin or the
brain tracer ligand called WAY known to bind to do-
paminergic receptors. Derivatisation with an aromatic

aldehyde lead to a "Schiff Base" type ligand strongly
co-ordinating to the "n"c(CO)3]

+ moiety. Brain tracers
have to be highly lipophilic in order to cross the blood
brain barrier, but have to contain also alcaline groups
for retention in brain. We have characterised the WAY
complex of Uc(CO)3]+ by NMR and x-ray structure
analysis. The complex is fully stable in buffer at 37° C
for five days (determined by HPLC and UVA/IS spec-
troscopy). Measurement of the binding constant to the
receptors is currently under investigation. An ORTEP
presentation of the complex is given in the figure be-
low.

The mechanism (and thus the rate) of ligand substitu-
tion at the Tc(l) centre is a decisive point for labelling
procedures. It determines the substitution of H2O as
well as the decomplexation. Tc(l) is an electronically
saturated metal centre and associative substitution is
hardly possible. Interchange dissociative or purely
dissociative mechanism can be expected. Rates of
such substitutions are dependent on the water ex-
change rate at the metal centre. In collaboration with
UNIL (Prof. A. Merbach), the half life of H2O co-
ordinated to the "[rc(CO)3]+" could be determined
and is about 30 sec, thus, faster than in case of Re(l)
but still slow. This result confirms the observation, that
the rate of substitution is not very dependent on the
incoming ligand, but mainly on the pH of the solution.

The basic co-ordination chemistry of [M(OH2)3(CO)3]
+

in aqueous solution directed towards the application
in radiopharmacy has now been elucidated to a stage
were convenient ligands, fitting to almost any biologi-
cal properties are available. However, one of the most
interesting applications still has to be investigated in
more detail. The direct labelling of proteins at the
imidazole group in the His side chains. For these
purposes the structure of peptides in solution are
currently investigated by multidimensional NMR tech-
niques.
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DIRECT LABELLING OF RECOMBINANT scFv's WITH A NOVEL
ORGANOMETALLIC ^TC-CARBONYL COMPLEX

ft Waibel, ft Alberto, C. De Pasquale, A. Stichelberger, J. Willuda1, A. Pluckthun1, ft Finnern2,
J.P. Mach2, K. Chester3, ft. H.J. Begent3 (1Dept. of Biochemistry, University of Zurich, 2Dept. of Biochem-

istry, University of Lausanne, Epalinges,3Royal Free Hospital School of Medicine, London, UK)

Site directed drugs such as small receptor-avid peptides and antibodies labelled with radionuclides
(technetium and rhenium) are important tools in medicine for the imaging and treatment of many forms of
cancer. The aim of this study was to answer the question if a direct labelling of recombinant single-chain Fv
antibody fragments, which bear a histidine-tag of five to six His for purification purposes, would be possible
in a convenient procedure, site specific (at the His-tag) and in vivo stable.

We have synthesised 99mTc(l)-carbonyl compounds
which spontaneously form a [rc(OH2)3(CO)3]

+-
complex in aqueous solution. This complex shows a
high preference for co-ordinating to aromatic amines
in water or buffered systems. Exchange rates are
reasonably fast and the formed complexes very inert.
By simply adding the ligand solution to Tc-carbonyl
samples, we identified histidine as the most stable
amino acid for complexation to rTc(OH2)3(CO)3]+,
even in stoichiometric amounts.

SYNTHESIS

The original synthesis as described in the literature
uses 200 atm CO at a temperature of 200°C for 24
hours to convert rhenium-perrhenate to an or-
ganometallic rhenium-carbonyl Re2(CO)10.These high

temperature and high pressure conditions are not
convenient for the application of short lived radionu-
clides.

We present a routine synthesis of the organometallic
aqua-ion directly from [99mTc04]" in normal saline

solution under one atmosphere of CO. Synergistic
interactions between reductant NaBH4 and the stabi-
lising agent (CO) makes this synthesis possible.

[188ReO4]"

0.9% NaCI / H2O;

1 atm CO / NaBH4

30' 75° C

OH2

J
OC*

CO

> 95%

Diagram 1: New synthesis of 99mTc/188Re carbonyl aq-
uaion.

No intermediates at all can be detected and, once the
"Tc(l)" center is formed upon reduction, it is trapped
efficiently by three CO molecules.

Antibody scFv fragments have become an important
class of proteins for tumour imaging. A standard la-
belling protocol for scFv fragments carrying a C-
terminal His-tag was devised after optimising con-
centration, reaction time and pH: Optimal labelling
conditions are: 1 mg/ml antibody concentration,

15 min at 37°C labelling time and a pH of 6.2 which
gave a specific activity of Agp^^ = 5 GBq/mg.

After labelling of scFv MFE-23 and removal of the
remaining pertechnetate on a gel filtration column,
little amount of radioactivity was released to the me-
dium after 24 hr incubation at 37°C, up to a challenge
with "lOO'OOO x molar concentration of free His or Cys.

Challenge of 99mTc-MFE-23 with His or Cys

100 100

-o-MFE-His
-o- MFE-Cys

log (molar cone of His/Cys x
cone of scFv)

SITE SPECIFIC LABELLING OF THE HIS-TAG

A sequence of several His should be able to co-
ordinate to the same metal center via several side
chains. Calculated geometry optimisation showed that
co-ordination over two not directly neighboured His
resulted only in a small distortion of the backbone. A
complex with minimal three His stands for such an
arrangement and exemplifies the expected high ki-
netic stability. The influence of the His-tag on the
labelling efficiency was investigated with a scFv car-
rying a 5x His-tag and one endogenous His. When
this scFv fragment carried the His-tag, 99mTc was
quantitatively incorporated. Without the His-tag, only
25% of the radioactivity was incorporated and when
HisL92 (the position of the last His) was mutated to
Ala, total incorporation dropped to 16%. Challenge
with free His released 1.5% to 29% of radioactivity.
These data show that labelling indeed predominantly
occurs at the His-tag.
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Site Specific Incorporation of 9 9 mTc .

+100 fold excess
of free His

-1.5%
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The labelled antibodies displayed good retention of
immunoreactivity (57% to 97%, as measured by dif-
ferent methods) and no change in their affinity was
observed.

Biological activities of scFv after " T c labelling

scFv

M12

MOC31

4D5

M603-H11

MFE-23

FITC

Antigen

mucin

EGP2

c-erbB2

pplcholine

CEA

FITC

Method

peptide

cell binding

cell binding

affinity

gel-shift

gel-shift

Activity

57%

90%

87%

97%

89%

87%

Biodistribution of 99mTc-labelled scFv 4D5 was stud-
ied in xenografted nu/nu mice 24 hr after injection of
radiolabeled antibodies into the animals. A tu-

mour/blood ratio of 8.9 to 1 was obtained with 1.9 %
of the injected dose accumulated per gram of tumour.

Biodistribution of 99mTc scFv MOC31 revealed a tu-
mour/blood ratio of 6.4 to 1 with 2.6% of the injected
dose was retained at the tumour site after 24 hr.
Control FITC scFv showed no specific uptake.

CONCLUSION

Tc(l), easily prepared from a Tc-generator and CO-
gas at atmosphere pressure, is stabilised as a tricar-
bonylcomplex in aqueous solution, but readily ex-
changes its water ligand to the sp2 nitrogen of imida-
zoles. Because the dissociation pathway is the only
one allowed for ligand exchange in this d6 system, the
resulting complexes are very inert. Therefore,
n"c(OH2)3(CO)3]

+ is an extremely convenient reagent

for labelling His-tags in recombinant proteins, which
are present anyway for purification purposes, by sim-
ply mixing reagents. ScFv fragments so labelled show
no trans-chelation and no loss of binding activity. We
believe that this technology will be useful for a wide
range of in vivo diagnostics using peptides or pro-
teins, and its use may be extended to 186/188R6 for

radiotherapy as well.
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BIOLOGICAL CHARACTERISATION OF NEUROPEPTIDES

L. Allemann-Tannahill, M. Willmann, N. Carrel-Remy, M. Bruhlmeier, P. Blauenstein (PSI)
D. Tourwe (Vrije Universiteit Brussel)

Neurotensin and Bombesin are neuropeptides with a potential to transport radionuclides into tumour cells.
But they also accumulate at unwanted sites like kidney or liver and they are rapidly catabolised. Catabo-
lism-resistant peptides can be designed and synthetised and have to be tested in vivo and in vitro.

INTRODUCTION

Neuropeptide receptors have been shown to be pres-
ent in high density on many different tumour cells, and
thus they are a potential target for radiolabelled pep-
tides. The chemistry of Tc and Re is rather similar and
therefore peptides labelled with these nuclides make
an excellent pair for diagnosis and therapy. At present
we focus on the evaluation of 99mTc labelled peptides
which is part of an European BIOMED project. Several
difficulties, like catabolism of the peptides or accumu-
lation of the activity in healthy tissues, prevent a
straight forward strategy and thus many peptides have
to be designed and their pharmacological behaviour
investigated before we have a new diagnostic or
therapeutic tool at our disposition. This year we have
extended our investigation to metabolically stabilised
analogues of the neurotensin fragment
NT8-13.

LIGAND FOR TECHNETIUM

Histidine was linked to the amino terminus which
opens an easy access to the labelling with the Tc-
tricarbonyl synthon. NT8-13 is the smallest fragment
which has the same binding properties as the intact
neurotensin, NT-I to NT-VI are neurotensin fragments
with an additional amino acid, namely histidine instead
of proline (amino acid 7 in the natural neurotensin).

Table 1: Overview of the tested NT8-13 analogues.

CH2

CH

/ \
H2N COOH

3H

HOOC NH—CH2—COOH

Fig.1: Histidine (1) and the acetate derivative (2), i.e.
invHis. The carbonic acid will be linked to the
amino terminus of the peptide chain.

His was coupled in two ways (Fig. 1), either preserving
the amino terminus of the peptide or with an acetate
coupled to the a-amine (invHis) and thus inverting the
amino terminus into a secondary carbonic acid termi-
nus.

STABILISED PEPTIDES

We synthesised six different HisNT8-13 analogues
with changes around position 8 and 9 (Table 1). The
four amino acids and the respective peptide bonds of
NT10-13 (Pro-Tyr-lle-Leu) remained unchanged
(except in NT-Ill with Tie instead of lie).

NT8-13

NT7-13

NT-I

NT-I I

NT-Ill

NT-IV

NT-V

NT-VI

Arg-Arg-Pro-Tyr-lle-Leu

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

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

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

His-(N-CH3)-Arg-Arg-Pro-Tyr-Tle-Leu

His-Lys-(v|/CH2NH)-Arg-Pro-Tyr-lle-Leu

invHis-Arg-(i|/CH2NH)-Arg-Pro-Tyr-lle-l_eu

invHis-Lys-(\(fCH2NH)-Arg-Pro-Tyr-lle-Leu

CATABOLISM OF NEUROTENSIN

Endopeptidases have been shown to cleave peptides
like neurotensin and somatostatin (1, 2, 3, 4). In the
case of neurotensin the main fragments 1-10 and 11-
13 and two minor fragments 1-8 and 9-13 were ob-
tained. Depending on the experimental conditions the
cleavage rate is at least a few nmol/(h*mg protein)
which is a high value if we compare it with the small
amount of peptides present at tracer level. It is there-
fore clear that efforts are needed to develop peptides
which are resisting enzymatic cleavage but maintain-
ing good binding properties to the receptors on cancer
cells. The stabilisation of peptides can be reached by
several means, like methylation of a nitrogen in an
amide bond, reduction of an amide to an amine or
replacing a natural (L, a) amino acid by an unnatural
D-amino acid or a p-amino acid.
Own metabolite analysis of " m T c labelled NT-I (and
NT-I I) after incubation in vitro with HT29 cells showed
several peaks in the HPLC trace. Pertechnetate, and
the intact compound were clearly identified, 99mTcHis-
Arg (one of the assumed metabolites with an expected
peak at 12.7 min) was absent and one unidentified
peak at 9 min is close to the expected value of " m T c
labelled His. The above mentioned major fragment 11-
13 is not labelled and therefore not detectable but the
remainder should be Tc-His-Arg-Arg-Pro which could
correspond to another not yet identified peak at
around 20 min.

PROPERTIES OF THE NEUROTENSIN ANALOGUES

Binding (Scatchard plot) and internalisation were
tested with HT29 cells in vitro. To reduce the neces-
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sary animal studies to a minimum we determined the
biodistribution at 24 h after injection except in the case
of 99mTc labelled NT-I and NT-I I. With these two com-
pounds the biodistribution was determined at two ad-
ditional time points and additionally with normal mice
(like all other NT-analogues) and in nude mice with
tumour xenog rafts.

Acceptable results were obtained with Tc-NT-I and Tc-
NT-II. The best results were obtained with Tc-NT-ll,
namely lowest nonspecific binding and lowest kidney
uptake see Fig. 2). However, the accumulation of the
activity in tumours of nude mice was disappointing.
The accumulation in the tumour is obviously slow
compared with the catabolism of the peptide.

Preliminary Kd values were obtained with " m T c la-
belled NT-IV, NT-V and NT-VI but they are not une-
quivocal due to different reasons. Tc-NT-IV is sticking
strongly to all kinds of tubes tested so far. Tc-NT-V
shows an increase in nonspecific binding parallel to
the total binding. The specific binding can be evalu-
ated only at low concentrations and does not increase
with increasing concentrations (ratio bound/free
< 0.1). Tc-NT-VI is less sticky than Tc-NT-IV but
shows a continuous increase of bound activity to HT29
cells up to the highest applied concentration. Begin-
ning of next year we will confirm the obtained results.
Our data (Kd around 1 nM) are in the same order of

magnitude as the values obtained with iodinated neu-
rotensin (Lit data: 0.09 < Kd < 17 nM). Tc-NT-lll shows

a strongly increased kidney uptake, but acceptable
binding to tumour cells in vitro.

The tendency that better in vitro properties are ob-
tained if an invHis is used instead of His was first
found with NT-I and NT-I I and later confirmed with NT-

IV and NT-VI. Tc(CO)3 has three free positions to bind
a ligand. The invHis (e.g. in NT-I I or NT-VI) has the
potential to occupy all three positions while only two
donor atoms are left when His is bound at the end of a
peptide (NT-I or IV). The results indicate that the re-
maining free position binds to any possible donor atom
which is present in the solution.

PROPERTIES OF BOMBESIN ANALOGUES

The bombesin work was less successful, different
kinds of experimental conditions were evaluated to set
up a good test-system with tumour cells in vitro. Un-
fortunately there was between none and minimal spe-
cific binding. Other cells have been ordered and it will
be next years first task to solve this problem.
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Fig. 2: Biodistribution 24 h after injection of 99mTc labelled neurotensin analogues NT-I to NT-VI (% of
injected dose per g tissue).
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INFLUENCE OF BUFFER SYSTEMS AND PH ON THE REACTION AND LABELLING
KINETICS OF LIGANDS AND SMALL PEPTIDES WITH

FAC^[M(OH2)3(CO)3]
+ (M = 9 9 M T C , RE)

R. La Bella, R. Schibli, A. Stichelberger, R. Alberto

Substitution reactions and labelling experiments with 2-Picolinic acid and three non-sense hexa amino acid
peptides, respectively were performed in 0.1 M Phosphate buffer (PP) and 0.1 M Morpholinethyl sulfonic
acid buffer (MES) at different pH. The reactions were monitored by means of 1H, 31P-NMR, and HPLC.
From these experiments it can be concluded that MES buffer is generally the better aqueous medium to
perform substitution reactions and label peptides (or other biological vectors) because it leads to higher
kinetics and single products.

The organometallic precursor fac-[M(OH2)3(CO)3]
+

(M = " m T c 1a, Re 1b), recently developed in our
group, can nowadays be synthesised in high yields.
Corresponding complexes on the macroscopic and
no-carrier added level revealed a high stability. How-
ever, only little is known about the optimal conditions
for the labelling of biomolecules with organometallic
99m-]-c. anc j i86Re_p r e c u r s o r s Therefore, tuning of
these conditions is a pivotal part of the current re-
search in our group.

In certain cases, e.g. on the tracer level, there are
elevated temperatures or high ligand concentrations
necessary to obtain quantitative yields. We tried to
find a solution by approaching the problem from both
the macroscopic (M = Re) and the tracer level (M =
99mTc). As models we choose 2-Picolinic acid and
three hexa peptides (A: His-Gly-Gly-Ala-Ala-Leu; B:
Ala-Gly-His-Gly-Ala-Leu; C: Leu-Ala-Ala-Gly-Gly-His).
From previous experiments it was known that both
model systems form 1:1 complexes with 1. Picolinic
acid is N,0 bidentate coordinated to the metal center
(as evident from X-ray and proton spectrum) forming
the complex [Re(OH2)(picolinate)(CO)3] (see previ-
ous section). The peptides are probably N,N bound
through the His functionalities (see next section).
Time resolved 1H-NMR techniques were used to
monitor the co-ordination of Picolinic acid and in the
case of the peptides HPLC. The reaction curves
based on the proton spectra of the reaction of 1b with
Picolinic acid in the two buffer system at different pH
are shown in figure 1. The reaction kinetics various
significantly. In MES buffer at pH = 5.5 and PP buffer
at pH = 6.5, 90 % of the free ligand was consumed
after 2 h, whereas at pH = 7.5 only 60 % and 50 % of
the product, respectively, could be detected.

Furthermore, we observed in proton spectra the for-
mation of only one species in MES buffer but two in
PP buffer. Additional 31P-NMR spectra of the solution
after completion of the reaction revealed beside the
signal of the free phosphate (+3.5 ppm) a second
weaker signal at +6.5 ppm probably due to the com-
plex [Re(HPO4)(Picolinate)(CO)3]

2" with a metal co-
ordinated phosphate molecule.

100 -r

Fig. 1: Rate of formation of Re-Picolinate complex
based on the proton NMR experiments.

Experiments with the model peptides showed also
significant differences in the labelling yield depending
on the reaction conditions as well as on the position of
His in the amino acid sequence. Table 1 summarises
the results. N-terminal His (N,N co-ordination (peptide
A) co-ordinates the precursor 1 between 3-10 times
more efficiently than C-terminal His (N,0 co-
ordination, peptide C) or endo His (N,N or N only co-
ordination, peptide B). MES buffer as well as a higher
pH of the solution gives rise to slightly better yields. In
conclusion we will focus in the future on MES buffer
(at various pH values) for the labelling of biomole-
cules.

Table 1: Labelling yields (%) of the peptides in 0.1 M
Phosphate (PP) and MES buffer at 37°C
and 10 min after addition of 1.

PH
A
B
C

PP
5.5

46
10
5

6.5

56
25
15

7.5

66
35
25

MES
5.5

51
13
8

6.5

82
25
30

7.5

86
34
30
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SYSTEMATIC IN VITRO AND IN VIVO EVALUATION OF MULTIDENTATE LINKERS
LABELLED WITH A F4O[99mTC(C0)3]+-C0RE

R. La Bella, R. Schibli, J. Stahel, R. Alberto

Bi-, tri- and tetradentate ligand systems were tested for their potential to form stable organometallic com-
plexes with fac-[99mTc(OH2)3(CO)3]

+. The experiments showed that tridentately co-ordinated, neutral or
anionic chelates produce compounds which clear more efficiently from the crucial organs such as liver and
kidneys than bidentate ligands.

Fast and efficient clearance of radio-labelled drugs
(e.g., peptides or small molecules) from the untargeted
organs and tissue is a prerequisite in order to achieve
a good tumor-to-background ratio in tumor diagnosis.
This necessity is even more pronounced if the drug is
labelled with therapeutic radioisotopes (a, |5- emitter)
such as i86/i88Rg( n iAg . Organs and tissue which
need special protection are blood, bone marrow and
the organs of excretion such as liver and kidneys. Pa-
rameters which can influence the in vivo behaviour of
a biological vector are the lipophilicity/hydrophilicity
and the over all charge. To which extend the charac-
teristics of the coordination moiety (ligand and/or radi-
onuclide) and the side specific part (biomolecule) or a
combination of both influences the biodistribution is
barely understood and systematically investigated.

Our group has pioneered the development of the or-
ganometallic precursor /ac-[99rTVTc(OH2)3(CO)3]+ (1) for
use as radiopharmaceuticals. The water molecules are
readily substituted by various mono- and multidentate
ligand systems. Especially chelating N-heterocycles
form stable complexes with 1 at low ligand concentra-
tions (10~4 to 10~5 M). Therefore, we started to test
different systems, which have potential to be attached
to a biomolecule via a H2N-functionality. Due to the

fusion of the ligands one of the functional groups (e.g.
carboxylic acid) is not available for a coordination to the
metal center any more. Therefore, we tested also the
corresponding complexes with the truncated chelates
(Fig. 1).

All complexes were macroscopically characterised by
standard NMR, IR, X-ray spectroscopic and HPLC
methods. A selection of the most important results of
the biodistribution in normal mice results are given in
figure 2. The following observations were made: (i) The
major part of the complexes cleared efficiently from the
blood pool, (ii) No organs (beside liver and kidneys) or
tissue was specifically targeted, (iii) If the 99mTc(CO)3-

core is tridentately coordinated (PAMA, His, IDA) the
retention of radioactivity in liver and kidneys is lower
than with bidentate ligands, independent of their overall
charge (PDCS, Picolinic acid, Histamine). (iv) Ligand
with the more lipophilic pyridine functionality (PAMA,
PADA) revealed a higher liver retention than those with
a imidazole function (His).

NH2

Picolinamine*

OH

PAMA

Histamine
COOH

Hl/N^~™2
Wri

Histidine

H

IDA

NTA*

DOH
PADA

HOOC

PDCS

IOH

(Na-Ac)Histidine*

/ — \
f J—COOH

Picolinic acid

* data not available

Fig. 1: Overview of the tested ligand systems.

One reason for the generally higher retention in the
liver and the kidneys of the complexes with bidentate
ligands could be the unoccupied (other than with the
substitution labile water molecule) sixth position at the
metal center. The water molecule may be substituted
by donor atoms of the functional groups of the proteins
and therefore, the complex is retained longer in these
organs. In conclusion we will focus in the future on the
development of tridentate ligand systems for the func-
tionalisation of biomolecules.

PDCS
HisiCTTine

Pio3inicerici
P/WW

P/OA

Fig. 2: Results of the biodistribution of the " m T c -
complexes in normal mice (n = 3), 24 h p. i. of
an aliquot of 100 u.Ci in 100 jxl PBS buffer.
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SILVER: SYNTHESIS AND CHARACTERISATION OF CAGE LIGANDS AND AG+
COMPLEXES FOR THE APPLICATION OF AG-111 IN NUCLIDE THERAPY

R. Alberto, D. Angst, M. Iftimia-Peyer, J. Baumeister, Th.A. Kaden1, U. Abram2, K. Ortner2

(1Uni Basel, 2Uni Tubingen)

Several hexadentate bifunctional thio cages of the sarcophagine type, containing exclusively sulphur as
donor atoms, have been prepared. The reactions with Ag+ however did not result in inclusion compounds
as expected from molecular modelling calculations but in complexes in which the Ag+ centre was co-
ordinated from outside only. The co-ordination sphere was completed by co-ordination to other cages and
polymeric solid state structure are formed. This behaviour gave an interesting insight in the unknown co-
ordination chemistry of Ag+ with this type ofligands.

111Ag is a radionuclide with interesting decay proper-
ties for the application in radioimmunotherapy. On the
other hand, its coordination chemistry is not trivial
since all Ag+ complexes suffer from a very low kinetic
stability. This means that the metal centre tran-
schelates rapidly to other potential co-ordinating sites,
which are present in particular in human serum in
large concentrations. To provide enhanced kinetic
stability the metal centres have to be encapsulated in
a ligand, which prevents access from other co-
ordinating sites. Since the substitution at Ag+ is mainly
associative, cage compounds fulfil these prerequisites
quite well as known from complexes with other labile
metal centres.

We synthesised hexadentate bifunctional thiocages by
a novel pathway, containing exclusively thioethers as
chelating groups. Since the Ag+ is a rather large
cation, the hole size of the cages have to be tailor
made. The size of the different backbones allows
penetration of Ag+ into the cavity and the hole size is
responsible for an optimal protection against compet-
ing ligands. The yields for these difficult reactions (nigh
dilution approach) were unusually high and reached
for several types up to 30%. As described in the last
annual report, cages containing one single methylene
group in the cap of the bicyclic system are considered
to be to small for a reasonable coordination with Ag+.
Therefore, both caps were enlarged by one additional
methylene group in each backbone. Molecular model-
ling by geometry optimisation gave an almost perfect
octahedral coordination geometry around the Ag+

centre with reasonable bond lengths. The ligands were
then reacted with Ag+ salts in different solvents and
under different reaction conditions. It turned out that it
was not possible to encapsulate the Ag+ centre. Only
outside co-ordination was found. For example, the
metal center co-ordinated to two sulfur from one cage
and to at least one sulfur from another cage ligand,
forming finally polymeric strands or sheets, depending
on the number of other ligands. The structures of the
complexes could be characterised. In one case finally,
inclusion could almost be achieved. Cage-2-S6 co-
ordinated with four sulfur atoms tetradentately to one
Ag+- A fifth site was occupied by one single sulfur atom

from a second cage. This second cage formed with
four additional sulphur atoms a chelate to the next Ag+

and so on. Thus, polymeric chains were formed. In this
case only, the anion did not bind to the Ag+. An
ORTEP presentation of a part of the chain structure is
given in the figure below.

To next cage

This coordination can be considered as an intermedi-
ate state just before inclusion could occur. However
neither ultrasound nor microwave or elevated tem-
perature could force the Ag+ to slip into the ligand. 1H
NMR revealed a fully symmetrical pattern, which is a
indication for high fluxionality in solution. Thus, in co-
ordinating solvents, Ag+ transchelates rapidly between
different cages, giving a mean signal between the
coordination to any sulfur in the cages.

An experimental result which is common to all chela-
tors for Ag+ prepared so far is the fact, that the forma-
tion of six-membered chelates is very unlikely. If the
Ag+ is not forced into such a coordination, it will refuse
it. Despite these results, we are continuing the synthe-
sis of cage compounds, since it is the only possibility
to stabilise the Ag+ centre in vivo. Recent literature
revealed that ligands providing very high stability con-
stants are not able to prevent the Ag+ centre from
transchelation (1). However, the frame work of such
ligands have to be different from the ones we aimed to
date.
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SPECIFIC PET TRACERS FOR THE GLUTAMATERGIC SYSTEM

S.M. Ametamey, M. Kokic, M. Grauert1, Y. Auberson2, E. Sinnig,
N. Carrel-Rémy, M. Willmann, L Allemann-Tannahill, P.Bläuenstein
CBoehringer Ingelheim KG, Germany; 2Novartis Pharma AG, Basel)

The radiolabelling of Bill 277 CL, a PCP-site antagonist of the NMDA-receptor complex has been com-
pleted and in vivo characterisations are being carried out. Suitable precursors for the bromine-76 radiola-
belling of CGP78608, an antagonist acting at the glycine binding site have been synthesised.

The glutamatergic NMDA-receptor plays a key role in
mediating synaptic excitation in the mammalian CNS.
Overactivation of this receptor is known to trigger a
cascade of events that leads to cell death. The NMDA-
receptor has also been shown to be implicated in vari-
ous neurological diseases, such as stroke, apoplexia
or CNS trauma and in chronic neurodegenerative dis-
eases, such as Alzheimer's and Parkinson's diseases.
If dysfunction of glutamate plays a part in these dis-
eases then it should be possible to correlate under in
vivo conditions the severity of disease with receptor
function. We therefore have been interested in devel-
oping radioligands that could be used to map the vari-
ous binding sites of the NMDA-receptor complex using
PET as an imaging modality.

Bill 277 CL: A LIGAND FOR THE PCP-BINDING
SITE

Recently a new and highly potent NMDA-antagonist
with affinity for the PCP-(phencyclidine)binding site of
the NMDA receptor complex has been reported (1).
The compound, [2R-[2a3(R),6a]]-1,2,3,4,5,6-hexa-
hydro-3-(2-methoxypropyl)-6,11,11 -trimethyl-2,6-me-
thano-3-benzazocin-9-ol (BIN 277 CL), is a benzomor-
phan derivative and displays pharmacological features
that warrant its evaluation as a PET radioligand for
studying the PCP-binding site of the NMDA receptor
complex. The structure of Bill 277 CL permits carbon-
11 radiolabelling and therefore this approach was
adapted. In close collaboration with the pharmaceuti-
cal company Boehringer Ingelheim in Germany an
appropriate precursor with the BOC-protecting moiety
was synthesised. The synthesis of [11C]-BIII 277 CL
was achieved via a two-step reaction sequence. The
first step was accomplished by reacting the protected
desmethyl compound with [11C]-methyl iodide at 80°C
for 5min using acetonitrile as solvent. The second
step, which involves deprotection of the phenolic func-
tion was achieved by heating the radiolabelled inter-
mediate 2 with 3M HCI at 80°C for 5 min. [11C]-
Blll 277 CL was purified using reversed phase HPLC
and the radiochemical yield obtained ranged between
15-25%.
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Fig. 1 : Radiolabelling of Bill 277 CL.

In order to determine the pharmacokinetics and the

specifity of [11C]-BIII 277 CL, biodistribution studies in
mice were performed. The results (fig. 2) show that

[11C]-BIII 277 CL enters the brain rapidly. At 5min
postinjection the highest uptake (20% I.D./g organ) of
radioactivity in the mouse brain was observed in the
frontal cortex, a region known to contain high density
of the NMDA-receptor. At later times the uptake values

of [11C]-BIII 277 CL in the frontal cortex, hippocampus,
striatum, and the cerebellum were similar and no dif-
ferential retention of activity in any brain region was
observed. The radioactivity in the selected brain re-
gions also decreased rapidly with time.
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Fig. 2: Biodistribution of [11C]-BIII277CL in mice.

In order to determine the extent of specific binding of
[11C]-BIII 277 CL in mice brain a blockade experiment
using MK-801, a potent antagonist at the PCP-site,
was performed by coinjecting MK-801 (0.1mg/kg) and
[11C]-BIII 277 CL. At 30min. postinjection and contrary
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to our expectations an increased uptake of radioactiv-
ity was observed for all the brain regions examined
(fig. 3). It is at this stage too early to speculate what
the reason might be for the increased uptake. Further
blocking experiments with other NMDA antagonists
have been planned.

Blockade studies

• control, 30min.

HMK-801,30min.

Fig. 3: Blockade studies of [11C]-BIII277CL with MK-
801 in mice.

CGP 78608: A LIGAND FOR THE GLYCINE BIND-
ING SITE

Recently, a new potent ligand acting at the glycine-
binding site of the NMDA channel complex has been
synthesised by the pharmaceutical company Novartis.
The compound, CGP78608, belongs to the family of
quinoxalinediones and has high binding affinity for the
glycine-binding site (IC50 = 6nM) of the NMDA-
receptor complex. In order to evaluate this new com-
pound in vivo we decided to radiolabel CGP78608 with
bromine-76 using PET and iodine-123 using SPET.
Figure 4 shows the reaction scheme leading to the
radiolabelled and fully deprotected form of CGP78608.
Starting from the protected CGP78608 (1), the tribu-
tyltin derivative 2 and the iodo derivative 3 were pre-
pared. The stannylation of the protected CGP78608
was achieved by heating under reflux for 6 hours hex-
abutyldistannane, tetrakispalladium-triphosphine and
compound 1. After purification by flash chromatogra-
phy, 2 was obtained in 33% yield, lodination was ac-
complished by reacting for one hour at room tem-
perature in chloroform, the tin derivative 2 with iodine.
Compound 3 was obtained in high yields after purifica-
tion by flash chromatography. Radioiodination with
iodine-123 (if 1-123 was not available, 1-131 was used

instead) was successful with hydrogenperoxyde (but
not chloramineT) as oxidation agent. Different condi-
tions of HPLC analysis proved the presence of the
expected tracer. However, the octanol/water distribu-
tion coefficient was very low (logP < 0) which is in
agreement with the low brain uptake seen in the bio-
distribution study. Moreover the brain/blood ratio was
< 0.1 at all time points which indicates that this com-
pound is not a promising SPET tracer. Radiobromina-
tion experiments will soon start.

Fig. 4: Synthesis of radiolabelled CGP78608.

a) (SnBu3)2, Pd(PPh3)4, 1,4-dioxane b) oxidising
agent, MeOH c) CHCI3, l2 d) CuCI2> e) 3-M HCI.
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McN-5652: A PET RADIOTRACER FOR THE SEROTONIN TRANSPORTER

P. Gucker, R. Schonbachler, E. Sinnig, S.M. Ametamey, F.X. Vollenweider1, J. Zessin2

1 Psychiatric University Hospital, Zurich, Switzerland, 2lnstitut fiir Bioanorganische und Radiopharmazeu-
tische Chemie, Forschungszentrum Rossendorf, Dresden, Germany

In view of the investigation of the putative neurotoxicity of ecstasy in humans the synthesis of McN-5652
has been performed and the labelling procedure of f1 C]-McN-5652 has been established.

The compound McN-5652 (trans-1,2,3,5,6,1 Ob-hexa-
hydro-6-[4-(methylthio)phenyl]pyrrolo-[2,1-a] isoquino-
line) is an exceedingly potent and selective blocker of
the serotonin uptake sites. The active isomer is the
trans-(+) compound with a Ki value of 0.4 nM in the
rat cerebral cortex. Carbon-11 labelled McN-5652 is a
suitable radiotracer for imaging serotonin uptake sites
with positron emission tomography (PET). In vivo
investigations in the human brain (1) showed satis-
factory target-to-non-target ratios of 1,5-1,8 after 95-
115 min using biologically active (+)-enantiomer.

McN-5652 was prepared in an eight-step reaction
sequence (2). Because the reported procedure for the
racemic separation of (+) McN is unreliable we devel-
oped a new method that employs (+)- and (-)-di-p-
toluoyltartaric acid. The initial crystallisation with
(+)-di-p-toluoyltartaric acid from acetonitrile yielded
the (-)-enantiomer of 1 with an enantiomeric purity of
about 90%. Optically pure (-)-1 (enantiomeric excess
(ee) > 98%) was obtained after an additional recrys-
tallisation from ethanol. The mother liquor of the initial
crystallisation was enriched with the
(+)-enantiomer (ee > 90%). A further crystallisation of
the recovered amine with (-)-di-p-toluoyltartaric acid
from acetonitrile gave optically pure (+)-1 (ee > 98%)
(figurei).

Fig. 1: Determination of the enantiomeric purity of
the McN-5652 enantiomeres with
(+)-Mosher's acid.

The preparation of the precursor for the synthesis of
[11 C]McN-5652 consists of the S-demethylation of 1
by treatment with sodium amide at low temperatures
(-78°C) and subsequent conversion of the
intermediate thiol with acetyl chloride to give the cor-
responding thioester precursor 2 (2).

Fig. 2: Synthesis of [11C]McN-5652.

The thioester precursor was hydrolysed by treatment
with potassium hydroxide. The released thiol was
methylated with [11C]methyl iodide in DMF. [11C](+)-
McN-5652 or [11C](-)-McN-5652 was obtained with an
overall radiochemical yield of 22% (corrected for de-
cay, related to [11C]CO2) in a preparation time of 35
min from [11C]CO2. The radiochemical purity was
>98% and the specific activity about 74 GBq/|imol
(2000 Ci/mmol) (EOS). The labelling procedure has
been transferred from PSI to the University Hospital in
Zurich, where human experiments in healthy volun-
teers and ecstasy-users will be performed. To be able
to quantify the PET-images it is necessary to calcu-
late the input function. Therefore we established a
blood extraction method that separates metabolites
from the parent compound McN-5652. HPLC-analysis
of extracted mice brain homogenates indicated that
no metabolites are formed within the brain. Human
studies are underway.
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p-CPPIT AND ITS FLUOROETHYL- AND FLUOROPROPYL-ANALOGUES AS PO-
TENTIAL TRACERS FOR THE DOPAMINE TRANSPORTER

ft Schonbachler, P. Gucker, S.M. Ametamey, E. Sinnig, L Allemann-Tannahili, M. Willmann

The bioevaluation studies of $-CPPIT in mice have been completed. Furthermore the labelling procedure
for [11 C]-$-CPPIT has been established at the University Hospital in Zurich.

p-CPPIT

A series of cocaine analogues have been synthesised
and used for positron emission tomography (PET) for
imaging the dopamine transporter (DAT). Unfortu-
nately, most of these cocaine derivatives are not se-
lective for the DAT. They have a comparable affinity to
the serotonin and/or norepinephrine transporter. Re-
cently, Kotian et al. reported the synthesis of 3JJ-(4'-
chlorophenyl)-2p-(3'-phenylisoxazol-5'yl)tropane (p-
CPPIT) (1) (Fig. 1). In vitro data indicated that this
compound is much more selective for the DAT than
the commonly used cocaine analogues for PET meas-
urements. Consequently, we synthesised and radiola-
belled
p-CPPIT with carbon-11 (2).

P-CPPIT n=2: FE-P-CPPIT
n=3: FP-P-CPPIT

Fig. 1: Structure of p-CPPIT and its fluoroethyl- and
fluoropropyl derivatives.

Biodistribution studies in mice showed a high uptake of
[11C]-p-CPPIT in the striatum, a region with a high
density of DAT.

In order to determine the selectivity and specificity
blockade studies with the compounds GBR 12909 (a
dopamine uptake inhibitor), ketanserin (an inhibitor of
the vesicular monoamine transporter), citalopram (a
serotonin uptake inhibitor) and desipramine (a norepi-
nephrine uptake inhibitor) were performed. Figure 2
shows that only with GBR 12909 a reduction of the p-
CPPIT uptake could be observed. The other com-
pounds did not influence the p-CPPIT uptake which
proves the selectivity of p-CPPIT for the DAT.

Human experiments with healthy volunteers are
planed at the University Hospital in Zurich. Therefore
the radiolabelling has been transferred from PSI to
Zurich. For the interpretation of the PET images it is
necessary to quantify the metabolites. We therefore

established a blood extraction method. By extracting
the plasma with phosphate buffer and heptane the
metabolites could be separated from [11C]-p-CPPIT.
The detection with radio thin layer chromatography
showed the following distribution: The parent com-
pound in the organic phase and the metabolites in the
aqueous phase.

• control
Dgbr 12909
D ketanserin
P citalopram
D desipramine

cerebellum hippocampus striatum front, cortex hypothalamus

Fig. 2: Blockade studies of [11C]-p-CPPIT in mice
at 60 min p.i.

FE- AND FP-P-CPPIT

To increase the time frame for PET-measurements we
also synthesised the fluorine-18 labelled fluoroethyl-
and fluoropropyl- derivatives of p-CPPIT. Unfortu-
nately biodistribution and metabolite studies in mice
showed high non-specific binding. Furthermore five
minutes after the application of the FE- and FP-
derivatives 69 and 51%, respectively, of blood activity
were shown to be metabolites. Therefore, further in
vivo evaluation of these fluorine-18 labelled com-
pounds has been stopped.
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EPIBATIDINE ANALOGS: NEW LIGANDS FOR THE NEURONAL NICOTINIC ACE-
TYLCHOLINE RECEPTOR

G. Westera1, J.T. Patt1, D. Bertrand2, J.E. Spang1

(1University Hospital Zurich, Nuclear Medicine, 2CMU, Physiology, Geneva)

A few analoga of the alkaloid epibatidine, which is the most powerful nicotinergic receptorligand known,
have been synthesised and evaluated in vitro and in vivo experiments.

Epibatidine (2b-(2-chloro-5-pyridinyl)-7-azabicyclo-
[2.2.1 Jheptane) and homoepibatidine (6b-(2-chloro-5-
pyridinyl)-8-azabicyclo[3.2.1]octane) and their meth-
ylated derivatives show high affinity and selectivity for
aa4bb2 nAChRs (nicotinic acetylcholine receptor) in
the brain (1,2). The C-11-methylated compounds are
possible PET-tracers for this receptor. Homoepibat-
idine is less toxic than the natural ocurring epibat-
idine.

The stereoisomers of epibatidine and homoepibat-
idine are well separated by semipreparative HPLC on
a Chirobiotic T column. Enantiomeric purity was >97
% ee. After radiolabelling with [C-11]methyliodide the
biodistribution was evaluated in mice and rats. The
stereoisomers showed characteristic differences,
especially in the brain uptake curve. [C-11]N-methyl-
(+)epibatidine and [C-11]N-methyl-(+)homoepibati-
dine showed a very fast uptake, a very sharp maxi-
mum and rapid washout from the brain. [C-11]N-
methyl(-)epibatidine showed a slow uptake to the
brain and does not reach maximum during 60 min. [C-
11]N-methyl-(-)homoepibatidine had a slower brain
uptake with a maximum after 10 to 20 minutes fol-
lowed by slow washout.

epibatidine homoepibatidine 2-PABH

The central nicotinic acethycholine receptors
(nAChRs) are ligand gated ion channels which are
formed by the assembly of five subunits each of which
is spanning four times the membrane. Presently a
total of eleven neuronal subunits (aa2-a9,bp"2-b4)
have been identified (3). The neuronal nAchRs can
be divided in two classes according to their sensitivity
to the snake toxin aa-bungarotoxin (aoca-Bgt). We
looked at the aa7 which belongs to the first group and
at the aa4abp4b2 and a3b4 aa3b|34, which are the
major brain and ganglionic nAChRs respectively (4).

We examined the influence of the intramolecular N-N-
distance on the activation of the different neuronal
nAChRs by using the new epibatidine analogue exo-
2-(2-pyridyl)-7-azabicyclo[2.2.1]heptane (2PABH). We
switched the pyridine nitrogen from the meta to the
ortho position and eliminated the chlorine. Removal of
the halogen seems to have no significant effect the
properties of this compound(5).
Electrophysiological studies were carried out on neu-
ronal nAchRs subtypes (all cDNA vectors were
cloned from rat) reconstituted in Xenopus oocytes
and investigated in voltage clamp.

These experiments revealed that decreasing N-N-
distance and changing spatial arrangement of the free
electron pair of pyridine nitrogen strongly reduces the
efficiency of epibatidine towards the acc4abp4b2 and
a3b4 aoc3b|34 a3b4-subtypes, the sensitivity for
2PABH being more than four orders of magnitude
lower than for epibatidine. In contrast, the activation
of the homomeric a7-subtype is only slightly de-
creased by a factor of approximately 15 resulting in
an EC50 of about 25mM. Thus this novel nicotionic

agonist is selective towards the aa7-subtype. The
intramolecular N-N-distance and the spartial nitrogen
orientation have a crucial impact on the nicotinic re-
ceptor recognition.
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DIVISION OF RADIATION PROTECTION AND RADIOACTIVE WASTE TREATMENT

R. Andres

The Division for Radiation Protection and Radioactive Waste Treatment is, as its name implies, active in
two key areas of the infrastructure of PSI. However, the complete spectrum of its missions exceeds by far
this service task and encompasses both scientific work and consulting activities for governmental offices. In
the context of the reorganisation of PSI, the ASE has been transferred to the Department Logistic and Mar-
keting. Therefore, our work will henceforth be described in the documentation of that department.

OVERVIEW

The Division for Radiation Protection and Radioactive
Waste Treatment (ASE) is active in two radiological
key areas at the institute:

- It is responsible for the radiological safety of the
personnel, the installations and the environment at
PSI.

- It is charged with managing all radioactive waste
and with dismantling obsolete nuclear installations
at PSI.

The complexity of these tasks precludes a purely
service oriented type of work. The construction of new
installations, the use of new processes and the
changing environment all call for a scientific basis,
upon which the practical work in radiation protection,
dismantling and waste treatment is founded. Due to
this very close interaction between science and practi-
cal work, our R+D programme is focused on aspects
relevant to PSI. Despite the restrictions, it is gratifying
to see that our scientific work is interesting to many
customers outside PSI. This is also reflected by the
fact that approximately 50 % of our research funds
come from sources outside PSI (national and interna-
tional funding offices, industry). Part of this money is
used to support doctoral students (currently two in our
division).

Our technical and scientific know how and our practi-
cal experience are also put to use for customers out-
side PSI:

• our school for radiation protection is visited by sev-
eral thousand students every year. In accordance
with the Swiss legislation and specific needs of our
customers (medical institutions, nuclear power
plants, industry) they are instructed in a variety of
radiologically relevant subjects.

• our rapid intervention team for small scale radio-
logical emergencies. This well equipped team was
called many times to events ranging from the sal-
vage of lost radioactive sources, to assisting the
police in cases of criminal use of radioactive mate-
rial.

• many institutions that are in the process of estab-
lishing quality management systems in radiological
areas seek advice from our respective specialists.

• our specialized installations such as the whole body
counter are used in dealing with complex and often
politically sensitive situations.

• specialists from our division are invited to help set
up and judge radiological exercises for various
emergency response organisations (police, fire bri-
gade, army).

In the context of the reorganisation of PSI, the ASE
has been transferred as of Nov. 1, 1998, to the De-
partment Logistic and Marketing (LOG). Having an
important infrastructural task, our division clearly is
better embedded in LOG than in a purely research
oriented division such as BIO. Therefore, our work will
henceforth be described in the documentation of LOG.

I would like to thank the staff of the Division of Radia-
tion Protection and Waste Management for their coop-
eration and dedication to our work, and I am looking
forward to an exciting and fulfilling future.
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DEVELOPMENT OF A NOVEL ACTIVE PERSONAL NEUTRON DOSEMETER
BASED ON ION CHAMBER DETECTOR WITH DIRECT ION STORAGE (DIS)

C. Wernli, A. Fiechtner

INTRODUCTION

A novel detector type developed by RADOS is based
on an ionization chamber with so called Direct Ion
Storage (DIS). The ionization chamber is sensitive
both to neutrons and photons. To realize a neutron
dosemeter a double-chamber system is built. Cham-
bers with highest possible as well as chambers with
lowest possible neutron sensitivities are being devel-
oped to allow for differential readings.

NEUTRON RESPONSES

The responses for neutron sources were determined
for the following detector types and are presented in
figure 1:
- A-150 detectors with different contents (0-10%) of

boron nitrate (BN). The higher concentrations of
BN yield an overestimation for thermal neutrons.
The detector with 0.1% BN has a relatively flat
neutron response, but is rather insensitive.

- Polyethylen (PE) detectors containing 0% and 5%
LiNO3, respectively.

The responses of the detectors are calculated by tak-
ing the signal difference from a neutron sensitive de-
tector to a neutron insensitive detector (made of Teflon
or Graphite).
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Fig. 1: Neutron response for different neutron spec-
tra.

ANGULAR DEPENDENCE

The investigations on the angular dependence of the
response were performed for a neutron source (Am-
Be) and for photons. The reference dose values were
corrected for their angular dependence. All detector
types show a very similar characteristic: For neutron
irradiations the readings increase up to 30% with in-
creasing angles (figure 2). For photon irradiations

(energy range: 24 to 660 keV) the responses are for
all types at 60° about 10% higher than the responses
atO°.
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Fig. 2: Angular dependence of the readings for an
Am-Be neutron irradiation.

EFFECT OF LEAD SHIELDINGS

The response of a Teflon detector for photon energies
below 80 keV is higher than for the tissue equivalent
detectors. Because of the differential measurement
between the two types of detectors, this could yield an
overestimation of the photon dose and therefore an
underestimation of the neutron dose in mixed fields.
With lead shieldings, photon energies below 100 keV
are cut out and therefore this effect can be omitted.
For practical reasons a lead thickness of 1 mm ap-
pears sufficient.

DETECTION LIMIT IN MIXED FIELDS

With this existing system (difference signal of two de-
tectors) it is possible to measure neutron doses of Am-
Be sources down to 0.1 mSv with deviations of about
±20%, unless the photon dose is higher than double
the neutron dose. For higher y/n-ratios the uncertainty
of the neutron dose measurement increases substan-
tially.

OUTLOOK

Irradiations of a combined detector (two detectors for
both measurements in one housing) with monoener-
getic neutrons and broad mixed spectra are in prepa-
ration.

This project is financially supported by the European
Union/BBW under contract number FI4P-CT95-0024.
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LEVELS OF NATURAL TH-ISOTOPES IN HUMAN DIET AND EXCRETA

J. Eikenberg, I. Zumsteg, S. Bajo, M. Ruethi, G. Vezzu (PSI),
M.J. Fern (EICHROM Industries, Darien, II, USA)

A fast procedure originally deveioped for screening gross alpha activity in urine was further improved to
determine radionuciides of Th, U and transuranium nuclides simultaneously on the same sample aliquot
using high resolution a-spectrometry and isotope yield tracers. The analysis can be carried out within hours
and for counting times of about one day and use of 0.51 samples, detection limits as low as 0.3 mBq/l can
be obtained for actinides that decay via a-emission. The procedure was successfully applied to determine
very low activities of the naturally occurring Th-nuclides ^"Th and noTh in urine. Several analyses using
samples from non-exposed individuals yielded daily excretion values ranging between 0.1-0.4 mBq/d for
^"Th and 0.06-0.14 mBq/d for230Th. The average naturall228Thf30Th isotope ratios of about 3 agree well with
those recently obtained on faecal excretions. An approach based on natural Th isotope relationships is
presented which is suitable for a clear distinction between artificial and natural incorporated Th, i.e. for
estimating professional exposures of workers in the Th-processing industry.

INTRODUCTION

In the past few years increasing interest has been
addressed to realistically assess the inhalation doses
for employees working in the Th processing industry,
in particular for Th-mineral sand workers (1) or em-
ployees that are producing Th based gas mantles or
using thoriated tungsten welding electrodes (2,3).
Since even low levels of inhaled 232Th (and proxies)
may contribute to harmful effective doses (4) rather
extensive in-vitro analyses on human excreta have to
be performed (5). To measure the level of long lived
natural nuclides such as 232Th or 238U, time intensive a-
spectrometry is carried out on faecal excretions mainly
(6). In the past few years, however, fast measure-
ments using ICP-MS have been successfully applied
to precisely determine the considerably lower level of
these isotopes in human body fluids (2,3). Analyses of
Th via ICP can be carried out very rapidly and on small
liquid samples (5 to 10 ml). Despite these advantages
ICP-MS, so far, could not be used to determine the
levels of the natural short lived Th-nuclides, 228Th and
23OTh because the differences between the specific
activities of the natural Th radio-nuclides are tremen-
dous and because the activities in human diet are in
the same order of magnitude (6,7).

The analysis of only one nuclide of an element causes,
however, a fundamental problem for the assessment
of doses if more than one component contributes to a
total excreted quantity of 232Th. (i.e. natural and artifi-
cial ingested 232Th) Consequently, a correct subtraction
of the natural component requires that the concentra-
tion of this component has to be well known. However,
as reported by several investi-gators there is a consid-
erable scatter of the natural excretion level of 232Th
ranging from about 10 to 150 u.Bq/d (urine) and 1 to 20
mBq/d (faeces) (2,6). In the following, a simple but
straight forward approach is presented to more pre-
cisely distinguish between both components if the
natural ^ h / ^ h isotope ratio is considered as well.

MATERIALS AND METHODS

Based on the extremely high sorption capacity of the
organophosphorus extractant ACTINIDE RESIN®
(Eichrom Industries) for heavy isotopes (Z > 90), a fast
and simple technique for screening artificially incorpo-
rated actinides was developed recently by use of ot/p-
LSC (8). In order to obtain a better resolution of the oc-
peaks the method was improved using ultra low level
a-spectrometry (9).

To determine the chemical yields (recovery) and to
check on reproducibility, 5 analyses were performed
for U, Pu and Am using additions of isotope spike
tracers besides the most important radionuciides that
should be analyzed for monitoring potentially incorpo-
rated actinides (e.g. 236Pu - 239Pu, 243Am - 241Am, 236U -
238U). The levels of the natural three Th nuclides were
determined using two sample aliquots, one spiked with
^ h tracer solution to obtain the absolute activity and
the other to measure the relative Th isotope ratio more
precisely because the 229Th spike partially interferes
with 230Th.

RESULTS AND DISCUSSION

As reported by (5) the sorption coefficient of ACTI-
NIDE RESIN® is extremely high with respect to tetra-
valent actinides (k' > 106) even if strong acidic solu-
tions are analyzed. Since Th is generally in the 4+
state, high chemical recoveries exceeding 90 per cent
were obtained repeatedly, while the recoveries of U
(80-90%), Pu (80-90) and Am (70-80) were slightly
lower, but still as high as those resulting form the sim-
ple source preparation procedure using oc/p-LSC [data
in 8]. It is therefore indicated that almost no actinides
were lost during electrodeposition.

The a-spectrum of different radionuciides of Pu and
Am obtained from a mixed spike experiment is illus-
trated in Fig. 1. This figure additionally includes the a-
spectrum obtained from another experiment using 236U
spike besides natural uranium (234U, 238U). The figure
shows that the peak resolution is sufficient for all radi-
onuciides to remain separated (FWHM for Pu, Am =
40-50 keV). The somewhat higher FWHM resulting
from the uranium spike experiment is due to slight
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tailing (sample self absorption), because one mg natu-
ral uranium was taken to obtain proper counting statis-
tics (the specific activity of 238U is as low as 12 Bq/mg
U). The high resolution has a meaningful impact on
incorporation monitoring of individuals employed in
either nuclear or uranium reprocessing industry be-
cause all dose relevant nuclides (234U, 238U, 239Pu, 241Am
can be analyzed simultaneously by use of corre-
sponding chemical yield spike isotopes (i.e. 236U, 236Pu,
243Am) that are needed for quantitative analysis.

4,00 4,25 4,50 4,75 5,00 5,25 5,50 5,75 6,00

oc-energy [MeV]
Fig. 1: oc-Spectrum of radionuclides of U, Pu and Am.

The daily urinary excretion levels of Th (considering a
total excreted quantity of 1.4 I) are presented in Table
1 (mean of 8 analyses). As the table shows, a general
trend of the activity levels can be observed with 228Th >
230Th > 232Th. While 22eTh (in average 0.24 mBq/d) and
230Th (0.09 mBq/d) was detected in all samples, 232Th
was close to (and mainly below) the analytical detec-
tion limit (0.05 mBq/d). The low levels found for 232Th
are agreeing with literature data based on ICP-MS
(0.01-0.12 mBq/d). Taking the mean value for 232Th
(0.05 mBq/d), it is indicated that the Th fraction via
urinary excretion is only about 1% of the total daily
intake. This result is consistent if the average data for
228Th and 230Th obtained in this study are compared
with published Th isotope data for dietary intake and
faecal excretion. It is now interesting to study the rela-
tionship between the naturally ingested levels of Th
and the Th isotopic ratios to distinguish a second
component resulting from incorporation of Th at work.

Three isotopes of Th occurring within the U and Th
decay chains are important natural a-emitters, that are
232Th and 228Th (232Th decay series) and 231Th produced
by decay of 234U (238U series). Considering an artificially
incorporated and a natural component contributing to
the total activity of Th the following mass balance
equations hold,

232

230

Tha+
232Thn=

232Thm

Tha+
230Thn=

230Thm

(D

(2)

where the indices a, n and m refer to the artificial,
natural and total measured activity of the respective Th
isotope. In addition, auxiliary relations can be formu-
lated, if the Th isotope ratios for both components are
considered as well, i.e.,

mTha = j-232Tha (3)

™Thn=l™Thn (4)

Substituting and inserting the auxiliary equations into
the mass balance relations the following expression is
obtained for 232Th, i.e.,

232.
Tha=- (5)

Since in addition most Th-bearing raw materials are
produced via surface mining heavy mineral sands
containing considerably less U compared to Th (Th/U
weight ratios > 20, [1]), total measured excreted 230Th
must correspond almost to the natural component, or
23(thm * 23aThn and hence 232Tha »

 23<Tha which further
reduces equation (5) to:

232Th =232*"f 230^ (6)

This reduced form implies that 232Tha is dependent only
on the natural (23OTh/232Th)n ratio in the human diet,
provided, however, that the i^T\\P2lh)n ratio remains
constant independent of the actual excreted activity of
232Thm. Therefore such a simple relationship could be of
great advantage to distinguish clearly between both
components.

Table 1: Typical ranges of natural Th isotopes in daily
intake products and excreta (values in
mBq/d). Mean values are given in brackets.

matrix

urine
(a-spec.)

urine
(ICP-MS)

aaTh

0.1-0.4
(0.24)

23»rh

0.06-0.14
(0.09)

2 3 2Th

< 0.05-0.08

0.01-0.12
(0.05)

Ref.

(1)

(2)

faeces
(a-spec.)
faeces
(a-spec.)
faeces
(a-spec.)

11-39
(23)

13.0-79.4
(43.8)

7.3-89
(31)

1.7-16
(9.8)

1.1-13.1
(6.4)

0.7-19
(7)

1.6-12
(5.4)

2.0-11.9
(6.4)

0.7-16
(4)

(3)

(4)

(5)

ingestion
(a-spec.)
ingestion
(a-spec.)
ingestion
(ICP-MS)

(4.2)a
(20)b

(46)

(6.3)

(9.4)

(4.2)

(5.9)

(6)

(7)

0.4-11 (8)
(2.0)

references: (1) this work, (2) Roth et al., J. Rad. Nucl. Chem 226,
(3) Naumann et al., Rad. Dos. Prot 79, (4) Zingler et al., Proc. 30"
Conf. Faohverband fiir Strahlenschutz FS-98-98-T, (5) Schonmuth
et al. FS-98-98-T, (6) Fisenne et al., Health Phys. 53 a = recom-
mended, b = measured value (7) Frindik, Bundesanstalt fiir
Ernahrung Rep. Ser. R-83-02, (8) Shirashi et al., Health Phys 73.

Table 2 shows furthermore that the average values
23°Th/232Th ratios are similar between all investigations.
However, to study the variation of this ratio in detail, it
is necessary to include individual data besides aver-
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aged values. Figure 2 illustrates the results for 230Th
and 232Th in various dietary products that are typically
consumed by New York inhabitants per day (7) as well
as the daily faecal excretions of individuals living in the
Berlin area (6). A straight line relationship between
232Th and 230Th ranging over four orders of magnitude
can be observed. The regression analyses yields
(23ITh/232Th)n = 15 ± 0 1 w h i c n j n c | j c a t e s a n almost

constant Z3lTh/232Th ratio independent of the absolute
Th concentration in the different foodstuffs and human
excreta. Fig. 3 provides a more illustrative overview on
the variation of the natural 23<Th/32Th ratio compared to
the absolute activities. As demonstrated in the figure,
the 23OTh/23!Th ratios of almost all samples scatter by
less than a factor of two, while the individual Th activi-
ties found in faecal excretions vary by more than one
order of magnitude.

different dietary products (ref. 6)
faecal excretions (ref. 3)

A mean dietary intake (ref. 6,7)
y mean faecal excretions (ref 3,4,5)

0,01

0,1
232Th [mBq/d]

Fig. 2: Plot of the levels of 230Th and 232Th in various
daily dietary products and faecal excretions.
The refe-rence numbers are identical to those
given in Tab. 1.

0,1

i
0,01

• different dietary products (ref. 6)
• faecal excretions (ref. 3)
A mean dietary intake (ref. 6,7)
T mean faecal excretions (ref. 3,4,5)

0,01 0,1

Th [mBq/d]

Fig. 3:23OTh/232Th activity ratio vs. total measured activ-
ity of the data presented in Fig. 2.

Since 230Th is produced via decay of the progenitors
238U and 234U, the 23OTh/232Th ratio corresponds to the
U/Th ratio on the earth surface. Since in typical crustal
soils the ^Th/^U mass ratio is = 3 and since the half
lives differ by the same factor (1.40-1010 y/4.47-109 y =
3.1), a 23tTr/32Th activity ratio of = 1 is obtained. The
slightly higher value of 1.5 in human diet is due to the
fact that U under oxidizing conditions (as prevailing in
the biosphere) is more soluble in comparison to Th
when the minerals undergo weathering. Parts of the

dissolved excess 234U escapes from surface ground-
water into the oceans, while 230Th forms insoluble col-
loids or adsorb on soil surfaces (10). Therefore, slight
excesses of 230Th are additionally sorbing on mineral
surfaces, i.e. on positions accessible for plant root
uptake. Since these excesses are rather small, the
23OTh/KMTh activity ratios on the soil particle surfaces
remain close to unity (10).

CONCLUSIONS

A rapid, simple and precise procedure for determi-
nation of isotopes of U, Th and transuranium nuclides
is presented. The approach can be applied directly for
analyses of Th in fecal excretions. More promising for
future investigations are, however, ICP-MS measure-
ments on urine. Since so far ICP-MS is not able to
detect the natural levels of 230Th, because the detection
limits are in the order of 10'1°g/d, it is recommended to
preconcentrate Th by performing simple extractive
techniques. A rapid method as described here would
provide an enrichment of 23tTh over three orders of
magnitude which should be sufficient to allow determi-
nation of both Th nuclides using modern, high resolu-
tion ICP-MS.
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MEASUREMENT OF LOW ACTIVITIES OF THE SHORT-LIVED RADON DECAY
PRODUCTS 214PB AND 214BI IN HUMAN BLOOD

G. Butterweck-Dempewolf, G. Vezzu and Ch. Schuler

Volunteers have been exposed to atmospheres enriched with unattached radon progeny. From measure-
ments of the activity of the short-lived radon progeny in blood samples, a larger transfer rate of the unatta-
ched radon progeny from respiratory tract to the blood circuit than reported in the literature can be derived.

INTRODUCTION

Exposure due to the inhalation of airborne radon de-
cay products causes the largest radiation dose of the
general population in the domestic environment. The
European Community established in its fourth re-
search framework programme a multidisciplinary re-
search project for an improvement of the assessment
of this risk. Special focus of the PSI project part is pla-
ced on experimental investigations of the behaviour of
the unattached radon progeny with diameters between
0.5 nm and 4 nm in the human respiratory tract.

METHODOLOGY

Volunteers were exposed to an atmosphere with a well
defined radon progeny aerosol (Butterweck-
Dempewolf et al., 1998). Target of the measurement is
the determination of the activity of short-lived radon
progeny in blood samples. Radon progeny which were
deposited in the respiratory tract and then transported
through the lung tissue into the blood circuit have to be
distinguished from radon progeny produced in the
body by radioactive decay of inhaled radon gas.

RESULTS

From the exposure conditions, the amount of activity
expected in the blood samples can be calculated with
the ICRP respiratory tract model (ICRP publication
66), which was performed in close collaboration with
the project partners S. Thrift, A. Birchall and J. Marsh
of NRPB.

The comparison of predicted and measured activity in
the blood sample shows clearly, that the ICRP default
assumption of a transfer half time from respiratory
tract to the blood circuit of 10 h (Marsh and Birchall,
1998) is not able to reproduce the measured activities
(Fig. 1). The measurements suggest an at least ten
times faster transport of the unattached radon progeny
deposited in the respiratory tract both for nasal and

oral breathing than predicted with the standard assum-
ptions of the ICRP model.
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Fig. 1: Comparison of mean measured activities in
blood samples with model predictions (black
bars). The specific activity in the blood sample
was normalised to the total airborne 218Po con-
centration in the radon chamber during the
exposure. Error bars represent a confidence
level of 66%.
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RADIOCESIUM UPTAKE BY PLANTS AND FUNGI

T. Herren, A. Zichner, T. Riesen

A main purpose of current radioecoiogicai research is the prediction of retention time and pathways of long-
lived radionuclides in different ecosystems as a function of soil properties and vegetation. To improve the
precision of such predictions, detailed knowledge of underlying processes and influencing factors is a pre-
requisite. Especially in semi-natural ecosystems, radiocesium was shown to have a long cycling time.

INTRODUCTION

Radiocesium is one of the most important radionu-
ciides released to the environment by anthropogenic
sources because of its long half-life and relatively high
energies of radiation. Although radiocesium has high
chemical similarities with the macronutrient potassium,
in agroecosystems the effective uptake into crop
plants is generally quite low in most soil types. Per-
sistently high contamination levels in products of semi-
natural ecosystems (i.e. non-intensively managed ar-
eas such as forests, heatherlands, upland and moun-
tain pastures) require investigations of the long-term
behaviour of radiocesium in this particular environ-
ment.

Fungi are reported to specifically accumulate radioce-
sium which may lead to a retention of up to 40% of
total cesium, thereby preventing it from leaching into
deeper layers. Therefore, fungi take a key position in
the radiocesium cycling in the environment. Firstly,
they may facilitate its uptake into plants by mycorrhi-
zation and secondly, they transfer it along the food
chain to man. Knowledge of regulation of radionuclide
uptake by plants or fungi at molecular, cellular and or-
ganismic level could help to estimate their contribution
to the radiation exposure of people.

In our group the different projects are focused on in-
teractions of radiocesium with soil components and on
the uptake of radiocesium by fungi and plants. In this
overview the open questions are discussed.

SOIL RETENTION AND AVAILABILITY

It is generally accepted that cesium is strongly bound
to clay minerals. This is particularly true for agricultural
soils with a low content of organic matter where the
bioavailability of radiocesium is rather low. By contrast,
the generally large organic matter content and low
mineral fraction of semi-natural ecosystems is the rea-
son for poor immobilisation and high bioavailability of
radiocesium in the soil. In spite of this high availability
it is not leached but still present in the superficial hori-
zons of these types of ecosystems.

The availability of radiocesium in soils is also a key
factor with regard to the decontamination of soils. One
generally applied strategy requires the immobilization
of the contaminant in the soil which means that the

uptake by plants or fungi is reduced. This strategy is
unsuitable for cesium which is already highly immobile
in the soil. If decontamination is nevertheless neces-
sary, the contaminant should be removed from soil,
e.g. by phytoextraction. This technique makes use of
the ability of some plants to accumulate high concen-
trations of elements in their tissues. A repeated crop-
ping and harvest of such plants could lead to a reme-
diation of a contaminated soil. To use this type of ap-
proach for soils contaminated by cesium, the avail-
ability should be increased by a specific soil treatment.
But up to now, little is known about the factors deter-
mining the availability of radiocesium and the possibili-
ties to influence the equilibrium.

PLANT AND FUNGAL UPTAKE

No significant correlation between soil chemical and
physical parameters and plant content was found up to
now, which makes it difficult to predict precisely ra-
diocesium uptake of plants from a particular soil. Our
objective is to study characteristics of particular plants
which are reported to exhibit increased uptake of ra-
diocesium. Such plants could be used for testing soils
for their potential to transfer radiocesium to crop
plants.

Unlike plants fungi seem to be able to accumulate
higher concentrations of radiocesium which indicates
that the fixation of radiocesium to clay minerals is not
complete. As for plants, cesium accumulation in fungi
is highly species-specific. Accumulation of substances
in cells requires active, energy dependent transport via
a membrane. It is generally assumed that cesium up-
take occurs via the the same pathways as potassium.
But the mechanisms and especially the interactions
with potassium are still very poorly understood.

PERSPECTIVES

Further experiments on the sorption and desorption
behavior of cesium on clay minerals will help to under-
stand the availability of cesium in soils.

Our studies of the cesium uptake mechanisms of
plants and fungi should provide more detained infor-
mation on the depenence of uptake rates on soil
chemical parameters.
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AN EMERGENCY DECISION SUPPORT SYSTEM WITH INTEGRATED REGIONAL,
METEOROLOGICAL NETWORK FOR REAL TIME MODELLING OF ACCIDENTAL

ATMOSPHERIC RELEASES IN COMPLEX MOUNTAIN/VALLEY TERRAIN

V.R D. Herrnberger

SYSTEM FEATURES

Each of the 4 nuclear sites in Switzerland including the
PSI is situated in river valleys surrounded by moun-
tains up to 1000 m of difference in altitude and with
slopes of essentially more than 10 %. Particularly, our
site is in the middle of four connected valleys in the
EW, NE, SW and SE direction, respectively. An opera-
tional emergency decision support system (DSS) is
being developed for real time simulation of toxic at-
mospheric releases and their dose impact on this
complex environment.

For the estimation of the ground contamination pattern
after a short release the system response time lies in
between 3' to 30' up to a downwind distance of several
10 km depending on the degree of problem complex-
ity. The temporal and spatial resolutions are half an
hour averaging time and 1 km or less in the grid size
respectively.

USERS' NEEDS

They are determined by the wide variety of users as
scientific, technical, official and political, who differ
strongly in their formation, experience, DSS job envi-
ronment, responsibilities and objectives (1). To meet
their needs high performance, sufficient reliability,
excellent method harmonization and satisfying user-
friendliness are necessary but not sufficient system
capabilities. They have to be completed by a flexible
system structure, which, in our case, consists of two
levels of problem complexity and two operational
modes. The levels of problem complexity comprise
atmospheric flow, dispersion and deposition of pollut-
ants in flat and complex terrain, respectively. The op-
erational modes are either interactive and menu-driven
or fully automatic, without any interaction of the user.
Clearly, the different levels of problem complexity need
databases of different amount, resolution, quality and
availability. By this structure the user can group differ-
ent modes with different levels in a way, which is opti-
mal for his objectives and experiences in view of the
available key data and modelling resources. In the
automatic mode the system operates with standard-
ized release terms to inform immediately the asses-
sors of the actual possible contamination pattern. In
emergency cases the term can quickly be adapted to
more relevant data without interrupting the automatic
mode.

MODEL SELECTION

Originally the automatic operational mode of the DSS
was limited to Gaussian plume with site meteorological
data. Therefore, its results were valid for flat terrain up
to 2 km at the best. They led to uncontrolled errors in
the prediction of the contaminated areas in the com-
plex terrain around. In order to achieve more realistic
results sophisticated models and relevant meteoro-
logical data were needed.

Sufficient know how is available in the world wide sci-
entific community. Consequently, we considered any
new in house development in this field as a waste of
time and resources. We qualified and selected the
suitable models in 4 phases:
(1st), to find the state of the art in 38 available disper-
sion models based on essentially 4 different methods
(Eulerian, Langrangian, Particle-in-cell and Gaussian
puff);
(2nd), to select very few models per method, which are
best-referenced with respect to their scientific and
technical (software/hardware) performance and user
friendliness (2);
(3""), to gain practical experience and quantitative re-
sults by analysis of the relevant tracer experiment
SIESTA (3);
(4th), to evaluate the "best" model by qualitative and
quantitative performance measures as visualization
and statistical analysis (4).

The evaluation showed, that the ARAC-II kernel (5)
was one of the most complete and suited model
chains: TOPOG, to describe the topography in block
geometry; MEDIC, to interpolate the meteorological
data; MATHEW, to construct 3-dimensional, mass-
consistent (diagnostic) wind fields; ADPIC to transport
the contaminant by a Langrangian Monte Carlo simu-
lation of the Hybrid marker particles with radioactive
chain decay and buildup.

DATA BASE

The complex terrain around PSI site is taken into ac-
count by an extended topographic and meteorological
data base. The last is linked on-line to 14 meteorologi-
cal stations from the existing national network, which
give a first guess for the wind above the mountains as
well as for the local diurnal flow patterns in the valleys
up to distances of 40 km.

The necessary wind fields are synthesized from every
half hour in real time. Other relevant data concern
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atmospheric stratification, particle dispersion and
deposition, radioactive decay chains and geography.

In emergency situations, as in case of an unexpected
ground release due to fire scenarios e.g., the most
relevant release data are not available. We proved that
a nonnegative least square regression scheme rea-
sonably estimates release rates from field measure-
ments in complex topographical and meteorological
situations (6).

DISPERSION IN COMPLEX TOPOGRAPHY

The strong site specific correlation between topogra-
phy and meteorology and their very importance on
atmospheric dispersion and ground contamination by
pollutants was demonstrated in most cases by com-
paring ARAC with Gaussian plume modeling results
using the same meteorological data. The annua/Jlow
patterns around the PSI site was measured by a rigor-
ous experimental campaign in this area. Up to a down
wind distance of 10 km 13 typical flow (and so atmos-
pheric dispersion and ground contamination) situations
could be classified (7).

Compared to the flat terrain approach (Gaussian
plume type) all classes showed good agreement in the
very near range of 1 - 2 km and only 2 classes (15 %)
for the whole distance.

Stronger effects of the complex topography on the
patterns were found for greater distances in most
classes (80 %): Either the lateral concentration distri-
butions were asymmetric (30 %) or the concentration
patterns differed remarkably in size and extension by
wind shear, flow convergence or bifurcation (55 %).
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INTRODUCTION

J.Jiricny

The restructuring work at the IMR is approaching completion both in the Zurich laboratory and at PSI. The
groups have considerably expanded and are now focussing on their research in DNA mismatch repair and
tumour vascularisation, two hot topics in current cancer research.

The premature death, in October of this year, of my
predecessor, Borje Larsson, has cast a dark shadow
over the otherwise extremely positive balance of 1998.
Borje has lead this institute for six years, between
1990 and 1996, during which time he has given a ma-
jor impetus to a plethora of new programs and activi-
ties. His scientific contribution to the PSI Biosciences
Department will undoubtedly be missed. However, his
optimism, his enthusiasm, his encouragement and his
ever-smiling face and kind words will be missed even
more.

This year has witnessed the completion of the re-
structuring work at the Zurich laboratory. Thanks to the
generous support of the PSI, the University of Zurich,
as well as of several funding agencies (Swiss National
Research Foundation, Swiss Cancer League, Julius
Muller Stiftung and Sassella Stiftung), the research
activity of this IMR branch has finally begun to gather
speed. The number of scientific staff has risen to
twenty-one, while the excellent support of the six tech-
nical and two administrative staff has allowed every-
one to concentrate on their science.

At the PSI laboratory, things have also been moving at
a considerably faster pace than in previous years. The
tumour vascularisation program has received support
from external funding agencies (EU, HSK, Swiss Can-
cer League and Swiss National Research Foundation),
as a result of which the group underwent a substantial
expansion. We have also been able to establish valu-
able collaborations within the PSI, as well as with out-
side research institutions such as the University of
Zurich and the ETH. Although tumour vascularisation
has become a very hot topic in recent months, we feel
confident that we shall be able to make a substantial
contribution to what could be termed the most promis-
ing approach to cancer therapy.

The restructuring of the personnel resources at the
PSI branch of IMR has seen the departure of Leo
Wyer to the department of radiation hygiene, while Dr.
Mario Argentini has rejoined Dr. Weinreich at the F3a
section. We have also witnessed the completion of
three PhD projects. We congratulate Dr. Claudia Ellen-
rieder, Dr. Patrik Forrer and Dr. Erwin Heimgartner on
their success and wish them all the best for the future.
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MISMATCH REPAIR IN MAMMALIAN SYSTEMS

M. Bentele, ft. Brun, P. Dufner, U. Hardeland, I. laccarino, H. Kleczkowska, T. Lettieri, G. Marra,
M. Nystrom-Lahti, C. Perrera, M. Raschle, P. Schar, M. Szadkowski and J. Jiricny

Deficiency in mismatch repair is linked with the most common cancer predisposition syndrome, hereditary
non-polyposis colon cancer (HNPCC). Postreplicative mismatch repair is responsible for the correction of
DNA polymerase errors, introduced into genomic DNA during replication. However, recent evidence indi-
cates that the mismatch repair proteins are also involved in the processing of modified bases and other
types of DNA damage, such as strand breaks and DNA modifications brought about by anticancer drugs.
Intimate knowledge of the molecular mechanisms involved in the correction of mismatches might provide
us with an invaluable insight not only into the genesis of cancer, but also into the reasons underlying resis-
tance to cancer chemo- and radiotherapy.
Nearly 50% of mutations in the p53 tumour suppressor gene are C to T transitions in CpG dinucleotides,
which are thought to have arisen through the spontaneous hydrolytic deamination of 5-metyhylcytosine.
This process gives rise to G/T mispairs, the repair of which is mediated by a short-patch repair pathway.
The principal player in this process is thymine DNA-glycosyiase, TDG, which excises the mispaired
thymine. Recent evidence implicates TDG not only in DNA repair, but also in the control of transcription.
We are studying this interesting enzyme in a variety of organisms, ranging from bacteria to man, with the
hope of identifying its role in human cancer.

Mismatches arise in DNA as a result of three distinct
metabolic processes: (i) as biosynthetic errors during
DNA replication, (ii) as intermediates in the process of
recombination between homologous but non-identical
fragments and (iii) as a special case, the G/T mis-
match arises also through the spontaneous hydrolytic
deamination of 5-methylcytosine. The three types of
mispair are corrected by two distinct pathways. Mis-
matches of type (i) and (ii) are addressed by the so-
called Long Patch Mismatch Repair (LPMR) system,
whereas the third type of mispair is corrected by a
short patch, base excision repair system. The essen-
tial difference between the two repair mechanisms lies
in the fact that the former requires to distinguish be-
tween the parent and the newly-synthesised (or in-
vading) strands, whereas the latter must repair in all
cases to G/C.

LONG-PATCH MISMATCH REPAIR

The initial step of the repair process is mismatch rec-
ognition. In Escherichia coli, where the LPMR system
has been most extensively studied, this function is
carried out by a homodimer of a 97 kDa polypeptide,
MutS (1). A serendipitous discovery of genes encoding
eukaryotic MutS homologues (MSH) suggested that
the mismatch repair systems of all organisms are con-
served. In man, five mutS homologues, hMSH2-6,
have been described to date (2). Biochemical studies
carried out in our laboratory demonstrated that mis-
match recognition is mediated primarily by a het-
erodimer of hMSH2 and hMSH6 (3). Interestingly,
although mutations in the former gene were shown to
frequently segregate with hereditary non-polyposis
colorectal carcinoma (HNPCC) (4,5), hMSH6 could be
shown to be mutated to date in only three atypical
HNPCC families, as well as in one sporadic colon tu-
mour (6). Moreover, there are significant differences
between the mutator phenotypes of cell lines lacking
hMSH2 or hMSH6, inasmuch as both are deficient in
the correction of base/base mismatches, but only the
former is also deficient in the repair of inser-

tion/deletion loops, such as those arising from
primer/template slippage during DNA replication that
give rise to a phenomenon known as microsatellite
instability (7). We could show that the hMSH2/6 het-
erodimer efficiently recognises base/base mispairs,
but that its affinity for loops of more than one extraheli-
cal nucleotide is relatively low and that it depends on
flanking sequences. In later studies we were able to
show that a third MutS homolog, hMSH3 could form a
heterodimer with hMSH2 and that this latter complex
efficiently recognises loops of two or more extrahelical
nucleotides. Thus the two MSH heterodimers,
hMSH2/6 and hMSH2/3, are functionally redundant, at
least as far as the correction of slippage products,
insertion/deletion loops, is concerned (8,9). Although
no direct in vivo evidence documenting the involve-
ment of hMSH3 in mismatch correction is available to
date, our in vitro data implicate the hMSH2/hMSH3
complex in loop repair. These data thus provide an
explanation why hMSH2, but not hMSH6 or hMSH3
mutations segregate with typical HNPCC disease. It
would appear that this frequent form of hereditary can-
cer is associated with a null mismatch repair pheno-
type such as that resulting from a mutation in the
hMSH2 gene. In order to have the same phenotype,
both the hMSH6 and the hMSH3 genes would have to
be mutated. As this is statistically highly improbable, it
is extremely unlikely that mutations in the latter two
genes will be found to segregate with "typical"
HNPCC. However, there are a large number of
"atypical" HNPCC kindreds, who have been studied
much less intensively due to the apparent stability of
their microsatellite sequences. Viewed in the light of
our current knowledge, many of these kindreds might
harbour mutations in the hMSH6 gene. Studies aimed
at confirming this prediction are in progress in many
laboratories worldwide.

As noted above, hMSH3 and hMSH6 compete for
hMSH2. Under normal circumstances, the hMSH2/6
heterodimer predominates due to the higher abun-
dance of hMSH6. However, we were able to show that
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in some cells the hMSH3 gene locus was amplified
through drug treatment and that in these cells, the
ration of hMSH3 to hMSH6 was altered such that the
hMSH2/3 heterodimer now predominated, These cells
are deficient in the repair of base/base mismatches
and have a strong mutator phenotype (9). Because
these cells arise follwoing clinical treatment with a
common anticancer agent Methotrexate, there exists
the possibility that the situation described above might
arise also in methotrexate-treated patients. Should this
be the case, these patients might acquire secondary,
mismatch repair deficient tumours later in life. This
possibility is currently under investigation.

G/T-SPECIFIC SHORT PATCH REPAIR

As noted above, correction of G/T mispairs arising by
deamination of 5-methylcytosine requires no strand
discrimination signals, as this kind of mismatch has to
be corrected in all cases to G/C. We have identified an
enzyme that initiates this repair process by excising
the mispaired thymine to generate an abasic site in the
DNA (10). This protein, a mismatch-specific DNA gly-
cosylase, TDG, has been purified to homogeneity (11)
and its cDNA has been cloned and shown to encode a
polypeptide of 410 amino acids (12). Sequence analy-
sis has shown that TDG is not homologous to any
other known enzyme and that it lacks even the short
sequence motifs that are conserved among all DNA
glycosylases characterised to date. This mismatch-
specific enzyme is thus a founding member of a new
class of DNA glycosylases.
The knowledge of the human TDG cDNA sequence
helped us to identify an Escherichia coli open reading
frame encoding a putative bacterial homolog of the
human TDG. The 180 amino acids of the prokaryotic
ORF are highly homologous to the central part of the
human enzyme. We have expressed the bacterial
enzyme and could show that it has indeed a DNA gly-
cosylase activity. Interestingly, the enzyme does not
process G/T mismatches; its activity is restricted to
G/U mispairs and it thus represents a new type of
uracil DNA-glycosylase (13), which has been identified
to date in organisms ranging from bacteria such as E.
coli and Serratia marcescens, to the yeast Scizosac-
charomyces pombe and the friut fly Drosophila melan-
ogaster, which has, until now, been thought to lack a
uracil glycosylase activity. The G/U enzyme presuma-
bly represents an important line of defence against the
mutagenic threat of the spontaneous hydrolytic deami-
nation cytosine, which leads to the formation of G/U
mispairs in DNA (14).
We have been able to determine the crystal structure
of the bacterial enzyme (15,16). This study revealed
that despite the extremely low degree of amino acid
sequence conservation between this protein and the
highly-efficient uracil DNA glycosylase, UDG, the two
polypeptides exhibit a very similar structure I the vicin-
ity of the active site, which implies a similar catalytic
mechanism.
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A NOVEL ASSAY TO DETERMINE THE ACTVITY OF THE STRESS-ACTIVATED
PROTEIN KINASE JNK IN CELL EXTRACTS

R. Tamaskovic, P. Forrer, R. Jaussi

A new type of assay was developed in order to permit the direct non-radioactive detection ofJun-N-
terminal kinase activites in crude cell extracts with high specificity. The ELISA assay bases on an initial

solid-phase substrate binding of the kinase in an inactive state which is followed by the kinase reaction on
the same solid phase at higher temperature and in the presence of ATP.

METHOD AND RESULTS

We previously developed an ELISA-based procedure
for nonradioactive measurement of MAP kinase activ-
ity (1). In order to find a convenient surrogate method
for tedious JNK immunocomplex assays, we sought to
merge the conveniences of ELISA technology with
tools for selection of JNKs. Here, a novel colorimetric
ELISA-based assay to measure JNK activity in cell
extracts is described. This assay employs immobilized
GST-cJun (residues 1-79), which is a well character-
ized substrate of JNKs, and takes advantage of the
highly specific interaction between JNKs and c-Jun
resulting in the selective enrichment of JNKs at the
surface of the microtiter plate. In later steps, the phos-
phorylation is carried out and detected by a phos-
phoepitope-specific antibody recognizing c-Jun phos-
phorylated on Ser73. Upon incubation with the secon-
dary antibody conjugated to alkaline phosphatase the
color development is monitored by measuring the ab-
sorbance at 410 nm. The experimental conditions of
the assay have been optimized.
To provide evidence that no unwanted phosphorylation
of GST-cJun took place during the overnight incuba-
tion with the cell extract at 2°C, we examined the time
course and the ATP dependence of the kinase reac-
tion. We found that the kinetics curve intersected the
ordinate at the zero point, and that the reaction rate of
GST-cJun phosphorylation did not change for up to
120 min (Figure 1).
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Fig. 1: Time dependence of substrate phosphoryla-
tion in the solid phase assay.

This result suggested that the substrate phosphoryla-
tion was confined to the kinase reaction phase of the
assay.

In order to demonstrate the specificity of the assay we
used inactivated JNKs for competition assays. We
singled out two representative JNK isoforms, JNK1a1
and JNK2oc2, which have been reported to display a
significant difference in binding to c-Jun, and a related
protein kinase p38cc, which is known to be activated by
almost identical stimuli as the JNK pathway and might,
therefore, be detrimental for the specific measurement
of JNK activity in this assay. As shown in Figure 2,
with increasing concentrations, both JNK1a1 and
JNK2cc2 competed efficiently with cellular JNKs for
GST-cJun binding, and as expected, JNK2oc2 was the
better competitor. In contrast, p38ot kinase was en-
tirely unable to compete for GST-cJun even at high
concentrations.

Fig. 2: Competition of the solid phase binding of ac-
tive JNK with inactivated JNKs

These results imply that the activity of some JNK iso-
forms is, due to tighter binding to c-Jun, detected pref-
erentially over the activity of others, and that the p38
kinase does not interfere with the measurement of
JNK activity in this assay.
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THE ROLE OF VASCULAR ENDOTHELIAL GROWTH FACTOR AND HIV TAT IN
BLOOD VESSEL HOMEOSTASIS

P. Scheidegger, W. Weiglhofer, A. Maeder, S. Console, S. Suarez, A. Demirovic, R. Jaussi,
K. Ballmer-Hofer

Vascular endothelial growth factor, VEGF, plays a crucial role in the development and maintenance of blood
vessels and is therefore well suited to therapeutically treat disorders associated with angiogenesis. We
produced VEGF and a related viral mimetic, HIV Tat, in yeast and bacterial expression systems and char-
acterized their biological activity relying on properties specific for endothelial cells. We also investigated the
role of angiogenic factors in preventing radiation-induced cell death.

METHOD AND RESULTS

Large scale production and in vitro characterization of
angiogenic proteins

The cDNA of vascular endothelial growth factor,
VEGF, has been cloned from canine tumor-derived
mRNA and was subcloned into a Pichia pastoris ex-
pression vector. Protein production in this yeast ex-
pression system is highly efficient and allows produc-
tion of up to 200 mg of biologically active VEGF in one
run in a two liter fermenter. The protein is glycosylated,
very stable and is active in cells from a variety of spe-
cies such as humans, pigs, and cattle. We also pro-
duced a series of polypeptides based on the sequence
of a retroviral protein, HIV Tat, that has been shown to
be angiogenic in certain human tumors associated
with HIV infection. VEGF and Tat-related peptides
specifically interact with VEGF receptors that are ex-
clusively expressed on endothelial cells. The biological
activity of these reagents was determined in vitro using
several assays such as

1. endothelial cell migration across nucleopore filters;
2. mitogenicity in endothelial cell cultures;
3. reorganization of cytoskeletal structures in endo-

thelial cells;
4. protein kinase assays measuring enzymatic activity

of VEGF receptors;
5. binding assays using endothelial cells in culture.

VEGF was significantly more active than Tat-derived
mimetics in bioassays 1-4. VEGF and Tat-derived
mimetics specifically bound to the receptors yet only
partially competed for the same binding sites on en-
dothelial cells. This suggests that the binding epitopes
might overlap, yet encompass also distinct epitopes on
the VEGF receptor.

A detailed understanding of the binding and signalling
properties of VEGF and Tat-related mimetics will be
used to develop reagents useful for anti-angiogenic
therapy. Such VEGF receptor-specific reagents with
agonist or antagonist activity will allow to deliver cyto-
toxic reagents to the tumor vasculature with the goal to
selectively destroy newly developing tumor-induced
blood vessels. This approach will deprive the tumor of
the necessary supply with nutrients and oxygen and
hopefully lead to its destruction through the natural
process of cell death called apoptosis.

Radiation-induced apoptosis in endothelial cells

In a second project we study radiation-induced
changes in blood vessel homeostasis both in vivo in
the chicken chorio-allantoic membrane (CAM) model
and in vitro in endothelial cell cultures. Vectors en-
coding various intermediates suspected to be part of
the signalling network responsible for radia-
tion-induced apoptosis, such as Ras and Rho family G
proteins, PI 3-kinase and PKB/Akt, a kinase activated
by phospatidylinositides, were transfected into endo-
thelial cells. Subsequently, their ability to interfere with
the apoptotic response after irradiation with X rays was
evaluated. We identified activated forms of PKB/Akt as
major inhibitors of apoptosis in this experimental
setup. At present the molecular mechanisms mediat-
ing cell death are being investigated in detail.

Fig. 1: Fenestration of endothelial cells upon VEGF
treatment. Cells were treated with 50ng/ml
VEGF for 30 minutes, fixed and stained with
FITC phalloidin (left panels) and anti-
phosphotyrosine antibody 4G10 followed by
Rhodamine labelled anti-mouse antibody (right
panels). Arrows show areas of 'fenestration'
(data from S. Suarez).
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ELECTRON AND POSITRON ATOMIC INTERACTION DATA AND
ELECTRON H2O INTERACTION DATA

O. Moreira, J. Stepanek

INTRODUCTION

This work is performed within the framework of the
EU-Project Biophysical models for the induction of
cancer by radiation.

ELECTRON AND POSITRON ATOMIC INTER-
ACTION DATA

To calculate the distribution dose in nano- and mi-
crometer range, important to determine the cell and
DNA damage, it is necessary to know the electron
transport down at energies close to 1 eV. Therefore
Mont Carlo transport code-package for calculations in
nano- to centimeter sized medii has been reported
previously. For electrons and positrons, this package
uses atomic cross sections based on EEDL (Evaluated
Electron Data Library) and EPDL (Evaluated Positron
Data Library) files. The first was developed at Law-
rence Livermore National Laboratory in 1991 for inter-
actions in the energy range from 10 eV to 100 GeV,
the second in 1998 at PSI for the energy range from 1
eV to 100 GeV. For consistency the EEDL file was
regenerated also in the energy range from 1 eV. Here
recently released photoionisation data of LLNL (EPDL
1997) were used to determine distant collision part of
subshell ionisation by electron or positron. These files
presently consist the following type of data: (1) Large
angle elastic scattering (over cos(6) = -1 to 1), (2) loni-
sation (by subshell), (3) Bremsstrahlung (over the
photon energy range down to 0.1 eV), (4) Excitation,

(5) Annihilation into two photons (for positrons), and
(6) annihilation into one photon (for positrons).

All data are available for Z=1 to 100 and energy from
10 eV to 100 GeV. A weak part of these libraries is the
elastic scattering and excitation data.

The elastic scattering data were calculated by partial
wave analysis in the energy range from 10 keV to 1
MeV. In the lower energy range they were extended
using the cubic spline method. In the higher energy
range the Mott-Rutherford theory as well as Wilder-
man's convergence parameters were used.

Shell ionisation besides elastic scattering, the most
important electron process at lower energies. Fur-
thermore the knowledge of a particular inner-core shell
ionisation is a basic condition for inclusion of the fol-
lowed Auger-cascades. Therefore it is important to
treat this process with great care. The ionisation cross
sections in both EEDL and EPDL files are based on
the Weizsacker-Williams method, in which the total
ionization cross section is split into two parts, for dis-
tant (large impact) and close (small impact) collisions.
For close collisions Seltzer's binary-encounter form of
M0ller's formula (electrons) and Bhabha's formula

(positrons) introducing the binding and average kinet-
ics energies of electrons in atomic subshells are used.
In the case of distant collisions, the cross section for
each atomic subshell is calculated considering the
virtual photon spectrum integrated from the smallest
impact parameter to infinity, and using the EPDL
based cross sections for photoeffect. The passage of a
charged particle through a medium results in polarisa-
tion in the medium, which in turn decreases the elec-
tromagnetic field acting on the particle so as to reduce
the distant energy-loss ionisation subshell cross sec-
tions. This reduction is particularly strong in dense
media and is therefore called the density effect. The
greater the particle velocity, the greater is the density
effect because, by virtue of the Lorentz contraction,
distant collisions become more important. It was
treated using Scofield's relativistic cross sections. The
density-effect differential cross section is a negative
correction to the differential cross section for the dis-
tant collisions. When the sum of these two cross sec-
tions becomes negative, it is set to zero. This creates
saturation in subshell cross section at very high en-
ergy. Differential energy spectra for the recoil electron
for all subshells were obtained in the whole energy
range. These were than integrated to obtain the sub-
shell cross sections and the average recoil electron
energy.

The bremsstrahlung cross sections as well as the sec-
ondary photon energies were derived using the
method from Seltzer and Berger. The original data
were in the energy range from 1 keV to 10 GeV. By
using systematics and cubic spline fits, these data
were extended down to 10 eV and up to 100 GeV. In
defining a cross section, it was not possible to extend
the spectra down to a photon energy of zero because
the spectra has a 1/energy singularity. Therefore, the
spectra was terminated at a photon cutoff energy of
0.1 eV, which is 1% of the lowest incident electron
energy considered and consistent with the accuracy to
which the spectral tables were created. Seltzer and
Berger method goes beyond the results from Bethe
and Heitler theory. They incorporated (a) the results of
numerical phase-shift calculations of nuclear-field
bremsstrahlung by Pratt, Tseng et al at energies below
2 MeV, (b) the analytical high-energy nuclear-field
bremsstrahlung theory of Davies et al, including Cou-
lomb corrections and including screening corrections
evaluated with Hartree-Fock atomic form factors, and
(c) the analytical electron-electron bremsstrahlung
theory of Haug, combined with screening corrections
derived from Hartree-Fock incoherent-scattering fac-
tors, for bremsstrahlung in the field of atomic elec-
trons. The bremsstrahlung cross sections, average
energies of secondary electron and photon as well as
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the secondary photon energy spectra for positrons
were derived by scaling the electron data described by
Kim, Pratt, Seltzer and Berger, and by Ford and Nel-
son.

The excitation cross sections were calculated using a
very simple method. It was assumed that all excitation
arises through distant collisions with the outermost
shell. This approach yielded differential energy spectra
that were unnormalised because the number of par-
ticipating electrons was unknown. Therefore, spectra
were normalised calculating the excitation linear stop-
ping power and normalising it to the value at 100GeV.

At very low energies the positron can annihilate into
two or much less probably into one photon. Annihila-
tion into two photons is described by Heitler and Ford
and Nelson. A positron can annihilate into a single
photon if the electron with which it interacts is bound to
a nucleus. Only interactions with the K-shell electrons
were considered.

ELECTRON H2O INTERACTION DATA

The present EH2ODL file containing the electron-H20
interaction data is very preliminary. Especially the ioni-
sation cross sections should be replaced in the near
future by recently developed data from GSF by Ding-
felder, Inokuti, Paretzke et al. At present, it has the
following structure: (1) Total and Vibrational Excitation
Cross Sections in Low Energy Electron Scattering, (2)
lonisation (by subshell), and (3) Bremsstrahlung (over
the photon energy range down to 0.1 eV).

The total cross sections for electron scattering in the
energy range 1-20 eV are taken from measurements
by Michaud and Sanche. Also included are the vibra-
tional excitation cross sections measured by Michaud
and Sanche in the energy range 1-18 eV. The both
measurements were done with amorphous ice.

Elastic scattering and bremsstrahlung cross sections
are presently mixed using electron interaction cross
sections for hydrogen and oxygen. Later the elastic
scattering cross sections will be calculated using
phase shift calculations.

Following Seltzer, the excitation and ionisation cross
sections for molecular electron subshells were calcu-
lated similarly as for electrons applying Weizsacker-
Williams method using parentage coefficients derived
from Hartree-Fock calculations and appropriate values
for the binding and mean kinetic energies. The excita-
tion cross sections were assumed to be equal to the
distant part of the ionisation cross sections of the outer
most electron subshell. Following Berger and Wang,
the resulting total ionisation and excitation cross sec-
tions were then normalised using experimental fits.

CALCULATION OF THE ATOMIC ELASTIC SCAT-
TERING CROSS SECTIONS FOR ELECTRONS
AND POSITRONS

In order to improve considerably the elastic scattering
cross sections, two computer programmes were de-
veloped in the last two years with the aim of calculat-
ing the atomic double differential cross sections for
elastic scattering of electrons in the energy range from
1 eV to 100 GeV by partial wave analysis. The first
program, PSIATO, is based on Talman's program
ATOMOPM (2) and Chadwick, Talman and Normans's
program DIRACATOMOPM (3). It calculates variation-
ally optimised effective atomic potential for all Zfrom 1
to 100. Whereas the direct or Hartree part of the po-
tential is obtained in a straightforward way from the
electron density, the "variationally optimum" exchange
potential for bound electrons is calculated satisfying a
Voltera type integral equation of the first kind. The
problem is solved self-consistently by starting with an
initial approximate potential, solving for the single-
particle orbitals and energies, constructing the kernel
and inhomogeneous term in the integral equation, and
solving the integral equation numerically. The proce-
dure is then iterated until a self-consistency require-
ment is met. This procedure is a great improvement on
the usual Slater-type potential. At large radii it behaves
correctly like eVr, so that at an electron sees the po-
tential of the residual ion. It has been shown that the
optimised potential provides a good description of
single-particle energies for core and valence states.
Because this procedure converges very poorly or even
diverges (i.e. leads to unbound electron states) if the
Dirac equation is directly applied to calculate electron
density distributions, we start the iterative procedure
using non-relativistic Schrodinger equation and solving
for the non-relativistic effective potential. This potential
is then the starting potential to calculate iteratively the
effective relativistic potential with the Dirac equation.

The system of integral equations is very difficult to
solve because its terms converge to zero values at
small and large radii. Therefore the inversion of the
resulting matrix was improved at PSI by considering
asymptotic values. The effective potentials and total
electron densities were calculated for all atoms with Z
from 1 to 100. These potentials are input values for the
calculation of the differential elastic scattering cross
sections using a partial wave analysis.

The computer program PSIPWA was developed to
calculate the integrated cross sections and the angular
spectra for electrons and positrons. It is based on the
computer program PWADIR of Salvat and Mayol (4). It
provides a complete description of elastic scattering of
electrons and positrons using the effective relativistic
potential with relativistic (Dirac) partial wave analysis.
The solid state effects for scattering in solids are de-
scribed by means of a simple muffin-tin model, i.e. the
potentials of neighbouring atoms are superposed in
such a way that the derivative of the potential is zero
widway between atoms. For electron scattering, ex-
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change effects between incident and bound electrons
are taken into account with the Furness and McCarthy
approximation (5). This approximation depends on the
kinetic energy of the incident electron, effective reia-
tivistic potential and total electron density of the atom.

The program PSIPWA was extensively tested calcu-
lating angular distributions of scattered electrons and
positrons at different incident energies and for a vari-
ety of atoms, such as O, Ne, AT, Xe and Hg at ener-
gies E > 1 keV. For lower energies charge cloud po-
larisation effects becomes important. Here, we are
testing the theories of Dasgupta and Bhatia (6),
O'Connel and Lane (7), Perdew and Zunger (8) and
Jain (9) for incident electrons, and Gianturco, Jain and
Rodrigez-Ruiz (10) for incident positrons. After a test-
ing in the near future, the integrated cross sections
and the related angular distributions of scattered elec-
trons or positrons will be calculated for all atoms with Z
= 1 to 100. The resulting data will be then incorporated
into already generated EEDL (extended down to 1 eV)
and EPODL files. In a latter step the excitation data in
the EEDL and EPODL files will be recalculated using
the photon excitation data from the recently released
EXDL file (LLNL 1997).

CALCULATION OF THE DIFFERENTIAL CROSS
SECTIONS FOR INELASTIC SCATTERING OF
ELECTRONS ON WATER

In order to calculate the Differential Cross Section
(DCS), cross section as a function of the angle of the
scattered electron, we have used the theory developed
by Thompson (11). In our case, the electron energies
involved are in the range from 1 eV to 20 eV approxi-
mately.

At these energies, the interaction of the electrons is
primarily with the vibrational modes of the water mole-
cule. The water molecule has three normal vibrational
modes: symmetric stretching, asymmetric stretching
and bending. For the symmetric stretching and bend-
ing, some results have been published, but almost
nothing about the asymmetric stretching. Experimen-
tally the two stretching modes cannot be separated
with present techniques. All the experimental papers
report only combined cross sections for the two
stretching modes. For the moment, one can only com-
pare different theories calculating the two stretching
modes to estimate their degree of accuracy or add the
two modes for comparison with experimental data.

In our case we have studied the asymmetric mode of
vibration, in which the geometry of the water molecule
changes from the C^ point group (for symmetric
stretching and bending) to Cs. The interest of studying
this mode of vibration lies in the fact that little work has
sofar been done on this mode.

The theory used by Thompson is based on a devel-
opment of the scattering amplitudes onto a set of func-
tions with the elements of the weighted T-matrices as
coefficients. For the T-matrices we use K-matrices,

which are calculated with the code developed by L.
Morgan. In this calculation the atomic orbitals are rep-
resented by linear combinations of Gaussian functions.
For the present calculation we have used the atomic
orbitals s, p and d for the oxygen atom (10 Gaussian
functions for s, 5 for p and 2 for d) and the s and p for
the two hydrogens (4 for s and 1 for p). The geometry
used for the water molecule is 1.8 a0 (0.9525 A) for the
OH bound and 105° for the angle. These values are
those used by Neumann and Moskowitz from whom
the Gaussian functions have been taken. The code of
L. Morgan generates the molecular orbitals based on
the atomic orbitals proposed. The mathematical
method used to calculate the K-matrices is based on
the theory of R-matrices.

On our part, we have written a code to calculate the
elements of the T-matrices from the K-matrices and
then weight these coefficients with the first approxima-
tion for vibrational modes, e.g. the eigenfunctions of
the linear harmonic oscillator. The vibrational excited
transition modes studied were 0 ^ 1 , 0->2 for symmet-
ric stretching, bending and asymmetric stretching.

For the calculation of the DCS we have use an
adapted version of a code written by Thompson. This
code calculates DCS for electronic excitation of
polyatomic molecules, assuming no change in nuclear
geometry during the collision. We have calculated the
three normal modes, taking them to be uncoupled and
harmonic. Figure 1 shows the values (in A2 per sr) of
the cross section for 10 eV incoming electrons on wa-
ter molecules, C^ point group, symmetric stretching.

2.0*- 03 -

Fig. 1: Cross section for the symmetric stretching
mode.

The transition represented is 0->2. Figure 2 shows the
corresponding values for the bending mode, C^ point
group, with 10 eV electrons and the same transition.
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Fig. 2: Cross section for the bending mode.

Figure 3 shows the cross section for the asymmetric
mode, Cs point group, for the same energy and transi-
tion.

The next step is the calculation of symmetric stretching
and bending using the first approximation: static ex-
change (SE). For the K-matrices the calculations will
be improved by the use of Static-Exchange-
Polarisation (SEP) theory, which takes polarisation
effects into account. The T-matrices will also be im-
proved in a similar way using Morse and analytical
potentials, besides the Coulomb potential.

In a further step, the oxygen atom will be take to have
a finite mass, in order to see the changes in the results
with this improvement. Since the water molecule is
very similar to the H2S molecule (the sulphur and oxy-
gen atoms are in the same group, but adyacent pe-
riod), the intention is to check this general theory for
water on the sulphur hydride molecule

Fig. 3: Cross section for asymmetric stretching.
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