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Brief summary of the 4th Japanese-European cancer therapy
and the first KI-NIRS Radiation Science Joint symposia, Sept
9-11 2010, at Karolinska Institutet
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The whole view of Karolinska University Hospital and Karolinska Institutet
HOVUL ZAKZRREAO) S ZHREFRDE S

Following the first PhD course in Radiation
Biology of the Marie Curie action PARTNER as
well as the first annual meetings of 7th Framework
program on light ions, ULICE, and ENLIGHT of
EU at Nobel Forum at Karolinska Institutet, and
the 38th annual meeting of the European Radiation
Research Society at Stockholm University, a very

intense program on the latest developments in light
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ion radiation therapy and radiation science was held
at Radiumhemmet, Karolinska University Hospital
in Stockholm. These two latter meetings were held
to further stimulate the close cooperation between
Japan and Europe in this very important area of the
medical and physical sciences and to facilitate the
possibility of European and international scientists
to get an update on the latest developments in light
ion therapy. Many researchers not least from the
European and US radiation biology community as
well as oncologists from Radiumhemmet appreciated
this opportunity very much.

The joint Japanese-European symposium
was started by reviewing the new Japanese and
European centers by Ohno from Gunma and Stefanie
Combs from Heidelberg who recently was honored
by receiving the first price research award by the
German foundation for research. Both centers are
now treating patients in Heidelberg with 15 patients
per day in the first horizontal beam room the second
should be in operation as this review is published
and the isocentric gantry late next year. Finally,
tentative local plans at Karolinska University
Hospital were briefly reviewed as recently presented
in this Journal (Vol 53, 8.9, pp 35-61) and most of our
local oncologists are very interested in the clinical
advantages of the light ions.

The remainder of the joint Japanese-
European symposium gave a very nice update of the
clinical results at NIRS where about 5,500 patients
have been treated to date. Professor Tsujii started by
giving an overview of the first 15 years experience
at NIRS showing considerable improvements in
local control and survival, and reduced morbidity for
many common advanced tumors. After Professor
Tsujii's excellent review Dr Yamada gave a detailed
account of the result with locally recurrent rectal
cancer and pancreatic cancer and Dr Imada similarly
discussed the excellent result also with liver cancer.
Dr Yamamoto gave an overview of hypofractionation
with non small cell lung cancer where a small number
of fractions between 4 and 1 seems to generate
almost full local control in stage 1 tumors at five
years somewhat similar to the liver cancers. The

interesting results with advanced prostate cancers
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(PSA>20) using reduced fractionation schedule
from 20 to 16 and now 12 has brought the 5 year
biochemical relapse free control up close to 90 %
with minimal rectal and bladder complications. Skull
base and head & neck tumors were reviewed by Dr
Hasegawa and bone and soft tissue sarcoma were
discussed by Dr Kamada. The promising result not
least with the sarcoma are very interesting showing
that carbon ions outperforms surgery plus X-rays, a
development we will probably see more commonly in
the future. The final discussion was about the future
of ion therapy. In this Drs Kamada and Tsujii pointed
out the interesting advantages of hypofractionation
that have been seen for many tumor sites partly due
to the reduced RBE in normal tissues at high doses,
the reduced overall treatment time and the increased
therapeutic effect on tumor vasculature.

The next day and a half was dedicated to
the close collaboration between KI and NIRS and
started with the regular Friday morning lecture for
the whole oncology clinic at Radiumhemmet given
by Professor Tsujii on the development of light ion
therapy from “Berkeley to Chiba”. There were a
great interest among the oncologists with very many
interesting questions and accurate answerswere
given. Interestingly one of the listeners came from
Stockholm County responsible for epidemiological
studies and was impressed by the very good clinical
results with carbon ions. The rest of the day was
divided in 5 sessions covering Treatment Facilities
and Planning, Radiation Physics and Biology,
Imaging, Radiation Biology, and finally the basic
Science program at HIMAC. The speakers were
both senior lecturers at KI and NIRS as well as many
very brief presentations by some 10 PhD students
in the area of light ion biology and physics from
Karolinska. The lectures showed the broad range of
advanced topics covered by KI-NIRS collaboration
and it will serve as an important base for our future
collaboration trying to truly optimize radiation

therapy by radiation biological methods.

The light ions have a unique role in the
development of modern radiation therapy where

Biological Optimized Radiation Quality and Intensity
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Modulated Radiation Therapy (QMRT and IMRT)
are increasingly coming into clinical use preferably
through a systems biology approach to therapy
optimization. The unique dose distributional qualities
of light ions such as the sharp penumbra and high
deep Bragg peak are ideally suited for high quality
radiation therapy, and even more importantly their
radiation biological properties are almost perfect
for eradicating large complex generally hypoxic
tumor volumes with minimal damage to surrounding
normal tissues. The remaining challenge to a more
wide spread clinical use of light ions are to improve
the sensitivity and specificity of molecular tumor
Imaging to more accurately localize the tumor tissues
and to develop fast scanning systems that maximizes
the fundamental biological and physical advantages
of the light ions. For optimal application it is essential
to modulate the ion beams and select the best
possible ion species depending on the molecular and
anatomic properties of the tumor and surrounding
normal tissues and that is where systems biology will
play a key role. For small hypoxic tumors the high
apoptotic induction at the Bragg peak of lithium ions
is ideal whereas large tumor masses may require
carbon and oxygen ions and the microscopically
invasive part of the tumor may be best treated by
photons, electrons, protons or helium ions.

The National Institute of Radiological
Sciences (NIRS) in Chiba, Japan, pioneered the
clinical study of carbon ion radiotherapy using the
Heavy Ion Medical Accelerator in Chiba (HIMAC).
The HIMAC is the world’s first heavy ion accelerator
complex dedicated to cancer therapy. Since 1994 it
has been the leading center for clinical and radiation
physics research on carbon ion radiotherapy and
more than 5,500 patients with a large variety of
tumors have been treated to date.

This first KI-NIRS joint meeting has been
organized to stimulate the clinical and scientific
interaction with the long-term goal of contributing
to a more widespread use of the clinical advantages
of light ion radiation therapy.

The last day was dedicated to discuss
important areas for our future collaboration under

4 key topic areas from Radiation Biology (Furusawa
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and Meijer) to Clinical Imaging (Yamaya and
Johnsson) to Physics and Treatment planning
(Matsufuji and Lind) and finally Radiation oncology
(Kamada and Lewitt). It was clear that in these
fields there were a very strong need for future
development such as the more accurate study of
different key cell inactivation pathways and their
dependence on hypoxia, LET and ion species, as well
as accurate models to describe the interaction of
different LET’s and ions at various dose ratios. For
Imaging the development of improved PET cameras
including high sensitivity 4D imaging capability
both in PET, CT and optical range using the new
possibility of dynamic open PET and Laser cameras.
In physics and treatment planning our analytical
models for transport of ions and their fragments
are essential and new approaches to inverse Monte
Carlo for Biologically Optimized therapy planning
are really needed. In radiation therapy finally
the increased need to understand the role of the
temporal dose delivery and hypofractionation as well
as understanding and quantifying the dose response
relations for these cases to allow maximum local

cure and minimal normal tissue side effects.

Finally it was concluded that the very
successful Open Laboratory format would be a very
suitable way to continue our fruitful collaboration

in the four key areas of importance for the optimal

clinical use of light ions in oncology.
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The Radiation biology part where Drs.
Furusawa and Meijer were chair persons, session
four on Friday, started with a very interesting talk
by Dr. Furusawa himself. He gave a presentation
on “Biological Background of Carbon Ion Radiation
Therapy”. Dr. Furusawa’'s data had frequently
been presented during the day by others so it was
highly interesting to get an overview of all his
achieved and high appreciated data from his own

point of view.

The session continued with Dr. Hirayama'’s
presentation on “Direct and Indirect Actions to
High-LET Radiation” in a study using Chinese
V79 cells exposed to X-rays and helium, carbon
and iron ions under different concentrations of the
radical scavenging substance DMSO. His work
and his mathematically modeling has frequently
been discussed among the scientists at KI during
seminars, so it was really an opportunity for all
KI members to have the possibility to personally
discuss his work with him. Dr. Hirayama was
awarded one of young scientist travel award to

attend the European Radiation Research Meeting.

The last speaker of this session from
Japan was Dr. Matsumoto. He gave a talk about
his work on “Tumor Metastasis Exposed to High-
LET Radiations”. This was a highly appreciated

presentation on the metastatic potential of
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melanoma cells exposed to carbon ions both in
vitro and in vivo. His data is very promising
suggesting that carbon ions inhibit metastasis at
radiotherapy compared with low-LET photons. A
very interesting part in Dr. Matsumoto’'s work is
that he finds an increased effect of migration and
invasion of tumor cells at low doses of low-LET
radiation but not after high-LET radiation. This
1s a very important thing to consider when it also

comes to risk calculations in radiation therapy.

The session continued with presentations
from the Swedish KI members where Dr. Edgren
gave a presentation on “Dose and Time Response
of Different Types of Cell Death”. Her presentation
was focused on different modes of cell inactivation
following exposures to different ions, LET and
doses in different tumor cell lines in in vitro
studies from Stockholm and the the Svedberg
laboratory (TSL), Uppsala, Sweden. Dr. Edgren’s
results show that there is a difference in the mode
of cell inactivation depending not only on the type
of radiation exposure but also on the origin of the

tumor cell and its gene status.

After Dr. Edgren, Dr. Lind gave a talk
on more theoretical mathematically analyses of
biological responses with the topic name “On the
Use of the Interaction Density as a Measure of
the Biological Efficiency of Ionizing Radiation”.
He showed his theory and different approaches
for absorbed doses used in radiation therapy and
discussed the differences between low- and high-
LET.

The session continued with presentations
of three PhD students at KI, Mr. Taleei and
Mrs Mohanty and Zielinska-Chomej. Mr. Taleei
presented his work on a mathematical model for
the Non-homologous End Joining (NHE]) Repair
Pathway and Mrs. Chitra on her achieved results
on prostate cancer cell lines in vitro exposed at
HIMAC in Japan. Mrs. Zielinska-Chomej presented
her achieved results on lung and melanoma cell

lines exposed to different ions at HIMAC. Mrs.
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Mohanty and Zielinska-Chomej are PhD students
in the European network called PARTNER,
which stands for Particle Training Network for
European Radiotherapy. Mrs. Zielinska-Chome]j
will give a publication on this network and Mrs.
Mohanty on the Karolinska Institutet according to
their last oral seminars that were held at NIRS in
2009.

The biological session ended with a
conclusion of the importance of collaboration
between KI and NIRS and between biologists
and physicists bringing in the fields of time lapse
studies to mathematical modeling. An instrument
for time lapse studies is available at NIRS/HIMAC
and it can be used to quantify the different modes
of cell inactivation/death in parallel to the classical
clonogenic surviving assay used for dose planning

at the clinic.
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Department of Oncology-Pathology,
Karolinska Institutet, Sweden
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The Karolinska Institutet (KI) is one of
the most intresting medical universities in Europe
and one of the leading medical universities in the
world. On the 13™ of December 1810, the Karolinska
Institutet was founded by Kung Carl XIII as an
“academy for the training of skilled army surgeons”
and named as Carolinska Institutet. It was then
considered as a support for the surgeons who
treated soldiers injured in war and gradually it went
on to train general physicians as well. But in 1813,
Jons Jacob Berzelius, one of KI's first Professors
laid the foundations of KI's scientific orientation
towards basic sciences. The name “Carolinska
Medico Chirugiska Institutet” was conferred in

1822 and sometimes “Kongliga” (Royal) was added

Seal WE
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to the beginning. Then in 1861, the Karolinska
Institutet was given the right to award degrees and
was compared to other universities. In 1895, Alfred
Nobel's testament bestowed the Karolinska Institutet
the right to select the Nobel Prize in Physiology or
Medicine. The Prize was first awarded in 1901. Hugo
Theorell was the first KI researcher to receive the
Nobel Prize in Medicine and Physiology in 1955.

The Karolinska Institutet’s logotype consists
of a seal and a word mark, which is a single unit and
may not be separated.

The meaning of the seal is described below
as mentioned in the “Graphic Identity Manual
Karolinska Institutet”. The rod of Asclepius is
named after the god of medicine, Aesculapius or
Asclepius. This ancient god was the son of Apollo
and was generally accompanied by a snake. Over
time, the snake became coiled around the staff
borne by the god. The snake bowl was originally
depicted together with Asclepius’ daughter, the
virgin goddess of health Hygieia or Hygiea. The
snake ate from her bowl, which was considered to
bring good fortune. There is nothing to support the
notion that the snake would secrete its venom into
the bowl. The cockerel symbolizes new life and was
sacrificed to Asclepius by those who had recovered
from illness. This is the meaning behind the Greek
philosopher Socrates’ last words after he drank the
poisoned cup: “Crito, we owe a cock to Asclepius. Do
pay it. Don’t forget.”

Today the Karolinska Institutet consists of
two University hospital campuses, one in Solna and
another in Huddinge, the Danderyd hospital, the
South hospital and the St. Erik eye hospital.

The Karolinska Institutet accounts for over
40 percent of medical academic research conducted
in Sweden. KI has 22 departments conducting
research in various fields of medical sciences
specifically focusing on these main cutting-edge
research topics, such as: Cancer, Cardiovascular
disease, Immunology, Infection and inflammation,
Endocrinology and metabolism, Public health, Care
sciences and Neuroscience. According to the annual
report 2009 of the Karolinska Institutet, there are 3,875
full time employees in KI. In 2009, 392 PhD degrees
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were awarded including 18 for previously granted
licentiate degrees. In case of doctoral students
more than 60 percent are female students. The KI
University library is the largest medical library in
the Nordic region of Europe. KI Innovation is the
overarching name for KI's activities that facilitate
knowledge-transfer between academia and industry.
The Karolinska Institutet Holding AB provides
the unifying structure for KI Innovation’s business
development activities. The Karolinska Institutet has
collaboration agreements in research and education
with a large number of universities the world over,
also in Japan, with companies in the biomed and
biotech sectors and also with individual countries.
This year 2010, Karolinska Institute

celebrates its 200" Anniversary.
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Dept of Oncology-Pathology, Karolinska Institutet, Stockholm, Sweden
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In 2008 the European Commission awarded
€5.6 million to the Particle Training Network for
European Radiotherapy (PARTNER), focused on the
training of young researchers in different aspects
of hadron therapy that involve particle physics and
radiation biology and their applications in medicine/
patients treatment.

The PARTNER was established in response
to the critical need for reinforcing research in ion
therapy and the training of professionals in the
rapidly emerging field of hadron therapy. This is an
interdisciplinary, multinational initiative, which has
the primary goal of training researchers who will
help to improve the overall efficiency of ion therapy
in cancer treatment, and promote clinical, biological
and technical developments for the benefit of all
European inhabitants. The PARTNER project
started on the 1°" of October 2008 and the kick-off
meeting took place at CERN, Geneva, Switzerland,
on the 16-17™ of October 2008.

The four-year project, coordinated by
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Table 1. People and Institutions in PARTNER
% 1.PARTNERICEZ MU TV HEHERE

=
PARTNE

Particle Training Nrtwork for Exropean Radiothrrapy

Institutions
e

Network Participants
FYPT—0 BINHEEAE

Supervisory Executive
Board Members Committee Members
EERRRAVN— BAIRREXVN—

European Organization for Nuclear Research

CERN (CH) (Coordinator)

Hans Falk Hoffmann Manjit Dosanjh

BRI R F 2R TS CERN (R4 R) (FHZ1%)
FORGEFmE éﬁ;ﬁggg;ﬂ;gégge_r;; Oeelazies CN(X\(I)A?{(&'-UT) Roberto Orecchia Piero Fossati
Gesellsohaft ;;?S%e%%nenforschung G%ISl(IE'I?(E‘;) Marco Durante Wilma Weyrather-Kraft

Karolinska Institutet

Karolinska (SE)

Anders Brahme Annelie Elisabeth Meijer

H0Y > AHERFEFR Karolinska(Z7z—7>)
University of Surrey Surrey (UK) )
. Surrey (1FU2) Bleddyn Jones Karen Kirkby
TERA Foundation TERA (IT) ) . ’
TERARIE TERA (14U7) Ugo Amaldi Fabio Sauli

Ebg MedAustron

MedAustron (AT)
MedAustron (F—AXkJ7)

Richard Poetter Ramona Mayer

lon Beam Applications IBA (BE)
BRI FHRIG AR IBA (NJLF—)

Damien Prieels Damien Bertrand

Siemens Medical Solutions
=X AERRFFR

Siemens Medical (DE)
Siemens Medical (K1)

Claus Hoeppner Eike Rietzel

ETOILE Project ETOILE (FR)
ETOILE (75>R)

ETOILEZO> 1ok

Jacques Balosso Jean-Michel Moreau

IFIMED Project IFIC (ES)
IFIMEDZOY 1ok IFIC (A1) Alberola

JosID BeEfaey Angeles Faus-Golfe

Table 2. Projects and Institutions in PARTNER.
#£2.PARTNERTITHhhTWa7’ 0> 7 hEXF SRS

Project objectives
7Oz hEE

Institutions
RS

Clinical studies, epidemiology and patients selection
FRPREUBR. /2. BEEIR

CNAO; UKL-HD (HIT); ETOILE; Med-Austron

Radiobiology LK .
S GSI; KI; Surrey; IFIC
Treatment planning . N . .
SAEESHE IBA; Med-Austron; Surrey; Kl

Simulation and Dosimetry: FLUKA and GEANT
TRab—arERERE. FLUKAEGEANT

CERN; UKL-HD (HIT); Siemens; GSI; Kl

Image Guided Hadron Therapy
ERF TR TFHRA R

CNAQO; Siemens; ETOILE; GSI; UKL-HD (HIT); KI; Med-Austron

PET prototype for in situ monitoring
RABEE=4>JRAPETRE

KI; TERA; CERN; CNAO; ETOILE; IFIC; Surrey

Novel gantry designs
FLWAVRN)—5&E

CNAO; CERN; ETOILE

Information and Communication Technologies and Networking in hadron therapy
BHFHAR COBRMBERMERY NI — 5

CERN; CNAO; IFIC; KI; Med-Austron; Surrey

Novel accelerator machine study
FLUOVINERZR DI

CNAQ: IFIC; TERA; CERN:; Surrey

CERN, involves 10 institutions and research centres
in Europe and 2 associated institutions. Please, find
further information in tables 1 and 2.

The project is funded under the EC’'s Marie
Curie Initial Training Network (MC-ITN) scheme,
which seeks to improve the career prospects of
young researchers.

PARTNER represents a unique

multidisciplinary network created by 25
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researchers: 20 Early Stage Researchers (PhD
students) and 5 Experienced Researchers (Post-Doc
fellows). Current recruitment status is 20 ESRs and
3 ERs and 2 ERs to be recruited, 15 nationalities

and 50 % females.

The training programme started with a course
in ‘Detectors and Accelerators Applied in Medicine’,
held at the Instituto de Fisica Corpuscular (IFIC) in
Valencia, Spain, in June 2009. The workshop provided
an overview of several topics involved in the biomedical
applications of detectors and accelerators, from Monte
Carlo simulation and Grid computing to image science.
The second course was a workshop designed to
familiarize young researchers with relevant aspects
of leadership and team-building in the research
environment. This took place in September 2009, at
the University of Surrey, Guildford, United Kingdom,
and was led by Evolve Leadteam Ltd.

A hands-on radiobiology course came
next, held on the 25-27" of November 2009 at GSI,
Darmstadt, Germany.

In the beginning of 2010, courses in ‘Hadron
therapy: today and tomorrow’” and ‘GRID technology’,
were held at CERN, Geneva, Switzerland, co-organised
by medical experts from the MedAustron (Austria)
and the Oxford University (United Kingdom). And in
September 2010, a ‘Radiobiology’ course took place
at the Karolinska Institutet in Stockholm, Sweden.
Just after the Radiobiology course, PARTNER Mid-
Term Review took place at the Karolinska Institutet
with the European Commission’s Project Officer
Gianluca Coluccio and Expert Reviewer Kaisa
Hellevuo, who stated that PARTNER is a project
demonstrating what the EC wants to accomplish
with Marie Curie Training Networks. They were
particularly captivated by the multi-disciplinary
nature of PARTNER and the quality of the Fellows'
training and research - so much so that they asked
PARTNER to submit a follow-up project in the next
round of project proposals in January 2011!

As the specific training offered by
PARTNER, researchers also participated in e. g.: the
Particle Therapy Co-Operative Group meetings held
in Germany (Heidelberg) in 2009 and in Japan (Chiba/
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ZB R A Yy P =2 BHEEL TS, B
TEORMIRDIE, B ARy 20 A& HEmEE 3
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Gunma) in 2010, and also in the ENLIGHT meetings.
PARTNER researchers presented oral and poster
presentations at international conferences as well as
scientific publications were released.

As for future, next PARTNER courses are
planned in coming 2011 year, starting with “Treatment
Planning” by MedAustron (Austria), then ‘Clinical
Trials on specific indication for carbon ions therapy
or for mixed treatments’ and ‘New schedules of
fractionation and their impact on local control and
survival’ by CNAO (Italy) and ‘Modelling course’ by
the University of Surrey (United Kingdom).

The PARTNER is successful in bringing
together researchers from many different fields,
from many countries, who will continue to exchange
ideas and information all over Europe, for the

benefit of cancer therapy.

Thanks to collaboration with researchers
within International Open Laboratory, ‘The
Introduction of the PARTNER’ was presented
during the NIRS International Open Laboratory
Special Lecture on ‘Biological Responses after
Exposures to Low- and High-LET Radiations’ on the
24™ of November, 2009, NIRS, Chiba, Japan (NIRS
News 11, No. 156, 2009).

The PARTNER project is funded from
the [European Community's] Seventh Framework
Programme [FP 7 / 2007 - 2013 ] under grant
agreement no. 215840- 2.

For more information, check websites:
http://partner.web.cern.ch - official PARTNER website
https://espace.cern.ch/partnersite/default.aspx
- PARTNER share point
https://enlight.web.cern.ch/enlight/cms/?file=home
- ENLIGHT website

NOBE| YoRow

b7 —2 (ENLIGHT) O&ia EICb ML L7,
PARTNER O %% 7- b IZERA#HTIIHEEED 5
WIERRA Y —HRETO VML B LT E 5,

L% D PARTNER a2 — A & LT, k% 2011 4F1C
MedAustron (+—Z M1 7) THfiE SN 5 [HHE
W] 2—2%EYWYIZ, CNAO (L %) 7) TlhHER
EHRE 72X R 0 BRI EIE 1Z B 3 % R FER
T— A& [H L\ RS EHENC X 2 /ATl & A4
AN ORE | 3 — AP, ) — K% ) °l[EF
VY7 a—A I NS I LIlhoTwET,

PARTNER 23— v RE&WHOE L DE L H 5%
S CIGIE S AR 2 0 5 Z L ITKRE R HIZ R
ZLTwET, (BEBOOSNTMEZERTOWE W)
TATFTBIOEROLZHEI L > T BPAHERICKE
AR b E3 s bl ET,

B, REN - BB T8 M) —0
LA ICEHL T T, (KLFORKIIR D)
[PARTNER #4112 2009 4F 11 H 24 HIZ KB X O
7 LET BRI G2 o £ 22 BOS ] & 8 S 7z
EHF - EESA — 72 9K MY —FERIREE TREOR
BREVZVZ I (MEF= 22— 2009 4F 11
H% No. 156) &#H L 3,

PARTNERZEY 7 b3WREEEZNES
215840-2 123D Cy (BRMIBERED) 557 R 7 L —
AT —rT7ar 7 A [FP7/2007-2013] » HHF58&E 4
EZIFTVwET,

SHICFHELWERICOWTIE, DTOoY =791 %
TBHL 723,
http://partner.web.cern.ch -PARTNERAN 7 =741 b
https://espace.cern.ch/partnersite/default.aspx
-PARTNERY = 7 KA » |k
https://enlight.web.cern.ch/enlight/cms/?file=home
- ENLIGHTY = 7% A1 b

HE/ [HFRPABRICEATIAF-I—OvNERIRIILI LV
[HFREZICEATEHO)  ANRET-BERERAS 2 EP 74 ]

Japanese-European Joint Symposium on Ion
Cancer Therapy & NIRS-KI Joint Symposium
on Ion-Radiation Sciences Z I

TR PR Y 5 — KM v —7
PR F — & BFSER
Il e

o

AL SE (Ryoichi Hirayama)

1.1XU&IC
20104E9H9H (K) KA =z —F>¥ - A b2

FIVLIZHBHTY ¥ A HKFEWBEZ T Japanese-

European Joint Symposium on Ion Cancer Therapy

VRSN, 5129 H 10 H & 11 HIZiE NIRS-KI

European Joint Sy
an lon Cancer Therapy
ont

KINIRS Joint Sympasium
on lon-Radiation Sciences

September 3 § 10, 2010

Joint Symposium on Ion-Radiation Sciences ASH&
BCHBESNE Lo ZMFE A1) ¥ AR5k
OWgEE. Bz S IFEPSEZIML,. A UR
4 7)) TEHEORTHIERICHED 20788, HAD2SI1X
MER R R RP 5%  OHBANSIML £ L7z,

2. Japanese-European Joint Symposium

on lon Cancer Therapy OD#lE

Japanese-European Joint Symposium (9 H 9 H
(R)13:30 2BIEE D, 320Dty ¥ a Y& YK
Eh18:00 FTIrbihE L7z, I B. Lind %62k
(Karolinska Institute : KI) OB TIHFE D, 5] X6
& A. Brahme Jg4 (KI) &2 04 OREAT) 12
LBV URIYTLAORMADDHY., £y ¥ a v 1[New
Facilities | 257 F L7z,

FRHE L3RBT E e A (BRI RS7) 12 & B [ Carbon Ton
Radiotherapy at Gunma Universityl. S. Combs %G
H: (University Hospital of Heidelberg) {2 & A[Early
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Experience with Carbon Ion Therapy at HIT & A.
Brahme %54 (KI) 12 & % [Plans for Ion Radiation
Therapy at Karolinska Institute and University
Hospitall TL 720 0%, S%EWO LR Tt
HFHz2Hoe L E L7

+t v ¥ g » 2[NIRS Experiences (1)] 1 i £
MO AEFITK ZE T, LHESEEICLS
[Overview of Carbon Ion Therapy at NIRS : 15
Years' Experience]. [IIH# %4212 X % [Carbon
Ton Therapy for Patients with Locally Recurrent
Rectal Cancer / Pancreatic Cancer ). 4 {5854
12 & A[Carbon Ion Radiotherapy for Liver Cancer|
Lok lb B &S 12 X A [Carbon Ton Radiotherapy
for Prostate Cancer| TR S L7z,

KA S ET DA F Ik b€y ¥ a » 3[NIRS

Experiences (2)] 25frbi, ESNLHERAIC X
%[ Carbon Ion Radiotherapy for Skull Base and Head-
and-Neck Tumors], INARBEHIEAIZ X % [Carbon
Ion Radiotherapy in Hypofraction Regimen for
Stage 1 Non-Small Cell Lung Cancer]. #iHIFs G4
12X % [Carbon Ion Radiotherapy in Bone and Soft
Tissue Sarcomas] & [Carbon Ion Radiotherapy :
Clinical Studies and Future Prospects Closing
Remarks] O##HAYT DI, B ITEHSLAEDY VR
Ty Lol LY F L7

LA OHOFEHIZIE, 538 1 Annual
Meeting of the European Radiation Research
Society D#c#&t v ¥ 3 ' Tdh % [Heavy ions] 25 &
by 7 BNV ARETITONTE Y, HEIEEHLE,
TR — A (BN R, Brahme 54T L 720 ik

Tyl a RIOEHEE

2EBERRL ERDBOLHALE

MEHERIZ  Radiological Sciences/R. Hirayama, Vol.53 No.12(19-23)2010

54 L Brahme S6413 1 HIC 22 fro 722 &
270 F9,

3. NIRS-KI Joint Symposium on
lon-Radiation Sciences D E

NIRS-KI Joint Symposium (9 H 10 H (&) 45
: 157 blaFE . HIHHHAIT X 5 Special Lecture
[Recent Advances in Carbon Ion Therapy |27+,
% OEHEDSIML., MHIW T T L7z,

RE %2 1Z 8 AT, v ¥ 3 vI1[Treatment
Facilities and Planning] 2346 % - 7z ¥ H#F R SEA
(BCEE#E) 12 & % [New Treatment Facility Project
at HIMAC, &3 0eA: (BEHKF) 12X 5 [New
Treatment Facility at Gunmal. #ifi B ¥ 26 2E (K
PEfff) 12 & % [Treatment Planning for Carbon-Ion

Scanning at NIRS| (RS DMARFIAS LD 72 DR
BeEAZEAE (BUZEAT) 2340 D IZFE K L 72) DR AT H
. K%¥Bi4 o B. Andeassen X (KI) 12 & % WF2E#]
4 [Fast IMRT with Narrow Scanned High Energy
Photon Beams] 41 E L7z,

fK# . +® v ¥ 3 » 2[Radiation Physics and
Biologyl] #8468 % . #JE %6 412 & % [Modeling
of the Biological Dose Response for Carbon
Beams| & B. Lind 56 4 (KI) 12 & % [Repairable
Conditionally Repairable Damage Model| @ i# iifi
MPirbi, 5l & & KFEBAEDOHIZEM M E LT, M.
Wedenberg KX 12 £ % [Analytical Description of
the LET Dependence of Cell Survival Using the
RCR Modell. L. Antonovic JXiZ & % [Cell Survival
Modeling for Oxic and Hypoxic Cells for Light

ZLDBROF THBET oL HEE

HEHEREIZ  Radiological Sciences/R. Hirayama, Vol.53 No.12(19-23) 2010
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Tons in the Clinically Relevant LET Range Using
the RCR Model]. P. Vreede Ik 12 & % [Uniform
Tumour Cell Kill and Absorbed Dose with Mixed
Modality Light Ion Beams]. K. Wiklund X 12 X
5% [Secondary Electron Productions from Ions -
Simulations and Radiobiological Modelingl. M.
Hultgvist K12 & % [Characterisation of Radiation
Quality and Secondary Dose Distributions in
Patients in Light Ion Therapy]. T. Liamsuwan I
124 % [A Model of Carbon Ion Interactions in the
Energy Range 1 keV/u to 10 MeV/u in Water] 2%
b L7z KEBREDETFT VIS T A%
Bir—% ol3 & AL EEweE (REERE) A% 2000
FIRELRLL) OF =5 Tho7zONHRHT
L7z FHED I0FELL LS THHIH ST S &9

V el ot i il
FELAHSIN?

GEHS LV X 2R L &) EHwE L,
BREEZAQY Y AARFHRBEOLETE D, T
#Bh5ldt vy ¥ a v 3[Imagingl M7 bh sz, LG
T FeA (BEMF) X 5 [OpenPET (1) : A New
Geometry Enabling PET Imaging during Radiation
Therapy . FHIHEILAE OUEDF) 12X A OpenPET
(2) : Development of a Small Prototype for a
Proof-of-Concept]). #FME —ESJ6 4 (M EMF) 1 &
% [Tracking Target Motion]. I. Toma-Dasu &
4 (KI) 12 & % [Treatment Planning Considering
Macroscopic Heterogeneity in Sensitivity and Dose
Based on PET Hypoxia Imagingl. A. Brahme G
12 X % [Design of an Open PET System with
Therapeutic & Stereoscopic Phase-Contrast X-ray
Capabilities] DT E Lzo Bl &K & K

S ln"}phrtlaﬁ; Issués

HEETOHEERLE

MEHERIZ  Radiological Sciences/R. Hirayama, Vol.53 No.12(19-23)2010

BETTONERE

Bt 4 TdH % M. Lazzeroni K12 X % [Production of
Clinically Useful Positron Emitter Beams during
Carbon Ion Deceleration] 25#fi/r S E L7z,

K&, & v ¥ 3~ 4[Biology] 24T b . 1
6 12 X % [Biological Background of Carbon
Ton Radiation Therapyl. ## 2 X 4 [Direct and
Indirect Actions to High-LET Radiations]. A4l
B OBERE) 12 & % [ Tumor Metastasis Exposed
to High-LET Radiations]. M. Edgren 5G4 (KI) 2
& % [Dose and Time Response of Different Types
of Cell Death]. B. Lind 454 (KI) {2 & % [On the
Use of the Interaction Density as a Measure of the
Biological Efficiency of Ionizing Radiation] @ i#{i
A T, Bl &K E KEFELED R, Taleei KIZX A TA
Mathematical Model for the Non-homologous End
Joining (NHE]) Repair Pathway]. C. Mohanty
X 1Z X % [Different Modes of Cell Inactivation
between in Prostate Carcinoma Exposed to High
and Low LET Accelerated Ionsl. K. Zielinska-
Chomej K12 & % [Differences in Cell Inactivation
between Various Ions of Similar High LET in Two
Different Human Cancer Cell lines] ORI A28 7
bhE L7z,

WEOYy ¥a TN EREEA ORIER) 12 &
% Special Lecture[Clinical Use and Basic-Science
Programs at HIMAC] 237/, HIMAC 3[R F]H
e REHREINFE Lz &THty T a V#T
BIWEA Py 7RV LDOEP—HETEDLLAMNT I
BEL., ¥y RITTLASMEIC L DB =T 1 —H*
fibhE L7z,

9 A 11 H (1) 14 %) Radiation Biology] [Clinical
Imaging] [Physics and Treatment Planning]
[Radiation Therapy] ® 4 DO F 2TV —F
TARAN Y ar&edbTETHo7H, THEEEIC
. KRF—TNVEATOR#EE LD E L, 22
TIRIRERE A1) v 2 h KRB & 5% O LR
ZEZOWTEELADLN, 2HBEIIKEY Y RT T A1
#HTLE L

AR ICEH ZEAL T b L B BUEIE & AR & o 3k
[ Y RTT 2D TSI £ L72h5 K-
WCEOobLETORTHIZBWT, MENAY —KFLT
WEDORYD TEBENZLE L, WIENHIC X 2 Eh
TR AR D EAL - BEEEAL S HITHEIVRF D 720
2 FEDERHOAYFEZ B THEHIML TW
CHOEMIER LT Lo KRV VRTI Y A% REIINE
Wiz A, Brahme J6A4: 2 12 CoORIENE A oY)
YANRKFIRED AL v T D22 OB a D T
HHLLTFET,

2% 5| AN

1) Furusawa Y, Fukutsu K, Aoki M, Itsukaichi
H, Eguchi-Kasai K, Ohara H, Yatagai F,
Kanai T, Ando K.“Inactivation of aerobic and
hypoxic cells from three different cell lines by
accelerated (3) He-, (12) C- and (20) Ne-ion
beams”, Radiat. Res., 154, 485-496, 2000
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[]
B < BORMRINC L2 8N I D B -

RRRL DO FARX=T Y

DIARXA=TV VTR Yy — HTIREA A=V VTRV —T

S RmisE S — & FAEIZER
AN s

BN W3 (sumitaka Hasegawa)
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T AN S B RCTHAET B B IE (DUF, iz
JE) VR E AR E 2o TS, RIEIZTHD
ELHBPAODLEDTTN, BRHRERICL > TF#
DYEBHIFF I TWE T, Lo Ly HE o 5308
SRS BRFRN 2T R Z Ln oW Td, &4
ke b R R o M A W A R AR AT FE 2 S W
R~y Y A== FF T FF 1 AL 5 —%8
(Mn-SOD) & ¥ 737 Bhsrp gz i & bR S B L
TwnbZ xR LE L7, Mn-SOD & MRI 3§ &%h %
#bO3 Ay (Mn) LHEAETHIERH, Mn k512
£ % MRLIZ & o THEIEASEIRWICEGILTE 5 L F
ZONFE L. TORHDT, Faidb bR/
fatkB L OWBEFT VY A Z W —lDEB % 1T
W, Mn-SOD 58 BIH I 25 Mn $25-12 & % 8% MRI
TARA=V VT TELILEEHLNMILE L &8,
ABFZER5 He0d 2010 4E 7 H IS EIBSIIC B 22 As AFZE 8
F9%E [International Journal of Cancer] DEFTRE
ENF LAY ARTRZONEZ PR L TRALE TS
HR

20054E 6 . KT A — A —D 27 KFH[LER
JeWstiZd % 7 R & [Hfiles T3 OEE BA 70 AAsHEz
7% ED7 AR bR ETHC LELERIZS
BB DRE L ICE 2 RE LT L2 wbWwA[ 2
Ry avyr] T, LHHAREORL LT LY L%
b ) O VIEBEERICOBENRATND L DERE
WCEWNTIIHEIED £ L, ZRLEICE 7 AR
M EEOMEIZEH SN TV zb o0, ZOHuE
ZEREE LTT ANZ M2 X AHEEIHEIICKE
CHUY BIFHNB X912 L7 (TANRR M EHE
JED#H & LTk 2 2 2H) .

T AN ME O OMHER 7 A BRI ORFRT
BN LA OHEWMHTED Y THA, TD2OHWF Lo
EFEDH Y FEAD, 2005 FEOAEEETFHBH L Z0
WiATEEIZB W TIE, WHO % ILO DERE 1T ITHES
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BE)BRET [ TARANE ITHERZ R LT BT 2 F
JIAMTEFANCRAM) TV T4 b 7)Y
FAN(HAM), 70y K54~ (L) ROFLES
AhEV) L JEERESNTVE T, EELTAXRZD
(EZ OWEAL R ICER T a7z, HA
BIUWHNTELMibhE Lz, BEEEILEShTwD
OO, DV T TT ANRA MIEM & T3
AL CHLNTBY, FkAnc@Ex Iz
T ARZ MBI TWAE I L2 #E 2 5L, K4l
TARAMIHEN LS OAEFLTVD L Vo TH#BE
TlEdH D Ao HRZENRIERD SN TWiz720,
ENTHHEINZT ANZ FDIFEAEIBAICE T
b T Lz, @EERFEREN O 1960 25 70 44X
T TT AR b O AR L 80 I 131 Ik
MHHLDODEMB30OT M YDTANRZ M EIALT
B FE Lo B, Wko L) ICBHAETRESEZIZL
D% L ODEHEEBZOMHEHFIEL TV T,

PR IE IO JER T H FIET 5 & Wbl TE 2%
ZOEBRFENEITARZA P Vo THELEZHY
B Ao HRZIEIZIERIENEZEITH LT\ b HE M
NORETLEMEELETH Y. T AN FDOREPD
30~ 40 FFIFEDOBHRMERTHRIET L EEZELONE
T o DAEKTHIIEERN S W E TV EEAD
FECHET A B W2 L EEZEOLTAE 2 TV D
(IHETET 1970 A S IR 4 128 L 90 AR S
BEMER A 52T Bk X HITHADT ANZ
M A DY — 7 370 SIS 80 FRABHTH
D, 30 ~ 40 FEDOBRI &2 H 2 5 & 46 b i B
B2 ENTHENTEY, 558 40ERTI0H
ABRETHLOMEL DN TV, WoHhnT AN
AMBRBEP LM EELRET L7 —2b b
D, VAZOREDXIIDHAHDOD, FEDIHEZEEL
FERET B IREMED D ) 9,

BRI V2 0 B e L A T S TR 3 C IR IR T b 5
CENMEE RS TVET, LLARDL, FHRAR
HF DA 7 RIS BB L Tid, ARHETE i

GHRUREE, ALRE e EOBEEIEBIC L) FHROK
FANORDDWHEEDLD V. RO 25
EoTwET, BIZIE NEREKDOHBE & 13 iz i
DHWi~—# — & L TERC/Mesothelin 234 %) T
0. MEZEIC XY PR RMZKA R TH S
LEwmELTuET Y,

Lald, T4 A= 2 7S] B 2 v Bz B S 1Y
Y —H—FFEFELTWHT, Mn-SOD A%k b iz i
FaCHBBEHLTWEZEZRLE L22Y, Mn-SOD
EHURRALIEH SOD O—HiTH Y I ba v N TIZR/IE
L. Mn & OREITE D BRI ) £9. Mn-SOD
2AMn EHREETHT EHN S, A 1X Mn-SOD &E5EILF
B BRI P~ Mn B#712 & ) MBS Mn #2580 L5
PRONLDOTIERWAIEEZL T LIz, i), Zffi Mn
A% ¥ (Mn*") & MRI T REFHO4F v 2 LT
monTBY, v v EHWEE MRI (Manganese-
enhanced MRI, MEMRI) {3 e 15 Bl <o fek nl % %
WL H7200 ks LTEibhitwEd, DLhoZ
LB, MEMRI CTHEZIEASEIIGICA A=Y V7 T&
DT RV E DI %2 L THE 2TV L7ze e B,
ARIFFED E s TR0 2 S8R X OB EERICRI L T3
REROAKBEHTEREZITVE L

BREER

(1) e IEHNIC 315 % Mn-SOD D783

v bzl tk MeT-5A & 8o v hHZETO
Mn-SOD % ¥ 787 B 05 Bl & R R biik 2 v 7z =
Ay 7ay METEHILE Lz 1HHA RS ETo
t bR T, MeT-5A & T Mn-SOD D5
BHhRdONFE Lz, &M RT-PCR EETH (2IZIH
BHORREENT L7z Mllg~D Mn BAfifERZ 175 72
& 2 A b Mn-SOD A% 42 - 72 NCI-H226 (H226)
HHLIZ BV TIE MeT-5A & AT 2 #4535 < @ Mn Az
WERDH D RICFEIHEDZ W NCI-H 2452 fillie Tl

a

Human MM cells

NN
e 9

MeT-5A
H28
MSTO-211H
H226
H2052
H2452
HMMME
MESO-1
MESO-4

a

Q

actin

!

Relative ratio of Mn-SOD mRNA O'

o
T

MeT-5A
MSTO-211H

sk

F1.3RoERRO SNE L. B 2 H AR
TIEZ%WVd oo, Mn-SOD ZH 255 W Tl Mn &
A & DR ER S B WEIR O E L2 (K1),

(2) Ki#EM e Td MEMRI

Mn-SOD & % 3L v Bz B Al e © & % H226 #l g &
MeT-5A & D FEHAFE VD OO HFEEFEIZ Mn-SOD %
#BLLTwb MSTO-211H (211H) iz T Mn & 4712
&% MRI 217\ & L7zo @ OMBERT 8 Tl
LNFEEATLAA, BFEHIZ0.1 mM ik~ > 7>
ZIML 30 588 L2 2 A, T, M MRI Tl
fRedbmmiETIchs (MEEALRS) ZEPMHERSH
FL7 L2aL. ZOREE Mn-SOD OFHEIHE -
THIIN L TH Y. Mn-SOD #5383 H226 Mz id 211H
ML R WE SN B Z eI L L7z (1M 2),

H226 MSTO-211H

0.1mM
suppl.

Not
suppl.

X 2: 1% & #fl iz TOMEMRI, H226 2 ¥ 18k~ > > &7 (0.1mM
suppl.) LRBICEES ICAE->TWA (Eg L. B<E->TW3), k1) £V

(3) B¢ FHE% T MEMRI

H226 Al & 211TH MR % X — K~ AR FICBHE L
BB CHMAT L £ Lo BETIESICHBWTH H226
1T Mn-SOD ZHHEH L TWBEZ EDMERINT L7,
H226 3 X O 211H O R FEE 23T Y A X2k o
2B C MEMRI EB 27w L7z, 9. kY=
7 Mgt Ty SR RS C T RS O I R0 A8 45 % BT
L7222 h, RELEZIROONFTFHATLR, £O

C

2.51 MeT-5A

I MSTO-211H Hk

_20{  EEH226
= H2052
Sis{  mmhH2s2
x
5
g 1.04 =&
[ =
= 0.5

0.0-

0.5h 24h
MnClI2 Incubation time

MESO-1

H1:ehhEEMETOMN-SODRBEEYHMBERERE, ()Y X2TOvMIEBMN-SOD 2 /N7 ERIBE DA (b) EEHIRT-PCRICLS
Mn-SOD mRNANE & (c) Bt~ A AaRENMIER~ 1 &S, H226 Mi2IEMn-SOD SR IRMAT THY) . v > A ERH SV, Xak1) &V
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. b~y (R TS5<A70E)L) & 1K
2Dz Wwo ) vy AREIRD 585 L T 5lah i
Bt/ A, MG 30 70 5 120 31203 T
H226 5513 211 H I IS AR TEE T 2R 2 &3
MILE L7z (M3)o #ERZILE &5 & TR THES: &
bR 60 0 TRTMERE -7 202, H226
BB O TUEIR G & R D EAF 50 EEAY 1.7 fi5,
2UUH X L3FICHIML T L7ze B MEEIZHE VT
bR 52 Mn-SOD B E 2> TwE Lz F72,
R IEIX LIS LIRS A & DRI & 2 ) 925
4 FE O e MR AR PR Tl Mn-SOD JEAME <
H226 J TIESE & b RilAS AL PC14 BT IES; & 1
b MEMRI CHf 22452 L 2R L T L7

MSTO-211H Gd

Mn 60 min

X3: K FEETCHOMEMRI, Bt~ H %5514 %604 (Mn 60
min) Tld. H226 E FIEZDIEIF 21 THICERTEE» B hE->TWS
(Ef& L. B<t->TW3), STHk1) &)

(4) Wl P REAEE 7 V% 72 MEMRI N &5 B2 Il o e
R IEDZ < SMIBEICFET 5 2 L0 5. H226 #
faz 2 — K< AW RRE L. Ik iE s € 7L
% w7 MEMRI 8% 7w % L72e WENTOE
PrBahit % MEsR 9 5 720, H226 Ml % 468 fx 7 o
U in vivo A A —T UV T EITVWE L7z, H06A4

M4:BIPEABNREEOY A EREICEIRE, v A E 5T (Mn
Pre) CIXEEBEH REBBED IBIE Y AR5 LTI I ZBEARICHD
MNP IE (BRI, BEARN) P id-& ) etgidhiz, k1) &)
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A= ¥ 7 CHEBER TR b BRI, RV IESS
FERE R L~ > v 2 %S L T, s iz 5
72X A, PEGBIIRE 20 45T A 2 O M b Rz i 75
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Background

Prostate cancer is the most commonly
occurring cancer for men in Europe accounting for
around 18.1% (202,100) of all incident cases in 2004 V.
In Europe it is the third highest death causing cancer
form for men as reported by the EAU guidelines for
Prostate cancer, 2009 .

Radiation therapy with different types of
ions has been used as one of the treatment options
for cancer. Satisfactory results have been achieved
with carbon ions for treatment of various types
of cancer at two clinical centres in Japan, treating
approximately 200-300 cancer patients per year >,
and at the centre in Germany where >160 patients
have been treated so far ' Radiation therapy
with carbon ion beams has been performed for
prostate cancer since 1995 at NIRS, Japan in over 514

4,7,8,12)

patients with very promising results , where

13 and late complications e.g.

also the quality of life
rectal bleeding have been studied .

The PC-3 and the DU-145 are regarded
as the classical cell lines for prostate cancer
research in vitro. The PC-3 cell line is derived
from a bone metastasis of a 62 year old male with
prostate carcinoma. The DU-145 is a moderately
differentiated adenocarcinoma derived from the
brain metastasis of a 69 year old white male with
prostate carcinoma and lymphocytic leukemia. None
of the two cell lines secrete the prostate specific
antigen (PSA), but express the androgen receptor

(AR) in very low levels . The DU-145 cells are also

reported to be moderately metastatic as compared
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12 200-300 % DBENDE R FTbRL T E T 5,
L) =2 K4 YDty ¥ —T, 412160 AL ED
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FEF I ROV IBHRE S SN Tw E 3, 1995 48 DL,
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DG S N IEW IS RO ST w1781,
TR C I B AiAHE % © QOL™ | 3 X O il
SEDOMFEEEIZOVTOMELHITF STV E T Y,

PC-3#ifie & DU-145 ML I VIR ASABEFED 728
L S b T a R Mk T3, PC-3 iy
& 62 B EIZIAE L 72 ISR AT A DY T IR L 7228
AR B S E L7z DU-145 MlBIE. R AR
WA L) RANE % BE5E L 72 69 D I AB D
WV HE RS L 72 D3 AR D> D3 S 7z o LB o SR
JEC9 . MMk E bRl BRAE R IR (PSA) % 4
LTWELAN, EFIELXVTOT v Fary
27k (AR) 28B LT3 5, DU-145 Mo
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Mtk B % p53 DB R IR > TV ET,
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to the PC-3 cells, which are highly metastatic '* The
cell lines differ in their P53 status; PC-3 has a null
type P53 and stains negative to P53 staining. It has
a polymorphism on intron 2, intron position 11827 G
to C, whereas DU 145 has a non functional P53 due
to a mutation on exon 6: codon 223: CCT to CTT,
Pro to Leu (allele 1) and stains 98 % positive to P53

staining 7.

The two prostate cancer cell lines PC-3 and
DU-145 were used for low and high LET irradiation
experiments. Low LET irradiations included *"Cs-y -
and X-rays. Carbon (*C%*) and Argon (**Ar'®") ions
were used for high LET irradiations. Clonogenic cell
survival assays were performed for establishment of
dose response curves. Formaldehyde fixed samples
for the analysis of cell inactivation and cell cycle
were collected. Also frozen samples for molecular
analysis were collected at corresponding time
points i.e. from Oh up to 10 days.

The two prostate carcinoma cell lines were
grown in 25 cm? flasks as monolayer in Dulbecco
Modified Eagle Medium (MEM) supplemented with
10% (v/v) foetal bovine serum, 100 IE/mL penicillin,
100 pg/mL streptomycin, and 2.5 ug/mL fungizone
and maintained at 37°C, 5% CO,and 80 % humidity.

Low LET irradiations with gamma-rays (**’Cs)
were performed at CCK, Stockholm, Sweden and
X-ray irradiations at NIRS, Chiba, Japan. High LET
irradiations with carbon (**C°®*) and argon (**Ar'®*)
ions were performed at the HIMAC, Chiba, Japan
and at the TSL, Uppsala, Sweden. The cells were
irradiated with 9 doses ranging from 0Gy to 8Gy.

Cells were irradiated with low LET (**"Cs)
in either a drop or in suspension. When irradiated in
a drop, cells of a concentration about 5 X 10°/drop
were put in 3mm dishes and left to attach to the
bottom. These drops of cells were then irradiated
within 18 hours of attachment. After irradiations,
cells were trypsinised, counted using Biirker
slides and plated into 6 cm diameter petri dishes

with 4 ml of medium. The plates were left for 14

PC-3 /gl pb3 WIn T DA ¥ hu v 20 11827 fid
GACIKH &b > TV EEME o012, #Eix
THARFELSNTEY ., L7zdt > TREMMG IS
Lo TPR37ARKEHZMNT A2 LI3TE A,
&2 AH, DU-145 e Tl ik dtiic L - ¢
98% DM Heta SN D L5 P53 -AEEZ
HFHLTWALZ ENbroTWEF, LA L., pb3 &
fZFoLry > 6ma 2230 CCT ACTT %
HLTVE7ODICZOMNBEICHIET AT I /O TH
VR VI EbLoTEY, DD P53 7
AMELEZFEBILTWAITRED, Z0AFLE
R o TV E bl T ET 17,
ZO ORI A BRI NEE PC-3 &£ DU-145 %
flio TriB LMK LET B OB A7 & 17\
F L7 IKLET BgHE LT ¥Cs- y B XU X
MAEMWE L7z KA+ (BC) ernvav i
v (Ar'™) 2R LET e LCTfivE L7z, %
T IO —BREIC L o T MR - R A K
DE L7z RIVATIVFR KTHEE L Z2HBCHliIE
EHBL R OIERT 2 AT WE LTz F /2 T LRV TO
FRNT 2479 72002, B ORI 225 10 H I o, #%
KA ZHINE S > 7V 2 U L TR L T E T,

i & b 10 % B 241 & 100 IE/mL <= 31)
v, 100ug/mL ANV 7 b4, 25ug/mL 7 7
VEVUVERMULZT VAR aEAL — IV
(MEM) ¥l % &5 25 cm? 7 5 A 2T, 37°C. 5%
COy. MEE80% DFMT THEREEZEINTVET,

K LET UM IS EBR D 5 B, 7 v <t (Cs)
B EEBRIEA Y 2 —F > - A by 72 RV ATHO CCK
Ty X MRS EBIE TR OBREMR T E Lize 1k
FALE Y (BCY) BXUTNVNT A F Yy (VA T
O LET RIS B ER o HIMAC B L O
Ay =TV 7% 7D TSL TV E L7z, #l
B~ 0Gy 2°5 8Gy FTO 9w w e LT L7,

LioREH P CREE LM GREFE: 22T’
BUS, LikEE#E L E) LI L FT) F o358
IR L 72 IR LET (P7Cs) Mgt 2 Mgt L %
L7zo LB e~O 4 5 13, F1HICH
5x 10 fHoMBEEL LI ICHEL, £1#HT o
3mm FORFFEMIC AN, K22 Lo JE T il 2 £ 2%
X F 3, fFAEH 18 B LIPSO % B L £ 97
BRI R, M) T VLB ORI & #EE L, Bk
AHHUHA T4 F Rl E B, —EBofini
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days for colonies to develop and then fixed using
formaldehyde, 4 % and stained with Geimsa staining.
Colonies containing at least 50 cells were counted .
Cell suspensions were irradiated in 15 ml centrifuge
tubes with 5 ml of cell solution of appropriate
concentration. After irradiation the cell solutions
was directly plated into 6 cm diameter petri dishes
and left for 14 days for colonies to appear. The cells
were irradiated with X-rays and high LET only in a
drop and similar procedures followed as after *’Cs

irradiation.

Materials and Methods

For the PC-3 cell line, a total of seven
experiments were performed with low LET (2
repeats with **"Cs in a drop, 4 repeats with **"Cs
in suspension and 1 experiment with X-rays) and 3
experiments with high LET, 2C ( 1 experiment each
at 13 keV/um, 70 keV/um and 80 keV/um). One
experiment was also performed for PC-3 using Ar at
90 keV/um.

For the DU 145 cell line five experiments
were done using low LET (2 repeats with ""Cs in
a drop, 2 repeats with " Cs in suspension and 1
experiment with X-rays) and six experiments with
high LET, *2C ( 2 experiments each at 13 keV/um, 70
keV/um and 80 keV/um).

Dose response survival curves were plotted
for all the experiments and fitted using the Linear
Quadratic (LQ) and the Repairable Conditionally
Repairable (RCR) models. Results will be published

elsewhere.

Samples for analysis of cell cycle, apoptosis
and protein expression were collected for both the
cell lines for low and high LET irradiation at several

time points at the Dy and the 2Gy dose. These
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samples including both adherent cells as well as
medium containing detached floating cells have been
collected at several time points ranging from Ohrs to
10 days after irradiation, and the cells were fixed by
addition of formaldehyde to a final concentration of
1%. These samples will be used for analysis of cell

cycle, apoptosis and protein expression.

The staining and analysis were as described
in Meijer et al. 2005 ', In brief, a total of 1 mL of
the collected cell samples was transferred to 1.5 ml
eppendorf tubes and the cells stained with acridine
orange and Hoechst 33342 (both from Sigma, St. Louis,
MO, USA). When the cells had to be concentrated,
the cell samples were centrifuged (200g, 5 min, 20 C)
before or after staining. Analysis was performed at
500 times magnification in a fluorescence microscope.
The classification of cells included apoptotic cells with
condensed nucleus and/or pyknotic bodies, necrotic-
apoptotic cells i.e. cells with both apoptotic and
necrotic features in the very same cell, necrotic, giant
and normal cells, as well as cells with micronuclei (MN),
mitotic catastrophes and cells with undetectable
DNA (empty cells or ghosts). For each sample at least
500 cells were scored. Examples of these different

types of cell death are shown in Figure: 1.

Results and Discussion

Both the cell lines were more radiosensitive
to high LET as compared to low LET. The PC-3
cell line was seen to be more radiosensitive than
the DU-145 for both low and high LET irradiations.
Almost no difference was observed in the effect of
gamma rays and X-rays towards both the cell lines.
A slight difference in cell survival was observed
for the DU-145 cells between 70 keV/um and
80 keV/um of carbon ion irradiation, which was not
significant in case of the PC-3 cells.

Low dose hypersensitivity was observed in
the PC3 cells after low LET gamma ray irradiation.
This was also observed in the Du 145 cells after
13 keV/um carbon ion exposure but not after low
LET gamma rays. This hypersensitivity tendency

could be due to different cell cycle phases of the
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5th day 5th day 8th day
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137Cs-y-, BGth day

12¢8+ 70 12C8+ 70 12¢8+ 70
keVium, " keV/ipm, keVipm,
Bth day R 5th day 5th day

12C8+ 13 keV/pm, [ 2C%*, 13 keV/pm,

8th day

Figure 1: Morphological analysis of PC-3 cells stained with acridine orange (green) and Hoechst 33342 (blue), after 2 Gy

irradiation. Necrotic-apoptotic cell with a normal cell (a & b),

apoptotic cell with few normal cells (¢ & d), necrosis (e & f),

necrotic-apoptotic cell (g & h), apoptotic, mitotic and cell with micronuclei (i & j).

X1:PC-3MRADR EEFRIEEMN o 2GyDIEHRBHRZICT IV AL LY (#8) ENFAN33342 (F&) ICL-THMlaz kel EELMle
BIE-TRN—2RZERBIL TV (a & b) . EEMEEE 7 RN—2 XM (c & d) , IEIEMAT (e & f) . HEFE- 7 Rb—> XHBE (8 & h). 7 Rh—2 XA

fa. HREMR S S U/IRERHF DM &),

cells during the radiation experiments. This can be
analyzed by cell cycle studies of these cells before and
after radiation exposures.

The samples for cell death analysis show
a tendency of more pure apoptotic response in
samples irradiated with 70 keV/um Carbon ions (:*C®")
after 8 days of incubation. The cells irradiated with
13 keV/um Carbon ions (**C°*) show more necrotic-
apoptotic cells after few days of incubation, which is
also seen in response to low LET gamma rays. With
gamma rays more necrotic cells are seen few days
after irradiation.

These results indicate that high LET ion
irradiations are considerably better than photons
to achieve a higher cell killing effect in radiation
resistant tumors, such as prostate carcinoma. Also,
an additional advantage of high LET irradiation
could be that healthy tissues surrounding the tumor
are saved from effect of radiation during treatment,
which is seen in case of low LET.

To have a clearer picture of how and why
accelerated ions are more efficient that photons in
treatment of malignant tumors, further investigation
on cell cycle alterations, gene and protein expression is

required both on the cellular and the molecular level.
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