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B FBIERDIBIRIAE
Clinical study for proton beam therapy
(7C-001)
FEESR, ZEFA. HIEER, ANE. LUR—. 68, TRAK. &2,
EBEEL., AllRF. FEREH

Abstract

Proton beam therapy for ocular melan
oma has been undertaken from 1985. The t
reatment systems including patient head
seting, eye gazing system, x-ray verific
ation system were developed. By 1995, 47
ocular melanomas were treated with prot
ons with 70 MeV. 5 year survival rate wa
s 97% and local conrol rate was 89%. 76%
of the eyes treated were preserved.
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Studies of patient's immobilization and irradiation methods

in heavy charged particle therapy
(7C-002)

FARRAEA. FETLAEEE, SRHIIE, =R, DR HEREA. SNER, SARME, LHEE, FHES
Y .Matsuoka, J.Mizoe, T.Kamada, M.Endoh, H.Katoh, M.Koga, S.Furukawa, T.Miyamoto, H.Tsujii and K.Morita

Abstract

Preliminary reports of studies on patient's
immobilization in heavy charged particle therapy,
treatment planning system using MRI images,
dose distribution simulatied by charged particles
conformation therapy and respiratory movement
of target volume in lung cancer patients, have
been described.
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The optimal schedule of heavy iron radiotherapy on the biological basis
(7C-003)
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T.Miyamoto, Y.Takiguchi, H.Aoyagi, M.Takamura, M.Tomizawa, K.Andou, S.Murayama,
K.Isono, Y.Mlyazawa and H.Matsuzaki

Abstract

To study on the optimal schedule of heavy
particle therapy, RBE of human tumors and
normal tissues are experimentally obtained.By
using cultured human lung cancer cell lines,
RBE at 80Kev LET of 290MeV carbon beam
was determined to be 1.5-1.7,which values are
equal to those of 30MeVd-Be fast neutron. The
biological effect of adenocarcinoma of the lung in
the spread-out bragg peak by clinically used
ridgh filter were also examined and found to be
almost even except for the lower one at 80KeV.

W7D BB L UERETE

b MEEB L TEEHEOEN FRRICT

T 5% (RBE) 2ERMICHED,
BAEIEEHET 5. FROEEIL, 4ED
v MRS 3T LHIMACK D §HE E 0B
290Me VIR ZARDLET(80KeV) B & U 4
FHEORBEY AL DI LTz T-EHITH
BORBEZHAET A 0E 1 BRELLTY
YABRWLRERVATFARRRE L, FE
TEEIX, RERDOKLETIC BT 2 iiEME
M dose-response Hi#R % K& TIHHA Décm

B0 v T T4V —HOERENRESD
HOBERFT oo T TV AEERHA
AT+ A REMORBERHIE Lo FHIS
FEREIT. BHBR L RiBERBEDOEE
HEESHETHELPICTAEEDIZ, B F
HiE. AEBEMBORBELHIET 5. FEF
2, ERRMBORESE, Rk, DNAOE
WriTniE, REXHEBIUPCNBLY
RIS NAME DLHEHELITVWENTF
#RIZxt 3 AEFIIESL ORBE ! predictive
assaylE* AR T 5o IFEBELEIX, 24V,
JYyay, PVITORBERBIET 5.

LS EEOMEZBB L UKRE
1 GEEEICH| &S E290MeVD K FME
6ecmiCAKLIZY v I T4 NV d—%HWT

b MBI L < U AR O BET 21TV
IR R & < 7 ADAEF L Y RBE
KDz,
2 FR—1IWRTEHIC, BEBLU2E
D/NERLEDOKe VIR ZRRIZXT T B
RBE(10%survival)l31.9(1.7),1.7(1.7),1.6(1.5)
Tholo () ZEBEFHRORBETH 5,
MEIXITIZT—HK L7z ThiZ, BEHAVDL
NTV B REARIIE ST L TEPETR
BT ARELZELTWAIEZRLT
Wbk, CORER, MBICxT 2R PHFR
DHREBLIUVFORETHERKERL VR
FROEEFHEIFREINEZ Lo
770 SEEIX, T2 1IC5Eo e b ETEM
(RELRE®E: 2, BB 2. KHRE .
1) 2MxTY v I 714NV —RHOERFE
BHRED T DT % 1T o 72 BRAHRMHLC-1)
Ti. 13KeV,40KeV,50KeV,50KeV CHEE —
ZhE AR %KD T, FLETIC X ARBEZ #ll
EFLE (B—1) , 20&FR. HEAWT
WBHY T T7 4NV —TERINLEYFE
B E DA IL80KeVICB W THED RN
HBEINT,
3 EENEORERICT HRBEL JIE
T 572%, Balb/c~ 7 XD g % 2358510
BRETV, @—210RT &) CHELEZE
REAV R8N L, TRAFAT DAL % 88K L XAR
REG BT LEFEZ B L, FO&R,
K— 312RT & ) I XREBEFZ, 30BICB
T 5 50%3 A E(LD50/30)i%, 40GyTH 1,
RERII2.5GyE ko tzo TOER. B
12 & &M E #endpoint & L 72RBEfEIX
1.77 t fﬁ 2 f:o
RRE
BOXREB, BXALRB, Bkt b MEE
B DIN VITROIC B} A SRR H
(X#, EPHETFH, RER) F36EBX
glﬁ%#%ﬁﬁ,w%.lo\ T3

B R ER T it v ¥ — . bRERAZERS
ME cTRARERE 245

— 5 —



K1.

XE(X) IS BRPIEFER(FN) B L U

290MeVR ###(C)DRBE
Cell line X(200kv) | FN(d-30MeV) | C(80KeV)
(Histology) Do/Dq/10% survival(Gy)
(RBE) (RBE)
IA-5 (Large) |1.05/0.20/2.60 }0.65/0.05/1.40
(1.6) (1.9)
MOR(Adeno) |1.70/0.35/4.20 | 1.05/0.10/2.45 |0.95/0.10/2.25
(1.6) (1.7) |(1.8) (1.9)
KUB (Small) 10.95/0.25/2.40 }0.60/0.05/1.40 |0.60/0.05/1.45
(1.6) (1.7) {Q1.6) (1.7)
KH (small) ]0.85/0.50/2.20 |0.55/0.07/1.35 |0.60/0.03/1.45
(1.5) (1.6) {(1.4) (1.5)
X1. Dose survival curve(HLC-1,adeno carcinoma)
Biological dose (Do) Bialogical dose(10% survival)
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Heavy ion radiation effect on tumor/normal tissues and dose volume relat

ionship

(7C—-004)

hEEE FRHB KEE—B
HEZH BEHE BEABRETF
Abstract
Analytical system of heavy ion radiati
on effect on tumor/ normal tissue has b
een made based on clinical data of pati
ents with cervical cancer treated with
photons and heavy ions. Local control w
as analysed by dose volume histogram of
individual patients treated and dose v
olume irradiated with photons and carbo
n ions.
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Research and Development on Cancer Treatment Recording System
in HIMAC Radiotherapy
(7C—-005)

{EREE—RR, BARTER
S.Sato and K. Fukuhisa
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Abstract:

Research and development on cancer
treatment recording system in HIMAC
radiotherapy has been continued. This
year, logical data structure and code
definition was established. Most of
coding systems are international (i.e.
ICD-10, ICD-0(2), ICRU-50, RTOG-Score)
so that inter-facility compatibility
is assured.

Medical imaging (i.e. X-CT, MRI) is
another important information to be
recorded. Ve already have a PACS-like
system for various medical imaging mo-
dalities. On this system, some rules
were applied for marking key-images
for linking PACS-data to cancer treat-
ment record management system.
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Abstract

In the practice of radiotherapy there occurs very
often that a radiation oncologist has to collate
images obtained in the practices to diagnostic
images. Moreover it is very essential a patient
has to be reconstructed in a treatment room
exactly as he was in the treatment planning.
This reconstruction used to depend on the
physician's visual judgment. Recently images
are often employed for the purpose. Now the
collation of images also depends on the visual
judgment which accompanies considerable
uncertainty. For objective collations the
methods are being developed to correlate
multiple reference points on computers, which
is practically complicate and allows judgment
errors in selecting reference points. A method
of automatic image collation is studied here for
the development.
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Abstract

Nothing is allowed to employ clinically that is
not scientifically proved that its application to
human being is anticipated beneficial. Even the
things are not routinely employed that are
scientifically expected that their clinical
applications is good for patients. Clinical trials
have to be done in advance, which should
prove the clinical benefits of new mode
application. The methodology to prove the
benefits in clinical trials has been controversial.
The phase study is the curmrently accepted
measure. But there are multiple obstacles in the
phase study. The confidence limits are often
discussed. But the problems in confidence of
data should be discussed prior to statistics.
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Abstract

Verification system using CT images in heavy
charged particle therapy will provide the accurate
information of radiation doses of target volume and
surrounding normal tissues. To avoid the influences of
respiration movements during the particle therapy,
respiration-gated irradiation system including gated-CT
were developed.
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Abstract

Pathological and molecular biological a
nalysis of heavy ion radiation effect o
f cervical cancer were undertaken. For
radiation effect
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A study of Lung— cancer screening with spiral volumetric CT
(7D-003)
JAK S B b ENE. a. EARERE, a. FIHK. b.AEKT. c. RERE—

K.Ysohikawa Y.Sunami K.Ngao

A0 8. d.RUFEZ. d. RFTHZEE, e MAHE, {.IUKEF., g.AK &

T.Matsumoto A.Shimura T.Miyamoto
Y.Yamaguchi T.Kuriyama H.Oowada
Abstract

Recently in Japan, the first mortal
—-ity from male cancers has been occu
-pied by lung cancer. We have been
actively using the mobile spiral CT

system for establishing the effect-
ive diagnostic system to find lung
cancer in the early stage.

A study with the mobile spiral CT
system was performed from August to

November 1996 on 1318 screeners at
the secondary examination of lung
cancer screening and various inci-
dental and technical ploblems were
studied.

1. MEDOBHNRUERHE
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M.Matsumoto S.Yamamoto H.Takagi
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The cancer functional diagnosis and the evaluation of therapeutic effects
using imaging techniques.
(7D-101)

FIFR, FLE & SHBR, BATNE  TEBEA  EREE, ZAFEGTth, AILSH , RhE
i, EILA, B EL  BXRER, ABE—, MEE— RFXE EH &
K.Yoshikawa, O.Inoue, K.Yoshida, K.Suzuki, M.Koga, T.Kato, T.Suhara, H.Murayama,
T.Matsumoto, J.Mizoe, M.Endou, T.Miyamoto, S.Sato, J.Okada, M.Shishido, H.Fukuda.

Abstract

The role of PET in clinical diagnosis of cancer and
the evaluation of therapeutic effects were studied.
About twenty hundred PET studies using C-11
methionine were carried out in recent two years. The
usefulness of whole-body PET using C-11 methionine
was studied. Metastatic lesions were detected
successfully by C-11 methionine whole-body PET. C-
11 methionine PET was able to reveal tumors
successfully in almost patients bearing cancer. It
seemed C-11 methionine PET has the high specificity
in detecting cancer. Applications of PET in the
management of cancer therapy is under discussion,
including assessment of response to HIMAC therapy.

In a patient bearing brain tumor, we succeeded in
imaging with PET the induced activity by heavy ion
therapy of brain tumor. In the heavy ion therapy using
C-12 ion beams, a few C-11 particles are generated.
This fragmentation reaction is called as auto activation.
A patient with brain tumor was scanned by PET soon
after the C-12 beam irradiation, and the clear
tomographic images were obtained successfully. The
images seemed to have enough quality for the
verification of positioning of the beams. We think that
it should give us some useful informations for patients
managements in HIMAC therapy.

1 . BFFE 0 B R OE R EHE
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Imaging of irradiation effects on neurotransmission system in brain

(neuro-recepter mapping).
(7D-102)

MEREKE A"HES". F LB, IR, SHHE, FHEZ
BHEZ. MHBHH, HEEE, FEHET . TRE
T.Nishimura, O.Inoue, K.Kobayashi, N.Takai, T.Nakano
M.Fujita, T.Okada, Y.Furusawa, A.Kabahara, K.Andou.

‘K (E)
[Abstract]

Effects of proton irradiation on muscarinic acetylcholine
receptor binding in rat brain were studied.The left
side(irradiation side) of rat brain was irradiated with focused
beam of 70MeV of proton(0~30Gy) under pentobarbital
anesthesia(40mg/kg).3H-QNB binding both in vitro and in
vivo were measured at 24hr after the irradiation. In vivo
binding of *H-QNB in irradiated regions including striatum
and cerebral cortex was dose-dependently(radiation dose)
increased,whereas that in cerebeilum was unaltered.On the
other hand,in vitro binding of *H-QNB determined by
autoradiography was not changed,which suggested that in
vivo receptor mapping has some potency to reveal change
in neurotransmission system in brain by irradiation.

(B BE/]

ABFZE L. BSHRERICB T 28 4 OBBER % E#H
FERDLVARNVTERE L, BEROBROADEYE
BOBE*BHET 5,
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Molecular Brain Reseach  (in press)
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Radiosensitivity of Bone Marrow Metastasis in
Neuroblastoma using Heavy Irons at NIRS-HIMAC

ENERFE2, KEE-D NhEFd B Emd
M. Iwakawa, K. Ando, S. Koike, Yu-jan-Chen

a FEKEE. b MEHEHNTF

Abstract

Bone and bone marrow metastasis was produced
by injection of C-1300 murine neuroblastoma into
A/J mice. Irradiaton by C-beam at NIRS-HIMAC
inhibited the tumorigenesity of bone marrow
content wirh dose-response relationship.
Irradiation at a grading dose of 2.5, 5, 7.5, 10,
12.5, 15Gy with carbon beam inhibited the
development of new coming tumors induced by

surviving tumor cells in bone marrow.
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Normal Tissue Damage and Tolerance with Heavy lons Beam lrradiation
(7B-102)

PUEREE", SIEFSER", ARHIRE

LR —ER, INBETS, RHEE—

Y. Abe, H.Tatsuzaki, T. Akaizawa, S. Ando, S. Koike and K. Ando

Abstracts

The fiscal year of 1995, we have done gut
experiments using C-12 beams. To obtain RBE
of the gut, we set endpoints as division delay
and apoptosis. This experiments are progressing
for histological observation. Another
experiments to assay the lung damage are
progressing. In this paper, we mentioned the
results of the whole lung irradiation by
gamma-irradiation.
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Abstract

The fiscal year of 1995, we have done
experiments with a single dose and 10 fractions
irradiations to the mouse fibrosarcoma tumor
using gamma-rays. Dose-volume curves after
irradiation(s) were obtained and results were
shown in this paper. We are planning to do this
experiments using C-12 beams during next fiscal
year. '
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Abstract

The effects of heavy ions and X-ray irradiation on
tumorigenesis in B6C3F1 mice were examined. Six-
week-old both sex animals were divided into 6 groups
and exposed heavy ions, 50 cGy X-irradiation and non-
irradiated control. They were sacrificed 13 months
after the irradiation and autopsied under ether when
body and major organ weights were measured. Body
weights were increased in X-irradiated both sex mice as
compared with haevy iron group. Pathological

findings are now progressing.
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Table 2. Incidence and number of liver tumor

Group  No.of Incidence Size of tumor No. of tumor
mice (%) (mm) /mouse

Male

Heavy 29 7(24) 1.33£3.43 0.30+0.60

X-ray 30 4(13) 1.2243.56 0.09+0.29

Control 31 9(29) 3.2915.87 0.2910.46

Female

Heavy 30 0 0

X-ray 30 0 0

Control 31 0 0
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Table 1. Body and organ weight
Group No.of Body(g) Liver(g) Kidney  Spleen Testisor  Uterus Adrenal

mice _(mg) (mg) ovary (mg) (mg) (mg)

Male
Heavy 29 397465 1971041 604174 111423 227438 8l
Xray 30 45813.2° 2111042 619464 122423 247+14° 82
Control 31 44.2440" 228:0.65 636164  14649° 242122 92
Female
Heavy 30 336446 1461021 367428 145477 27416 365158 1042
X-ray 30 39.6t5.4° 1521023 372430° 2074304 831228 193152 1242
Control 31 36.0+4.1' 1.5510.19 413+25" 147433 3210 5274216' 1242

a: Significantly different from heavy iron (P<0.01)
b: Significantly different from haevy iron (P<0.05)
c: Significantly different from control (P<0.01)
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Experimental Study on Thrapeutic Effects of Heavy lon Radiation Therapy

for Malignant Glioma Xenoqgrafts in Nude Mice

(7B-105)
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K.Taomoto M.D.D), S.Tatsumi M.D.1), A.Ijichi M.D.1), S.Hirota M.D.2), T.Soejima M.D.2),
H.Karashima PhD.2), S.Kimura M.D.2), T.Irie PhD.3) and Y. Furusawa M.D.4

[Abstract]
We examined therapeutic effects and histological
changes of U-251MG human malignant glioma
xenografts in two groups of nude mice. One
group received the carbon ion single irradiation
(10-30 Gy) using SOBP method, and the other
group received X-ray irradiation (10-50 Gy)
using 4 MeV Linac. Remarkable tumor
reductions were recognized in all irradiated
tumors in approximately 2 weeks after
irradiation. Reduction rate of tumor volumes
with HIMAC irradiation was higher than with
Linac 50 Gy irradiation. The major histological
findings was coagulation necrosis. Heavy
particle radiation therapy might become a new
effective treatment method for human malignant
gliomas resistant to conventional radiation
therapy.
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Abstract

Cytotoxicity and cell cycle delay after high LET
carbon beam irradiation were analyzed on three glioblastoma
(TK-1, U-251, A-172), one medulloblastoma (ONS-76) and
one fibroblast (NB-1) cell lines. 290 MeV/u carbon mono-
peak beams were generated at HIMAC facility. Selected
LET’s were 20, 40, 75 and 107 keV/um. **’Cs gamma rays
were used as comparative study. Relative biological
effectiveness (RBE) at 10% survival ranged from 1.69 and
1.61 (20 ke V) to0 3.05 and 3.21 (107 keV) in gamma resistant
U-251 and TK-1, respectively. Also, gamma sensitive ONS-
76 and A-172 exhibited RBE from 1.74 and 1.52 (20 keV)
to 2.85 and 3.04 (107 keV), respectively. NB-1 had the
lowest RBE being 1.19 (20 keV) to 2.39 (107 keV). As
LET increased, RBE showed a greater increase in gamma
resistant glioblastoma cell lines than sensitive ones. Do
values ranged from 119 cGy (A-172) to 244 cGy (TK-1) in
gamma irradiations, but they became very close to each other
as LET increased. Do values are in negative correlation
with LET. Population of G-2 increased in propotion to dose
after gamma irradiatios. However, no positive correlation
between dose and G-2 block are observed after carbon beam
irradiation. Moreover, as LET increases, ratios of G-2
population became smaller. These results may indicate that
high LET charged particles are not only more cytotoxic than
low LET gamma rays but also interfere with post irradiation
DNA repair by preventing G-2 block.

Introduction

It is known that glioma cells are resistant to
gamma rays as compared to normal fibroblasts or glial cells
(1) both in vivo and in vitro. Charged particles have several
advantages on these gamma resistant deep seated tumors
since they have; 1) high linear energy transfer (LET), 2)
low oxygen enhanced ratio (OER), and 3) sharp Bragg peak
ionization. With these characteristics, it is possible to obtain
greater localization of energy to the targeted volume as well
as greater cell-killing potency relative to surrounding normal
brain tissue damage.

One of the major demands now is to collect basic
data concerning cytotoxicity of the accelerated heavy ions
on the glioma cells to obtain the basis of clinical utilization,
which is the main purpose of this study. In addition, it is
getting clear that radioresistancy of cells is closely related
to their repair mechanism and cell cycle change, and it is
accepted that resistant cells show more G2-M block than
sensitive counterparts (2,3). In this study, DNA histogram
after irradiation of gamma or carbon beams were analyzed
by flow-cytometric technique. Relationship between
resistancy and cell cycle change, and effect of high LET
carbon beams on the cell cycle delay in glioblastoma cell
lines were analyzed.

Materials and Methods
Irradiation: For comparative gamma ray irradiation,
Gamma cell (*3” Cs) was used with a dose rate of
approximately 1.2 Gy/min. Accelerated carbon mono peak
beams of 290 MeV/u were generated at the HIMAC facility
in NIRS. Using appropriate thickness of binary filters, 20,
40, 75, 105 keV/mm of LET’s were selected. Monolayer
cells in 25 cm?2 flasks (Nunc) were situated in the track of
the beams which were adjusted to cover the whole area of
the bottom of the flasks using appropriate ridge filters.
Cytotoxicity assay: Cell survival was measured
immediately after exposure to carbon beams or gamma-rays
using a standard colony forming assay. Following
irradiation, cells in the monolayer culture were trypsinized,
counted and plated into 60 mm dishes for colony formation.
The colonies were fixed and stained on day 20. Five replicate
dishes were seeded for each dose point, and colonies
containing more than 50 cells were scored as survivors.
Data analysis: The data points of survival fractions were
fitted by the least square to the linear guadratic mode] :

InS/S0= -aD-bD
Relative biological effectiveness were measured by dose
values equivalent to 10% survival on these linear-quadratic
curves. For calculation of DO values, data points were fitted
by the following multitarget model;

InS/So =-D/ Do
All curve fitting and calculations of parameters including
Do were performed by DeltaGraph 3.5.3 (DeltaPoint CA
USA).
Cell cycle analysis: Twelve to fourteen hours after
irradiations, cells were fixed in 70% ethanol after washed
by PBS twice. Fixed cells were resuspended in 1ml of PBS
containing 5 pg/ml of propedinm iodide (PI), and DNA
histograms and populations of G2-M of each cell line were
obtained by FACSort (Beckton Dikinson) using cell cycle
analysis software Lysis II (Beckton Dikinson) following
manufacture’s instruction.

Results and Discussion

Survival fraction: Survival fractions of gamma-rays are
shown in figure-1. TK-1, U-251 (glioblastoma)were
resistant to gamma-rays as compared to ONS-76
(medulloblastoma), NB-1 (fibroblast) and A-172
(glioblastoma). Representative survival curves after
irradiation of carbon beams are shown in figure-2 and -3.
While typical shoulders were noticed on gamma survival
curves, carbon-beams-induced survival curves displayed
negative exponential dose responses. And they became very
close to each other as LET increased.

RBE: Relative biological effectiveness of carbon beams
against gamma rays calculated from 10% survival on linear-
quadratic model are shown in figure-4. While it ranges from
1.69 and 1.61 (20 keV) to 3.05 and 3.21 (107 keV) in gamma
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resistant U-251 and TK-1, respectively, gamma sensitive
ONS-76 and A-172 exhibited from 1.74 and 1.52 (20 keV/
um) to 2.85 and 3.04 (107 keV/pum), respectively. NB-1
showed the lowest RBE being from 1.19 (20 keV/pm) to
2.39 (107 keV/pm). Within a range of LET studied,
maximum peak of RBE’s were obtained in TK-1, U-251
and ONS-76 in LET between 75 to 107 keV/pum.

Do: DO values in function of LET are shown in figure-5,
where LET of gamma was set to 0.5 keV/mm for the
convenience. Although they ranged from 119 ¢cGy (A-172)
to 244 c¢Gy (TK-1) in gamma irradiations, there was a LET
dependent decrease, and they became very close to each
other in 75 keV/pm. Minimum DO were obtained in 75
keV/um in TK-1 and U-251.

Cell_cycle change: Increase of G2-M population in
histogram was noticed 12 -14 hours after each irradiation.
Representative results of change in histogram before and
after irradiations of gamma rays, 40 keV/pm, 107 keV/pum
are shown in figures 6-8. There was a positive linear
relationship between dose and increase of G2-M populations
after gamma irradiation, and most remarkable change was
noticed in gamma resistant TK-1. However, this post
radiation G2 blocks does not increase in functions of LET,
and no positive correlation between dose and G-2 block are
observed after carbon beam irradiations. Moreover, as LET
increases, occurrence of G-2 block became smaller when
compared by increased ratios of G-2 population corrected
by the value of non irradiated control.

These results may indicate high LET charged
particles are not only more cytotoxic than low LET gamma
rays but interfere with post irradiation DNA repair by
preventing G-2 block which occurs after low LET radiations.
With its sharp Bragg peak ionization and the characteristics
presented here, accelerated carbon beam can be a very
effective therapeutic modality if LET is selected

appropriately.
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Characterization of cellular response to radiation
(X-rays, 12C ion beam), and/or TNF .
(7B-107)
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Norio Suzuki, Kazuya Hirano, Yun Kang, Kazuo Sakai, Yoshiya Furusawa and Koichi Ando

Abstract

MUCI1 mucin is a large and extended
glycoprotein that is expressed apically in a wide
variety of epithelial tissues. We have established
an ELISA assay using anti- MUC1 MoAb to
determine the amount of mucin in the HT29
human colon carcinoma cell line. After
irradiation with X-rays (200 kVp) or 12C ions
(290 MeV/u, 80 keV/ 1 m) produced at Heavy
Ion Medical Accelerator in Chiba (HIMAC), the
level of MUC1 mucin increased in a dose
dependent manner and the amount of MUC1
mucin was correlated to the degree of cell
killing. TNF P potentiated the MUC1 mucin
induction after irradiation. However, TNF 3
alone did not increase cell killing.

These results indicate that MUC1 mucinis a
radiation-inducible glycoprotein, and suggest a
possibility that the induction of this mucin may
be used as an indicator to predict the radiation
response.

1.  BrE® BBk UEXREHE

ARFZE CIERBHRIC & A M5 Ic 54 54
FORROBT, BEOEMED<—-I—E L
THERASN TV RS FEEERETH L A7
4F (MUCL AF ¥ :MUCL mucin) 2SR
Wik, 0 [HERE] TRATLZ L D
PoltDTEFDEBIZOVWTHRHNRLZLEL
720 MUCLA F 2 I1XCA19-9, CA12572 &Ik FHw
GRTVWAERE~Y—I—45FThY, BEOE
BIECEORRAS LA L, T &EBEREME
BTz LN TWS, F-REHRIcmz
THA M IA VL ARBERAT, STl
PEHEET A4 S 14 THBHINFB # V=,

ERETH ,
ABFRIZBVTIE (1) X BICE AMICLAF >
FEBLUINFROHHE. (2) HFHRIZE
AMUCLAF ~ EBEEB & U'INF B D HZHE.
(3) MiMEERELNCIAFVHEDBRK, L
ED3FEITOWTRHRRT,

2. SEEONERBE UHE
e s

Milgide FREBEMBKRH T29 Mg % Hv
T, FIEIR IS % 10%7500 L 7-Han’ s F12/DME
L:DICTHERL,
B BBIEEREAXRREEREE (200kV-
20mA, 0.5 mm Cut 1.0 mm Al 74)V¥%—) X
DBELNAXE REZELO Gy/ min) B0V
FEFRAENTFINEEE HIMAC) BN
% jR#FM (290 MeV/u, LET 80 keV/um, SOBP,
3 Gy/min) Z 7z, MR~OBICZHFRIToD
ST TIRAT L7ze T72MUCLAF Y D RE
BEIIMRETICOWTIERMICIE MR % v 7z
Flowcytometry ¥, 3 LFEH4SWERIZOW
TIXELISA ECRIZEL 720

KR

1. XRIZEAMCIA TV BE

[Flowcytometry ¥]
RIGREMRARIT20ME (PIREE B HES) IS

BWTXHEBHIC L Y MlRERO A F Y 4F0

RAVREIEKELTLERET AT LASHBAL

72 THE®S4H Bl ¢, MBRETEIIMUCL

AFUHBFEEINLT EHFHELPICE o7,
(Fig. 1)



[ELISA ]

24 well plate (ZHT294fE%1 x 10 5
cells /ml,1 ml/well ¥ &, XSMREH, 0~5H
iRk bR LR O, Y 7vE L, X
BBEHEIHBER T, 16y~6Gy AT S L 7-HT204
JiMUCIEELBE S -y T-TNFRHFAET
TXBBENT X YMUCLA F >~ DFHEDFEHHY
maEhs, Fig.2)

BEnhoFETd XBEEH L DREK
FHIZATF VHEOBMITAD b, 72K
SRR RO TINF QRIS & ) AF VBEH S
rQ Kﬁ?ﬁ é nf-'_’o
2. RERIZLAMICIATF VHE

Flowcytometry ¥ (Fig.1). ELISA ¥ (Fig. 2)
Wh b RERESIC & D REEFRICAF Y
FHEOBMITRO 5Nz, T -BieiEfE
TNFREIIC L ) AF VBT HIZHESh
720 (Fig. 2)

3. X#&., REROMBEFLHEOHE

X8, REBITT AD0MEIZE 20 4,
0.9t %2572, INFB (1000 U/ml) MR HekE
RBICEI LA lc ou—— Bl e REL L
TGRS I E L W EASHIB L
2. (Fig. 3)

E58

1. EROER. X RERVThOESE
YEEHZ LD, AF VST ORELE, FWHTHEM
FTAHAZEHIHBEL:, T/ REHETA FAAL
THAHWNFBFHET I D AT VHE/EHH
ENAZ LD HLPIZE -, T RILin vivo
DEHECBIT2ERNDOY A P14 v ORE
2Z2BLECEERT—5Thhb,

2. MEEOEGERYEZHIHRETIFEED
MUCLAF YR EELTWAI DS, (M0
BEREL LAF VEERICIZHEBES S S| S LS
3§<ﬁ<ﬂ§§ﬂfco

a KK E - BUTSRERESHE
b BEHF

100

o
i —o—xm
& 8o - —— XN
D
e
T 60}
=
x
AN 40 - -"_‘———-——-_—O
th
3 2,
(&)
g 0 1 1 1 1 1 1
0 1 3 4 6 7
BHR®RR(Gy)
Fig. 1
® 144 —a— TNF (+)
e 124  ——TNF()
3"' 0.53
ag 0.6
68'0.4-:
22 02 /
0'? S
024 T T T T T
0 1 2 3 4 5 ¢
X-ray dose (Gy)
® 4]
—e— TNF(+)
c~ 12
gs
ERY
- 08
&g_ 06
Fig. 2 88 o
Effects of X-rays and TNF on = 02 M
the MUC | Mucin Production ol __~
(a), EMects of Carbon 12 021 -
L4 T L T

beam and TNF on the MUC 1
Mucin Production(b)

T
\
Carbon beam dose (Gy)

Surviving Fraction

0.1

Fig. 3

—&— C lon, TNF(+)
—O— C lon, TNF(-)

—&— X Ray, TNF{+)
—¢— X Ray, TNF(-)

Surviving Curve of HT29
Ceils



BHEIJo=-_—-BRBAFEEICKSENFROEMIROREN
Analysis of biological effects of heavy particles by highly accurate
colony formation assay

(7B-109)
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K. Ono and X. Ando

[ Abstract}

A cell position recorded colony formation assay
assisted by microcomputer was used to detect the
responses of SCCVII tumors to low dose irradiation. A
significant decrease in the colony formation rate was
observed, even at 1 - 3 Gy, this effect being dose
dependent. Tumor cells irradiated in vitro showed higher
radiosensitivity than those treated in vivo. These
findings demonstrated that this colony formation assay
was applicable to explore an accurate RBE value of
heavy particles at 1 - 3 Gy region.
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The basic study of HIMAC-hyperthermia treatment
(7B-110)

KAREE, SBBRAC KETE., BARIH:, THIs. K T BES
Ohnishi*, T., A. Takahashi®, T. Yano®, H. Matsumoto®, X. Wang®, K. Ohnishi, K. Tsuji*
and S. Yukawa'

Abstract

The first study was compared heavy ion of
a 6 cm SOBP of a 290 MeV/u Carbon-12 beam
by HIMAC and X-ray on growth inhibition of
human esophageal cancer transplanted in nude
mice. This study showed the RBE values of ca.
2.0.

As the second study, the effects of the
combination of 5 or 10 Gy of HIMAC
irradiation and 42 or 43°C heating for 30 min
on the tumor growth were examined. However,
the combination did not influence the inhibiton
of the tumor growth .
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Fig. 1 Schemaof experimental model of heat treatment.
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Correlation between radiosensitivity and rejoining of chromatin breaks on human cells
(7B-111)

SATEMER, HIMERTR. hEmb, wEm—2
M.Suzuki, Y.Kase, T.Kanai and K.Ando

Abstract

We have investigated that the relationship
between cell death and chromatin damage on
normal human cells and tumor cell lines
irradiated by carbon-ion beams. We detected
cell death by the colony forming assay and
chromatin damage by the method of premature
chromosome condensation (PCC). The results
indicated that the cell death was closely
correlate with the induction of non-repairable
chromatin breaks. They suggest that the
detection of non-repairable chromatin breaks by
PCC method will be good for the predictive
assay of radiosensitivity on tumor cells.
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Cell

General characteristics

NB1RGB* normal human skin fibroblast
HFL-In® normal embryonic lung fibroblast
LC-1sq lung, squamous carcinorma
A549° lung, adenocarcinoma
C32TGb amelanotic melanoma
Marcus® brain, astrocytoma

U251 MG(K())c brain, astrocytoma

A172P brain, glioblastoma

ONS76° brain, medulloblastoma
KNS81° brain, glioma

KNS60° brain, glioma

Becker ¢ brain, astrocytoma

TosGP brain, glioblastoma

SF126° brain, astrocytoma
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Biological dose distribution of heavy ion beams for tumor therapy:

RRA—A MEFETA B EB, RAEAREL MERL KH M. KRR —HR

HERkbrTE EEREED

K.Ando, S.Koike, Y.Chen, K.Nemoto, N.Kobayashi, T.Ohfuchi, S.Ando, and W.Shimizu

Abstract

Reoxygenation of tumors after carbon ion
irradiation was investigated using the NFSa
fibrosarcoma transplanted into syngeneic C3H
mice. Paired X ray irradiation assay indicated
that tumors reoxygenated 1.5 days after
irradiation with carbon ions while tumors

irradiated by 7y rays did 3 days or later. These
results suggested that fractionation schedule of
carbon therapy could be shortened than that of
conventional radiotherapy .
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Tolerance dose for skin and volume effefct of particle beams

THEE—3, pipET2, B LR RAEAREL IKERE, Kl

wkb»FE BT D

e, TEHL—HR

K.Ando, S.Koike, Y.Chen, K.Nemoto, N.Kobayashi, T.Ohfuchi, S.Ando, W.Shimizu and

S.Matsushita

Abstract

We here investigated and reported carbon-dose
responses of skin reaction after daily
fractionation to mice legs with toe shileded.
Leg skin received depilatory 7 days before

initial irradiation. Isoeffective doses of y rays
increased with isoeffective levels and number of

fractions. Alpha-beta ratio of leg skin after ¥
ray irradiations was obtained by up to 16
fractionations , and ranged from 44 Gy to 69
Gy. Alphaterm increased with carbon LET up

to 100 keV/um while B term reached maximum

at 40 keV/um. Increase of isoeffective doses
from 1 fraction to 2 fractions was maximum at

40 keV/um while that from 2 fractions to 4
fractions decreased with LET. Survival curves
for target cells responsible to leg skin reaction

may downward bend at 40 keV/um.
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Fig.2 alpha/E of Mouse Skin Reaction
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Radiation effects of heavy ion particles on mice with transplanted tumor cells.
(7B—114)
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I Tamanoi,S. Matsumoto,B.Goto,S.Paksanont,H.Joshima,T.Horie, M.Nakamaru and K_Ishido

Abstract

Intradermal transplanted tumor cells (EL-4) on
C57BL/6J mice were irradiated with total doses from
1Gy to 12Gy of heavy ion particles. The proliferation
of EL-4 was suppressed in proportion to the irradiated
doses and the time after transplantation. EL-4 cells
were disappeared by the irradiation with 6Gy and 12Gy
when the mice were used at day 3 of the
transplantation. These mice lived longer about one
week than unirradiated control group, but the metastasis
to liver was observed. The element contents in blood
plasma after irradiation with X-rays of 9Gy and 12Gy
were analyzed with PIXE methods. While S and Cl
were relatively stable, Ca and K increased just before
death. An increase in Cu and a decrease in Fe were
observed. The effects on small intestine after
administration of methotrexate or irradiation with X-
rays of 9Gy and 4Gy were examined with dextran
(MW:19600) and phenol red (MW:354) by an everted
sac method. Transmittance rate was the fastest at 3
days and returned to normal level at 5 days after
irradiation without any relation with doses.
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Evaluation of Early and Late Skin damage after Heavy-lon Radiation
(7B—201)
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S. Matsushita, A. Kawano, K. Ando, S. Koike, K. Nemoto, G. Chin, T. Matsumoto

Abstract

Normal tissue damage is one of the
most dose-limiting factors in clinical
radiotherapy. Little is known yet concerning
such damage induced by heavy-ion
radiation. This study was conducted to
investigate effects on damage of the skin and
the surrounding tissues following
fractionated carbon-12 beam radiation. The
legs of C3H/He mice were irradiated by 4-
fractionated doses of 290 Me V/u carbon-12
with a 6-cm width Spread-Out-Bragg-Peak
(SOBP) . LETs of 40,60, 80 and
100keV/uum of carbon-12 beams were used
and total absorbed doses of 17.9-19.2Gy
(4.35-4.8Gy/fraction/day) were provided to
the skin. Skin reaction and skin shrinkage
were observed after irradiation. The mice
were killed at 9 weeks post-irradiation and
histological sections of the legs were made
to evaluate skin thickness, knee angle and
muscular area. Severity of skin reaction and
skin shrinkage seemed to depend on
increasing LETs. Increased thickness of the
skin tissues was observed in the legs
received more than 80keV/um. In those
skins, thickening of the epidermis with
fibrosis of the dermis was involved. LET-
independent decrease of knee angle and no

changes in muscular area were found.
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Effects of heavy ions on the histogenesis of the rodent brain
(7B-203)
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S. Fushiki and Y. Hyodo-Taguchi

Abstract

To evaluate the short and long-term effects
of low-level irradiation of carbon ion beams on
developing brain we have studied the fetal as
well as mature cerebral cortex after whole-body
irradiation of pregnant mice of 15 days of
gestation, by using BrdU immunohisto-
chemistry and transmission electron
microscopy. Dying cells or dead cells were
observed in the developing cortex 4 hours after
irradiation and remained to be seen on one day
after. The number of dead cells increased with
increasing doses. Transmission electron
microscopical examination showed nuclear
condensation in the brains 4 hours after
exposure, being consistent with apoptosis.
Analyses on the pattern of distribution of
BrdU-labelled cells in the cerebral cortex
indicated that the low-level exposure to
accelerated carbon ions resulted in less
pronounced effects in terms of neuronal
allocation in mature cerebral cortex than
low-level X-irradiation.
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Histopathlogical Study on the Mechanisms of Radiation Injury and Its
Repasir of Central Nerve System Irradiated With Heavy lon Paricles
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Abstract

Radiation injury of the central nerve system
irradiated with heavy ion particles were
experimenntally studied.

Lower thoracic and upper lumbar cord
(length;3cm) of male Wistar rats were irradiated
with 12C SOBP beam (dose rate; 3Gy/min).
Each field received single exposure of 5, 10,
15, 20, 25 and 30Gy. In 15Gy abnormal gait
were observed about 26 weeks after irradiation.
In doses over 20Gy animals showed paralysis
of hind limbs about 17 weeks after irradiation.
Histologically vacuole formation in white
matter was detected in 10Gy and necrotic area
with cavity formation was observed mainly in
lateral and posterior funiculi in doses over
15Gy. Duration of latent period and freaquency
and severity of lesion were dose dependent.
The measurement of mean cross-sectional area
per blood vessel in 15Gy revealed that blood
vessels in irradeated animals dilated in gray
matter, lateral , anterior and posterior funiculi
respectively. Since similar lesions were
observed in 30Gy of X ray irradiation,RBE for
radiation injury of spinal cord of heavy ion
particles was estimated approximately 2.
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Characteristics of Mutations Induced by High LET Radiation in Normal
Tissues of Mouse
(7B-205)

ANEFEAS M MR, AREBEA, BET A
T. Ono, H. Ikehata, Y. Hosoi, Y. Kubota, and S. Takahashi

Abstract

In order to obtain a clue to
estimate long term effects of heavy
ion radiation on normal tissues, we
planned to examine induced mutations
using transgenic mice which have been
developed lately for mutation assay.
X-ray of 4Gy induced a few mutations
in both Muta- but

50Gy resulted in about 5 times of

and Ingeno-mouse,

mutation induction in spleen of

Ingeno-mouse,
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Heavy Ion Radiobiology of the Guppy, Lebistes reticulatus
: Effects on DNA Synthesizing Cells in Some Renewal Systems.

(7B-207)
KIE Bha, Fih ke, BY Wl (WHEG . HREHD
H. Ohara, M,Miyachi, T. Kurono, T. Yamada, and Y. Furusawa

Abstract

By using immunohistological
technique those BrdU-incorporated
cells stained with such monoclonal
antibody were detected in some
renewal tissues in both of the
unirradiated and irradiated fishes.
The DNA synthesizing cells in the
epithelium of alimentary canals of
unirradiated fishes were found to be
almost randomly distributed as in
those cells in the basal layers of
epithelium. The one of the most
active tissues undergoing DNA
synthesis was those of epithelium in
testes producing a bndles of sperms
in testicular tubes. In contrast, a
heamatopoetic tissue of kidney was
not so active in terms of BrdU
incorporation, while gill showed
moderate activity in frequency of the
Immuno-staining positive cells in the
lining of gill arches. This result may
allow the quantitative measurement
of radiation inactivations in many of
somatic tissues.

1. Plans of Studies in 1995

For the study of radiation
induced inactivation effects in those
of somatic tissues, the detection of S
cells as an index of proliferation

activity in some renewal tissues like
those of epithelia covering outer and
inner surfaces of many organs and
tissues may be useful. This is easily
capable by using immuno-chemicals
of staining a specific kind of cells like
those of BrdU-incorporated cells.
The effect of whole body irradiations
can be easily explored if fishes were
applied for thin paraffin sections of
pathology. Then, the plan was to
irradiate the fishes in age of about 3
months with 290 MeV carbon beams
and 200 kVp of X-rays as a reference
radiation to consider the effects of
radiation in terms of LET dependent
fluctuation and difference in ion
species.

2. Results of Studies in 1995

The immuno-chemical staining for
the BrdU-incorporated cells was
applied for those pathological thin
paraffin sections of the unirradiated
control fishes. The results of
pathological obserations through the
whole body sections were as
followings. 1) The DNA synthesizing
cells were found to be ramdomly
distributed in the monolayer of cells
o FLRZHFE, v EME HERN Y
- TR



of inner epithelium of alimentary
canal, being clearly distinguished
from the existence of crypt as in
those of mammalia. 2) The densely
stained layers of cells were found in
the lobules of seminiferous tubule in
which spermatogonium wre under
mitosis or reduction diisions. The
lower part of sperm duct may not be
stained because of differentiation of
spermatocytes into spermatids or
matured sperms. 3) Haematopoetic
lymphoid tissues in kidney were not
so densely stained in spite of
expectation to be identified as a
most possible target tissue for
radiations. 4) Less frequently were
found the stained cells in the
respiratory epithelium of gill arches.
The most differentiated muscle and
brain cells were absolutely negative
in the staining. 5) In the irradiated
fishes the frequencies of stained cells
were mostly reduced or disappeared
in comparison with those of
unirradiated control fishes. 6) A
more precise measurement has not
yet achieved so far till the end fiscal
1995.

3. Discussion

According to the pevious studies
in 1994 with 135 MeV carbon beams
of Riken, the radiation induced death
of individual fishes occurs within 20
days after irradiation. The degree of
tissue damage inflicted by whole
body mostly
exemplified in the outer existence of

irradiation was

tissue such as skin over the scales,
buccal epithelium, and surface of gill
arches. The alimentary, however,
canals was looked to be remained as
undamaged. Unduration of inner
surface of alimentary canals seems
not due to the result of cryptic cell
differentiation but only
simple unduration of mono-layered

due to

structure of cells like those of skin to
cover body surface. This view is
favored by the present results of
Some
DNA
synthesizing cells can be expected in
the studies of the fiscal year of 1996.

pathological observations.

quatitative analysis of
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Response of Growth Stimulated Rat Hepatocytes
to Carbon Beam Irradiation
(7B-208)

B AR

C. Muraiso

Abstract

In order to investigate the inhibitory
effect of carbon beam irradiation on
DNA synthesis, primary cultures of
adult rat hepatocytes were treated with
Epidermal Growth Factor (EGF) imme-
diately after exposure at LET of about
120 keV/pz m. [1251]-UdR incorporation
into DNA were 55% decreased at 5Gy
and 60% at 10Gy. In contrast, X-ray
irradiation caused 70% and 75% de-
crease of DNA synthesis at 5Gy and
10Gy, respectively.

At various times after treatment of
EGF, total RNA was extracted by
guanidinium/hot phenol method.

Northern blotting analysis of genes
which play an important role of cell
cycle progression are underway.
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Normal Lung Injury by Heavy Charged Particle Therapy
(B-210)

I AIIRTE FEEW BWEMH—2 KT B Himxa
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T. Nakano, A. Ishikawa, A. Terahara, S. Minohara, S. Matsushita,

S. Furukawa, T. Kanai, Y. Ogiso and H. Niibe

Abstruct

The correlation between irradiated
dose of heavy particle beam and normal
tissue complication probability have not
been demonstrated clearly. To
investigate dose—effect relationship on
normal lung injury of rats by carbon-
beam, a heavy-ion irradiation system for
rats has been developed. The rats were
irradiated 1-19Gy of carbon-beam to
the left lung. After 6-7months from
irradition, histological findings were
evaluated. In 17Gy group, apparent lung
fibrosis were showed.
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Effects  of Heavy lon
related organs in rats

(7B-211)
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on bone metabolism with the
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S.Fukuda, H lida, S.Tagucgi, S.Ogoh, S.Yamazaki, H.Senke, H. Okamoto, Y. Yamori, Y.Nara,

K. Ikeda, T. Sato, H.Okumura and Y.Naito

Abstract

Effects of heavy ion on bone and skeletal
muscles in rats having normal metabolic bone
and spontaneous osteoporotic bone by irradiation
to locally the hind limbs were examined. The
damages, decrease of bone mass accompanied
with high turnover, mineral loss and fragility in
bone of normal bone metabolic rats, but such
changes were not observed in osteoporotic model
rats. The degrees of damages in normal bone
metabolic rats by heavy ion irradiation were less
than those by X-ray irradiation. In this year,
whole body irradiation was performed to clarify
the differences in bone metabolism by local
irradiation, age and sex differences, and
mechanism on enhancement of calcification after
irradiation.
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RBE of heavy ions(carbon, proton ) for chronogenecities of growing

cartilage cells and for acute cell death of pancreatic islet cells.
(7B—212)
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Abstract
Preliminary experiment of
growing  cartilage for dose

response curve of chronogenic cells
indicated that Do of the cells with
135 Mev carbon was roughly same
as with 200 keV X-ray, and 30 Mev
neutron. The curve shifted toward
low dose in the sequence of carbon,
neutron and x-ray. Tentatively
obtained RBEs of neutron and 20
and 60 KeV-135 MeV carbons at
one cell survival level per the
tissue plate were 1.3, 1.4 and 1.8
respectively.

Also pilot experiments for dose
response relations of pancreatic
islet cells with carbon , 200 KeV x-
ray and 70 MeV proton and 135 MeV
carbon showed that Dos of the cells
were 70, 58, and 43Gy, respectively
, indicating  the effect of carbon
was the least of the three beams.
Provisionally calculated RBEs of
proton and carbons were 1.4 and
0.82 respectively.
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Effect of Heavy lon Beams on Alimentary Truct
(7TB—-214)
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H. Suto, Y.Kitamoto,

Abstract

We observed the effect of heavy ion
beams on mouse small intestine with a
light microscope and a scanning electron
microscopy (SEM). Damage to mouse smali
intestine has been assessed after 6 or
12Gy/whole abdominal heavy ion (Carbon
290MeV/u) irradiation from HIMAC in
National Intsitute of Radilogical
Science. Morphological changes of the
light microscopy and SEM showed vering
amounts of structual damage according to
the doses. Crypt count data showed that 6
Gy group revealed the strongest damage
one day after irradiation and 12Gy group
revealed severe damage without recovery
after three days. The damage of 6Gy heavy
ion irradiation corresponded with that
of less than 12Gy X-irradiation on the

mouse small intestine.
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Histological and cellular stadies of central nervus system after heavy

particle irradiation.
(7B—215)
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K. Nemoto, S. Ando, N. Kobayashi, T. Ohfuti, Y. Chen, S. Koike, K. Ando

Abstract)

We investigated biological effects of heavy
particle irradation on central nervus system
using histological and cellullar methods. C3H
female mice received single doses of 290
MeV/ua carbon ions. Whole brain was irradia-
ted by 20 Gy of 100 keV/m. Spinalcord of 2
cm length received single dose of either 20
Gy of 50 keV/u m and 80 keV/u m. No
behavioral change was observed 4 months
after irradiation. Brain cells of new-born mice
were primarily cultured. Identification of
cultured brain cells is under investigation.
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The Immunohistological Research of the Effects of
Heavy lons to radiosensitivity of Tumor Cells
(7B - 216)
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Abstract

In order to evaluate the relationship between
radiosensitivity of human tumors in vivo and the
effects of heavy ions, three transplantable human
tumors (ependymoblastoma, small cell carcinoma
and glioblastoma) were immunohistologically
studied following a single dose of X ray (200kV)
and heavy ion (Carbon; 290MeV, SOBP6cm).
The irradiation dose was 10Gy of X ray and
10GyE of heavy ions. Apoptosis was frequently
detected at 6 hours after irradiation.
Ependymoblastoma, which was most
radiosensitive, showed many apoptosis. And there
was no difference of frequency of apoptosis
between tumors irradiated with X ray and those
irradiated with heavy ion. The expression of p53
was similar among both groups.
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LET-RBE Spectrum of Cell Killing by Heavy lon Beams
Il. Evaluation of Spread-Out Bragg Peak Beam Uniformity
lll. LET dependency of Apoptosis Induction
(7B-301)

HEEE e, WERT . FEmE: | &HaEl
Y. Furusawa, A. Kamohara, M. Saito, and T. Kanai

To design spread-out Bragg-peak (SOBP)
beams for heavy ion cancer therapy, LET-RBE
spectrum for carbon beams had obtained with
Chinese hamster V79 cells and human salivary
ground tumor (HSG) cells. Ridge filters to
make optional range of SOBP beams had been
produced based on the spectrum, and its bio-
logical dose distributions were verified.

Samples were stacked in a body depth
simulation chamber, and were exposed simul-
taneously. Uniformity of biological effec-
tiveness for carbon 290 MeV/u SOBP beams
were tested by the colony formation assay.
The results from the biological experiments
were compared with estimated biological effec-
tivenesses that performed with the dose and the
RBE-LET distribution in SOBP regions.

Good uniformity in the region for both 6
and 12 cm SOBP beams produced by ridge
filters were obtained for both cell strains. The
biological effectiveness at the entrance was,
however, lower than that by estimations.

In addition, LET-RBE spectrum of apop-
tosis induction was investigated. The spect-
rum has peak at 110 keV/um, and the shape
was similar to that of the cell killing.
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Effects of Oxygen Pressure on Radiation Sensitivity of Tumors

Il. System Development and Measurement of POz in Transplanted Tumors
(7B-302)

wiEES e BREES RIIRE S BERE, F—Kk . MMbEF . RHER—*
Y. Furusawa , N. Miyahara, T. Fukawa, K. Oka, K. Tanishita, S. Koike, and K. Ando

The micro-coaxial needle electrode
according to Liibbers type is suitable for the
measurement of PO2 in vivo. The etched
platinum wire was fused to a glass capillary,
and metallic thin layers (Ta /Pt / Ag / AgCl) as
the reference electrode were sputtered on the
surface of the glass. The tip of the electrode
was covered with double membranes (collo-
dion / polystyrene). The electrode tip diameter
was ranged 2-10um. The electrode was auto-
matically moved through the tissue in step of
10 pm. A rapid forward movement of 30 um
was immediately followed by backward move-
ment of 20 m to minimize compression effects
caused by forward motion of the needle
electrode. Using an online computing system,
PO2 data were obtained. The system was tested
in transplanted NFS tumor in a mice. Good
depth resolution, response and reproducibility
of the PO2 electrode system was obtained.
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Effects of Heavy lons on Multicellular spheroids
(7B-303)

KATETF 2, EmEEkDd
M.Omura and N.Kubota

Abstract
We have studied the clonogenic cell survival,

recovery of potentially lethal damage (PLD) in
spheroids of human colon adenocarcinoma cells
(HT-29) after irradiation with spread out Bragg
Peak of a 200MeV/ 2 carbon-ion beam. The
reference radiation was 137Csy -rays. Following
y -ray irradiation, PLD was repaired in HT-29
spheroids. Little or no repair was observed after
carbon-ion beam. The demonstration of PLD
repair in spheroids irradiated with X-rays and the
absence of such repair after heavy ions have
important implications in radiotherapy.
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Responses of Human Skin Cells Irradiated with Heavy lons
(7B—304)

A . BEREE S MMM HIBEth D
H. Maezawa?, K. Akiba?, S. Yokota?, Y. Furusawa®.

Abstract

Responses of SV40 transformed keratinocytes
and normal fibroblasts which were driven from
human skin were investigated after irradiation
with carbon SOBP beam (290MeV/n). RBEs
for killing on both cell lines after two split-dose
irradiation at 100 keV/pm were larger than that
after single-dose irradiation. Survivals of cells
during five-fractional irradiation schedule at 14,
40 and 100 keV/pm decreased exponentially

with the increase of the number of fractionations.

It was suggested that the radiation sensitivity of
both keratinocytes and fibroblasts did not
change during five-fractional schedule of carbon
ions. Effects of carbon ions on the mutation
induction and the production of cell growth
factors and collagen in cells had been studied
preliminary.

1., PFFEBMNS X CHEREHE

LT RRIT & 5 HH8%K e OF2 B2 VAR RPN
ROBIEE, EFERMIBOBEND B NWIE—
B DB HEMEER X OB OBLITEKET
5LEZONS, AWFRITL N EREFSF
J 8 b EEREARHE SRR OB SeR Sz i
BRI LB L UM S REE S T OEAS
T AERFRODREMY ., @Y
BHEOWLEBEL T3, |
SAEFEY, RFEH 2 HEIRE DI RBE
® LET KEEBLUVEZHHIRHICEL S M
R BUN BRI Z N D EEIZ DWW TN,
FERERER. BLUHIRIEMEKE T,
A5 U EOBREESTEEIIHTS R
FROEEBIZIOWVWTTHNERZTo 2.

2. SEEOHERBBLIUHE

1) RFER2HFWHORBE
A7V MREBICHERF I N2 MK

JEHRDT SF )1 b (SV40 EEA

RijL) BRUEERMEFHRZR W, 24
HRHRFORB EZFNTz, RFHR (290
MeV/n) SOBP E — A @ entrance
(14keV/um) 3 & ¥ proximal ( ~
40keV /um), middle (~70keV /pm)B&
U distal (100keV/nm) #B% M\ 24 K
HIFE THRS L7z, RO BUINBRIZIX Co-60
rRERWZ., 10%MRERREZEX 5K
M5 RBE 2R 5 &, entrance BLY
proximal TiZ RBE 13&5 5 0#ilad 1.8
~2.2 TH-o 7. distal IZHWT RBE i3
RKLTSF /)4 MTid 3.8, BHEZEHM R
TiX 4.1 Tholz. S0%BEHRBE TS HE
IZ distal T® RBE i341® LET IZH~EK
L7z, SEO#HEIL, distal FITHBW T,
1 BRSO RBE Tl 2 HBIEBE R O
RBE 3 RELLRBZ E%ERLE., 0T
distal HTOD 2 HFWRHDOEF S, HWHOWD D
BIEATREZR SLD MERINBZNIT &IT XK
5 RBEDBAKTHBEEASND. LiLH
RIZEEMLESE D 5 WidEEMR EIRLE
LIRSS 2 KREBER TRESE
EERTHLHEREZERRT S, —4,
entrance M 5 proximal IZ0 T TR SN
% IEE MR LLE)/NE 72 RBE O 78, &
BHilRDZT 5K &7/ RBE &ZEHEAA]
RETH 5. 2D LET TIIER FRIBE DR
HENEIRECXDENTEHNREL RS,
2) 5B SRR
BRLT-HRO 5B SHUERM S iR O B
WRZENEILT B NENRRE DI,
5 MIEHRELEIRE (24 REEIRER) 2170
MRAERR TR, —ERNREITER



BNRBLE 50%L7235KE (Co-60, 2Gy
YY) & U7z, 3TEED SOBP E— A (LET
=14, 40 XU 100keV /um) OVWITNIZ
BNWTH, FIF /) Y1 M BLURHEZE M
RO AR AR T BT B] 5 & SR I RMIC A
L7z, > T, 5EOBHHMICIZHE
DREEZERIB L LishocEEZIBNS,
SEILALDOZEED HERF 2T BE
WWRERZEORANRZENENEENRH S,
3) RARLRER

40keV/um DR FRBHICE VDTS F
U1 MNCEREINT-RARER (6 TG
fEdiRe) BEZERNZ, Co-60 v BDIBEAE
EHBLUIEBA. EREHIEDORARER

RBE-LET relationship

- @10%SF 1

RBE

RBE
© = N W s 0 N ™
1

LET(keV/ m)

H1. 245&EIREDEIERBE & LET D
B

BiL .7y 5F /%4 + 1 EHEBS

BH x5 F /%1 2588
B=# : MMM 1 o gt

E=A | RMEERE 2 5EER 5t

FEREBEICIEEENBD SN, B
725 LET BLUELHBRFICHBITHRA
ERFERIIOVWTSERNEMZ S,
4) MIRROBREESFEEICT 53R
5% SOBP ¥— A (100keV/um) 5 Gy
HES X N7 RS I R S PE 2 5 5 AR 18
AT (HGF) B OZmud) 13ERNS
K5 Gy BEHMEE R, BHEE 24
BB 72 BRIBICED L TW B,
HGF BXUMREA T MY w7 X DOREH
RATOELABRDORIEZTO> TS, i
HEATFEAICELUTSEBICHELED S,

a XifER, E b HEP B=BFEGr

HIMAG-SOBP-C12. Fibroblasts

10 p T T T T T T
]
«
>
E (L -
4 E p
=
I
14 keV/um
1 Gylfr.
10°? 1 ! 1 1 1 1
0 1 2 3 4 5 6 7
NUMBER OF FRACTIONS
» HIMAG-SOBP-C12, Fibroblasts
107 T | E— ¥ T T
T
g |
é lO‘ - [} ':'
4 [ 'y ]
i ]
L 100ke V/um
0.5 Gyltr. l 1
10! 1 1 1 1 N SO

0 1 2 3 4 5 6 7
NUMBER OF FRACTIONS

2 o RRHESFHIRG 5 - FIFR S RE D 435 |1 2%
L EBREOBMR,

1 B OBEHEE 1 14keV/um Tid 1Gy.
100keV/um TiZ 0.5Gyo



ROAREBEREHEL LA TROEYTNENIC OV TORLR

Study about Biological Effects of Heavy lon Beam based upon Radiation-induced

Chromosome Aberration Induction

(7B-306)
*/AJE ;I.a N ék g’rgfﬂ ~ /K'H’i'-r" ~ %Bﬁ%\z")jd ~ :%@%“E’Sd
S. Matsubara, S. Shu, M. Oomura, H. Kurihara, S.Torigoe

AR o NIUER L @JFED]S | BEDIEXS

M. Suzuki, Y. Furusawa,

Abstract

Employing peripheral lymphocyte
chromosome analysis, depth dose and
horizontal dose distribution of heavy
ion beam within and near the margin of
radiation field was analyzed, and its
relative biological effectiveness was
evaluated at various points. Peripher-
al blood was drawn from young healthy
male donor who had no history of expo-
sure to ionizing radiation, except for
routine chest X-ray examintion. Hepar-
inyzed blood placed in small plastic
tubes was irradiated by 290 MeV carbon
ion beam at numerous obserbation poin-
ts. After the whole blood culture of
45 hours duration at 37 ° C chromosome
aberrations were analyzed using dicen-
trics and rings. Chrommosome aberrati-
on frequencies against the depth such
as the site of beam entrance, proximal,
middle and distal position of SOBP,
revealed fairly flat dose distribution
of the modulated peak, and the value
of RBE around 1.6. However, chromosome
aberration frequencies investigated at
various horizontal positions within

and near the margin of the irradiation

T. Kanai N. Kubota

portal showed rather irregular and as-
ymmetrical distribution of chromosome
aberration frequencies. The relations-
hip between physical and biological

dose distribution based upon chromoso-
me aberration frequencies thus obtain-
ed is now on the process of further

investigation.
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Dependence of Interphase-Death Induction on LET
of Accelerated Heavy-lons (7B-307)

fak Ut wE oS &F % wE
H. Sasaki, Y. Furusawa, T. Kanai and W.-G. Zhu

Apoptosis-induction assay was employed to elucidate
the dependence of interphase-death induction on LET of
carbon-ions(290 MeV/u) accelerated by HIMAC. CHO
cells, which were destined to undergo interphase death
after irradiation, remained in the G2 phase for an
extended period before dying by apoptosis. Since
caffeine induces apoptosis in these cells within a short
period, the fraction of interphase death was estimated by
counting round cells(detaching apoptosis-initiated cells)
which appeared after the addition of caffeine. The effect
for induction of interphase death became larger as LET
of carbon-ions increased(RBE=2.5 for 85 keV/u ).
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Mechanisms of heavy particle action on cells under magnetic fields

(7B-309)
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T.Takatsuji, M.Kanazawa, K.Noda, S.Minohara and N.Miyahara

Abstract

We examined the mechanism of neutron
action on cells under both static and
varying magnetic fields. Survival of
Chinese hamster V79 cells irradiated
with neutrons were lower under varying
magnetic field than under static one.
We postulate from the result that indu
ced electromotive force by the former
inhibits, if not all, the recombina-
tion of positive and negative ions
caused by high LET radiation.
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LET Dependence of Heavy Charged Particle-Induced DNA Damages and its Repair
(TB—310)

Tl L IRERE | FHER | HEEh
H. Watanabe, Y. Kobayashi, M.Kikuchi and Y. Furusawa

Abstract

The relationship between RBE and LET
was investigated using extremely radiation
resistant bacterium, Deinococcus radiodu—
rans. The radiosensitivities of this bacterium
did not increase with increasing LET,
consequently no RBE peak was observed in
the range of ca.10 to 10,000 keV/um.
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Cell death and mutation induction on human cells by split dose irradiation with heavy ions
(7B-311)
SOARBERER, DINERS TR, £FEEb, REE—2
M.Suzuki. Y.Kase, T.Kanai and K.Ando

Abstract

We have investigated the effects of cell death
on human tumor cell lines and mutation
induction on normal human cells irradiated by
split dose of carbon-ion beams. The split dose
irradiation was carried out under the conditions
of 5 fractions of the dose obtained 30 to 40% of
surviving fraction in 24hr interval. The results
indicated that the sensitivity of cell death didn't
change with each split dose on tumor cell lines
irradiated by carbon ions and X rays. In the case
of normal cells, however, it changed by X-ray-
irradiation. The frequency of mutation induction
on normal cells by single dose irradiation of
75keV/pum carbon-ion beams was more effective
than X rays and 13keV/pum carbon-ion beams.
The RBE values relative to X rays at 10x1078
level were 1.6 for 13keV/um beams and 4.2 for
75keV/um beams.

1. BFED B K EXRETE

B FRICE B2HBAGEEEDENICT
7221, ERTHIRE 0 5EIRE 5 25
MTELEND S, RFEREIL, ENT
BIERIZBUTAHEEER T Y 2 - VoK
BALEF A 7- DIV E L E YRR T —
YyERHEBETAZEEHBE LTEEL,
AR BT, HTAMIBIS 53
AR & IEFEMB I 5 MR ED 2O
DEWZEHLZY FRA VXY, PPAHK
ZRNRMIIE LoD RIREIZ IR H AR5
HRBEMRLBOBRT 5 L)) oElR
SHEERMHNLTAH-ODEY FHERT— ¥
BB EET5,

GAEREIX, REERICHI & B X 4 FEEAD IR
2% - MR RO 2TAMIK & B2 Y ko IEF
MR % T, JRHEA 4 v ¥ — a40Hmgt

X ARIRIFEDFIR &, — RS TDIEHE
MR IZ XT3 B RRERF IR 2 ;70

2. SEEWMRBERRE R

SER SN X 2 HIBTE % B DI,
Foh P35 EH SRR B 2 B4R . BitiAS A HR SR A L FE
H, 27 /-~ 1EEBL SIEEREEHR
Mg 1S 2 v, T EEMRIC oW
TIXHPRTEEZ TFEEZ Y — 7 v MIZL 7228
REBRFRZHA: (F1ICHW-HER
@—%i%ﬂ_‘_‘.?) o

# 1 ERIZAWIEEMES X U5 AMAE

Cell General characteristics
NBIRGB ? normal human skin fibroblast
c321G © amelanotic melanoma, 6TG-r
A549 b lung cancer, adenocarcinoma
T98G b glioblastoma
KNS60 ©  glioma
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Chromosome Aberrations Induced by Heavy lon Beams:
Dose Response Frequencies by 290 MeV Carbon Beams
(7B-312)
KE BL*EHABET® AHHOAAL HREMC

H.Ohara®, M.Minamihisamatsu® H. Itsukaichi®, and Y. Furusawa®

Abstract

The experimental dose response
curves were fitted to the so-called
linear-quadratic model for goodness
to compare coefficients in terms of
LET and ion species dependence. The
obtained curve with the cells
irradiated by 290 MeV carbon
beams (LET=40.0 KeV/x m) of NIRS
cyclotron, the HIMAC, was almost
linear to show a typical
characteristic of high LET radiations.
This found to be
comparable to the dose response

curve was
curves that were obtained with cells
irradiated by 135 MeV carbon
beams with different LETs of RRC
cyclotron at Riken. The result,
therefore, is in favor of the view that
the response was quite dependent
upon fluctuation of LET given by
beams of radiation. Localization of
cell damage may be infered from
those of microscopic observations,
indicating that more than 10 % of
metaphases among the irradiated
cells were found to be remained
undamaged even after 5 Gy of
exposure with 290 MeV carbon
beams.

Purpose of Studies in 1995

Recently, a relationship between
dicentric yields and dose of such
different qualities of radiations like X-
and vy -rays, neutrons,protonsand «
-particles in differnt LETs has been
reported to be fitted to a linear
quadratic equation. Such response in
aberration induction has been useful
toolforanalysisofatructuralchangeor
damage induced by radiation in a
nucleusofmammaliancells. Particularly,
aberration analysisin humanperipheral
lymphocytes is valuable means of
estimating of individual's occupational
and accidental exposure. Inthis study
human lymphocyteswereirradiatedto
establish a dose response with 290
MeV/u carbonbeams producedby the

HIMAC at NIRS.

Results of Studies in 1995

The observation of the
metaphase plates irradiated with 290
MeV/u (HIMAC)
indicatedthatcellularaberrationswere

carbon beams
induced approximately in all or none.
With the dose of 1 Gy approximately
65% of cells showed quite normal
karyotype without any signs of

aberration induction and nuclear

R LR, IR R B AR,
HURRFE R EA T - T8



damageduringthe 1stpostirradiation
division.Even with4-5 Gy ofirradiations
still20-30 % of metaphase plateswere
observed as being un-damaged. This
means that a considerable fraction of
cells were presumably prevented from
a flux of ion beams. The energy
deposition by those beams might be
highly localized in the irradiation fields,
so that such uneven distribution of
aberrant cells could be resulted
depending upon dose.

Carbon beams accelerated with
energyof290MeV/u fromHIMACwas
examined for establishing a dose
response of aberration induction in
relative to that with 200 KeV of X-rays
as a reference. Radiation qualities and
the LET values givenin each case were
22.4,41.5,and69.9 KeV/x m with 135
MeV/u carbons, 98.0 KeV/ ¢ m with
135 MeV/ u from RRC and 40. KeV/
m with. Theinitialpart ofthedoseeffect
curve indreasesitslinearityasthebeam
LET increases.

Using these mathematical
approximation, RBE may be calculated
invariousways. Fora exapmle, RBEsof
total aberration frequencieswere 1.97
for 22.4 KeV/ » m, 3.5 for 41.5 KeV/
u m,and4.4for69.9KeV/u mrelative
to X-rays. They were 1.78 for 41.5
KeV/x m and 2.24 for 69.9KeV/u m.
RBEs, however, with neons were found
to be some around 4.4. vs. X-rays.

It has been recognized that the linear
tem can be largely depends on LET of
radiations andthat the dose-response

with high LET radiations approximates

a linear relationship since high LET
radiation cause one-track
formation of

events
predominately. The
chromosome aberrations in the cell
nucleus by ionizing radiation also
depends upon microscopic energy
distribution. In the proton experiments
withdifferentLETs,ithasbeenreported
that the data is favoured by the
prediction that linear term( «) should
be proportional to LET. In the present
study, at least, theresults indicatethat
heavyionpredominatesthelinearterm
to change the upward concave into a
kind of linear dose effect relation.
Accordingto VirsikandHarder(1981),
overdispersion of aberation
frequencies per cell can increase with
probabilty of multiple aberrations per
particletrack traversal,typical forhigh
LET,and thedata with neutronsand «
particles are found to agree with this
theory. Formeaningfulinterpretationof
such biological effects of heavy ion
radiations, the local distribution of
energy deposition insmall volumes has

to be considered more carefully.
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Involvement of reative oxygen species in the inactivation of cultured
mammalian cells by heavy ions
(7B-314)

G He RIES . BREERE. BRI
A. Ito, M. Arakawa, T. Matsuura and K. Shinohara

Abstract

The sensitivity of mammalian cells to carbon ions
with an LET of 100keV/um was examined with special
reference to the involvement of reactive oxygen species
in the inactivation of mammalian cells. M10, originally
isolated as a radiosensitive mutant of [.5178Y, was
used for its resistance to '0,. The relative sensitivity
between M10 and the wild type L5178Y was markedly
decreased in the irradiation of carbon ions, in contrast
to the case of low LET X-rays. This result strongly
suggests that a different mechanism is operating in the
inactivation by heavy ions. The results may be partly
explained by the contribution of 0, to the inactivation.
The effects of modifiers of 'O, life-time are being
examined.
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Repair of Potential Lethal Damage of NIH3T3 Cells Against Heavy Ion
(7B-315)

JIRREZR, #AR— |
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S. Kawasaki?, K. Sibuya® X.S. Gao® M. Kuroda® Y. Hiraki® and Y. Furusawa®

Abstract

Relative biological effectiveness(RBE)
and repair of potential lethal damage
(PLDR) of NIH3T3 cells against heavy
ion were studied. RBE of 13, 20, 50, 90
and 140 keV of 290 MeV carbon obtained
from LDw dose of dose response survival
curves compared to ®Co 7 ray were 1. 47,
2.22, 2.61 and 2. 61 respectively.
Magnitude of PLDR to 90 keV of 290 MeV
carbon was smaller than that of %Co ¢
ray.
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Lotze oy MTIIRZHPLIRMELER BEIHBOEZED SN -7, .
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Btz (H3) o PLORDEEIBETIE ool e s
RFEHRE 000 v MOMIZEII LD - 12, D WREN  ERENT
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Studies on the Biological Effectiveness of Heavy Charged Particles
(7B-401)

tERARIER=

e L st
e

M. S. Sasaki and T. Takatsuji

Abstract

Provisional to the understanding of
biological effectiveness of heavy charged
particles, we have developed a generalized
track model for the LET-RBE relationship as
a testable proposition. The model shows a
reasonable fit to the chromosome aberrations
frequencies in human peripheral blood
lymphocytes exposed to accelerator-
produced protons and alpha-particles.

Introduction

The relative biological effectiveness
(RBE) of ionizing radiation strongly depends
on the quality of radiation. The linear energy
transfer (LET) and lineal energy (Yp) have
long been discussed as physical parameters
which determine the RBE. However, recent
advancement of the use of energy-controled
charged particles with various atomic mass
evoked the problem of the use of such
physical parameter in a unified concept of
RBE. To approach to this problem, we
developed a rather unified model for the
LET-RBE relationship, which will be testable
in the experiments with heavy charged
particles.

Development of generalized track model
The frequency of chromosome aberration
per one traversal of charged particle at low
dose is roughly proportional to square of
LET. But, it arrives at a peak in the LET
range of around 100 keV/pm and decreases
above 100 keV/um. Our interpretation to
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this phenomenon is as follows. Cell traversed
by charged particles have chances to receive
lethal damage related to the interphase death
and the frequency may increase with increase
on LET and number of the particles
traversing. Assuming that such lethal damage
may distribute among cells according to
Poisson distribution, the probability that a
cell has no damage is expected to be e** |
where k is constant, L is LET, and x is
number of charged particles traversing. From
these assumption, the frequency of
chromosome aberrations in surviving cells
can be described as Y=aSD+pS?D? In this
equation, S=e**, o is approximately
proportional to LET, p is nearly constant,
and D is absorbed dose. The empirical LET-
RBE relationship is naturally deduced from
this model. The expected LET-RBE
relationship also shows a convex shape to
upward if we assume that cells which have
no unstable chromosome aberrations and no
directly lethal damage. And also, the
expected LET-inactivation cross-section
relationship is proportional to the square of
LET at low LET region and saturate to cell
nucleus cross-section at high LET region.
The present model is consistent with the
experimental data for the accelerator-
produced protons and alpha-particles.
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Studies on Expression of Molecular Damages Induced by Heavy-Ions

(7B-402)
HHEEAICRA, SHFAMERED, HEdb. £HEHb, FIIETe, MR Ed
F. Yatagai, M. Suzuki, Y. Furusawa, T. Kanai, M. Watanabe, and T. Kato

Abstract

The human lymphoblastoid cells,
WI-L2-NS and TK-6, were irradiated
by C-ions (13 keV/mm) of HIMAC to
study the molecular characteristics of
HPRT(-) mutations. The survival
curves and muttion frequencies
obtainedwith the above irradiation
seemed to be reasonable from the
comparison with such data obtained by
different LET C-ions of RIKEN Ring
Cyclotron .

1 RO BRYR U EREHE
SETIC, B, KRS »RDIC
DTk FRRIRIIEEMREIICI L
T. BRYL 91700 0R
FI14> (LET»39,68,124,
230keV//um) ORKHETE
V. 851 /=HPRT (—) RRATRE
BICOWTEBRETTOTE, B
EXRRERNDRBEY— V%5213
LET1 2 4 keVium T4/ L
DNALTIFV $EEHIFRIBLT
WAHPRT (—) ZERBHHIFZCES
NE=OICIF LT, LETOEW2 30
keVium T3, I XV EEHRIF
EhTWwWk, ChS5LET2 30 keV/
umTES W -HPRT(-ZERAEDZ <
Dit. mMRNADZXFS1 S TR
EEZONBAEEMI ST > TE
fco COHUJEEM 2REIT R EED
2. BIEFLANCEITIERTFE

L&D TFHEEBRBICEATI AL
MR%E28B37-HC. HIMACDRFEA
ZU2FALTE MY D INIERRBEM
REBWTREDSFL NI TORE
METBZEEAMEDEHRET

3,

Frk 7 £FEIZHIMACTCIARFET 7
> (13 keVum) IZ&3WI-L2-NS
WBnRR 2TV, FRSEEIR
Tk-63AEE DERE % 1T 5, Tk-6iHEAD
AFRIWI-L2-NSHIlRERIU CH S
p. PAHGEEEFP 5 IICERA
kb7, B EFRROBETFL
EHLRE-THY . XIEXPH iR
B L &NBE ERBICEN FIRE
BTHb. 2hd 2 iMaf THEPRE
RERFRICEDPELBPEHLKXE
BBRZRV,

2. SEFEOMAEZAR VKR
HIMACTRFETL > (1 3 keV/
pm) & 3WI-L2-NS#fa DERSE %
Tl A, BHHERZIER G
T4 {HPRT (—) REAZTRERDFRE

CEHXREBEFRLTHIEVWIF

BER 2B, B TH17
AMOUICEBMOLETICE TS E
BREREDLDOULDENEGINT. &
5, WoLLICZhSTERED
DFULNXIVTOBRMETTHDIES
ATH3,

a IEFAARREIE, b MEMENT.
c RIBAFEFEB. d KFRKEZSE
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Cell cycle dependence for mutation induction by heavy ion beam
(7B-403)

HA 52, &igeb, HEahl, SAKES LBER—C HEE B, MER2
H. Tauchi, K. Eguchi-Kasai, Y. Furusawa, M. Suzuki, K. Ando, S. Endo, K. Komatsu

Abstract

Synchronized mouse L5178Y cells were
exposed to lower (13.3keV/mm) and higher
(50-80keV/mm) LET of carbon-290MeV/u
beam at the G2/M, G1, G1/S and S phase of
the cell cycle. Then the surviving fraction and
‘6-thioguanine-resistant mutation frequencies
were determined. Maximal mutation frequency
was observed at G2/M stage for the higher
LETradiation, whereas that was observed at
G1 stage for the lower LET. These rsults
suggests that G2/M stage cells are hyper-
sensitive for mutation induction by high LET
radiation but not to low LET radiation.

1. WFsED BB X UGHE

BT AW BEEZIT) £ T,
FTOMBHELZFMTHILIIEETD
5. BRNFRITZDOEREIZL o TLET
BEALT B2, FOREFHE TIZLET
BEBERL ZEPUETH B, 25
T, BLid6- 57477 = ViIHERRER
IZB T A R R R ATy e BT
BMCREZHONRFT -V PTRKRESER D
ZEEHELTWALN, TNALETDE
WIZXBDDRDOPED PIXEN TR
WIEA Y 2, BRTFRICK D RAREER
R L o3BT 5 AR AP AFHE IS LT
INFTT—IWIEFEAERPoT-DH
ERTH B, #Z T, KL TITEN T
A2 RHWT< 7 ALS178YMIBD6-F4 7
7 UV HERERIZBITALETBI T
M R R Z X, BLE TR RIS
L2 MBHEBOBEBRHAOF 0 17
AT ERHEHBE LTEREZI T,

2. BBk

<7 AL5178 Y2 ZDoida & Okada?
I X % excess thymidine & colcemid % F\v»
%58 CTGe/MERICHIR AR % R#E & w72,
M L7-MifeiX37 C TR L, Ao,
1, 2, AR D ENEFNG2/M, G1, G1/S,
SHA GRS L CIlRASEERICRE L-IRE
THEN Z THEX L7, FERRFEORE
IEREEEE T TIZERi %2 4T\, control 2 &
DT EEDEHFRIEEDHSORIER IZ
ET35 300, HBEHRRHEROER
ICIIEE AL B LW L 2HRELT
W5, AL - R ETE R I L .
2X10fa 2 MRBOE E1mmD T 7 V) IV
BEFICE A L TEIRT290MeV/uPDcarbon
beam % BREF L 770 %28, BE L72beam®d
LETiX13.3, 50.8, 76.5keV/pmT, i
BBERETEXLIETEAZAHT-DIT,
FNEFNOLETICBITAHEILL.2, 1.0,
1.0Gy& L 7=, BBt L7-#ifgidmedium T
1 X1058 08/ mUC IR L7-%, ek
Ry B2z (14 LDA) LhKEEME
THi%L T, —E oMz AR %
DEFRFMEIT o770 T2, BHDH
faix 1 AR Dexpression culturez B 7%
o726 F AT T VI RARER
(hprtRILZARER) HELZ RO,

3. HfEoRR LS B0 HE

VEEEB L USEREICE 4 B RITE
BETw, FOETTRBEOBERIEDL
Nz, RIIRAREREROGRE T LD
TRLIZDDTHA, LETH13.3, 50.8,
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76.5keV/ pum& & 2 B ICOoNTHINAA
BRI D Ny — V2B RS 1,

Go/MERIZ B 1T BRREEFFHE AR
BIIEL A EMPFRD LN, T
Fe4 BUMME L y MEPHTICE S
ZHREBFR OMM K HEDE |

T 7 b b Go/MEID MR A3 2C %7 H
HFIC X BAERERFRIEF IR T
THHDIZ, yMICBELTIZDIX ) %2
HBEEBEOOLNE W &AL —FT A1
M%ZRLTED ., LETOELAEFIZGe/M
B2 5 GUHIZ T TORRERBRZT HIC
KELEEBLTVWAI EERRLTWS,
COBBNEDE) BAAAATRE
BOPIESDEZARHTH 505, G
X5 ICHBHEERZIT o Tnutant 248 O,

Z N b mutant®hprt@aF O BT Z 170
TWLFETH S, F/-4EEL NI
R & BAARAEHE DS 1T, TR FRRIGHE IS
Bl AMBHEFMORRET -5 L2 5
TR, PEHETFEIRILD E LMD
B LETHUMRIZ X ARAERLREILICS
T3 HRERDRELEORREIAZOBE
BEIZRRIDDDER DN S,

16 I T 1 T
C-290MeV/u mono-beam
2 O 13.3keV/um, 1.2Gy ]
]
> 12 |- _
e --0--50.8keV/um, 1.0Gy |
=
i —a— 76.5keVjum, 1.0Gy 1
r-)
e
=~ —
©
Ly
[(]
u -
3
S i
©
£ 4

0 1 2 3 4 5
Time After Synchronization (h)

: Carbon 290MeV/umono beamIZ X 5L5178Y
MO ZRERBRIZBITHLETS L Ui

JA SR

3. BEI

1) Doida, Y. and Okada, S., Exp. Cell Res.,
48: 540-548, 1967.

2) Tauchi, H., Nakamura, N., Sawada, S.,
Int. J. Rad. Biol., 63: 475-481, 1993.

a IR KRR EEHF - i 2
b iR - B AR
¢ ERE- 88 3BT NV —T
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F I FHIREBEHC & Bcell cycle arrest (C3 T 3 p53DEEE
P53 mediated cell cycle arrest after irradiation with heavy-ion beam
(7B-404)

FERE. KBEEE. BEHT. &

R, ILEHBL

NRIEE BN, FLET. HERE. SHEE
To.Inoue, S.Ozeki, S.Fukushima, J.T.Tang, H.Yamazaki,
M.Koizumi, S.Matumura, S.Murayama, Ta.Inoue and K.Kasai

Abstract

Exponentially growing human lymphoblastoid cell
lines with different p53 status were exposed to
carbon-ion beam(290MeV/n,LET ~75keV/ 2 m) and
Cs-137 y -ray to study the effect for cell cycle. They are

- TK6 (wild-type), WIL2-NS (mutant), HL60 (negative)

and AT(L)6KY (unknown). Flow cytometry was used to
analyze the cell cycle distribution at various times after
irradiation. There was no marked difference in the degree
of G2 accumulation between carbon beam and y -ray,
but delayed peak of G2/M was shown after irradiation
with carbon-beam relative to y -ray. G1 arrest could not
be estimated for unsynchronized cells . We analyzed
about the induction of p53 protein after the irradiation ,
too. Wild-type P53 protein (in TK6) increased
according to irradiated doses, but not in mutated one
(WIL2-NS).In the present study , there was no
significant difference in the cell cycle kinetics and the
induction of p53 protein with various doses, between
carbon-ion beam and Cs-137 y -ray

1 WFFE o B9 K OMERETE

TR BE Gt R o MR & & L T Hi R 5] i o> 25
MY, FOEEIIHGTHICH T HETHEEER
%, KFHEIISLETHY® S 5 VI ELETHST RO
MY CHlLEMS D X ) B ST, 22123
EDEIBECDEDLDOHN, FOENIAIZELS
bDOLODPEEEMEEACT, REtTs2b%
HEYE LTwb, P8 FEEIFF EHE, Bk
ORI D ZET) & p53 s & U E I REE H I
DWTEA T VR THRE y MTHBRE L T (]
HiliTdh 5.

2 SR OWFFEAE M R U

p53status DR % 24FEOMBEET L Twiwve b
1) U RIEEGRMNE (Tablel.) 2T, RFEMR (
290MeV/n. LET ~75keV/pm) RUCs-1374 <
B g D MBLAW L pS3 BME D FEEDELICD
W, JEBRE L 7.

Table 1.
cell line p53 status derivation
TK6 wild type ATCC
WIL2 mutant ATCC
AT ? Kyoto Univ.
HL60 negative Riken

ME CEK 6 FEE) B LU20BHD BT EEITH
Ha~DEMDOBENH Sbh, iz, BAZOR
BB THAI LW bhrolz, 3EEIZA
F VIFE O ETERPIL, 4EB R TFEDHE
ReBAILENTET, MUKEIN—TD<Y
VAL ERY)ZITASTFEDEFOERICTH
L)oo/, DD, BHTEL T/ BEEHE
PETTAHAIENTE LD

AR A B IZ DWW T

BEGHR B IZAT. HL60IZ A LR FEME —~LETY —
A T3Gy. TK6. WIL2i31.5GyTH o 7z, BEH%48
RERIC2OWT, #E, MlEZPITHREE, flow
cytometry|Z THURE 7345 & Red 7z,

y PRIESTTId6~ 120 TH & A1 G2 MBI Dl
fa s E TN % 2%, TK6. WIL2, HL60T60% &
Ze D) 2anLIRERIEMEM &R L7c. ATIZ48RER X T
GAMABADW® 5 ) & LIcEFE D KE
BRI TIIGHINDEEDREIL y M EDL
WA, GYMIAEA F TOBMPEL ZoTWw5 &
) THorz. G2blockiZFAL Tid, EHELG2M
HEA T TORBEREIZOWTLETIRER Y S 5 &
ENTWAEY, Thbne M) Uy EERZMET
12, RFEM Tdelay 22O HEREIIIEPLE
2RO ol
# N [8 7% 13: 13 aphidicholin ¢ & D FE A %> serum
starvation®s % XA 72 A%, SHIRLH & b JEH (Cdamage
EZITR T, FOHELORVAAFELETREY
Bohhholl:ORAETICER 2T/, £
D7z®, pSADFAG- 5 & ENBHGI blockiZDWT
2, AT Ekd ol SETRETHNITTLH
VL= ariptnliEr KALBTETHS,
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BpS3EHDFHEIZDONT
REEOMIBY» SE/EA M L, Hps3huk (
PAb1801) Timmuno-blot% 17 o 7z

RETRE XSGy THME &5 &, wild-type p53
% b DOTK6TIXIEMBATEE & B L CpS3mEAMHRE
IRGPEICHEN L . mutant-type % & DWIL2 TiHN
2ROLEhol, TOMMAIL, y BRERFHRTE
Do ol, BREHMELIIOWTIXIH248I1CE
BRFETH 5B,

IhETHEBRERTRIAESTLDY, EE
FHICOBE O LR VA, HiCHRBEB LT
PS3IEHDFBEICEL Ty MERERTELVE
WERD Lol

L%, TNETORREEEMICHER L TWL
EEbiz, EFREREOMEIC X AR L ME
BIZBRT 5EA (ps3, 44 2 ) ¥, mdm2%) |2
DV y MEBRN FROMBBEIICE 2 58I
DVTHRHF LTV EIETH 5,

TK6
100
G0/G1
50 =
NN
-50 = a{}—= carbon 1.5Gy
e gamma 1.5Gy
) . T r T 3
- N time - wh
100
G2M
50 =
% o 'ﬂ%
-50 =4 m—f = carbon 1.5Gy
—— gamma 1.5Gy
-100 r é é é g a-l

time
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AEDRFAEOHE
(7B-405)

Mechanism of cell damage and the prediction of irradiation effect on proton beam and heavy
ion particle irradiation for hepatocellular carcinoma

RIFER], SEAREM, TEED, THEE*, BNHZ*. **CHEE
Y. Matsuzaki, M. Araki, T.Chiba, H.Tsuji, T.Okumura and K.Kasai
REREFBREZEREILBNE, *BTRE 5 —, ** REHF

Recently, we demonstrated that proton irradiation therapy is a safe and an effectrive
tretament for hepatocellular carcinoma. However, the mechanisam of cell damge is still
unknown. The aim of this study is to clarify the mechanism of cell damage and the
prediction of irradiation effect on proton beam and heavy ion particle irradiation for
hepatocellular carcinoma. Carbon ion was irradiated to Hep G2 cell and human umblical vein
endothelial cell(HUVECs). Using 2Gy carbon ion(290MeV, 6cm-SOBP, 50.27KeV/uM) ,
Ki-67 antigen ,Fas antigen and LDH release assay unchanged from 24 hrs to 120hrs. DNA
ladder was not found at 24 and 120hrs by DNA fragmentation‘assay. On the other hand, cell
damage( reduction of cell number and cell atypism) was recognized after more than 200hrs,
and these phenomenon was dose-dependent. In conclusion, it is suggested that there is a
possibility of the elucidation for the mechanism of cell damage in the heavy ion particles
therapy.

1. BFZEDBH R OEXEHE

A SBERD O FFHRRE T 2B FHIGE DPioltstudy ZftE L, €DOEEM
&AM % e L 72(The Lancet, (II), 340, 1992, Gastroenterology, 106, 1994), FF#&(Z
T ARG TFHRBEEIERTCOMOTORATH ), ZOBRIEHEERLERESE
BEICoVTIRWE PR L BIHE N,

ZF ZCTHRIFZETIE. BT AR FRESOEBURGT LITH) 2 &I2L ), £
ZHNGESVETH AFEOEBEEDO—2 L L TORKEZE ORI ERIEE OEH
»HBET B,

BRR 2 BBMRE L, b MNEEFEME(HepG2) K UM &R M % PR MBS
(HUVECs)® AV CEN FHRBEBEEOMBEEEMR L TR M-V AICELTTH 5.

&

Hep-G2IZATCC & 0 #&ft %2 9 1F, 37°C, 5%CO2TF THE L /2, 55 #biIDulbecco's
modified essential medium(DMEM)% FH\>, 10%Fi52M0#& % N2 77, HUVECsIXER
EHICHERH L DRI L. MCDB-ECGSHEW THE L7z, MAEIX 6 XD3.5X10cmT 7
AF 497542 (Linbro,U.S.A.) 12 1 RH7-D 1.0X105/cellsDHARLEE T
E l/ f:o
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ERFHRIICA + ~(290MeV, 6cm-SOBP, 50.27KeV/uM) % I EATHIMACIZ T fR 4+
L7z BEEFIZIZ. Nuccleon®plastic dish& V) seeding L 720 FREIE, Ak KRERKE
ZRIGHBEZHA L, DMEMOREMICRR L 7:hL, —EDORHEELRT, MY
TV V-EDTAZ iV CHila 2 EUR L 72, BIUE, HRER24R5H . 710, 86kF
Bk, 1200¢R# AT o 720

&S IXLDH release assay % fiifT L 7zo % 72, FlowcytometrylZ & 1), Ki-67H1R,
zHIEL, WEEOBERREZ®RE Lz, FashiE % FlowcytometrylZ & D #llE L,
3 5 IZDNA fragmentation assay Z TV 7 R b — Y ADFEZRET L 720

2. SEREDIFFERER T VIR
(1): 1 EEER

2Gy DRST % fifT L 72,
1) LDH release assay

Hep-G2, HUVECs. FERSFEL b ic. BEME L D 12007/ ¥ CLDHOEIZEALIX
BT, 26y DRECIIMBEEEIX20REZE T TICREI LR o7,

2) Ki-6791R
Hep-G2HRATHE L, 24FB5R1274% . 1208 %37% ThH o 2o FEREIBRIZ, 24850
$#79%. 120FEREN%TH ) BEHLEZ2RAD L o7

3) FasHiE

Hep-G2HSTEEIL. 24BFMI1292% ., 1208F/MIT292% TH o 7=, FEMRRETREIZ, 24FFM
1%89%. 120B:RI7£93% Td ) BETEE & 22 A 2B o /2o HUVECSHRETREIL, 2485
BI7488%. 120FFH1%87% TH - 7=,

PDEXD., BEHC X VFasHIEOFEIIFZO O N L o7z,

4) DNA fragmentation assay
FasPUE %€ & B¢ 12 3\ 2 TDNA fragmentation assay % /41T L 7zo Hep-G2, HUVECs
& b IZDNA ladderidZ2H b Lz o 72,

(2): #E2E 2R

4EE, Hep-G2122, 4, 8GyDRET 21T\, 72T & 1448512 C assay B 4T o 720
ZORR, MEEOB S CHMBBERMOHMBIZ20008M U ETHEA Lz, 61T, R
BEOZWITIEEIGENC EHEL P E ol

Ki-67,Fas, DNA fragmentation|3 IR EF TH 5,

SRHFES N B R

ERICL VBRI NOEILLBRERN BT 2 ERERL ORI, FFEBICAR
WHEMLEGE OO THERFZOSEEBEHAL 2T 5. BT, ERTFR
MREBERF OBBALSTRE 25 EZLbNS,
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AR ORI AN DB 0158
Effects of heavy ion beam on cell cycle
(7B-406)

GAEES, (ERESLERC. A LTSS, BATHO AA2
K. Eguchi-Kasai, K. Sato, M. Murakami, H. Itsukaichi

Abstract

Effects of carbon ion beam on cell cycle
progression were examined using flow
cytometry. Carbon ion beams with LET of more
than 70 keV/um caused bigger cell accumulation
at G2/M phase than X-rays for Chinese hamster
V79 and mouse SR-1 cells. For SX10 cells
which is radiosensitive and defects of DNA
double strand break repair showed similar

response to carbon ion as that to X-rays.

1. W50 B B R OEEIREE

K74 & AIERE TR, 28BN
BRAE TG EZ EWEELARS  MEK
b0 ZDIHITIT. BRIFEOHES. LETSH
12 & B Elkind repair®d K & XM E I &
LZEINR L L OFERZIR DB A K
BHNCHANDZ EDMEERAHH, BERLT
73 EOELETHS S AT & 5 M B
~NDOFEIZBLTIE. (D)#RAIC L 5 &
ZHDOEMNX L QG2UEIERNRITKEL
mAHEVNDITWS, LM LIRS, €D
SFEEIIIZEACBEHIN TN, K
WFFEIL. ERFRR OM LR BIER i~ O
BELPAOMIL. TDAH =X LEARAN
52 EAHNET S,

AWM RITFREL 6 F0 S 5 FEMIchIc-T
ThhbsFETHS, CEEITIT, B
LR RAE 2R Uiz, DIRRIX, #
FaEIC & B BRI RO BRZ DL EH X
CHIRE B OETION T 2SN TT
— Y DOWREZITH, Fle AT 24V E
DH0 R BT AL & DA DR,
P LR R RASE L FOE S Sio
WTHIHbETRFITHTFTETH S,

2 SEREOWFRERTRR
BAHBREEREMERY A 7o bo sk

SUBALERERRY v A4 7 bo sk
ANWT, F v A =—ANLRY —HkEE#®
HBEVINI BT B IRFEA A AR EH B OH
fERE DT % RA Tz, Y4 b 7)A A
— 7 —z & A BE % ORI E B 16 DR
IZ& b, LET=150 keV/jumds kL 1r240
keV/um® jx #43 THRST# 4 BEETG2 /Mif
IZH HHRBOSFAEBRHEMAERD I, ZD
E£RIIFEHEE 2Gy) OXBEmEH Ui
XD bKED T, B, HIMACKE AL
T 30keV/umis L U80 keViumd jr 10
OB A BT TH 5,

BaHE R DNA R SIHEE £ /R
BUI=r ZHEEEEMIR 2 BIZ OV TH
SHg RS DG2/MEAERE A i~ 7z, M10KH
FTIEXBEGHICEERELD b RXIE
BEADIz, —H. SX10MfTIIEFH 2B
k& D H/NIVEHRB R oz, SX10T
1365 keV/iumD K RRBHEHDOERE S XK &
AETH 7o T 243 DNATEHY)
WEEBED) BELIHMHIERLD S
EEZ oM TNWA0D T, DNAZEFYIME
BEHERE &M fa SR BAGR Skt ie & DR E D fFMT
WCEHThHBEEZ SN,

3 BRI

The role of DNA repair on cell killing by
charged particles. K. Eguchi-Kasai, M.
Murakami, H. Itsukaichi, et al. Adv. Space

Res., 18, (1/2)109-118, 1996.

Interspecific complementation between mouse
and chinese hamster cell mutants hyper-
sensitive to ionizing radiation. K. Sato, D. J.
Chen, K. Eguchi-Kasai, et al. J. Radiat. Res.,
36, 38-45, 1995.

Biological effects of active oxygen on an X-ray-
sensitive mutant mouse cell line (SL3-147).
M. Murakami, K. Eguchi-Kasai, K. Sato:
Mutat, Res., 336, 215-221, 1995.

SRR - IR, PR - RERAEE
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Apoptosis in thymocytes and 3SB thymoma cells induced
by HIMAC carbon ion beams.

(7 B-407)

Kilivvv 3, EBHEFEL, THIEEL, AATOAAL, WAR2, HREHI, ZHEE—3
(RSHREFRETIRFR. 1BEEEBPIFRID. SE3FR TN —TF\ 2HBRE.
H. Ohyama, Y. Fukuda, T. Shimokawa H. Itukaichi, T. YamadaY. Furuwawa and K. Ando

(NIRS, Chiba and Toho Univ. )

Abstract

X-irradiation induced apoptosis in thymocytes
and radiosensitive 3SB thymoma cells shortly
after exposure. In this study we have examined
the effects of HIMAC 290 MeV/u carbon ion
beams for induction of apoptosis in thymocytes
and 3SB. Apoptotic changes such as cell
volume reduction and chromatin condensation in
thymocytes occurred similarly but in lesser
extent by carbon ion irradiation. Changes in cell
cycle distribution and induction of apoptosis in
3SB following exposure were also lower after
carbon beam irradiation. Present results suggest
that high LET irradiation has lesser effects for
induction of apoptosis in radiosensitive cells
compared with sparsely ionizing irradiation.

1. BIEOBNE L UERSHE

JE S0 B D ST RS DI FRIE . Bt
k. WREFE I ODWTITbTh T o, &l
NETARBETH > WDV EL ED
—EBN, THRBR—VXATHBI EHHLM
WD, HEHRIERE TR b— Y ZADME
MDEHIN TS,

AR TIE. TRV 2O HEEEESL
FWT, MTSEREZHORNL 5 EFHa:
L U EEM BROER T BAEN R EZ T
XgmEuomBE Entd s, b-T T
TFROEMNRDOIGHDBERIZCETHZ &
EHMET B,

VEAEREIS . BORRAING & s o s e i
BRY N ERROENFRFERT Rb—
ZIZDNT ., FIHRNWERZIT- 12, Zho
OFIRITILIC. BEREREEIC BRI D
TEMNVZERBITN, ENTFBET

3. XL UABRHEMENEND
THURWERIMEoh., E LT,
FEE X, WHRICOWT, BT
[/\ é “O&:\ %ﬁg%ﬂ@‘y’—ﬁ I\ '_:‘/X%E
T EDREIN T BLSI78 Y &
Z DERRLS178Y-SHIIZ DU T DR
KREIT- 120

2. KEEDHE
(Bt HEk]

M, Wistar 7w FORIBRAKE. X
BRZH<TY ADY v/ ER3SB, <
A B MR AR RERLS 178 YRR & U8 2 DRt
AR RS HERERLS 17 8Y-SHfa A AV .
BENFREREAN A VB—2 R IIVF—E—
Iv, LET 80keV/um THRE 24T - 7-, MfEIZ
EHAR AL mmEEDIV Y1 NBEAERSE
AOBEH L, TRM—=VXDHEIR
Coulter Multisizer{Z & A HiaY 1 X43-%a il
5E. Hoechst 33342%efaiZ k37 0<F v
BHEOHE, DNAMIFILORE. LT
FACScan|Z & % fifafAfis LU 7R b—¥
X%ﬂﬂao)iﬂ“%%ﬁ’) f\:o

[H5R]

1) . KERMEEOTRF—VX
BIRRHRRRIE T R b — & IR AT
falkBE/NER L. —H, X7 B— Y RIZ
K OB & I HRER O ELE U, BS
A HOMB Y 4 XTHE L. X Bt
10GyBAIC LY EFMRO E—7 DMET
Us NS XOT7 R P—YZMROE—7
PE B, £, 100GYBHTid. R7
O—YZX%&EI L, MilsY A XH5HmoE—
IWKENUIICY I MT B, BERFHT
3. o DTN S X gBshc i

—110—



N, fREESRS ohic, £, BNT
MEHICK D, DNAMA (LB LU 7 o< F
v B 20Gy X TREERFHEDHEMARD
54, 50, 100Gy TRREIET LA, X
WO O F VBRTHELLT R b=
AFRMRELB L. ERNFH10GYTIRT
R b=V AFRPRNPPEN ., XK
100Gy TidRxZ7 o —Y X% L, 7R
F—YZHMET T 50 BERFHETIET R
=Y ZNE X7 -V XERITH
BNREALTWS EEXONT, T4b
B, ChoDFEFETH, ENFRITXRKRIC
H& L. BEDRMENERSRD Sh.
WEAFERE LI ROHEN D S i,

.« Xg Tt ~HN TR
100 vy T T T T T 50
o I
¥ 80 40 2
s
O (=}
2 o N z
® 60 s o 30
o [7=]
N 40 2 20 =
13 >
o )
Y TP DU P U I S 0
-20 0 20 40 60 80 100 120

Hstamk (Gy)

XKi. ERNFRBIUXBRBENCKLS
MIBRAIRRD 7 R b — ¥ i &1L
BT D 7 0 < F M%) & . DNAKT

A {ic & A Free DNA

(2) . < UXMIRY o/ EM KE3S Bk
BT R b — ¥ AFBEOMIE PR ER

3SBHIfE I X #2412 & 3Dp$%0.3Gy &
W) EOD THRHIARESRZHOHMIETS
. KM RL D35 0cEER B TRIIE
BO7Rb—VXERIT, Z OHfEI,
X#BE LUENBBEHC LD, 7RF—=Y
ZEFROM IR IAREUNRII D &% T
hFETHOMILTWS, £ T BENF
BOMBEMET RN —Y ZABRIINT S
hR AT,

X B A} 1246508 THS0% D Mt 7 R
= X% 90.5Gy %R, BN F#H
DR ELB U1, FORER., RBHERE
FI6EF ] TO MR AR AR O B,

BLUT K b — 2 ZRBL ORI AT - 1ok
R, X@EH LEMERTID S 05 BENF
gg?ﬁ%bﬂ&b\: EOEEDD b e (R

(3.) L5178YHIad L UFLS178Y-Ska D
TRF=VZ

LS178YMRID SR FR T R b— 2 X
DT, Tauchis iz kb HEHEIERI Th
BlENMEINTINS, FAlc B,
L5178YMila O st a2 X Rk
L5178Y-SHIfIC DWW THRET L. &I, B
RUBIAFEROT R -V XERBITIE
FRINZUT,

COWEBOTRP—Y ZDEWNE, B
YA XREIW LD WNITRIN 5, T80
B, LS178Y-SHufaid st miatgma L, 24
KL, REICT R b— 2 ZFFRITHEN
EELSHEEY A XOE—7MET L. /I
A XDT KR b= ZMEDOE— 7 RIHHT
5XHi13% (K2a) , LH L. L5178Y-S
T3, B, HRA/REREZ T2 &4
MiifEIE 22 U, BEHRE. BT %O
BT DRI Y A XK ZR U, 24E5]
D, 7R b= ZHBROFRIE E4Li1T/NY
4 XDT7 R b= 2 BRE XNh3 (K
2c) , COFRT., BHUMBREHET S &,
L5178Yi3. X#matichB L T, B
BHIck Y EF#HRE—27DFE LULMETHR
By oni (F2b) , —FH. L5178Y-SHifa
?\Eﬁ¥ﬁ®ﬁ%@ﬂgfbot(ﬂw

L5178Y#HME 35 & TALS178Y-SH Iz DL
TOERIT. 72, —ETHY . FlEER
DIFEHE VD, FKEROERNMS. XR
EF DM BRI U TIXER F B OHEMN
A& BRZHHRIISEIEND O TR
heEZEZ o5,

ER LR
ChETDERT. B FH ORI
EOLHTHHHRERZHISRBZ 527 R b
VR DONTIE, X#ICHB L T, 215l
EBE I,
ELETHAHR DRI RHILLT & 725 DI,
BAHRENBHBRP THETHLN &I
ERTAEELHS, LML, BEHRE
ZHNEOHIC DO W TIERBENRLLLTF
T\ BOHBREZHOIRO MR T, RBEY

—111—-



L5178Y
¢ it X FR 5
RS BUARE LIS LAY "l—v-!-rTw—l-rrTﬂ—v—r‘rTr‘r—r'q

© - 0.5Gy
—_— G/
eeenaeen 20,

— 00y
ﬁ o osy

&
]84

0 500 1000 1500 2000 0 500 1000 1500 2000

nRk% 11123 ¢
L5178Y-S
EA TR Xibs R &t

T‘ﬁT'_m-TT"_'_rTﬂ_nj l"lll"'l"|7llTIT]
—— 00y —0Gy
----- 0.56y - -0.5Gy
— 16y — 1y
----- 26y -----20y

N
#a B %

» R3S
0 1000 2000 3000 4000 0
LY

1000 2000 3000 4000
RS 1 B¢

BI2. X#¥k L UEN FRES%DLS178Y
¥ L ULS178Y-SHIfR DM Y 1 X% 1L

B 248 B O MMIZY 4 X453 %, Coulter
MultisizeriZ X D BIE U7z,

Bl 3D TRIEWWHEEZISNS, B
HHIFRORBENE < . BZMMIRTIET
hid, BN FRIEEEZEHEEZEZI S EICK
EXNHBLFEOEEZIONS, 4. B
MO T R h— 2O T I LI
A

BN FHBHER TR, XERHERIC
HB U T, BEHEMIIIRE BZLHED
Atk  BRENENE FERMEICIES DX
NEBMEM DD B, 1o, BHEKE (H—

RVB—x)VF—-E-L, L ET 80
keVmm) OFRHETIIS%. CNETES
NIERE, ST HEHRKIT, b
HEOMIIZ DOWTRET N W EEZEZ T
5o

R
Takeshi Yamada and Harumi Ohyama

Characteristics of radiation-induced apoptosis in
thymocytes. Proc, 10th ICRR (in press)

Harumi Ohyama and Takeshi Yamada
Tear-drop assay for detection of apoptotic DNA
fragmentation.

Proc. 10th International Congress of Radaition
Research, I, 141, 1995

Yukihiro Fukuda, Takashi Shimokawa ,
Harumi Ohyama and Takeshi Yamada:
UV-C and X-rays induced apoptosis in
thymoma cells in different phases of the cell
cycle. Proc. 10th ICRR, I, 144, 1995.

Yukihiro Fukuda, Takashi Shimokawa ,

Harumi Ohyama and Takeshi Yamada:

UV-C and X-rays induced apoptosis in
thymoma cells in different phases of the cell
cycle. 10th ICRR Germany, Wurtzburg, 1995,
8

Yukihiro Fukuda, Takashi Shimokawa ,
Harumi Ohyama and Takeshi Yamada:

UV-C and X-rays induced apoptosis in
thymoma cells in different phases of the cell
cycle. 10Th ICRR Germany, Wurtzburg, 1995,
8

%E%g‘l\\ ?%7.}(_“%\ j(LU /\}‘/5\ IJ.IE]
R BNTRFIRT R b=V X04REM
KM, BABUREEL 38 MR,
1995, 11, F%

HEHOAA, TIEER, FHE. HLEE
shy RV L @ESHE < Y X L5178Y-
SHIROBSHRFART R b — X BER
SHRCEFSEBERE, 1995, 11, T3

—112—



ERNTIRICEIZDNATIMDOBER & 2 DEBERIBICONT

Induction and repair of DNA double strand breaks induced by heavy ion beam
(7B—408)

HEIEBAR, feiEiED. sbigel,
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M. Murakami, K. Sato, K. Eguchi-Kasai, K. Fukutsu, M. Nenoi, F. Soga

Abstract

The increase in the number of DNA
double-strand breaks was enhanced by
chromatin-proteolysis treatment before X- or
neon beam irradiation (1). We are planning to do
further experiment about this mechanism using
carbon beam generated with HIMAC.

1. WEOHKB L UETHE

BN TR &0 - BREREHR O M 3E
BREEZ DA, BEHRFRED N AN
EFEDBEREOMEIIEELRREEN—D
ThHb, CORBII~ T AEEMITICHT
HEHNTFHRODNA_EHRUNFEL ZF0
BERST IO F U EEEDOBEIZOVWT
My 2E2EHBET 5,

2. MFEDORBLA5HEDOGFHE
FLlIINnF©, BILFEFED) V7
4 270bay (Neion)ZHWT, EBR%
ToT&(), ENTHREBEE LIHAX
ARERETEER L [FREIC., DNA ZESETMHE
BEENEE LY ALMETIE, SVAT
4 =)V ETFIVERIKENEIC L BBATICLD
DNAYIKEEIZEO 5N, DNAZ
EUINEEREMIE (SL3—-147)
TRBEIXILAERD N o T,
RICEHRSTRFRDNA_ESHYN L~
OXF /IEEOBELRARL-OIC, FUL
BoOME s 7 EHEIGEO 7 a<F
x5 XS 24TV DN A ZE YT
i A DY AP AV b= L R x El A o) N
M2 ET 70— R 7T FICBOALE
AL/, 707 A X—ZAKTH /8
B E T o FLT, #FOT7HE—
AT 7 XHBEL, SVA T4 —=IVF
IFVERKEEICE ) DNA_ZESHTK%

80Gy T L IZHM MLy —FH., ¥~
N7 B HEALE O XS TI330 Gy, 80 Gy &
biC, RUBMAES L) HDEFIZCDNA
YIRTFIZ3Em L. 80 Gy TidS5.7 MbpfhE D
NV FIZBA L. 1LIMbpfHED /8> R A5
Z\THEmL -,

DL, saFUoRBETHIEL R
2, X#BE %2475 E DNAYIMBIIEE
IZEMT A &G hotz,

RIZ, FEIREDEBEZNef + VBEIIEZT
1T 72 Ned F ¥ DERGHILET=60keV/  m
& LET=200keV/ . m T HBETHRE 1330 Gy, 60
Gy. 80GyTAT o7z, XMRERETEF & RIRRIC,
MWLET & b MEMRFRIC T IV IZKEI S
T ADNAYIKH ML, sa<F >
BETHEBLLZERFLA-DOTIE, R
D DN AR EASEE MLz, DNA
TWH OFFESMIC X BB DK E
BEVWEIRO SN e olz, TDEHIT,
X#, Nef * VEBEE bIZ, za~<F Ui
EERET 5 L EEICBEHRFEREDNAY
Witz 52 LS DI o720 TDFE
FE2TITL T, BETREFEBAWFERT
HIMACIZBWT, 7 u~F ViEEraiEL
e v IVvRCA A CBEL, BH5NnD
NALIKTA . #5125 7MbpfH D DN AN~
F2fgfr L, kH ofE, ek tco
oA, VMmO ELITWDNABE L
DEEZFARLERTH D, 5EEIIY
TIVEBEHIAT o 7205, WFFEEE BB
HEED 12 OBITIXSEITI FETH 5,

3. BEXHE
1) Murakami,M., et al., J.Raditat. Res., (in
press).

BRI U720 SL3-147THIFE CTORULEBMZRET aitBHf - EE AL

T, X#30 Gy T5.7 MbpfH i (2 BHBE 72 8
Y FDRRONE 5T, 1.9MbpfTEDBENE
FTAXATLZDNAYIKR ODAEDRDH
Nize TNHDARXTHDNAMKHAIX

bIRENT - BHEMRE
cUEMF - ZF
A= - EREN T

—113—



BRI T 204 RAHROLE
The cellular response of polyamine metabolism to heavy ion beam
(7B-409)
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Abstract

The polyamines (putrescine, spermidine,
spermine) and key enzyme controlling their
synthesis (ornithine decarboxylase) are
critical for many cell growth processes
including stress response. Exponentialy
growing HelLa cells were irradiated by C-
ion beam (70 Kev/mm, 5Gy) and the
polyamine and DNA contents were
measured at various post irradiation time.
The irradiated cell population possessed
nearly equal level of spermidine and
spermine but lower level of putrescine in
comparison to those of nonirradiated cell
population. The growth rate decreased
slightly by irradiation although the
irradiated cells were not viable at confluent
state.
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Quantitative Analysis of the Nucleus Damaged DNA of A Cultivated
Cancer Cell Irradiated by Heavy Ion and
Quantitative Detection of the Active Oxygen Species in the Cells After
Irradiation
(7B-410)
= EEEA, IR OEWD. B@OEAS, MR RS, mEm
N. Miyoshi, Y. Furusawa, J. Ueda, T. Ozawa, M. Fukuda

Abstract:

The aim of these studies are (1) quantitative
analysis of the nucleus damaged DNA of a
cultivated cancer cell irradiated by heavy ion and
(2) quantitative detection of the active oxygen
species in the cells after the heavy ion irradiation.

We examined the detection of the active
oxygen species in the cell (a human melanoma
[HMF]) suspension irradiated by a heavy ion
(C12) using an electron spin resonance (ESR)
instrument and spin trapping agents (2,2.6,,6-
tetramethyl-4-piperidone hydrochloride [TMP]
and 5,5'-dimethyl- 1-pyrroline-N-oxide [DMPO])
after the irradiation.

In the results, we found that OH radical adduct
of DMPO-OH signal was dose-dependently
generated by the irradiation (0-20Gy).
Furthermore, the DMPO-OH signal intensity in
the cell suspension was weeker than that in the
biomimetic sodium dodecyl sulfate [SDS]
aqueous solution.

It was considered that the generation of OH
radical was presented by the heavy Ci2 ion
irradiation although the OH radical adduct signal
might be quenched in the cell suspension.
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DNABEBEMNE R FOERFRIC L 3 RIBHIH
Transcriptional Regulation of DNA-damage-inducible Genes
by Heavy lons
(7B-411)

BT HREF

M.Nenoi and S.Ichimura

Abstract

The purpose of this research is to establish the
framework of the fundamental knowledges on
regulation of DNA-damage-inducible genes by
heavy ions. In this report we show that the
transcripiion of the polyubiquitin gene UbC of

HelLa cells is enhanced by irradiation with 5Gy of

the carbon ion beam (70keV/um). We previously
observed that the UbC gene is evidently induced
by UV light, but not by X-rays. Therefore the
present observation, although preliminarily,
suggests that the carbon ion beam used in this
study is much more similar in action of gene
regulation to UV light rather than X-rays. We
speculate that DNA damages produced by a direct
action of radiation can be more effective initial
targets for the following intracellular signal
transduction cascade leading to the enhanced
transcription of the UbC gene.
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RS (C & 5 PCNABKTFIEDNABIE Y U ICPCNA-DNAE ST B D
LETIRTEIEICRI T B %

Effect of LET on PCNA-dependent Repair of lonizing Radiation Induced DNA -
Damage

ZiEHEZe. KRR

Abstract

We previously reported that proliferating cell nuclear antigen (PCNA) is
involved not only in nucleotide excision repair, but also in repair of X-ray-
induced DNA damage. In an effort better understanding the role of PCNA in
repair of ionizing radiation-induced DNA damage, the effect of LET on PCNA-
dependent repair was examined using high LET beams from NIRS-HIMAC. A
preliminary experiment showed that both 100kVp X-rays and 100 keV /um
carbon ion beams induced similar patterns of PCNA-DNA complex formation
in quiescent human diploid fibroblasts as detected by an immuno-
histochemical method. Further quantitative analysis would be required to
reveal the effect of LET on the repair.

By : BEHRIC L > THFE S N 3PCNA-DNA BEEEDOERK. X U ICPCNAKTEEDDNA
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Mechanism of the induction of DNA strand breaks by carbon ions
(7B—413)
B OEAERE. PATEE. BHEMMS, BB RELS. EEERS. HEBfh

K. Hieda, T. Nakamura, M. Tomita, M. Hieda, T. Hara, Y. Satou and Y. Furusawa

Abstract

DNA strand breaks induced by carbon
ions were investigated for plasmid pUC119
DNA. Preliminary results on cross sections
for the induction of ssb and dsb were
determined from 13 to 244 kev/um.
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Space Biology: Simulation Using Heavy lon to Find Biologic Effect of
Cosmic Ray in Space
—Cell Death of Adult Canary Brain Induced by Heavy lon Irradiation—
(7B-501)
FRHEEK S &FILE ML HAAES®, BEARSE®
O.Arai, H.Kaneko, M.Abe, M.Akashi and M.Hachiya

Abstract

Adult canary brains were irradiated with
carbon ions of 290 Mev/u with radiation doses
of 1 and 3 Gy. It was investigated whether cell
death of stem cells in lateral ventricular zone of
adult canary brain was induced by heavy ions.
The cell death (apoptosis) was investigated with
DNA end labelling method. The number of cell
death were dependent on radiation doses of
carbon ions. Neurons generated in the lateral
ventricular zone migrate, and are incorporated
into the vocal control nucleus which has
completed already in the adult brain. Old
neurons are replaced by newly generated
neurons in the nucleus. Accordingly, the cell
death in the lateral ventricular zone may give
damage to the vocal control nucleus.
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Dose rate effects of heavy charged patrticles

FENFIROBBEDRICEHT SME
(7B-502)

b

H. Tatsuzaki®, S. Matsushita’, Y. Abe®, M. Miyakawa?, and H. Fuji

d

TR B TED e ES, TR

Abstract
Dose rate factor of L050 /30 2552Y has

studied on high LET carbon ion beams and low
LET gamma rays. As preliminary data, the
dose rate factor between 1.5 Gy/min and 0.15
cGy was same for both radiations.

1. Objects of research

Radiation protection in space becomes
more and more important as long term space
missions increase. In space environment, a
high energy proton beam is main component
of ionizing radiation and heavy charged
particles also exist. These are different from
ground environment.

A carcinogenesis is most important
factor in the management of the ground
occupational exposure. Not only stochastic
effects but also deterministic effects are
important in space radiation protection, because
the amount of exposure is relatively high in
space. Within many organs, bone marrow is
important as the target of deterministic effects.
We studied bone marrow function using
LD50 /30 assay.

For evaluating the radiation hazard to
human, some kind of indicator like effective

dose is used. We need an absorbed dose and
modifying factors 10 calculate that kind of
indicator (effective dose). Some of these
modifying factors do not have enough
supporting data. Dose rate factor of heavy
charged particles is one of them. The dose rate
factor of high LET and direct radiation can be
different from that of low LET and indirect
radiations (x-rays or gamma rays). This study
aims to reveal that kind of dose rate factor. In
higher dose rate range like 0.1 to 1 Gy/min, the
dose rate factor is said to be brought about by
the repair of DNA damages. Since charged
particle radiation has different effect to the
repair from conventional radiation, dose rate
factor can be different for charged particles in
this dose rate range.

2. Yearly program

1994 setting of irradiation machine and other
experimental environment

1995 preparatory experiment and starting real
experiment

1996 experiment

1997 experiment

1998 analysis

4nst. of Clinical Medicine, Univ. of Tsukuba,
d

NIRS, “Inst. of Development aging and Cancer,

Univ. of Tohoku, "Doctral course of Medicine, Univ. of Tsukuba
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3. Progress in this financial year
(1) measurement of Co-60 gamma ray unit was
performed for several dose rate condition.

(2) preparatory experiment for seeking proper
experiment dose was performed.

(3) first real experiment was performed. The
result is following.

Materials and methods
Animals: 9 weeks old, female C3H/He Slc mice
were used for this experiment.

Radiation
The charged particle irradiation was

performed using synchrotrons at Heavy Ion
Medical Accelerator in Chiba. The radiation
beams used is middle portion of spread out
Bragg peak (SOBP) from a 290 MeV/u C-ion
beam. This SOBP is produced by rotating
range modulator. The flatness of SOBP is
adjusted biologically so as to get 10% survival
of V79 cells uniformly. The LET value of the
beams were around 50 keV/u. The flux was
collimated to a 20 cm X 20 cm beam with
collimating blocks before reaching the
objective.

Standard irradiation as control was

performed by gamma-rays from a 6OC() unit.
The mice were put in tube like cases made of
acryl with the thickness of 5 mm to acquire
proper build up in a gamma ray irradiation.
The gamma ray irradiation was performed at the
same time in the day as carbon ion irradiation.

The dose rate was 1.5 Gy/min and 0.15
Gy/min. They were irradiated without
anesthesia. The single-dose irradiation was
carried out at six to eight dose levels and each
group contained five to 10 mice.

—125—

Observation and data analysis
The LDSO was used as an end point.

The mice were raised in the temperature of
23°C, with the moisture of 55%, under 14
hours blight/ 10 hours dark condition. They
were observed once a day and checked survival
for 30 days. These data were fitted by probit
analysis and the LD50 was derived.

Results
The results of first experiment were
shown in following tables.

Table 1

beam LD50 (Gy)
carbon-HDR 5.7
carbon-LDR 6.0
cobalt-HDR 7.6
cobalt-LDR 8.1

HDR: high dose rate
LDR: low dose rate

Table 2

beam dose rate factor
carbon 1.06

cobalt 1.06

The dose rate factor is same for both radiations.
We are planning to confirm these data.
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I. Yoshikawa and M. Hoshi

Abstract . :

Somatic reversion at the white
locus and somatic recombination of
multiple wing hairs (mwh) and flare
(flr) genes in D. melanogaster were
quantitatively examined after larval
irradiation with carbon beam (290
MeV/u) as heavy ions and X-rays. The
reverse eye color mutation from white-
ivory (wi) to wild type (w+) is associated
with the loss of a 2.9kb DNA fragment
duplicated in the white locus on the X-
chromosome. The formation of mutant
spot on the wing blades is resulted from
recombination at wing anlage cells in
larvae trans-heterozygous for the
mutations mwf and fIr on the 3rd
chromosome. The results showed that

frequencies of both mosaic spots increase

linearly with. exposure doses in any
radiation. In producing the mosaic spots
of wing hair resulting from mitotic
crossing over, RBEs for 12C particles with
compared to X-rays increased with LET
values of 12C particles. Higher LET
(around 90 keV/pum) particles were very
effective as about 6 times or more. In
lower LET range as around 13keV/pum,
the estimated RBE values are less than 2.
In contrast, 12C particles showed no LET
dependent and to be almost equal
efficient in comparison with X-rays for
induction of the mosaic spot of eye color
caused by 2.9-kb loss in the white locus.
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Fig. 1. Relationships between RBE and LET of'“C ion beams for somatic
recombination and reversion inductions in Drosophila imaginal discs.
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Basic Study on DNA Damage Caused by High Energy Cosmic Heavy
Particles and Its Repair on Procaryotic Cells
(7B-504)

FEAS, $RAREN PER AHES". SHEAC, #sssz’, wans’
K. Harada, Y. Obiya, T. Nakano, M. Imamura, M. Imamura, M. Hachiya and M. Akashi

1. Abstract

The human has to overcome the effect of
high-energy cosmic heavy particle radiation in
space for extended periods of space exploration.
As experiments in space have been limited up
to now, simulated experiments conducted on
For this, utilization of
HIMAC which generates heavy particle radiation

earth are important.

is significant. In this study we investigated the
relation between LET (linear energy transfer)
and RBE (relative biological effectiveness) on
procaryote, Escherichia coli using mainly carbon
ion beams. We recognized the peak in the
figure of the relation between LET and RBE on
E. coli wild type strain, though it is generally
said that procaryote does not have the peak of
RBE. The LET value of the RBE peak is about
120 keV/um.
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FEHRIT LOBSRBHS X T L%, %
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na5, T, FHENFRBERICE
DRENFELRITTN, ZOA =X L%
BNRBENERTHSD, ZDIHITIE. F
HTOERNBOoNZ KW Z . HEHT

DY Ialb—YaVFRNPREEELRD,
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AFETIE. FRI10EEZ TEHEI.
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HREEOHIMEP 75 X I F pKmKS8 DNA %%
HOT, FHEMICEETAEEOENT -
% HIMAC TRAEIRT. ZOENTR
NRITTHEE. HFt. DNA 1HE. RR
FRIZBITA DNA 4 FDIEEAS| ETOD
FAEFETHNS, . KEE PBHRE
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IR I - 7-ENTHRIEED DNA BHEARE
2. FHEEMOWMNE INEDRISHESE
RiZdhH, ZOEBEER BT,

KEFEIL, Yy ML/ I—=L Iy¥g
V4 5H (SMM#4) TREBIZAR—ZV ¥
MIVICEE FEOKE Bz AT, K
#(C) 414 VBHOZEEL P.LOIZ, BT
xNWVF—E (LET) LEYFRIL (RBE
) OBREFANT

3. SAEE OB R O R

/8 Ul KB MIAEIE. KMBL3835 #k (
DNA EBEETIIEAER) & KY385 #k (
recA’) ThHb, Cho XKEFEMERED
HIMAC TORGHIVEERE IZHID THEM L
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NTHEGIHEERL. 2o 2 &id. v BRE
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Fig. 1 The Relation between LET (Linear Energy Transfer) and RBE (Relative Biological
Effectiveness) on Escherichia coli KMBL3835 Strain.

(RS a7 BHOMZ T, 5
%D D,, {5\ LET & RBE OBFRE TN
7= (Fig. 1D

HIMAC Tl. 290 MeV/u T LET = 80
keV/um DrFE (*C*) 4 F* > (Mono Beam
) ZRH U, BRET AP SEor 5
@ TIARA BHHEHRTII. =RIVF— 220
MeV T LET = 121 keV/um DEHE (2C*)
AFx U 2BH U,

Fig. 1 D¥ERiZ. KBE KMBL3835 #kiZ
BMLTThH 5, — I, BT
LET %#%#h. RBE Z#tdhic L7854, E—
7 3EERT. 100keV/ium H7- 0 %% 5
E#%I1Z RBE NS5 EEbNTH
B0 SEOEBRER T, BelIE—7
DFEE%E LET = 120 keV/um H71- 0 THeR
Ufco UMLEAH. KY385 S 2—F U b
KIZHB O TiE. E—7@3@w ohiidh- 7,

LR L4 BROPFEREEIZ. HIMAC
DRI BH MRV i SN TOITUOEK
IZF~N o7z LET & RBE QR D @di%
BRI LA,

4. BE 38R
1) BT, 4 FEEHREYE, FRHBRE
v % —,173-176 (1972).

5. HERR

1) M. Imamura, K. Akagi, Y. Tanaka, M.
Imamura, K. Harada, Y. Obiya, H. Watanabe,
N. Mizuma, M. Hachiya and M. Akashi, Effect
of Heavy Ion Beams from Cyclotron (TIARA)
and Synchrotron (HIMAC) on Escherichia coli
DNA Repair Deficient Mutants, in "Radiation
Research 1895-1995", (ed. by U. Hagan, H. Jung
and C. Streffer), Universititsdruckerei H. Stiirtz
AG, Wiirzburg, Germany, p. 445 (1995).
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HIEMREORREAREICH T BN FIRORBE
RBE of Heavy lons for Induction of in vitro Transformation
in Mammalian Cells
(7B-505)
ki, A 122, B &Kk2, WRES?

M. Ikenaga, H. Ayaki, Z. Han and M. Akashi

Abstract

We are planning to analyze relative biological
effectiveness (RBE) of heavy ions for induction
of in vitro transformation in mammalian cells.
However, since the first experiment using the
NIRS-HIMAC will be carried out on this
coming February, we are unable to report any
experimental result at this moment.

1. %o B R UFEREHE

Abfgeo HEix, HELEEEMRD in
vitro transformation &% F\>T, BUNBRERE
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FAA IR EORENS, BT
DRBEZRD 5, 2B, FHSEE

SN 7 — 5 A O RAURRLL &
Z2TBY, EEWZT—FIEPHI
ERICHIRT 3 FETHE (1R
ELTwWan)

2. SEEOWFAERR FBRE
ALEEEDONIRS-HIMACR2 R L7- %D
EEREARE2 BICATO FELZDT, BN
Tk [FERRIBONT RV | En
AT el B, AR oE, EOBEEN
LEBRERAY - FERBLTETH 205,
EROBEECENZEEH LR B
Tw5,

FEL 8 EED O IX, ERICEHUHAFT
Y, TEHBELTHE v,
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Studies on Heavy lon Biology

(R FHRR O MARKI N 3 5 8B XUBI#IZBE 9 5050
Effects of Heavy lons on Hematopoietic System and Its Protection

(7B-506)

NG H—E

M E®?

E.Kojima and K.Tanaka

Abstract

The effects of carbon beam(290MeV/u)
which was produced by NIRS HIMAC on
hematopoietic stem cells in mice were
investigated and compared between the group
irradiated with X-rays(200 kVp). Exogenous
CFU-S in bone marrow showed exponential
type of survival curves for both the carbon
beam and X-rays. The RBE value in terms
of Do was 1.2. The results also indicated that
the RBE obtained for endogenous CFU-S

was 1.2.

1. RO B RFEREE

ERE MR 5 TR T-ROBE
BT AT, ERLTRRIC K BIEIAH
DOBDOEMZEEDFM. € U TFHE
SINEY Y RS IOL X7 SaND}- 2 AN
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BRI OWTHREF L. BRFRIC L 5iEm
FEEDOH#E L LEFITRLHIF 54
BRMRAEBLI EAHNET S,
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RFFRD < 7 G MR B A0
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DO RPERM 3 o =— B ki fa(CFU-S), 2)
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fekifa Lo mlaix. A EHECFU-SL &
OIap——KEICHIN/, i, BH9
H#&IZ< 7 ARAPECFU-S{IZ DT RN

—132—



720 TN ODHRE—RNEBFED O KFEH
DRBEZ KDz, TDHER. IKREFIZL
% BRE RO A HECFU-SDDofi & 13

0.71GyTh ., X#IZ L5 Z DDofEIT
0.85Gy Th o7z, L7ch-> T, Dofg &L
O EREDCFU-S|ZB 9 5 K #ERDRBE
R B L1251, — 4 RIEHE
DOCFU-SOEFA L. DM E— A7l
MISMEDORICENELS L FEAE—H
LT (Do=0.5Gy) , ZHUIX LT,
R T F— VKB FIRE TR AT - 72
Bh. Bk XOMEEAKOCFU-SD xR
FE (BBt Y4 7o boy, 135

MeViu) DRBE(L, Z#hZh. 1.7 BLU
1.4 2R LT, &oo WIRPECFU-SIZEY
ARBE}, iso-effect ZEEH TAHA B L, 1.2
U B PR TS LB A,
ZDRBE[FLS ERPRE -T2, TH
o DFERIT, REBIC KL HEMEMIED
AELNEIZES ARBEG, 1.2TH D,
K TRETES UcE4d. RBEDS®
PRELLBZ EDPINT2o TDT &
I, RERICHTT 5 E MBI &3t
. BEEGE U TORBOFEIZHD
o, BEAKXEDLSTKRNWI &b,

KB T RBICEOTIE, =T XDEIMER
EMMEBRRBIZE D XBICHT 5E
M ERHARE D B HREZEOME 18 B Z &
B LTIS, HifE, GM-CFC, Meg-
CFC 7L KD Th. AMLE. Mle%R5!
OHEDOHE G SKEHTH 5,

(W]

D 84 B, /hNEX— B XK. &
E  RFRICLDEMREEDRBE
9 BH%E. BAERRE. $55K4S,

247-252  (1995).

2) INEER—. HF E. B 538
[ H A BB E . T3, 1995.11.

% BB IF b 5 A A

—133—



PTROBAGCREOEEZEDRE (TIUVXDESERYE)
Effects of different quality of irradiation on hematopoietic system in
mice:comparison between x-rays and heavy ion particle exposures.
(7B—507)

W2,

Abstract

Myeloid leukemias are induced with
high incidence by x-irradiation in RFM/
MsNrs male mice. In this study, we
studied effects of either x-rays or heavy
ion particle exposure on the counts of
peripheral blood cells in these mice.
Mice were subjected to a single exposure
(1-3Gy) of whole body either x-rays or
carbon-12 beam irradiation. A similar
rapid reduction of the counts of
leukocytes and neutrophils was observed
in both groups following irradiation;the
nadir was on day 2.However,the number
of leukocytes in mice irradiated with a
carbon beam was significantly lower
than that in mice irradiated with x-rays.
In contrast, the absolute neutrophil
count (ANC) was minimal on day 14
following x-irradiation while ANC
showed the lowest on day 2 after
irradiation with a carbon beam. Our
results suggest that irradiation with a
carbon beam induces a rapid reduction
of ANC and a strong suppression of
leukocytes count as compared to x-ray
irradiatioon.

(1) HEDPBEH R UEREHE
IhFETIZ, 3Gy X#EEyHc kY
RFM/MsNrs &< 7 A DT FH R BB
MHIEOFRE, HE. R, Fa&t i
TXx72, FAEBEOENFHEBE Y R
rREFMBLIER, XBREE <Y 212
HRTHMBEOREIZEZEENENLA I %
ABZERBHET A, BEHKR, AMKE
BEFITIZHPLAOEMAr22Y ., B
KERPEBLIITTCIIH2E2ET S, F
B 741 Hiftﬁ%%%TL“iﬁ
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2.Kawase Y, et.al.:Effect of human
recombinant granulocyte colony-stimulating
factor on induction of myeloid leukemias by
X-irradiation in mice. Blood.82:2163, 1993.
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Induction of Gene Expression by Irradiation : Comparison of X-ray and Carbon Beam
(7B—508)

HAES2,

RIER?, JIERT2, BfHrs 2l

M. Akashi, Y. Osawa, Y. Kawase and M. Hachiya

Abstract

Manganese superoxide dismutase
{(MnSOD) is a enzyme which is involved in
scavenging superoxide radicals. We studied the
effects of different qualities of irradiation on the
survivals of the human ovarian carcinoma cells
SK-OV-3 and the mechanisms for the
sensitivities. The surviving fraction of the cells
at 6-8 Gy following x-irradiation was
significantly lower than that of cells irradiated
with a carbon beam. To investigate the
mechanisms for the diffeferent sensitivity to
irradiation, the mRNA levels of MnSOD and
catalase, which converts H202 to H20 and O2,
were determined. Irradiation with a carbon
beam induced the higher levels of MnSOD mRNA
than X-rays while both increased the levels of
MnSOD transcripts in a dose-dependent manner.
In contrast, the levels of catalase mRNA were
not affected by either of irradiation. Our
preliminary results suggest that differential
expression of MnSOD may be, at least, one of the
mechanisms responsible for different sensitivity
to different qualities of irradiation.
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induces WAF1 expression:evidence which does not
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37th Annual Meeting. Seattle, WA, USA 1995.

2. Akashi,M. et al. Irradiation increases manganese
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expression through a p53-independentpathway in KG-1
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Effects of heavy ions on lymphoblastoid cells in the system mimicking microgravity.

(7B—5009)

=IBE . PEMK. ¥ #H—

O. Yukawa, T. Nakajima and K. Tatsumi

(Abstract)
Experiments in space flights have so far demonstrated that the space environment can alter
methabolism and signaling systems in living cells. But space experiments can't be performed very

often and have several limitations as to the experimental conditions. It is, therefore, necessary to

establish a simulating system on the ground for researching into effect of space environment on
living cells. Two main factors of space environments are microgravity and space radiation. Itis
possible to study effect of each space condition on the cells by using parabolic-flight system,
Clinostat, etc., to acquire microgravity and using accelerator,etc., to simulate space radiation. In
fact, each of them has substantial effects on physiological conditions in the cells. But a system for
testing the dual effect on the cells has not been developped. We are trying to mimic space
environments by irradiating cultured cells in high density medium. Irradiation of lymphoblastoid
cells in Ficoll-paque (manufactured by Pharmacia) is considered to be feasible. Density condition
of Ficoll-paque is adjusted to be close to the microgravity in the space.
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Development of Heavy lon Treatment Planning Method

(7P-001)

HEEEL . HLETe . R, FEESE. SFFEWC, NSRS K NBP. BirMb

2, ERTEZC. FEE Wl mEEwC.

BRI B

M.Endo, H.Koyama-Ito, S.Minohara, N.Miyahara, T Kanai, H.Tomura, A Higashi, JMizoe,
K Nisimura, A.Ito, S.Inamura, T.Nishidai and M.Takai

Abstract

Full use of advantages of heavy ion needs a
treatment plan which enables to concentrate
sufficient dose to a target region and spare
surrounding critical organs, and also needs
accurate realization of the plan. The purpose
of this study is to develop a system with which
It is about
This
year we improved our system to correspond to

therapists can do such tasks easily.
5 year projects which started in 1994,
clinical requirements. The improvements
include addition of several functions to
treatment planning system, establishment of
compensator/collimator fabrication system in
our institute, and addition of simulator function
to patient positioning system.
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ESR Study of Radiation Chemistry by Irradiation with Heavy Ion Beams
| (7P—002)
WA, \SFHA RIEFTR FTHEEL 2FTETD,
THEEREC, $)ilAa—c, ALk d HigEthd, &FERd
M. Shiotani, H. Yahiro, Y. Itagaki, T.Nakai, A. Minegishi, N. Tsuchihashi,
K. Nakagawa, T. Murakami, Y. Furusawa, and T. Kanai

Abstract

ESR studies were carried out for radicals generated
by irradiation with 12¢C jon beams as functions of
dose and LET. The yields of DL-a-Alanine neutral
radical (CH3CHCOOH) generated by the room
temperature irradiation were found to correspond
fairly well to the dose-depth profile of "Bragg
curve". Furthermore, several organic radical cations
were successfully generated and stabilized in solid
matrixes by a low temperature irradiation at 110K.
The radical cation yields were also correlated with
the dose-depth profile.
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Experimental Study of Interaction between Heavy lons and Plasma
(7P-003)
NIHEE, BRI, FAREZ., PEFER, BEHEKEE, SSRGS, MAMHE,
RANFM, BB, PHEZE. ZER
WHRIFEKRY REHET AlETfAVF-EHK
M.Ogawa K Horioka, T.Aoki, M.Nakajima, K.Fujii, S.Miyamoto*, T.Hosokai,

H.Makuuchi, O.Iwase, T.Nakamura and T.Endo
Department of Energy Sciences, Tokyo Institute of Technology

Abstract

A z-pinch plasma target has been tested on
a beam line of HIMAC. Electromagnetic noises
caused by discharge were low enough for the
accelerator system and MCP particle detectors.
The MCP detector system achieved a time
resolution of 0.1 ns.
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Study on 3-Dimensional Irradiation for Heavy-lon Therapy

(7P—-004)
SIEW, TREZ. MBEREL, SRhEE. REBN BERESRE
T. Kanai, Y. Futami, N. Matsufuji, H. Tomura, A. Higashi and N. Miyahara

Abstract

A three-dimensional irradiation system using the broad
beam method was installed at HIMAC facility for heavy-
ion radiation therapy. The thickness of wedge absorbers
and the shape of the radiation field made by multi-leaf
collimator were changed during irradiation to sweep the
Bragg peak only in a target area. Several preliminary
tests were performed using 290 MeV/n *C beam. The
3-dimensional irradiation for a ball and a cylinder shaped
targets in 7 cm diameter were carried out and the wedge
absorbers and the multi-leaf collimator were controlled
satisfactorily. Dose distributions of 10, 8, 6, 4, 2 cm
SOBP made by superimposing 5 mm width SOBP were
obtained. To check the function of the wedge absorbers,
amount of dose in each slice and penumbra on 2D mode
were measured. Results were agreed with those planned
by calculations.
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General Study on Heavy Charged Particle Irradiation Syetem for HIMAC Clinical Trial
(7P-005)

SHEWH, RBBGA 2 SHTEE . ZREZ
TEFTEAEL, AR, AFRZ
T. Kanai, N. Matsufyji, H. Tomura, Y. Futami,
A. Fukumura, A. Higashi and T. Kohno

Abstract

In HIMAC therapy beam, fragment particles caused by spallation
reactions between primary beams and lucite range shifter are
included. We measured these fragment particles to investigate
the qualities of the therapy beam. Measurement system was based
of plastic
scintillators, a proportional counter, a Si detector and a BGO

on DE-E counter telescope method, composed

scintillator. Incident beams were sufficiently unified and spread
out by wobbler magnets, scatterer and ridge filter. Measurements
were carried out for 290 MeV/u and 400 MeV/u carbon beam with
changing the thickness of the range shifter variously.

Experimental data revealed that fragment particles were well
identified by the differences of Z or A. Fluence and LET spectra
for each element of fragments were derived and compared with
the calculational expectations.
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Abstract

For the radiation protection at the HIMAC
facility, neutron dose equivalents in and around
the experimental room and dependence of
Thermoluminescent dosemeters(TLD) on LET
were measurened. An Andersson-Braun rem-
counter and a modified AB rem-counter in which
lead was used as a moderator were used. The
neutron dose equivalent behind 50cm iron +
380cm concrete has shown a litte dependence on
the charge of ions and a great dependence on the
energy of ions. A TL element response of
Mg,Si04:Tb TLD phosphor to monoenergetic

carbon beams has shown a similar dose-TL
yield relationship as that of Co-60 gamma-rays
and given a smaller TL yield with an increasing
LET. The responses to low doses were
theoretically analyzed as a function of LET.
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Fig. 1. The neutron dose equivalent behind ion
50cm +concrete 380 cm at 0 degrees.
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Fig. 2. The LET and dose dependence of TLD
elements for carbon ions.
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Abstract

Isomer-search experiments were carried
out by using the fragmentation reaction. A
181Ta target was bombarded by a 2C beam
at a beam energy of 290 MeV/u. A catcher
of plastic scintillator was set at 20 cm down-
stream of the target. Plastic-Ge (delayed)
coincidence technique was used to detect the
v rays emitted from the catcher. A thick
lead shield was necessary to shield the Ge
detector from the background probably orig-
inated from the secondary particles produced
by high-energy « rays from the primary tar-
get. In the coincidence spectrum, a few y-ray
peaks could be observed. A number of y-ray
peaks were also observed in the activity mea-
surement after the irradiation. Analysis of
these y-ray spectra is in progress.
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