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Conversion of ancestral fibroblasts to induced
pluripotent stem cells, Stem Cells, 28, 213-220, 2010
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Abstract

To determine the effects of carbon ion
radiation on cancer stem cells and its relation to
radiocurability, human colon cancer cells HCT116
were used in vitro and in vivo. The xenograft
tumors re-grew after 60 days when irradiated
with 15 Gy carbon ion, but all the tumors were
eradicated without relapse in the 90 days follow-
up when irradiated with 30 Gy. In comparison, the
tumors were suppressed for 31 days with 30 Gy
and eradicated with 60 Gy X-ray radiation. The
relative biological effectiveness (RBE) value of
carbon ion relative to X-ray was 3.82. FACS analysis
showed that the percentage of cancer stem cell
markers such as CD133, EpCAM, and CD44 were
more significantly increased after X-ray compared
to carbon ion radiation. At an isodose of 30 Gy,
carbon ion radiation predominantly suppressed
expression of CD133, EpCAM, and CD44, whereas
X-ray increased expression of those cancer stem cell
markers in xenograft tumors. In conclusion, heavy
ion radiation can effectively disrupt cancer stem
cells compared to conventional X-ray, implying that
heavy ion radiation can be a powerful cancer stem

cell targeting therapeutics.

Introduction
Radiation therapy is an effective nonsurgical

intervention for colon cancer, but most of the tumors

MmEHERIZ  Radiological Sciences/S. Sai,Vol.53 No.2(8-11)2010

invariably recur after radiation therapy. Therefore,
determination of the mechanisms of recurrence
and radioresistance in these tumors and others
could lead to advances in the treatment of cancer.
Recently, cancer stem cells, a minority subpopulation
of cells that have the capacity to self-renew, have
been identified in a growing number of solid tumors,
and are typically recognized by virtue of the
expression of cell surface markers, such as CD133,
CD44, and EpCAM1> . Over the past decades, heavy
ion radiotherapy has been successful in treating
many kinds of human cancers, including lung, liver,
prostate, sarcoma etc. 2. However, there is no report
about the effects of heavy ion radiation on cancer
stem cells regards to tumor control. In the present
study, we try to explore the influences of carbon ion
radiation on expression of cancer stem cell markers
and its relationship to radiocurability of xenograft

tumors in nude mice.

Materials and Methods
Cell lines

The colon adenocarcinoma cell line HCT-116
was cultured in Dulbecco’s Modified Eagle’s Medium
(DMEM) (Invitrogen) supplemented with 10%
with heat-inactivated 5% (v/v) fetal calf serum,
100 unit/mL penicillin and 100 ug/mL streptomycin
(Invitrogen) in a 37C with 5% CO2-in-air. The

medium was changed every other day.

Animals and Xenograft transplantation
BALB/cAJcl-nu/nu male mice (5-week-
old) were purchased from CLEA Japan, Inc. Tokyo,
Japan. All surgical procedures and care administered
to the animals were in accordance with the NIRS

Animal Care and Use Committee.

Radiation

Mice were irradiated with carbon ion beams
accelerated by the HIMAC at NIRS in Japan. The
details concerning the beam characteristics of carbon
ion beams, biological radiation procedures, and
dosimetry have been described elsewhere (2). As a
reference, mice were also irradiated with conventional
200kV, X-ray (Pantac HF-320S, Shimadzu Co.,
Tokyo) at NIRS.

Gross Morphology and Histopathology

Xenograft tumors from different groups
were fixed in 10% neutral formalin and processed
in paraffin-embedded followed by sectioning (4 um)
onto slides. Sections were stained with hematoxylin

and eosin (HE) and assessed microscopically.

Tumor Growth Delay and Relative Biological Effects

The tumor growth delay (TGD) of xenograft
tumors after treatment with X-ray or carbon ion
was estimated at the tumor volume of 600 mm3. The
relative biological effectiveness (RBE) of carbon ion
at the middle of a 6-cm SOBP relative to X-ray was
calculated by Kaleidagraph software.

FASC Analysis
FACS analysis for the cells irradiated with
X-ray or carbon ion was performed according to the

manufacturer's protocol (FACS; Aria, BD Bioscience).

Immunohistochemistry

Immunohistochemical study was performed
by the avidin-biotin complex (ABC) method using
Vectastain rabbit IgG kit (Vector Laboratories).
Anti-CD133 (ACI133, human monoclonal, Miltenyi
Biotec), anti-CD44 (mouse monoclonal,BD
Transduction Labs), and anti-EpCAM (mouse

monoclonal, Acris Antibodies GmbH) were used.

Western blotting

Western blot analyses were performed as
previously described. The monoclonal antibodies
used were anti-CD133, anti-EpCAM, anti-CD44, and

anti-b-catenin.

Statistical analysis

One-way ANOVA and Bonferroni multiple
comparison tests were used when mean differences
between the groups were evaluated by StatView
software. For all comparisons, p values less than 0.05

were defined as significant.

Results

Tumor Growth Control by Carbon ion vs X-ray Radiation
At an iso dose of 30 Gy, Treatment with

X-ray radiation only suppressed tumor growth for

31 days, whereas carbon ion radiation increased

tumor size at the initial 6 days and then gradually

decreased. The tumor was finally disappeared after

90 days follow up without relapse.

Tumor Growth Delay and Relative Biological Effects of
Carbon ion relative to X-ray Radiation

The tumor growth delay of xenograft tumors
after treatment with 15 Gy and 30 Gy of X-ray was
5 and 28 days, whereas treatment with 5 Gy and 15
Gy by carbon ion was 12 and 82 days, respectively,
when estimated at the time of tumor regrew to a
volume about 600 mm3. The RBE value of carbon ion
at the middle of a 6-cm SOBP relative to X-ray was
calculated as 3.82.

Gross Morphological and Histopathological Changes
after Carbon ion vs X-ray Radiation

Carbon ion radiation predominantly induced
colon cancer cell cavitations, fibrosis and most of the
cells were killed and the duct-like architecture was
completely disrupted. In contrast, X-ray radiation
only partially destroyed colon cancer cells and the

duct-like architecture still remained.

Expression of CD133, EpCAM, and CD44 after Carbon
ion vs X-ray Radiation

In vitro study by FACS analysis showed
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Figure 1

A:Representative figures of in vitro study by FACS analysis of CD133 after 72 h X-ray or carbon ion radiation.
B:Expression changes of CD133, EpCAM and CD44 in the HCT116 xenograft tumours after treated with carbon

ion or X-ray radiation for 1 month.

that the percentage of cancer stem cell markers
such as CD133, EpCAM, and CD44 were more
significantly increased after X-ray compared to
carbon ion radiation. At an isodose of 30 Gy, carbon
ion radiation predominantly suppressed expression
of CD133, EpCAM, and CD44. In comparison, X-ray
significantly increased expression of those cancer

stem cell markers in xenograft tumors.

MmEHERIZ  Radiological Sciences/S. Sai,Vol.53 No.2(8-11)2010

Discussion

FACS analysis of in vitro study clearly showed
that the percentage of cancer stem cell markers,
CD133, EpCAM and CD44 were more significantly
enhanced by X-ray in a dose dependent manner
compared to carbon ion radiation. Western blotting
and immunohistochemitry of in vivo studies

demonstrated that carbon ion radiation significantly

suppressed expression of cancer stem cell markers
CD133, EpCAM as well as CD44, whereas X-ray
radiation remarkably increased these protein levels
in xenograft tumors at an isodose of 30 Gy. We
also found that carbon ion radiation predominantly
induced colon cancer cell cavitations, fibrosis and
completely disrupted duct-like structure, whereas
X-ray radiation only partially disrupted colon cancer
cells and the duct-like structure still remained,
when the xenograft tumors histopathologically
examined after one month. The RBE value of
carbon ion relative to X-ray was 3.82, suggesting
that heavy ion radiation have more than 3 times of
biological effects on the tumor control capability. All
together, our findings presented here highlight the
potential benefits of utilising heavy ion treatment
for effectively targeting otherwise highly resistant

cancer stem cells.

References
1)Zou GM. Cancer initiating cells or cancer stem

cells in the gastrointestinal tract and liver.. ] Cell
Physiol. 2008, 217 (3) : 598-604.

2)Kanai T, Matsufuji N, Miyamoto T, et al. Examination
of GyE system for HIMAC carbon therapy. Int J
Radiat Oncol Biol Phys 2006 ; 64 : 650-6.

FER

PR KB B, 70—~ &4 olE
B 2B W TR DD MR S . HIER R,
AL2F R LR AT Ptk L R C B 53 4 2 & A
SNTWw5b,

RS X PR AP O 2 O DA TG
BICAMNTHLZ o, Al v b RE# R
HCTI116 #ilig % H v, in vitro . O¥ in vivo (2T, Jié
TS (290MeV/u. 50keV/um. SOBP H.ls) & X
PRI X 2 i o L~ oD SRR T O RS i 95 14 B
ME, EHE OBEIC O WTHRET L7z X# 15, 30 Gy
Mg clxeh e 5. 28 H [ oI55 1 5l 1 1L 352D
L, 60 Gy TIZEEOREATED bisze —T, Kk
FEM5. 16 Gy BEfcizeheh 12, 82 HE ONES
BHEIE, 30 Gy HAGHCIIIES O BmATTRD S iz,

I 955 B Bl HE HHT AR A S X BRI T % ik FE A O RBE
13382 LM SNz, In vitro W in vivo (BT 5

FACS f##r cid, @M~ —#» —Tdh % CD133+,
EpCAM+, CD44+ Ml E A1, RFEHRBIFITHA
X ARG IR R RIS A RIS E 5 2 L2532
WOEN, FFNEN—F—D% 87 HIEX
#r 30Gy AT & 1 ¥5s S B H3 ik Ak 30Gy MRS IS
T DAEEIHH &SNS Z LAV in vivo FEERIC THEGR &
N7z,

PLXy, Egfilazsy -7,y b L2XDAER
75 it Ml i S8 DN SR 203 BB TR A% AR IR O R D TR
2Ll TnbeEZLNL,

HEHERI%  Radiological Sciences/S. Sai,Vol.53 No.2(8-11)2010

Adeuaay] a|o1ed pabiey) 104 191U Yyoieasay 40 wnisodwAS yie :ainyea

11



[ 20 O UPRECT RS | DI \SE\ =S\ AT N iZF I B O ST bl

12

B B BERBOEBHFEHZE S-S EIIL[REHEEHRDES]

B s

A=y F 2R E L7

A A= 7 - NG O gEE

FIFRY BRI ANF—REMREL Y & —
R )
yukiey@u-fukui.ac.jp

W BT AR A
LfJERY BT ANF—REMRL Y & —

2 BRI A A=V Y TR Y S —

W SRR rkie Yoshii)

A A O BETEHESE NI I E ST I S kv
KRBT L. PAOEMRLICES LT
ZEBHMONTWA, KA IZZIhETIL, 2H L
HY A DT 3 IS S FE M & 7R 3 Positron Emission
Tomography (PET) H i &} 1 38 #I * Cu-diacetyl-bis
(N*methylthiosemi-carbazone) (*Cu-ATSM) % B %&
L. WiezitdC& 2z, —J), ThE COREN
780 5. Cu-ATSM EREIE 135 IR PIE 2 7R L.
ERELHVI EARESATYE Y, Zh50m

) ERE Yt

B*(hv)

RER = PRI

WIGHBIEPIME, BRRE L v oo BRI, LAERFZED
HEHROOH L [BAEMN] 2R TIRBW R T
bHbo, THLZEND, “Cu-ATSM EREHEIIL,
JEFNIZ BT [HBABEMIBORESET ] (Wbw b [H3
A=y F]) ChoTWbDTIERVREEZ
STzo AR TR A ORI OMIERFICHED X,
“Cu-ATSM 12 X 2 55 P13 A Sl ) 78 SR8 % B2 1Y
EL72A 2= 0 7NN B RGO T RE LS
DWTHHFL Lz,

BEES

64Cu-ATSM

PETE{&RZM-1 X—2T

(HCu-ATSMICE B A=Y 2T ERRA RS IR AR BIER

MmEHERIZ  Radiological Sciences/Y. Yoshii,Vol.53 No.2(12-13)2010

DARMR- Yy FZEMELE
A A=V IR BMA

N F TIZMCu-ATSM DERIFEICOWTH S 2
2o TWwb vy AKEA A (Colon26) BE#;E 7V
ZH, EENIZBT S “Cu-ATSM D54 & A3 A
MBOSAEF — 5 VF 757 4 — R ORI
Yett % IV TRE L7z DA~ —7—2 LT
&, CD133 # w7z ZO#ER, “Cu-ATSM w54 M%
FEIR T, Mo FEIIC IR, CD133" Ml o4 2%k
BEWZ EDBH SN E o7z, 72, Colon26 Ml
I2B T CDI133" il nsi 2 v = —JEHiE - mlES
JRBE - ARBEREIE & Vo DS AR O E & A5
HIEEMR L oz Ehs, “Cu-ATSM X
JEE P DA AR R AE I 2 & Lic A A=
TIZAHAMTH LR R E 7,

ARy FaiZeli
M RARESHREEICE T 2R

Bt Culd, PETHMIICTE 2R Y ba v %
FTdrb LK, MIICHEZS 2% B M%E R
M3 2a2BMETLH L (KX, TH LT Lnb,
“Cu-ATSM (& B35 P AT AW S5 A B % B2 &

L72A A=V v 7oA LT, WHBUHEREIC D
WHT& 5LEZ 5N, £2T, Ei® Colon26
& 7V 2 v, “Cu-ATSM @ N S #6195
ANDEHO W EEMEIZ O W THE L7z, Z Ok %,
UCu-ATSM iBEHRIX G2 X 0, BB A X5/
528, DBABMBIEIBMDT L L. BN
MH SN ERWENE RS2, THEDT EDR
5. “Cu-ATSM A% A Al i J3 A I & Ay & L 72
P B B DICH O BT AR SNz e % 2
55,

BEXR

1) Obata et al. (2001) Ann Nucl Med. 15, 499-504.

2) Obata et al. (2003) Nucl Med Biol. 30, 535-9.

3) Tanaka et al. (2006) Nucl Med Biol. 33, 743-50.

4) Dehdashti et al. (2003) Int J Radiat Oncol Biol
Phys. 55, 1233-8.

5) Dehdashti et al. (2008) J Nucl Med. 49, 201-5.

6) Grigsby et al. (2007) Mol Imaging Biol. 9,
278-83.

7) Dietz et al. (2008) Dis Colon Rectum. 51, 1641-8.

HEHERIZ  Radiological Sciences/Y. Yoshii,Vol.53 No.2(12-13)2010

Adeiay] ajo11ed pabiey) 10} 181ud) Yyoieasay o wnisodwAg Yl :ainieaq

13



[ S0 OUPPENT E S | DI \SE\ N — R R E 2 IR N E O SR Mkt

14

B B BERBOEBHFEHZE S-S EIIL[RBHEEHRDESR]

B 1 onesstom s r w2

7 ) 2 A LY A% 7 UG i b~ 7 7o —F

TR TERREE 7 — 7 AR IV —T
W Hivhi

y_michi@nirs.go.jp

WRTERE Y 7 — 7 KBRSV —T
wlll \mlE. S R

SN AT ichi Michikawa)

]

(]

-

R OB RRESZ YR IZ S R A D 0 L AT
VB RRIR IR R A F OIS D B R 5,
FAEDORFRB RS O B O BRI L YA
IR Z DL AR E 2 RITLTWDH 2 LS
Mo T&E 7 EHEPEL TV LHZETV—T
Tld, 20X REHRMEICHEHT 2 2 L TREHIG
WICET 2 TR AR L. R 7 BB 5
REAENEEHTA2ZE2HBLTWS (K1) K
MRTIEINE TONREIE LR, T L THHRORE
HAEMHT %o

ARERBERF770—F

KRN R FEEREN ) 7 & DT IVEBRR L 42 ) A
FEBUBHTHA 2 R U 72 35BERFZE12 X 0 AT 0 S s
FEENL, TOROEIRYT ) 2EFIFETEERLT
Loz~ — 7 — LBIRKNTZ MM & o B2 et
FWTETHRIET 57 70 —FTh b, EFIVERR
TR % B3 2 B MR A e W 72D IR T
Lo E < BUHRIS S BE-3 5 /a2 K
B ORI 5 & TE D, ThETIC
HBEWTZRIC X 0 ® I L 22 B R T 137 o h s,
M 53 2L OB B R LS B b % PTTGI #EA5T

27/ LRBRRE

27/ LRBRNSEBER.RE. (2 T7AT1IR

a4

XN=XLs REHRARRIC Ba R 22
& RA E9anETE P | hEOMR

~ A

ARBEEEE TR

27/ LREBERGRIROSBRER. REH. (2723717

B BsAEREEAOT7IO—F

ERMENMREES LR ATy TR ARERBRETFHARE BEOMRICES DN T L TOMREMEASKIAT

My TEYCRES ) ANARNAROE S HFEREER T HHICRET R,

MmEHERIZ  Radiological Sciences/Y. Michikawa,Vol.53 No.2(14-15)2010

L2 e AR HL A A B -3 2 R B B 2 b & > ok o
8 CD44 #5156 #InT 0 13EIL R (SNP) ~—
71— HIFNE B 399 £ OIETHAEHIC KL 2 A ERL &
MEMHEICH R M Z RS E2H oL,
F 7o BV R E O R FERGERISER SN LW
TR 2 DA E R II I & B2 5 5@ s T O SNP
< — A — DR R L Y

27/ Lfgh 7 70—F

N ARRERPOETFINI T ) A eikE
RS 5 2 M~ — 71 — AT AN AR IS 72 D) il &
NTEZI DS, 4 OBIRFITE L THATOH
RAeLBEEEFICHET ) 2IERNRZEITTES
Lotz FHOMIET V— T Tld, SNP ¥ —
=X Db EMEOREIA 7 uHT T4 LA
v = =% L CTaT ) LR 2 AT & o 72,
ZORER, AT HOHEBINLE T B~ —h =2 T
BRICE D2 HERNE A ELBEENZRT I L2
DN L7ze 2O HIT I3 ke b 22 1 40 < 1 25 T
S, AT 2 & Rk R RR e AT 2 &
T#HH &N T\ b Semaphorin3A &1z Oz 5 i
FIUIAE T 5~ —H —AFIE L Tz, b MR EE
HMESERIIIZ B B Semaphorin3A #ART D3 BE %
SIRNAWCX DV IIHI L CTAhz & 2 A, HE R BUHRIK
Pt om Esiio S Gac#efat) o

SEORE

INETORED S BESHIGHICE T 2811
T A RICBELHFET LS EVHHLTET
BY, OB TICOAEHT L2 L TEATG2
b L, BUEHIGEICET 2= TROSHEH
LT A2, SH LR AT v TR
BIETWIEE by T8y VB4 ) AR D
WG LCiEd 5 2 LRI TH B, I~
DBIZTZRIOMAE DEDHINE - kS 27 44k
WKCRIZTIHBEDA D= A L%, A VT4 T4 7 AT
FEHEOBRMICE D IEL SRS 22 L BUETH D,
F 7o, NRM B SRG R E LD 72 D121, ERRBL
Y CHMEIC D MBI T & 24T~ — h —fifdT
Hifli >0 o#efb LB L EZ T b,

ik
1) Suga T, et al. (2007) Haplotype-based analysis
of genes associated with risk of adverse skin

reactions after radiotherapy in breast cancer

2)

3)

4)

5)

patients. Int J Radiat Oncol Biol Phys. 69 :
685-693.

Suga T, et al. (2008) Influence of multiple
genetic polymorphisms on genitourinary
morbidity after carbon ion radiotherapy for
prostate cancer. Int J Radiat Oncol Biol Phys.
72 1 808-813.

Michikawa, et al. (2006) “Reliable and fast
kinetics allele-specific extension of 3-LNA
modified oligonucleotides covalently immobilized
on a plastic base, combined with biotin-dUTP
mediated optical detection.” Analytical Sciences,
22, 1537-1545

Michikawa Y, et al. (2008) “Visible genotype
sensor array.” Sensors, 8, 2722-2735.

Michikawa Y, et al. (2008) “Visible haplotype-
tagSNP typing array device for human radiation
sensitivity-associated genes.” Oligonucleotide
Array Sequence Analysis, Nova Science
Publishers, New York, 3-14.

Michikawa Y, et al. (2008) “In-gel multiple

displacement amplification of long DNA

fragments diluted to the single molecule level.”
Analytical Biochemistry, 383, 151-158

HEHERIZ  Radiological Sciences/Y. Michikawa,Vol.53 No.2(14-15)2010

Adeiay] ajo11ued pabiey) 10} 181ud) Yyoieasay o wnisodwAg Yl :ainieaq

15



[ 20 O UM RECT FE RS | DI \SE =\ AT N iZF I B O ST ahal

16

B ss BERBEEHFEHZ R 4—

PURIVL[REHELHBRDES]

B oot ol s R 2

BTSRRI EDEEADILH
— MR AR P AL 2 B 2B W O i R R —
PN ATEOE N SRR AWIZET TS LA v ¥ —

Ml Bk R T — A
HED i
w.fujibuchi@aist.go.jp

WEV AT (wataru Fujibuchi)

1 AR O MR B REIRAT 2 7 — < & L 723G R4
PRI [ 4 7% =4 X ] (HI7 ~ 20) H3#
T L. KRIE45R ES Mg iPS e 7 Sz & —
7y b e3 % [HilaH. (Cell-centered) | HYHFZE2S
£ kol ELBND, THTI v 7 Gl
TO [HfE & T ), TED X9 2 5 H TRl gAY H
K EDVS>THhDLDN] & F o 7RG RAFHEOHIH D
KRB LR, Tym% (ML iRk - %5195
WIZEIT200] R, BEFNLGTFTO [HMBOR
OWHEERH L72EET) 2oz 7 —<12
WF7e9 2 ReAAsF R L 72,

Fx OE T A EMER LFIEL v & —1E, HA
RRKDONAFA T r=T4 7 AWETHY . BAED
Va2 5 [Cell-centered] ZWADEIHK %z 7R L CTH

T S A D TRz BFICEEFEANDIH L LT
E. QML 7 5 4 F~OHIEATEE T Y 2.
QBWFBICL2WOEBTH? 22 T2
0\ AR, iPS Mg O R L 20 R e ASE R & o
TElD, T—IA =V TR T—~ & LTI,
@EAFBI L MM Otz K-> Tw
o F720 TNH 3o ETHIREZLZERLODL L
IR E & R COMNTTH B A%, MBS E
LTHEDOREZZZ L2 DHMONT WS, HHiZ,
BRI T, BRIV E FEOIHTRH AW I X 5
DORLELAS, BRI 7213 T, B MTHRERMEE
%o T\Wb, T OB T@OMNA Y E % /a2
BT L 72RO IR PO O 508 & B3 X 27l
T~ LSS IO TW b, e bR

A2T7FRT1I ARV
MptEME T AICE D < EREZIREI

(a) BIEFDHERBERZRV
| A

d-dim. gene expression space

N A7 ERPEMICES

(b) Y R—MNGE—T &R
BEFREAIPSODAGEFA

YR—INTE—< > (SVM)

HIRIEY @
VA

o |

HR—AAIIL
----- < el
@

o

Linear —Poly -=-RBF -+ kNND-ME

/A XHIE
p— —— :; s ,,i. —— - ‘E
b I_&- : e—ig');
,\3.'"; g N
_______ SLEBIERO
ESNNVEVE 1)
Nemwork daived from side information J
4
5’ ot
Sof . ¥
E | O
M2l s I1oO7LAIAXE
PRI 58
[) before denolalng b} alter o -4

Accuracy (%)

10 20 30 40 50 60 70 80 90 100

4 2 0 2 4
Observavtion

MmEHERIZ  Radiological Sciences/W. Fujibuchi,Vol.53 No.2(16-17)2010

Number of Feature Genes

BEorayzs ML b b ESHE~omETF O
WMEESEELVRIE L. MEEDLRO T H0%
F— & R TEN I o TIWanwas, LEE ShbiH
iR BIE S Z 5D TR Y . E TR OEHR Y
RN T 5 P ETH S,

UTIIE ZhEho 7 —<iZonwToH, 3UIK,
M 7 EDOBR 2R L7z,

1) HUERITEE A

K[E NIH o National Cancer Institute (i 60 o
Kbk O BRI T — & L KRB R LA E~D
IR T = RX=2ADTay 7 M idbb, ThieHn
THREDOWHMMED © OBZTHRIAT — s BME oIz
GOPEFIIROTFHNETLDDOTH S, LirL, &
¥CThLHBIETOBIHE 1,000 b dH 5D LML
12 60 THUREARI OB U TH 7200 A% RO
5 Z L AIHEARMICHE L v, FMEMETIET— 5
DI AZXPREL FUEISEET 5, 200,
BINFETO A ABRREEZGR L, ¥ V387 BHE
TERR R~ v 7% EARREREFA L7 2 £ Xk
B L7z,

2) BMEEICKBEDERB T

B2 SR LR 3k 2 s E
T2, FEHIROBIZF RIS — v D SR L
TWAPE) PTFITE R, B L REREE 2
Ehbo L L. BRI Y 2 EIEMAKOERFOZE
ALIZBEMECRIB 2 B TIPS 5 2 L0 L v,
Fxx, RO ZMIBIE T RN RE —E~ v 7
LT MR 2479 FET ARoY 745147
TRV M ENRA— RN - FE— PRy —
2V rEEHOCTEOER T EZT> T, LA L,
Mo OB O IIEAIET ST, keI R
PoDOT—=FEmELTHHALZ TEEbRv, 2
ORBIRET =7 I LT o aELR>h— %
Wy Byl TRy bu—EEh—F3 %
FIHL7-FE2RIE L7,

3) EAFBICKBMRRROF MR

BENAZ 13 H 200 FE O ML A7 AE S 5 & FoRHE Y
ISR ENTVREI R L TRYETHS I B0 BUE
iPS MIfE DBFE DN HEA TV 275, 1ER S 7z iPS R
ICEP LT OMEADORL 2 S OIS ST L)%
Mo TETz, Zhud. Miladv MR ERE DO
ERTHOTHY. IPSICIRST, Lok ZMifaT

DEMU LT 2 94 TEFFOMBEIFET B L%
AL EDNUEETH D, ZORICHELME2E TN
LEETRAT =7 2o —0fillE RO s s
EWREDTIE RV, Fald B TEAFE IS,
MMM ATFA [V By —T 2] ZBKL.
MIRECHINLZ BT E D L )2k -7, iPSHIEDOIE
AL TSR - T w5,

4) RN EDREBROIEIEE T

AR, BRBETEYA T & 72 5 T b, FFIC, B
WE Y REMEEIIKRIZTREIZRTHLEEN
TWwbo NLIICHEK S AL e % AL d 500
WCHERNOEBEZRAE L, KR Fv A4 PR
e EMRAEREICER > TS % L HREX X - T WHE %
BEBEICHHB LW ENREETH L, ZOL) i}
EMOREETFHNT A X, 722k N ESHIEE
HAWTHHEHELL, FLTRY Y AR EEH VTN
T2 ENBEARD D, Frid, T CITEENH
BOWHATHOREETHE LTRSS 208 bE & 72
LCTwaty b7—2%ML, Shzs%B452L
TTYUATELWDEZHE LIGHL TS, K70«
7 MIEAEGFERAZEERIC LD E BB S AT
BIOHEEAKRFZELLFRTNA AL VT 4T 47 A
Holi & Bl U 7028 %2 47> T b,

BENM

1) Network-based de-noising improves prediction
from microarray data., Kato T, Murata Y, Miura
K, Asai K, Horton PB, Koji T, Fujibuchi W., BMC
Bioinformatics. 2006 Mar 20 ; 7 Suppl 1 : S4.

2) Classification of heterogeneous microarray data
by maximum entropy kernel., Fujibuchi W, Kato
T., BMC Bioinformatics. 2007 Jul 26 ; 8 : 267.

3) CellMontage : similar expression profile search
server., Fujibuchi W, Kiseleva L, Taniguchi T,
Harada H, Horton P., Bioinformatics. 2007 Nov
15: 23 (22) : 3103-4. Epub 2007 Sep 25. Erratum
in : Bioinformatics. 2008 Jun ; 24 (9) : 1223.

4) Molecular classification of cancer : class
discovery and class prediction by gene
expression monitoring., Golub TR, Slonim DK,
Tamayo P, Huard C, Gaasenbeek M, Mesirov
JP, Coller H, Loh ML, Downing JR, Caligiuri
MA, Bloomfield CD, Lander ES., Science. 1999
Oct 15 : 286 (5439) : 531-7.

HmeHERl%  Radiological Sciences/W. Fujibuchi,Vol.53 No.2(16-17)2010

Adeuaay] a|o1ed pabiey) 104 191uad) Yyoieasay 40 wnisodwAS yie :ainyea

17



[ 20 O UPRECT FE RS | DI \SEN =\ AT N iZF i B O ST ahal

18

BE BEMRBOEEHFERE L G- FEO0L[REHFEEHEDER]

B 1 st 05 TR I 45 35 K ORI

TR RSN X TRBIICAEL S
TG VR R D 55 A & DIFBT

HR TR v 5 — R RVENEZE SV — T
BA ie— 18

matsumok@nirs.go.jp

.|
] -
2im "h*&:q

KA e BB (Kenichiro Matsumoro)

IEL®HIC

HIMAC (2 & 2 ERFBAA GRS SN T2 S
BEIC 15 AEAsRl L7z, BEREE O FE LML CTh
Y 2009 4 7 A 31 HOHEEFTIZ 4800 %4 % # 2. HHL
THROGMEZRTE L OEEPESNRTWD, K
TOWABEEDOESL, HIMAC ZFIH L CTHEY - -
LD IEEZED MFICET LT, £ 0EE
LHRPEONTE . ENTFREAEE Y Y — - K
TRRAWIGE 7N — T - R BB F — A T,
IR D 25 A~ DIEFERN T % BT B R 84 I&#)
R IEHHBEN OB OBEE 2 D7 {3 5 BB
HH %o T WICHER 2 B TR AGBEO %
BETHROOMEEIT->TWhH, ZHICIET. B
KT HRDS A TEFRAMB O BRI R TR EE R 2 O
P EWFICRTICEE T 2 EAEETHH ),
ARG 2 S 2 & KRG T OEEICX > TR
DO E WS THREIAEL, S5 EKRICETT
WHBFEEDBFISE LT, WhY SIEmEMZE L
%o XHRR y MO AW DKy 80% A T4 1k
ML TRIZEEZEZLNTBY., FHE, KO
AW S R SR BURE N O R FE IR L KA LT LT
%o ZHUIHETROTRFRR L IFIEN T % 25 5K,
HRLFRRIEIR BRI R D X MRy MICHARTH L E
EZ2bN, HIEVBREFRPHER I N TR0
720 L LITAEO HIMAC % FIH L 72 2580 78 20 © 13
R THRPABRICBOWTIBENREEERT 20
EW 2 RTHEOHTETV S, B THOLAIR
b e LR O AR ED X MRy IR TA
VWD T, IEPERRER 2 R ICFH LT AMIIIC
INELDF A=V R52550b, LA,
WE 0 OMEFEICIEHMARE RET 5 2 &% 2
R T AHBICEN > T L EZ BN,
BUHRER TOBE S AORBERS 37201213,
T B R BB ZE ST EAEEE Bbh b A,
LR IR CTH UZTOREEELOICIZE
AILTH—HOBEHFEREERELSTILENELT

MmEHERIZ  Radiological Sciences/K. Matsumoto,Vol.53 No.2(18-19)2010

{Bo DWAMMITD &b LBEREDRCEENS
v BFEARIOG LA IEEMBANOEE R BELE
A5 ETEET, HFEREIRE 2L 25AH
WO P T 2 EHMBANOLE R L HBE
RIS TREL B D, TDO5HBO TR T
BAEROEEALE BIE 720121, SUBILWE 7%
ExRENFRBAGBRICHAL T BADOHPHICAE
BIEHAMRE RET D I EEPUEIIR-TLD D
DEEDbND,

ER TR TIZZO LET Lfimads, WEHL 22508
WCHMN 22T 50T, TR EEZBY L
WE DN ENTET OTEMERRFE DAL 5 Oh % I
MICTPHETLIEDH LV, 2D A=V VT
Hffr 2o ¢, WMMEORERZHEMICIRZ 5
CENHEELE D, FxlE MRI OEFHIR R 2 HFo
S haF VT IHNUHPIERREME ST ST L
EFMBALT, REBREZBF LY T F 2V BHENEET
AU B IEWEEFMEO 54 % EPR % 7213 MRI T
Ll &9 Likaizo

LRy ARZEEMRIERH

= aFINVT I AN T LA ET & —D08
DWW T, KB % SICHMCTHET 2551
JEWICRETH LD, e FOF T )T VA («OH)
RA=IN=F FH A K (e02) AL D L) YA
BENHIEoTRILEINTEF YT VEZT AR
FE LB, TORE, AFXFVTUVEZTLANT A
vEBRIM VY F 4 v (GSH) 28453 5 &, HE
GIFFHRMEOBEERE LR T 5, T F VTV E
=Y A F 4 ENAD (P) H2AFT 55461214,
TXVTVEZTLANFF VHNNAD (P) H HKFE
22Uy, AFVTVEZTAAFF VI FaF
VINWTIVELRL, HAGRE, = bOFINVTY
71V D IKE WA FLE Y M O T R 2 B 5 &
GSH ®* NAD (P) H 3£ L 2 W& TH EPR ¥ 7
FILVOBWENL SN, 2D EPR ¥ 7 FIVOREIZIX

BIRILKFE (H0,) PG T LI 2RI, &
K= raFxFINg VANERET L E KRN HES
PICHEREREDNE Z L 3EHL SRS NT
BY), ChEFFVTVEZILIFF U EHNLT
L REF VT I UANRICEND RSO EERE AT
bhTwbeEZOLNTWE, — ), e FaFv
T X VDAL 2 SR AT CHEBEMAS ICR{L S
T hOFINTVAINELRD)EBEZRY RS S
EZELRAMBNTWS,
ZhEFIVF VA NVIZEPR CEENET S I &
DUHETH 525, 1980 R DIEDHEIZIE T, FAEE O
MRI #E#A &L LTHMREIH#ED SN Tz, LA L,
RN THIRESL P ICEBEEZ LS 2L & IR
BIPFT L2 L2 voTERIEIH T
FlZwbkw) T ehn, HKRCTEPHE L TED
NLZEIFEDr o720 TNHDOBLEITISIZE -
T aF VT IHNVDOERBENLLNZYH S
WIZEE L7203 58T % EPR ® MRI T8I 31
Ly 2 AR08 E BRI L, BB T 5 2
ENMRRE LD, IBGEHEZRETNIIL Fy 7 R
BB 22 B G PR A 2 il L Tl gk 35 2
LHTE D,

BHTFRICK>TKBARBPTELS
AEERREDOMRE

LTHlRZINE ENENELET LI LITL 5T,
EHBFEEE D L HERE L CTHRINT 22 L5 TE
bo HRTHUTHBNERD LET & #0540 2355 8%
W72 28 b % J % 720, RS 5 iEVE R Z A o 554
RN T 572D IIESERE ¥ T F >~ TREEL T,
CHICHER R A IR L2288, B o —# 2RI L
THET 20, H5HVIFHITEORA % MRI THfg
T5o AT ZORHBITE - T, IHMEREHEM («OH &
*02°) DA RAER (= haFx VT I h Ve GSH
ZEGHNBRTTOZ MR I LT VA IVDHEL
2B H,0, DA (= haF I VI I Hh VDA%
B0 UGBTI I S E 2 M L 260 = b
OX VT I HNOHEKEBIEE) . «OH DL (v F
OF N7 Iy bvaF T IhNNORRL
PO % Bl5%) &N ZhX LTI % 2 &2
L7z FEMMEROBREN 2 KN, B L0 H,0,
DAFIZDWTIE MRI I X % W{RENT & W HETH -
7o G PEER FA O A 7 UG XA nmol/L/Gy.
MWL K FE O E R E D BE nmol/L/Gy ® L N)L T
Holzh OHDEKERTWwB bbb N

FINUT I VOBALIGEIEE nmol/L/Gy &4 7% <,
ZD7DWIRIC X BT 2 WEEIC LTV 5. IETEmSE
FEDORAE 2 OB D54, B & U H,0, DR D5 A
i B ORCERG A S ¥ — A OREKFHE E TIEIZ—
T, E—A#RMFET/HIVE—=F ZRE, L
L «OH DA % B340 ©— A REMITIC
BWEo &) & L=/ SN, HO, DERK
DoAE BNSHE L 72 FRF N B 000 & iR %
&L FEFICRAPBRE A7, E—20#EKLD
LIEVERD T, INSDORBIIMIHTE R o720
TR TR R T B T R SR 0 A i & AT A
RZ7-2 8, ERFRAABRICB W CEERSR
ZHHT 270 IEMO TEELRERTH S, T4
bbb, TITHLNTRHRICHESVWTEZ S L, &
KRR AR CEMN L T2 MMfkE 2 XD bk
WS O I LR T OGP ER F A O B E A
EEDLLBZVH, HEVIIBENRICL - TEL,
B XD RCEGTOAEKIIFEE RV E PRI,
ZOOBRBEONFALEEZ 2 25E12F, HWEXD
F 0 O IEF AR O B A R ICHIE T 2 2 &8
VETHAH L Ebhb,

MmEHERIZ  Radiological Sciences/K. Matsumoto,Vol.53 No.2(18-19)2010

Adeuaay] a|o1ed pabiey) 1o} 191U Yyoieasay 40 wnisodwAs yie :ainyea

19



[ 20 O UPRECT FE RS | DI \SEN =\ AT N iZF i B O ST ahal

20

B B BERBOEBHFEHZE S-S EIIL[RBHEEHRDESR]

BN I o P B I 2 LR L
Homologous Recombination Repair&

FR PRI Ko THEO NS BHE R 10155

HhFER AR Y 5 — KRR MZE Vv — T
g 5%
tkato@nirs.go.jp

I X (zakamitsu Karo)

Homologous Recombination Repair (FH[FJHLA& 6 2.
B48) 1 BRI BT DNA SR DI @) & |
DNA " ARSYIWT IR LT, X7 DNA 8% H
WTIBEZAT) . WFEOMETIE, b9 E20E
1H#% T & A Non Homologous End Joining Repair (JE
I A A A de 2 A515) A5, Ml % U C DNA
TABOIM 2 BEELTB Y. 2 ORI Al Ak 2
BT O b HMIIE. AR AR ZASEIRE D
oML L, B BIEZ DO TRV &2
5. THE TIRIFMFE ARG AR ZASESEELTH 5
LEINTE&,

5 LET M CTH 2 ER THTIEZ, I FE TR
MRSNTEZELET M TH 5 X e T ¥ <
LIt L., BEESAHETH Y. DNA ZARHYIK)
R LB o b ) I LIRS DNA —AR§HY)
Wi ZUEAEb B REMED R <. SN B 1R
LR, 2oOZ EDERET, & LET Mgz, ML
W 2 IR L7200, KD EwERIRE D5

X-ray
“ VYV O VYWV YN
o
%0
0.1 M
L 2
* 000
0.01 —‘
L 4 @ DNA-PK-
©® Rad51-
A WT
0.001
0 5 10 15
Gi S G2

FTEEZOLNTWS, T4bbH, & LET AL
M7 DNA $8#5 % A% L. M DNA 1515 % #h %
BICATH) SEDTET, MRELTRERLEEEA
PERRER, TR NV OB A ] E#E 2 L,
HMIEICES L b, T %W Relative Biological
Effectiveness (RBE) & -5,
INTETOHMBT, K LET B o &z P13
BN X > TRELSBRDESNT WD, —HBKICH
faid. & Gl ZFo8a13, Gl o, £72S
oINPT L2 b 5. GLIE S Mo,
G2, MMIIZBWTHHMEZETH L L ShTn
b0 L2L. W LET BS#TH 5 TR F#HICBWT
& SO &) MR EARAENY 2 USRS R S
N7 wve MK LET BUSHRRC B0 2 M 5 WARAE 7 et
OB MR, AHREHLAMR B2 X > T —EBE T
b, 2F 0. SHIBUNCB 2 M. #
VI L T B I AR S BRI 2 AR LA
e 2 B D5 O DNA BEzMTHON L7212, #Mlix

Fe-ions

000 ®
o 04%%, 48
0.01 “Q 90 ®
([

0.001

G1 S G2

Time After Shake-off (Hours)

B01: #BA E HA E AU AR =

MmEHERIZ  Radiological Sciences/T. Kato,Vol.53 No.2(20-21) 2010

%< O DNAEBICHILTELEWIEZHTH b,
F7o. BV GLINCBU 2 PurE L, BRI X 25
Ja R DA IR BAFR 3 2 W RETE AT Vo

INLOHEEEZRE R, FEFRE LT CHO (Fx
A =—=ZNA A5 —JEAMN) © DNA 585Kk %
T, W3E% 47 - 720 CHO Bp2ERR,  JEAH ) 2 Ui el
BBEREK (V33) B X O R AR 2 515 KR
¥ (GID1) 27 AV H, a—L R )Ty ETH
SRR & DI E LTAT L, Sh b oz
Mitotic Shake-off {12 & - T, MEEMZFHF L. %
Tl DB % BRS U AR R & 7. AERh I,
20 ==X B EFARWEII OV TR D,

X MRS 1, P AERR I RTIE O X 9 7 i S 4K
10 7 W g2 M 2 R L 720 V33 M. 4TI
BOWTHARE LEBKLEZETH 7205 £OHT
b GLHIC BTl HREZETH . SHIE, Gl
X0 Pk T. HFEHLARZ BEIE T L
HHEFR T & 72 51D1 M. Gl HlicB W CEpA: R &
FREOKZWEZRTH, SHICAD., e &zt
ZHLCTwolz, BmR-# (B, LET200keV/um)
ZBRE L 72A, B AR o USRS M L M R L
oz, V33MBETHRONAZSHICBITS
YD MR TE o720 5IDLMILIZ. GLEITY
ML 2D BUREZ L. SHIicBwTE Iz
P72 (W),

Z 2T, LET-RBE MRz iR T 2720, X#, &
FH AA UL YU I U TVT UR SE
VT, Gl #d 2\ ix SIINCFEE L 7z 2 v T
AAFER A WE L7z 10%EARE 2 5/&E XD, RBE
A L7 (M2). 5%, CHO BAM JEHIFEER
A G B RIEMR (V3.3) 35 X ORI A4 2 AB1E /R

35
O wr et
8r ® wTs ..
|| A vaai ®
25
A V35S o 0
oL | O sip16t .é Og
® 5101 ® 08 °®
15 A
e 2o,
e @ AR pCANA
A A
15|
O 1 L R N 1 Il T B A L 1 [
0 10 100 1000

LET
M2: LET—RBE#H#}

fE¥k (51D1) DLETHBWT, RBEIZ SHICBWTHE
WZ EDb o foe KRS, HHFERLAR 2 518 K Rk
TiE. GL 2B Tid. RBE @ 51X LET30keV/
um 2> HiE 2 525 SHIZB WV TIX, RBE ® A%
LET30keV/um 52 S5 2 %5 2 & D HERR T X 720
FEAH A R vl A B 1E KR T G HIiCB W T RBE
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Two major DNA DSB repair pathways
function in mammalian cells ; Non-Homologous End
Joining (NHE]J) and Homologous Recombination
(HR) . NHE] dominates repair in Gl phase of the
cell cycle, and also contributes substantially to
DSB repair in G2 phase. Core NHE] factors include
DNA Ligase IV, XRCC4, DNA-PK and the Ku70/80
heterodimer. In G2 phase HR is an alternative
pathway that contributes to resolution of DSBs
through a process involving strand invasion of a
homologous sister chromatid. Repair by HR requires
proteins including nucleases to produce a single
stranded region of DNA, proteins to catalyse and
perform strand invasion into the sister chromatid
and DNA polymerases/ligases to re-synthesise the
lost sequence and restore an intact DNA molecule..

The relative contribution of each repair
pathway in G2 phase and the mechanism that
dictates which pathway is utilised has been a
subject of much debate. Recently, Lobrich and
colleagues (Beucher et al., 2009) demonstrated
that following X-ray irradiation, NHE] constituted
80-90 % of DSB repair during G2 phase, with HR
resolving the remaining fraction of 10-20% of DSBs.
The authors extended these findings to demonstrate
that the DSBs that are channelled into HR in G2 are

those associated with regions of heterochromatin.

MEHERIZ  Radiological Sciences/Angela T. Noon,Vol.53 No.2(22-26)2010

Heterochromatin is a dense, transcriptionally silent
form of chromatin, found at loci of developmental
genes and at mammalian centromeres. It has also
been shown that ATM, the nuclease Artemis
and ATM signalling proteins including, 53BP1
are required to facilitate repair of DSBs in
heterochromatin in G1 and G2 phase cells (Goodarzi
et al, 2008 ; Beucher et al., 2009) .

While DSB repair has been extensively
characterised in the case of low LET radiations such
as X- and gamma- rays, repair kinetics following
high LET charged particles such a Carbon and
Iron (Fe) ions have been less thoroughly explored.
Existing studies have shown that DNA damage
caused by heavy ions is repaired much more slowly
compared to X- and gamma- induced damage. This
is likely explained by the clustered nature of the
damage with numerous lesions residing within a
single DNA region of ~ 1-2 helical turns. Evaluating
the exact nature of the damage contained within
these clusters has remained a challenge due to the
fragility and complexity of the lesions.

Of relevance to our studies, evidence is
now emerging to support the notion that radiation
quality may affect repair pathway choice during G2
phase of the cell cycle. Following photon irradiation

with X- and gamma- rays, in the region of 10-20 %
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Figure 1: yH2AX analysis following irradiation by X-rays, Iron ions and Carbon ions

A549 lung carcinoma cells were irradiated with X-rays, Iron ions (Fe: ~200 keV/um) or Carbon ions (~70 keV/um). Cells were
incubated for the indicated time prior to fixation and staining. Antibodies recognising phosphorylated histone H2AX (yH2AX) and
centromeric protein CENPF were used to enumerate DNA DSBs in G1 (CENPF negative cells) and G2 (CENPF positive cells).

of DSBs were found to be resected in G2 phase and
to undergo repair by HR (Beucher et al., 2009) .
These DSBs have now been shown to reside in
heterochromatic regions of chromatin suggesting
that breakage in regions of chromatin complexity
may be channelled into the HR mediated repair
pathway. In Gl heterochromatin associated breaks
are effectively repaired by NHE] in what is termed
the slow component of DSB repair (Goodarzi et
al, 2008) . Why these breaks are handled by HR

in G2 is unclear. It has been proposed that HR is a
less error-prone repair pathway due to the use of
a template strand for re-synthesis of lost genetic
material. This has raised the possibility that cells
may channel certain types of damage or damage
residing at specific chromatin loci for repair by HR
when this alternative pathway becomes available in
G2 phase.

Analysis of DSB repair following high LET

heavy ion irradiation shows kinetics distinct from
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those following X-ray induced damage. The number
of DNA DSBs observed in G1 and G2 phase cells are
substantially reduced following Fe ion irradiation
compared to the same dose of X-rays (Figure 1) .
In addition, repair kinetics are slower in Gl and
G2 phase cells (Figure 1) . It has been previously
shown that repair following X-ray irradiation is
comprised of two repair components comprising fast
and slow DSB repair. It has now been demonstrated
that the slow component (~ 8-24 hours post IR)
corresponds to repair of heterochromatin associated
DSBs which require extra processing prior to repair.
We have observed that DSBs are resolved more
slowly following heavy ion irradiation. This could
suggest that clustered complex lesions such as those
induced frequently by heavy ions are resolved as
part of the slow component of repair. In G2, the
heterochromatin associated DSBs are repaired by
HR during the slow repair component, thus it is
possible that clustered lesions are also repaired by
HR in G2. Consistent with other reports, y H2AX
foci were significantly larger in size following Fe ion

exposure indicative of clustered multiply damage

MmEHERIZ  Radiological Sciences/Angela T. Noon,Vol.53 No.2(22-26)2010
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Figure 2: Analysis of HR kinetics by Rad51
foci in G2 cells

A549 lung carcinoma cells were irradiated
with 2Gy X-rays, Iron ions (Fe: ~200 keV/um)
or Carbon ions (~70 keV/um). Cells were
incubated for the indicated time prior to fixation
and staining. Antibodies that recognise the HR
proteins Rad51 and the centromeric protein
CENPF were used to establish the amount of
HR occurring in G2 cells.

at a single DNA locus (Reviewed in Hada and
Georgakalis, 2008) . Interestingly, the amount of
DSBs being channelled into HR was similar to that
of X-rays. However, the exact fraction of induced
DSBs that undergo HR is difficult to establish due
the clustered foci potentially containing >1 DSB.
DNA DSBs induced by Carbon ions were also
repaired at a slower rate than X-ray induced lesions
(Figure 1) . The number of DSBs induced by 2 Gy
Carbon ions was comparable to that of X-ray treated
cells however a moderate yet significant increase in
resected DSBs was observed (Figure 2) .

Previously, the amount of resection occurring
in G2 phase has been correlated to the amount
of DSBs residing within heterochromatin. Thus,
following X-ray irradiation, approximately 10-20%
of DSBs reside in heterochromatin and we see
approximately this fraction of breaks being
repaired by HR (Beucher et al., 2009).Thus if
indeed chromatin structure is the decisive factor
in pathway choice, heavy ions should theoretically
induce a similar amount of resection in G2 cells.

However, more of the DSBs appear to be resected

and repaired by HR following heavy ion treatment.

ATM, Artemis and the mediator protein
53BP1 have been demonstrated to function in
repair of heterochromatin associated DSBs in G1
and G2 phase (Goodarzi et al., 2008). To further
elucidate the contribution of HR to DSB repair
following heavy ions we utilised an ATM inhibitor
to address the effect of repair and HR following
heavy ion irradiation. As expected addition of an
ATM inhibitor to A549 cells leads to an unrepaired
fraction of DSBs in both Gl and G2 phase cells
following X-rays. Similar kinetics were also observed
in primary human ATI1BR cells (data not shown).
Following Fe or Carbon ion exposure, addition of the
ATM inhibitor further slowed DSB repair in G1 and
G2 phases. A repair defect was observed following
heavy ion exposure suggesting ATM is still
important for heterochromatic DSB repair (Figure
1). However, the remaining fraction of DSBs did
exceed 25% of the induced damage following Fe
ions, either indicative of a higher dependence on
ATM for repair of these breaks, or simply that the
clustering of foci lead to inaccurate enumeration of
breaks induced. Following Carbon ion irradiation, G2
repair seemed to be slower still, even compared to
Fe ions.

Analysis of resection by Radbl foci also
highlighted differences in DNA repair following
high LET irradiation. Following X-ray damage
approximately 25% of induced DSBs are resected
with numbers of Radbl foci peaking at 2 hours
post damage induction (Figure 2). Following Iron
ion exposure resection also peaked at 2 hours
post induction, however the number of Rad51 foci
observed at 30 minutes was in the region of 60-70%
of the induced y H2AX foci (Figure 2). Current
work is focused on assessing the number of Rad51
foci per y H2AX focus to help establish the number
of breaks within a cluster. Following Carbon ion
irradiation there is also an increased number of
Rad51 foci, accounting for almost 50 % of the DSBs
induced in G2 cells (Figure 2). Interestingly,
addition of the ATM inhibitor produced a more
pronounced effect after X-rays than Iron or Carbon

ions, perhaps indicating ATM in a role separate from

that of heterochromatic DSB repair following heavy
ions. We are currently confirming these results in an
ATM deficient cell line. Indeed, accurate analysis of
the amount of resection occurring following heavy
ion irradiation is complicated by the nature of the
breaks themselves. The characteristic clustered
lesions induced by high LET make analysis by
immunofluorescence problematic. In the case of
Fe ions and potentially also Carbon ions it is quite
probable that each cluster contains >1 DSB. Thus it
is difficult to concisely calculate the number of DSBs
that are channelled into undergoing HR. Additional
analysis must be preformed to try to elucidate the
number of breaks within a cluster and the effect this

structure has on determining repair pathway choice.
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W L o Ml R 1213 2 A M o0 DNA - 8 b Iy
(double strand break : DSB) &%, +4abbIE
A 6] 2K %5 %% 4 non-homologous end joining (NHE])
L 1 W #L ¥ 2 homologous recombination (HR) 2%
HbHo MIEMO GL I TIENHE] A% 3&AED
DSB &8 %47 G2 T3 NHE] 23427 ) O#k55
DB EATH A% B E LT HR %8 < . HR B
Tld nuclease A —HFADFHFEIED . T BT A Y —
7axF FIRALTTE, TOREI X —X, )
H—EIZ X > TBEIERT 5.

G2HITEDL L DBEBEES & D X9 1) < 2 d.
WE72I2E  D#EFA D Ho Lobrich 5125 2% & X
FRIRE% TlE 80-90%A NHE] TH 0. )2 HR &
DHEDDH 5o (Beucher et al 2009) X SISk
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DHRIZEB2BHEB~NT O T 0<F ¥ OB
LTwa el Tnbd, AT Y OXF VILEHM
L7z, BEP b wifno s a<F v Thffk
DY aXATHPFCEZL DI, VT FVEET
K% 7% ATM %, nuclease ® Artemis. 53BP1 5 ®
EADGL G2OANT U7 uY TV TOBEICLER
T EARENT WS, (Goodarzi et al 2008, Beucher
et al 2009)

XMReH v <MED VDLW L LET B c
LNbDSBBEIENL) XSESNTVAD, &
LET Hh 7# (e FE#. $k55) 12X % DSB 1518
WBFDAE—=FPBENE W) Z L5 TWTH,
IR LV, —OORHELTERZOND
T &id, ERHICK > THEL S DNA oD% <
W7 7 25—t (% DA —> D DNA g (1-2
® helical turn) IZfFET5) LTBY, 2O L) &l
MG 2T 5 2 L 3BFD TR ENI EIH S,

Figl i3S A DML (A549) % X & FAL T
(#:# LET 200keV/um, piFE# LET 70 keV/um) T
MG L, Z2oko Gl LU G2 Wil <o DSB 515K
WAy H2ZAX 74— AFETUEL 72D DTH 5,
H2RLHONTWE LI, 20T vef THLERNT
DBEIIENZ LD 5, —BIIBES IR # O
BAEIZIE R WA (fast repair). EWAH (slow repair)
WHHLZEPHLNTEY, ATu7u3F TOB
BITBEWIEH)RLEEINTWD, €93 5E, BT
WMTEHLETL B 7 9 A% — 4B slow repair @
139 CRIEEINL LB EING, GZHITlEATES
u~vF Yy EODSBIZHR THEShL LB bLNLD
T 79 A% —4 I HR TUBL SR B W ietEAsd
%o DT —% L L & )2 EME O TR 7RI EH%
Dy H2AX D7 4 —H A% ) KE W &l
&N Tw5 (Hada and Georgakalis 2008) . BLBEZE W
T LS HR TR T2 HR CLEE S % DSB i X it
WEBEEERUL) BRI LD, FA=IUNT T
A5 — 17+ =" AHEBDODSB) IZhoTw5
DOTIEMERIFZRD D Z L3 L, BRSO
it XfEH_TRIE ) BEIGERES 555, Mo
DSBOEKIZZOT v A T X#MEPT WS, Ly
LAA5, KFEMRTIZL DL K DYDY AR (resection)
PIrbNTwb L) Thb (Fig. 2)

ZNZE TOMZED S G2 Mild T resection D& I
ANTurzu~xF v Lo DSBO®EMBENEH LB LN
RENTBY, XHBEHFZTIZ10-20%D 71 >
v~ v Lo DSB A HR THLE X b (Beucher et
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al 2009)o b L7 0~ F ¥ HEEDETE R % 3 0k
ERFE RS, BN TFHREFEZETORLE L) D
resection 2% G2 HlOMNE TR INBI1ZTTH LA, F
B3 L D% < @ DSB A3 b sA 7, HR #EECL
HENTVWELITH S,

FBIZRR2 L H I ATM EHSSANT R 0~ F ~ L
D DSBBEICHEMFL TS A 05, ATM FFRB
e B H % W CHEN TR . BEA A AT 4 2
2% WE L7z AS49 ML T G1 KO G2 WA & & .
BES N WHIRBOEGHH 2 72, (ZThid AT Mg
ATIBR T ) ATM O REHR % A 7zMifg T,
TR TR TS SICZOBEIEL ol
DI EIZATM ABANFa 2z a<F » Eo DSBBHIC
R EELBEERLTVWLIEPIRETE S, L
MLARAS, SHIREHE T, BIEOEINDOHD
25% % M2 THY, TOZ LIZATM IS HOEE
WEVDDR, HHWIEZ T ALY —HIED - 0I Rt
MDD D ENEZONL, KRERBEHD G2
DTF—=F TIEZOHEENEHIIE L >Tn5,

5 LET 3R % B4 7% o 154 1L RadS1 & 1O
T+ — N A2 X B resection DT TH TN L, X
FRIRGT A CII RS 2 T Y — 2122 . K1k 25%
BODSBAY Y HEND (Fig2). SMEHHD L —
713 2 W TH 5 A% Raddl D7 + — A ADOFUIIE
Y% 30 45D H2AX 7 4 —H ZAHD 60-70%12 b 7% %
BAEDWIIEIL 7 9 A% —NTWL DD Rad5l 7 + —
HAPH2AX 7+ —H ANICH 50 IHERE S TT
Who REMOHKIZRIEN L D Radsl 7 + — A A
MWEETE, $50%D DSB 2% resection T T 5
L) R TH S (Fig. 2), BIREWC L12, BRT
FRERST 2 ICHIlE 2 ATM BLER TR 5 L. XM
DI, L) RELBRRVBAONDL, TOZ LT
TR TR EZO ATM 257 a 2z <+~ EoBE
DN OEEZ L TwE I EERIBLTWS, HIEZD
Z &% ATM RIEOMIE THED?O TV D, TNHDIE
T2 EATIZEE CTldd 5725, TR TS % 0 DSB
BHEOMWEI L WM > TV b, BRTHRICLS
75 A% —127% > Twb DNA 150 ) gets Tl
FHCIXHERDH D L) TH D, BMTH, FRER
BB OMIBTIX, DE2OD7 F Ay —13—2L FED
DSBEZHEATWVWA LI THbLE, TN, EndHwn
D DSBASHR THE SN L 0% IEMEICHO 5 Z Lk
BH TRV, COMEEZBCIE—DDITAY —
NOBARETEDL LI . XYL LORITLEL
%o (H : M%kE—)

B 5% HERBOEEHFENZt S-S ROV A[RBHEEHEOEA]

B 1 s s 1M 5625 5 KOV M
RYADP-URI VAL E T BRI S T f sz Pk

2D A ¥ & — W5 LS
WA AT

mmasutan@ncc.go.jp

[V AVVR e Sl Al Y [ e
FOF 50, KU 58, MR &, B &

WB FEHTF (Misuko Masutani)

HHAEOMRZBH AR Y ADP-1) R ¥ VLG %
fillit3 2R (ADP-VKR—2R) &#E#E (Parp) -1
(&, DNA $HEIWi 2 L2 X DM b s, HESB LW
LA b REDEHE BT . Y (ADP-Y
R—R) OEELIIHERER) (ADP-) K—2X) 7
Jyae FgJ—¥ (Parg) 1. &Y (ADP-Y FA—X)
DY R=A - JR=AFE 2 YW L ADP-) K — 2R
WS %o

Parp-1 R4 (Parp-1~") ES #ila B O° Parp-1 K38
¥ AP TR Y IHB L U7V VAL L
L CHIEIEZ DTS %o Parp-1 R~ 7 XA Tl
AN RE O A, T REIHI S CHE Ly R T o #EAt
FEMAYMET L. BRE K ORHBE 2 & ¢ o i fEm
L7z % Parp-1 R~ 7 AT 7V F VALANL
MBEOFENAREZWEDR AT Do Parp-1 R~ 7 X
WZBWTT IV FIVALKLER L, 1A dRh % b9 RO
TS BAFREASHI NS 5 Y 2%, H v <SR, B
Al 7 2 TR S 72 R ICHIZE S E O BN Parp-
I R T ATIRBD Lh otz o T v < Hi
Uk, Parp-1 RIETF CIEIREMERIZO LD S ARIE
Fft 72 non-homologous end-joining repair A% & 12
W EAURIEE Nz, Parp FHEH I DNA Z#y &
T HUAAA OBEA & L CHIRRBTThbNoD
H DA TIVFVALAITISAF L 0 ISR
WA L LTolA, BREFRHLICL DK%
BADY) X7 DMEL R B W REIENEZ 5N,

WL L7z~ A Parg K48 (Parg”™) ES gtk T
ERY) (ADP- V) R—R) OS5 RGEVEIZE AR ES M
DK 10%IZK T L. B I b3 FY 7O Parg

isoform @ E A LI U 720 Al 34 i 8 1 B A
RIR O Parg”™ ES Mk O] TR Z D LD o T2
A5, Parg RIBMIILCTIZH v <~ B %, 7V F it
#) [ OF cisplatin ML 1% 0 SCF0 I8k 3 B A B L He s

LTI LTW72 Yo Parg KABMIKLTlE A > ~ AL
Mg, —@MICEY (ADP-U F—R) OEEHH
MU7z0 RO ZIFERM L ZED S R0
7275, DNA WrRfLASBIEPEIZ T L Tz, 2
Parg RIBMIBLIZ BT 5 7V F VALHILEL O, p53
D) Y EALTLHE AT B R oM B s E AR O JTE &
x0Tz, Parg OFFRMBEANIZ, BUOTHIGH
xS 2 Rh R R TH W HEEDURIR S NS,
FR TR A BN D Parg BLEO IS o W] fgtkic>
WThin Ubo (JEFFEHRE AR G, B Ik,
Anna Poetsch. R KA (EZASA & - BF - 2414b).
Wil BE— (ORI FAR G F5ERT) )

SEX

1) Nozaki T, Masutani M, Akagawa T, Sugimura
T. and Esumi H. Suppression of G1 arrest and
enhancement of G2 arrest by inhibitors of poly
(ADP-ribose) polymerase : possible involvement
of poly (ADP-ribosyl) ation in cell cycle arrest
following g-irradiation. /pn. J. Cancer Res., 85:
1094-1098, 1994.

2) Masutani M, Suzuki H, Kamada N, Watanabe
M, Ueda O, Nozaki T, Jishage K, Watanabe
T, Sugimoto T, Nakagama H, Ochiya T, and
Sugimura T. Poly (ADP-ribose) polymerase
gene disruption conferred mice resistant to
streptozotocin-induced diabetes. Proc. Natl Acad.
Sci. USA, 96 : 2301-2304, 1999.

3) Masutani M, Nozaki T, Nakamoto K, Nakagama H,
Suzuki H, Kusuoka O, Tsutsumi M, and Sugimura
T. The response of Parp knockout mice against
DNA damaging agents. Mutation Res. 462,
159-166, 2000.
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4) Shibata A, Kamada N, Masumura K, Nohmi T,
Kobayashi S, Teraoka H, Nakagama H, Sugimura
T, Suzuki H, and Masutani M. Parp-1 deficiency
causes an increase of deletion mutations

and insertions/rearrangements in vivo after

treatment with an alkylating agent. Oncogene,
24 :1328-1337, 2005.
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5) Fujihara H, Ogino H, Maeda D, Shirai H, Nozaki
T, Kamada N, Jishage K, Tanuma S, Takato
T, Ochiya T, Sugimura T and Masutani M.
Poly (ADP-ribose) glycohydrolase deficiency

sensitizes mouse ES cells to DNA damaging

agents. Current Cancer Drug Targets, in press.
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B v n i s B R R TR OB S
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1981 AELARE, DSATHAANDRREROFE—HLE %D,
BUEIZIZHARAD 3 NIZ— ANZIHBATEL o T b,
DANTEALE RSB L, FRASEI T, P dEar O
R HBLOMACD Gk 2 & 208 % AT i b 25 A
O0HLHI LD, ZOF I BARERIIBIL
DAERF) 50 T3 AH 5 2015 421213 90 T AL ITET 5
EHEESIN TS, T3z EENCBW TS, g
FED TR, HEAERDE % EDHELITON T AR
PR ERREE ) ODH 5o — 15 B ADIEBENFE,
BRI D BWE B 5 VTR OIS AAA BT
WBDS Tl BEHRL PUSAKL wIha Lo TH s
AHERE L TRERDDIEIZVODBIRTH ), HAD
il HiE L COMFEDE R M2 Sl 5MTw s,

PAE D HRBHROBE LR 2R ) % 5 & 1960 £ D
X M HH AN 25 O A, T2 1970 42 CT
OB, OIS TH 5 3 RITiHHEEHE OFfESL,
ZO%ROEN BRGS0 RG RO Bl %
T EHEI LD DN D B, HITHRE TIRHIFIIZ
P9 IS OB BN RHIS L 72 IR 255 %8 S v (time
adapted radiotherapy). T 72l O AEY220 7%V
BRI L7 Bk S B S oo dH % (biological
adapted radiotherapy)o. L E® X 9 12 X #iE# 1Z.
Wb W % ZE M i A O R HIEL 72T T a —
FH LM, AWFEN T T —FANEHA TR L
25, —Ji. BEFT#E Bragg peak ##H., &4
M OHENTZEHI 2 A & S HITE LET HUi
ELTORVADIRLHFTE S DT, TOIHE
S, 1980 4EAD> & U EE 4 S i 7e T (RCEEAIT)
S & 7 o TWFFER 3 & D, 1993 4F 121 it 540
DR TG REE (HIMAC) &M L7z, 1994
EERREBRO MG R. X SHEH IS E 251F T IE )
EE 2 N 3 5 % & 2 FE T2 50 30 D FEHL
TS A TR IR BB 2 J2 0 L. 2003 4R 1213 (L)
FHEEREE L CRBEEIN TV D, TR HIIES
189 T & ATHG L 2008 4FEEIC XA 700 12 K & <
iz, 2009 4 8 H T TR F-#iH R EUE 5000 %\

BINSEL T2, BUE, FRF-HRIGH SR % ol
WCEIPA 4 AFECEBI N TV S5 3 A TdiERE
MEBIZL2D0TH D (1 7T WBERI 2 O
HHRIGH) o S DICER T MG S 0208 2 Bk
B Db VTR BG T E DM ASE NI T 10 - FrFEEE
FAEL TS, SOL) ERFHIERD L VI X
M e A AT i AR T O B 513, & b ITHUREHR
ELTIRWVEIRTO “ UGS " O REtEZ K& <
WF2L5DTHY ., BAHERICBT 2 “ BEHRIGHE "
DHFGLWVHIETRELEMLTVSLE VR b,

X L Z DFFEZ D B OIEERTHUITIE AT WA
W{RFAT & O TT Bilff B A X % H#H1 % G
Hofhi, PRIEEREAROSEINALCRRSE - LI THB Y., X
KRR OUMAALDHEA TV 5o B, BREBI I S0k
CER L2250 TOFHEERZ 5L 3EVEE
Vo F 7o, FTRFHNGIRSE N R IEE S S (BkETIE
o, EMERMELR L) 25 bW common cancer 12
M HHEHECOVWT T RareryFRARELNT
W3R\ IENFCTIEMAS A TFIEAS AL BIVRASA 7
ENTxt U CHERL RIS X A B A PSS L. 19
B2 T < QOL REHREFIN 2 BT 5 A HN%
IZOWTHHLNITTRREENL TV b, 5.
Common cancer (ZX13 % BA FHHAR O E % &9 &F
Mi$ % 05 LE LR EE 2 HABRELRNT-L259,

FOR T HUEHIC & 0 % OB B THBER O A3
WtEC& 225, oMk & WIEOHMN % B3 2 i
ETHH, LI THMHICTEZDDOTIER V. FEiil
5720 (FRE, BBl & D12). WU 5 R
R &Rl & LR o & & b I,
Mi% N B X O L AR O SR IRHI AT - THID T
WHETH Do ZHITHA D EE X BIEHFIIONT
bEETH ) AME L ARG OHEE D H AT “ i
BHRRIE T AMRIRIEHRE L CORKDORE 22 %
E)DORAKDBETH 5o VTS LTI T
& X BB BEOMHZ ORELBIEP DB ARELIT L
THETHS )
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HIMAC T i FERIHHE O B R E B IG 2 © 15 4£°
TRl L72A £ OHRTERBY 2 OWE T, A NIk
THZ—XHRELELL TS, A [EHEE
TRELTREMBERE Y AT L L) OWEBBLY
D=Z—XTHDH, WK - o BEBEEHA S v
TOINTG YA, BT B ABA O T [E
K] 2 [%E] OFEREVIKRECELL TV,

B Z \XBLAE. B RG89 37 T IGRT (Image
Guided Radiotherapy) @ % &, BHEETH OBERE Tl E
SfEfED CT. MRL, PET 2SFIH &, F W4T
(ZEBEFEONERD - B RO X fiformifg (i
¥ B, CT) 25 %4 A THHWREE 2 ) DD
HbHo #9156 4EH. HIMAC TldA ¥ 54 ¥ TD 2 J5f)
XTI X 2 BEME IO 28 A L CHBEZ
HL72AN ZHUdFE S L IGRT Tho7zo 7272240
DA VY 2 — A - SRR (EE, V=T %
¥) Tldy BUERER S 2 o CTHLIFIHTEX TV
BRALIEC S 2 BTSSR & B A2 0 . Bl H
LOWFEFRE WS BDIHE L0 OGO
B-BROIAMT =< Y AZZO 15 FE TGS
DEFREERDNG, —H, TOLHIRar¥a -5
WD % FIHIH THHBIIEATE 20 e b b,
Z ) HHTIE RV Bk T HIUTHRH O Hl & X —
ANZHEER Y AT A ORSE - BENITZ 255 BUED
HIMAC ji ZHGH O X 9 14 700 A EBEHE
VIR THERE L T i BB OB - BRR
ROMENED ER SN, BEAGO=—ZXL LT
X2 DIF) EBIZHR . FOLATE S 7 DR
BN FIZD %A% 720 OB BT 2479 LA D 5,
2L D EHHEMBARZ TR ELE LTHTD
3 VAY HIMAC TORFEMRIGHFHOM R EZ L2 T
%D, HHEOMGEZHMEFE L 2250 OME R RO
AL RSO 0EE L, BEROAL S FhHS
R GOIZWEL TN 12X 5 L ITADRE N,

HIMAC (2B & $ R FRIGHREEE X, — OB
KEIZHEARNEIBO TERTHENEZ Y AT LTH
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0. %L OBEZRBMZBEIREA LT THEE I T
W5 Ml & OEEFBANE G T ORI A DY
THEEL T, IS OBERFEM %, E#E% O
=R A T, V—F Y OBRERICE ) R - &
ALTWL 2 b, WHTENFIGICH 25, Tl
FRFIUE, WFREEZFREROD DR, 4
7% < & HWFEHE R TR TR & fel) 2 BIRIZIE < 2
bo — . MHEBRTHNITF L VEEIZNT T -
KMIEOE LD TH 5D, BREHTIIEE T 7V
WX BB EINT. BEO QA/QCH B L
THEA-#EHTAHILIROOND, B Z1F, BE
HIMAC O BEHH TR RE & 7 > T 2 F kg ER
MG E, BFZEDICIE 1983 4F ISR 2 HIRE S h
72l TH Y. 1994 4 0 HIMAC BB IR & —
IREREFHIHAANTH o 720 Lo LI O EHEFH
22005 4T, EHICZD2ELSHLVTE ) RLER
MICHIATES L)X hotze ZOM. BRELEER
WoOEB - ZELEHOO OB RS - e
QA/QC A LT BT & 72,

FEIEN T R TR MR & R L Tw ik, 2o
AT DRI OB OB T, ZohoFEimEN (29
AT B) ZZIFARRTVE L TB TR
bR\ 2O X9 RS T TlE 2007
AT [ BB RG R A T AT % M
(HIMAC L& — b No.22) & LTZ &/, HIERM
5 - R EED T LK AT A1, 22T
DAV T MIFEIVTWDS,

BUE. RFERIAEH O BIF 2 BRI - QOL A%, 1hH#
B FHEOFUKIZS 2o THBY, e LR
HEHH EFRBTEAOR T 2 5% L b A4 TV
ICHESE TV 2 ERFELDMEGIELEEZ TV,

Ky VRY MG Tkt bt aofs] 87 —<
TH DA, RETOWI T AL, K FERRIEH D
ERREGRE - QOL o) L& 2% K & 5 I THICHS
PHORMEZITTEY, [N vk dd o L]
HEEE LD LE5BEDERLTVLDDLER b,

B B BERBOEEHFEHE R S-S KEIIL[RBHEEHRDES]

B v n i s B R R TR OB S

197 a7/ 1 N S N L DT WY S 1/ 2 )

R R Y — R RVERREE S Vv — 7
e RE

furusawa@nirs.go.jp

X M x VTR E o 72 U SG IS 1 A
BT ORI IR S, AR (PTV) ISR % 4
DIEHAFEOWRE IR S 2GR ShT &7,
BT, BT TIIEMN - AV X =% - WmE
7 EOBSHEAI S . B THT D I IE
ERARY FAF X v ER A RIS T
Wb TRIEICI TR O R R & B S ST
HHEDPEET, TR B OWIAHEZAR S AP w)
RF—F1d, - 2GR REOPEICEL T
FICHETH S,

PR THRVE DAL DA 22 X B o0 A4 sl S 13
PTIRAET B EZ 2 TRV, L LERFRIZED
KA 5 OWEITIE U TREDZILT 50 iHHE TlEIM
WEMMREE O — A TRE SN B PTV &, Ik
HIRIROFT N E — 2 THUG S 05 IR F AR TR S
5T LEEETRNETHD,

TR0 YR R ORI E VAW R R L (RBE)
EWRF R (OER) TdH ). Z iy B
DFENIZ L Do WNTITREZRTHRT AL F—1F
5. (LET) b5 5. BN RIBHEE — A X EH
UL T 10 keV/um 2 EE, PTV 3 T 40 keV/um T
HolzbDOHEMTIX 100 keV/um 82 5, #7%
% LET OSSR 2 EWInE 2 X e gL <
RBE & w9 B THEIL L. 100-200 keV/um TiE X
DERFEOMEBBON D (M) HHFTIEPTVIATY
FERREFFOC— A BBV DFER R — A D%
FAWE T, RBE @ LET K07 — % V b L
% bo WHEIZHE.H 2 O LET-RBE 4 % EERINIZ K
. SOBP € — A% ikil L. HEOMIE TR
JiE % MEE L DD W BR300 & P L 720

% 72 SOBP N O §§ 2 O A i A5 i P 18 & S5 1illi 72 4=
WHEZRT I ENDIOMEBRME L. BRER
MO REMRD RBE A7238 TH 5 = & % X &
R LY. ZO%OERRIT T S Wz h
25 80%iAHE D RBE %% 2.36 & 714 & LK RBE &
Bu—ErfRshnrz?,

6 Ll L] lllilll L] L] L] l!lll1 T L T rrrr
5- -
¥ 29Ne ]
4| 1
- 12
5 ® '2C
> 3
ES— A 3He v i
3
(%]
N
Q2 A
- [2)
~
©
)
o . v
AT
1 LogmamesnmYfamemiem====""| ! 21
07 L 1 IilIIII 1 1 Il l}lll] 1 1 10 1141
1 10 100 1000

LET (ke V/um)

X &iEE—LIZHTBLET-RBEY

OER I L ClIBH B ONES FFF6 12 L CEE R
METHLLEINTVD, EBEITIEPTV NOMEFER
FESADHETE RV ER S, BT ANR
LBNTWwav, LALPTVIZOER D/MEVE—24
THS SN2 DT, JES; IR IO B E LT
WS B2 e, BRI CRHEPITDOI.
IR CHIZE S N7z B 2 IE S RO — K & 22> T
52THH)o Mk HENBESAIMETEZD L)
2% % &, OER bIBHEIHIZIY AnSNns L9 I
BHTHH)o

Xik:

1) Furusawa et al. Radiat Res 154 (2000) 485-496.

2) Kanai et al. Int J Radiat Oncol Biol Phys 64
(2007) 650-656

3) Matsufuji N et al. ] Radiat Res 47s (2006)
A81-86.
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FEH K (onsura Niwa)

LY M7 22X D) 1895 4F 12 HICH R & /- i
BERRIE, SR THELOERE D> T
5o FEROLIE, A THEBT 2 AEHELLH
ELT, &R EEE S BEAPLDTH 10 »
HThPENIBW T BEBEIET S X MERE -
TEBEHEL TS, TLTEOBRBELZLTL
T X B X 2GS & A E SN b I2wiz o
7oo TNHE, HEERS RO 2 OO E % RWFIZH
LTWwb, $hbbBEMEks LToE#EEE, G
ANF=NHTFOHOHEMIEHTH L. BA#FF L
ML oEAL, BEHEHRO 2 00%EO W
MICHRT %,

R D BRERAR D 2 DOMWE % D <o TR
Bl L7z EBICOWT ORI EIE, FEnERAE
RENDOIBHIED A A, FICEFITB T 2 BHEH#Z
Wi & UCoE L. W o K32 35 W B B F6 12
HEDLRWHIRRBOREEEZ T, EFENITEa—
TP R Y AN PET R CT ICHFELTWAE, 2
NHIFSHOHZIIBWT, A2 DEFD L3R
CEBEBLAMRLERICR > TWV5, BEEHAOIK
BHRA A OB HRIBRE VI EFFAAE LT
B LA, Sh7Z2Fice 8T o3, HER%E L

T FE 3 1927 £ ORSHRIC & 5 R ERMER O FEH
MY, THIEZOH S HGTHEMRE & v ) a3l
BOF|EEE ol BRI O PR
F o TR ORI EETFORE S 2RO L
i e U TS X 2 A L2 s, s e v

HENE Z b, 25132 O %Mo R %
ZHEZLARTL2ETVE LTEML, S22
B 7 B2 & DNA $8155. 2Tk < Mfase & %
DWW HHVIIERERPLIETE TEHIL ) 5
ETNDOHERELTEHSIEHORTWS, 72
INLEDEFNVIE, HELDOFELENL - L QHE R
BT RRB DM TH ) A 7 Mo E LTHW
SNTWVh, Lo LEEDEGRS D28 2 5 I1Z
MBI OER T 5 DNA OEEETE L 21860 M
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WagE. & 5\ IZ5EHE F TOH TR O —k % i X B
NLOoOoH b, ORI THUEBETVELTE
ATV EEDEF VI, RBBREFTANEZFD
WhZ2 TiF>o2Hh 5%,

PER D RRELE 1 D o 1 E S T RGHROR T
BHotzo Lh LD NN O A, KT
W ORI Z W REIC L7z & L CRIEMRIE, RIS
FeBR T ER T RG2S S R U R R
FEERIH DT DL I LI L, FEBETIX
ML D A RSB 2 2 0 HETH L, H
THRUIEHRIE, 7Ty FE— 27 ZHH L CIES R 2
MEER AR IR LN TEL, TLTIDHEFEDORH
FEMAEIT B VT, BT HERO & S8 A DR S
M7 o T &7z FFHEHTIER, JGT B & M %
DEMFZRIZBVTEDY) Wb O0, BEEOZM 5
HHMEICL > TRELEDL L, TLTEOREDE
& AEWRI RO L o THN W TSRO A A kL
ENVET PR EE) 2 &, SHITHERPZ AN F—
Lo THE) TLFVERHLLIIEDDODOH 5,
ZLCIDL) RBECOTERIIH 55 TR 154
ITEHEPHLTICLY)OOH D, HHHL VD
HEREDEERDOEDLDTE VR L DR o728 L
WAL TR B O A DS REF Tl E > T b &
EE R %r

BEsSL
S HXNEBNORE
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\
HEH IE (7adashi Kamata)

WAZBWTEZENLDEZ LI DAL LN,
HHLVEDBALVIREDR R BBV ZETHA
Jo LA L. BEOHATIZ, TR, HARA
BUEDO2ADSH 1AL ZHIE 3 AT ADDAI
LhlnbNTWwb, DAL ENEITONGZ W
RINTRICEZDEL, READPALRSTHHL D
bR, IO EBYITHETL I ) HBE
DEBPSMN v, BUE. BADHEE LTI
BBk, RO RGH, ALFRESER S N TS5 v
ThOHED LB —RE—ErdY. Be&LdDLIEFE
Ao ZNENUCBWTHEZ [ 2 W5 58 2392 Htd
ENTBY., HleTH, B, EiE, EPHIgA s
N, PADHERBFNIEEICLHE L T D, Tk
WL HDHVIIFHAEEZODABENOIB S BED
bDELYOOH 5,

Bl ZE, XMRIEZOFRERITIE, BABEEND
JISHAATOINTE Y, BEHREHRIZEEC 100 DL Lo
WIZEBHFE DRELA3DH 2 H Hielr 0 78 A HE G R0 5 B 22 7
B RRIR O ZER 36 & Z OEERISH O BRI FLE LI
Flv, 7o, MR FRODAGEHRFSDILH S BEIC
50 DL LR D B A5, LW, Wy EEZEH o
BRI T % 2 & TR - 72T R TG D

BUE Tl H S A OMEZRFRIEIThi, [lEEAs >~ b
Y= TIZEAZIN, AF X =07 HD0ITH

(2 & B mBEA TG B ST, TRFRRGHE
13 1994 AE O RRR BRI AR LK, 4t H-T 6000 44 2L 1

IR Th I, REERBD ML >oH 5, €D
FEBR 2 & TR TR & o THIO TEWIESR TR
DS, BT PAPHFEL TS S
EDBWS L o7, Tz, BRI K Y AR
BEERPHONTVEDRAD LR BV, $XT
DA T BR A THBISES L IETELRWD, 2
NEDOPATIRERFRICEVFEADZICHOE LS D
Bl BHPSHBABMNICICOMEY) (55 2 & A3
FEDODbDLRo>Twh,

Gy WRARRER AR 2 © 15 4 % 5% CHR T RA I
G EELPAGREE LTOMNEZHELLODH
Bo o HCBELD AL FCIT, e BhIC
BETLE ) BABBREIEDOVTHRIE VWS, B
ADIEL 72D HEVIEDVAICR SRV E W) EEDHh
bbb, EO TR BIFELC DL L, 78
DEBYITT ﬁftio#k(ﬁﬁwﬁﬁkwvyk
M2 TEHIZHATITE 20,

NiRS u-lnaum

§oE INFEHTELT

g 9:25~17:30
k) 10:00~15:00
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B E (Toshiyuki Shirai)

1994 45 6 A 21 H 2 B4 & v 7z HIMAC o H R 1
FRASATERIE 2009 SE T I54EH A2 M 2, 21 E T 5,000
UL EDERHREIT > TEFE Lz, ZOEMEREIT.
ABFMICIEHT 2 L b FbhTB ), Hafm»
Bwzd, QOL (=4GE0]) omwin#Ee LT
ERIIZ mwikiz B cwEd, L, S67%
BRI X D iREKE oM L2 HiE L. HAK
HWIZWB%Z L OBEHNGONABE S AL, ERT
KADS A TRIEHN 23R4 5 2 L5, WEM O KF 24

Uy o740 8— qYx—4

flifr vz 3,

BEWFCTIT 5 TV 2 IR FEMAS A TERDOIFE O O &>
e ASAHIRC Sk U CER TR & R 3 2 Bl L
CHUIEKT (R) @ X9 flfllas» b T E 9,
HIMAC O CAAM SN mHEDREAS + ~
=2, Uy Y7408 —LEEOBRICEDET
ESND ) A=F R R—F A% flio THRIES N, &
BRI HWONE T,

L2 L7230, GHEE» /KT TOMIZ, M

#-32 TR MR R 5

N

XRRXERRRS
XXX
AR

2% vV BHE
(0K EE)

=L ZAERyb

&%

AERyb

Loov748—

B1: RE—LRREE (B) & 3RTRF v 227 HREE (T) OEXR,

MEHERIZ  Radiological Sciences/T. Shirai,Vol.53 No.2(34-35)2010

AWREL o TWVE, ZORKEEREILE D> TL
bOLHY ET. T0L) RGETHEMRIDZITHE
B0, RYVIVE—A - 3RTAFY =T
ik LIRS S 27 2 0E21T- T
F L7 SRILAF Y = v 7l ik 1 ecm BEOMI
Y= AT, lHEOBICELETERY) DR L IS
FT2HETT (M1 F)e Zhud, LAY — 2 MGHE
DEHI IEEHERE RN T2 L, GO
RESHPEALL THERRICEZITHBERIE»ITZL T,
INFET, ZOMBTRIEETONAL EOBH» 7
WEB OB ONTEF L2AS RN
B AADHE RO T HLENH Y F L7z, £
T, AT ZWEEET LD, [FROF £ 3
YZIEDLET, MELBRY oY BEHEE R
LE L7

CD &) IO E FEBEOBIRIIISHT %
7ol A REEBEBOEE EITVWE L, 20
BIEZK 2 1R L F 9. B0, K& HEE
DIRITEAF v = v Z WG AR — b i 2 7216 HRE 2=,
PEFRREE T > MY — DIREE 1 ED 3 DDHRES

SREHIEE

fif 2 T F 9 B THI. 2009 45 2 H 2 S k0 S i,
2010 4F 3 HICSETFETT o

HAZHIZWEZ L DHBISH RO ABE S AL,
HIMAC @ X 9 |2 KB C @i 722 21812 X 2 R HAAS
AERERMET 20EESTEDHY A, £ T,
HIMAC o2 b oD, X )/NEITC, X b A%
552 LEHBLT, EEO/NULIEZITNE L
7oo STTTRESINLFEIL, HIMACIZHART, K
ESULMiETH1I/32EBTHLEVW) DT, HEK
Tl 2006 £ 5 Z D EAEEHOREEZT-> T E T,
ZD XD B E 2T UNEIRERE A A
7 — (IRFR) RHBNEPAL Y ¥ —Tld, HRME
KL T-HRAT AR TE OB AN T 72 H ) MADIEE
F L7z BUE, BEph @R ol s HbET,
FERIZIE, 520t Y ¥ —THIM B ABEITD
N5 FETT,

X2: BIEDHIMACKRICDAH 55 _AEIRDO SHE,

MEHERIZ  Radiological Sciences/T. Shirai,Vol.53 No.2(34-35) 2010

Adeuaay] a|o1ed pabiey) 1o} 191U Yyoieasay 40 wnisodwAs yie :ainyea

35



S AURIRES [ ] - [ ] S TSk ] - [REEE ] (V) NEEE\ S

36

B/ MRz (2)

HEZ2ON72T

FINER AR THER R PEE G - I e A
TEdEBRE ()

[ AW PE | [ B~ s | B3 [ 2l |- [ 220 7

Feda Rl FeA A (Daisie Katogir)
lEL®IC IMPFNIE [HEWMN] %oTY, BIELEMN I

LS MM E] ZOTLE I £ LT [
FHEYE] ZOTL LI e FEF Fu— it
THHEFORT, b, ZLT, SoTHuEIKAIC
RHFEED, HRPRLLTEOELENRLETH
B720IEZD20DF =T = FRLTHHEELRDT
Fo AXTIE, 2O [ROLLTELELEN MR
AP LT, [HmE] B X0 [EEEE] £%
ATCHEL)ERVET, 2ok, [AWME] BXY
[REEHE | 25 [ZL L TELELENRMR] 25
B 57012, GLHREFRIZOVTDHERTAL
WEBWE T, RS AR E | B X O [RE S
R AR D 2 BFED T O —B & R UEE VT,

ZOLTESEREDRERIERVERT DS

e REnE I ERIC TSR E s E 5 2.
ZORR, EBROEP LW HELZWTRICLET, Ih
L—HOWMNIIHEZOREILHSG L, #iFttasek
WKBWTHEEILHLET, COLILEIR, &
5L RFEBOE A AR, 20 BE. AR
BoOFREELRL, #hxid TR0 [Ex] 2X0 5
WLV TEZTLIEPUEEER)ET, 2F D,
L RFHHIIHBCRLEENZEE25250T
Fo Tld BELBEFEEHOFITV o720 TL &

MmEHERIZ  Radiological Sciences/D. Katagiri,Vol.53 No.2(36-37) 2010

Wizt Frdn ZZICEMETENETN, #
ERFEHEH T EIT LI LN TE, LD R W
BrzdblzodoTy (K1),

e E XN R EE - EE S

INF T, BOEEFECHANT) 2450 72 B3k
DN RGBTV, BHGS L2 L& F
L7zo T/ RFFEOHEMYLRIIZE - HEREIZ. &
FEIZ ML ==V 7SN A 2 RS S aFET 5
ZLT, KVEOBM N 2L TEE Lz L2LE
Bo. HMNORG L TERRREHEEDS 7o —N
MEDPEIZE B ENL P, ThETOL ) ICHER
LB IR b2 14THREL, Bz b -
7Bl R 7 — NV RS B IO A Y — N TR
THZEEHLL ZoTWVET,

ZTC, EFEEICE D REFIHFET 2 EVH
LA ETH2HEMAZEANL T, i, RO, A
U= FIZBW T a— WU OBMICE ) LT 5
B MAIIERIC R > TWET, SHICAEDET, K
FEIEM B RBECTIHEH SR T WL H 12, Bz
BRFR /oot wo M EE LTERL, %
LRI ) —@ZBD L LI h->TEFE L7
TLO (Technology Licensing Organization) 7%%

1 K HP A e8I T

BALEINTZDHZO—BITT, KFITBWTIE, HIW
WEEOMW & - IHH 2 BB L. P 18 E I
HHE - R AR (FNEDKER TLO) 2Si%r &
F L7zo BOLRED PR 18 4B IC 244 1T d o 72 3L
WRZE R Bid, PRk 19 4F B2 C 287 f. PRk 20 4FBE T
203fFEHMLTHY £ 3, ZitFRRICBWTiE, P
1% 18 4EFE S 120 fF. SR 19 4F FE A% 144 1. FRk 20
EEMR160 L. CHLLEEEZHERL I LI
LTBY ET. 51T, ML ILFEIC X 2 577 TR,
WL B RKPERAE RS OFERM. SENOFFRE
DFEMOBEMLTHB Y, KFDOEFED S b SHEMN %
BB ICEFESEIEEH SN TETDE I &N
filz F3,

Lyadb, £ oG, REFIHFLET HE
PrBE %2 9 2 B E RN FIRO b D TH 5
72, B LETOF Y v 7AKE L, fRELTHE
LD HEFE BB DR D) /A, Tl 4%
R LRBBEEICBWT, E0X) iz Lo
TWLRELZRDOTL X9 %

MV E. EFEEDEINEZAHR
FITRERNVF v — %GO EFEHEICL D,
WM E MDD Z EDEETT (H2), KFEHEV
F Y —IEELREMEM DL, ST TREHD
LI ENHETH - B LETOF Y v 72D 5
CEDTE BT T 20 4, JLifEERFHEN
F ¥ — - f =Ny 7 RS EE R FEOEEE b
PURICB S 2 ZEBCR Z B L, 2 D%, X—1) ' —
VI A% (VA | RN N R O (A (I 2| AN VA
WL CTHR8EHTIA v AR MR LI L
720 COFFTHLREINTLHIT, KFE — KFFEX
F v — — RS & R & BB R R & A
L7zl lc L 0, 70— N\ RS o 7o
PR BEICERINTBY 9. KAFEIIBNWTDH,
(Bl /N SE R R R AR B A 2 b & LT TR
TR L HHE UL SPK 19 SFIC TR A S R—V 3
VTINERBERLE L. REOBEMEFEHLIH
FTHBELTELXRYF v —OFK., LRI A
TwE§, RENRHITIE. ABRED—DOTH 5,
FREREHNR Y F v — - REHT I V7 7 — <%
FIAHIFHNE T, TRRFERFBIEAITEBE D I
WFZER 2 R L Bl ZE ) R 7 -l % 30 5 L,
ANH Ry 7 S TOERMULICEI LTS Y 3. 5%,
KSR L EFBIEOWPILTY . LY KRERFEL L
LT ENHIFFTEET,

|
<

S 5 B

H2: KERENFr—REEEDLEFLERD
FENLCHBAREERTS

—H. GHROEFHEEEOTEEH) L EZONLK
FRNRVF v =k WoTBIFIERAICETFNTL S
LWVIHIBDOTLHY FHA. RELRFEMOIEZAITE
BIZY A7 & & o T T RFFER Y F v — 1213,
NYF v —F ¥ EF NPT TR BRI % EAM
L 72 KPR Z O FIR O BN - L BB IZEAR
SMERETREZEEZ T T, SEEN BRI
BLTL KRFRER Y Fr— D BELFETHLI L &
AL, EDICHBEI A MIET ) A7 256w,
FERMELEL T AL ETT, €9 T4 LT,
M 2 BT 55 A ©— F TRt 2 55 B
FHFWREL ), 7O —NVFEFOBEHEL 2D I EHPT
ELDTY, 7o RFZHAT 5 HMED 5RO
MAENDFEE LD )=V E[HFONLEDTY,

S HIT, AR - R ORI 2 NHFASH D ZAR 1
ThbeEZEzobNET, Ha, HIY, UL R D4
WA T Tu Yz 7 MEEIIZRES RV F
To NFRMICED, HEDONEZ2HET 52 LT,
M 7ay =7 MEEFTREE R 3, EARIC
FAE 2 BGHE D [A] 279 b TT 26, A
NE DR ED D Z L PEETY,

BbUIC

KA NLL (RO L TEDLELENRIEE] TN
VTR RE | B RO [EEEHE | #Z 2 T& L7,
KBEORRKDI-DI, AL EHENTFAE, €Y
AAR v, L EEARBTREICHED 5% < D & D,
KFERXR YV F v — 2 GO RSS2 AR TR TH
% LR L. ko> X9 2 LB Ik 4 1ITHUD #
TN, EHEMLEEREBICEY [ROLTESELE
Pt ] BERKSEHRTLILEXH-TBY 9,

MmEHERIZ  Radiological Sciences/D. Katagiri,Vol.53 No.2(36-37) 2010

A18100g ueWNH BuIMolD) 104 A8Y| 8yl 8Je UOIIRIOgR||0)) BIWApEIER-SSauisng pue Alladoud [en1os||aiu|:soido]

37



& BEIED B o—H &oeHd

30

24n108| uado SYIN Y19l : Buneaw Buiwoadn . i

38

[ ]
B suse

BSEATBOE N U RS A8 A e
A16I] 23 G G 5 5 o

@l
Aﬁ:ﬁﬁ?ﬂiﬁ:3§5l\

HAHRIFREOEMCII RO EEVY—ILTHY), ZORBETIZETEIBELLODHEVET, —F T B&. FlohRP
O DR ELRTZELMIN. ERORIS TR RO T2 BEORMPTRRAOR G EEAREIC K
STVET. SEOLMMETIE, EICRHRZHICERE ST BMROMREMBEEL T EMBEFRESTET VAR

F DI
r.;%x%agrngz;é i3

Ly k¥l :"

i) -

v

s DIV B EBSHRERIC OV TEZSRESERHLEVERVET. BV abto L, EuTsmdfEEL.
! Y XENYE (PR, TEM. FRE B N, . BEEETH, . B&AENS. BXETHYE. BXNNFE. DxUHEEEYS
BxmpeENs. SsHMERGTS. TREAESS. SxRMNEYs. BExEvYaRys (WTE s Y
- B L (LY ! o AN S
2 i
(55 FIRA v L ERSHE
14:30 2F ERAHE
[P0k 2 .
15:00-15:15 K@% HEHEEE) iy B
AEBRR (EFHRLER) D
XERFIEE (FE)
e
15:15-16:30 TEFMIEORREE RS BRE  HFREH (REH)
EFuRIE<EMYECER  BEH—X (MER _

ERIE<DRK ARIIE— (FRERA) &

AR DR BERE (REH) ¥ =]

BETANOHBAORAV  HEBF (KEH) T261-0023 FEAZERPHE -1
16:30-16:40 {hE8 TEL : 043-296-0001 (ff) FAX :043-296-0529
g o messcojl

16:40-17:20 EER BAREE (MIEH)
IReLRODEZT) KEAE

HHALiAAL - BEAVEDE

(RREAFETHHRERHER) WIFEEA MSHRES S AT
17:20-17:25 K8 EER [LIRER
TEL : 043-206-3026

17:25-18:25 /\RIVFA A Y3 Er-b: kouzagnirs.gop

[BERERRIEUIOVT, BEOHERBICEAShETH Y
d—F 4 R—5— {HEGF (MEHR)
NRUZA R R ER (BEMHERFEER)

FBHPLAHFDRELEYVET
FHREIERBREENRELTEVET

(S (BAES RS AEH TSRS TR) AEEHE (%8 5008)
RS (@h A S— R EEL
RIEHEMR /A ABEEEPIEERN HEHLIAMIWEB £l FAX T
BH—K (RER) . BERD (REH) http://www.nirs.go.jp
PSR DI FAX 043-206-4062

18:25-18:30 tHIWE (MEHER)

>

T/ REFHEA MURESRATER NIRS

MmEHERIZ  Radiological Sciences Vol.53 No.02 2010

BOREN FEMFEL 2V RIILRIBT
BEPDOBEECSMELR,PCTALSHDTE

ww == [ &0

MBEDOESA. BEDLYRBHILTLEI D RiE2HSEZBRITLET, S4EOL
. BHOFIRTIIRALDIES7Z72 IR ELTUET A, TETHLLEOHDD
BuELLLVADTHRVTVLIIHVET, Lo, A0 ESAOTIIREETHIC
FROFNEELLZENNRL I EsTHRERVET,

REEIIHE OB EANBLAE S THWTHAR T VIEMIC AL 2AIEL. EW
DEFLREDLTOLREToTVET . PIZIERKTIE 1 DEo7zar T ryERIRL
THEZG IR TLTET . FLALIBV L, LFOIKR, GH - [ERPNIC
WAL LT YEHEEEDOTHET . FHOROHIIIE, X DI INVENZIN, Ty
i - EBL - E L HREON WA B LT AL H N 7 T
TOYRZEIT-oTVET . ZL T 77 RRUTHISE TES L) Yk — AR — DI
DRGEFIVF VIO E L Z L7200, RO PDF A, EBICIEF2 T2k -T
FHATWLIIBIEE DD HREHRARL T WX THERL TVET,

512, BEOMFONEIMBETELLIR—LR=DICT VT Y ORFEREO R
b2 M27%E, REEZHIELSETVET, RiEF45HED, UFTTOBBMEEELTRE
DFEBRW DA E DR HE G H DS AT P HLIA L) =128, SFTOHF
RWEREBNED "RAHL HEFEVTVEZESTVEY, (OM)

Eﬁ! = == ==
BooE BIERER - TR ALY S — ALY YA
[ THEEICBIT L HBERAIZBIT S
St WfgE R Yy b — 7 RESE
WL 8 0 WS S 9 2 ) )
W) 7 FERREER BRI v —
9 WE—ER
Fl & 5 NP2 AV
UNSCE AR 0§ 5 80 i & 1084 6L B5 28 F 22 00 J 2
TR T v 7 — BilFRREse s v —7

<0
o

S

=AH
(WHEZR=

ZRER W K

ZEH Al AME T DAL S
P R SIS ZEO T
FH R Wil % Z
EFEORIE e BT
Eat FH A

R A IR

U R =

$53% 02 %

2010 4 2 73 15 HFEAT

(Wi - J&17
BOATBGEN  BUREE AR G FET
T 2638555 FHMREIX I 4-9-1
AT 043 (206) 3026 Fax.043(206) 4062 E X —) info@nirs.go.jp

i URL;http:/www.nirs.go.jp/info/report/rs-sci/index.shtml
(€130 73



5t R B 5

Radiological Sciences

H553% 5H502%

20102 B 15 B®fT (RE - #17) BIATHEN BHEREZE SRR
T 263-8555 T-HEMAREX I 4-9-1
ik 043(206) 3026 Fax.043 (206) 4062

e
NIRS

http://www.nirs.go.jp

B9t # A% Radiological Sciences Vol.53 No.02 2010



	目次
	はじめに～シンポジウム開催にあたって～
	iPS細胞の出現を捉える
	がん幹細胞をターゲットとした重粒子線がん治療の可能性

	がん幹細胞ニッチを標的としたイメージング・内用放射線治療の可能性
	ゲノムサイエンスを用いた放射線治療最適化へのアプローチ
	生命情報工学の医学への応用－細胞特性予測と化学物質影響診断の最前線－
	重粒子線照射によって試料内に生じる活性酸素種の分布とその解析
	Homologous Recombination Repairと重粒子線によって作られる複雑な損傷
	重粒子線照射後のDNA二重鎖切断修復の解析
	ポリADP-リボシル化と放射線応答、放射線感受性

	オーバービュー

	臨床家の夢
	物理屋の夢

	連載／知財を知る（2）
	お知らせ第16 回 公開講座 特別編
	編集後記




