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W5, ALIZEENHD DL, DNA 72 LR
ETHIE, DNA ULAABZ2Y, Mg %%
EFHITHLORITEAEEERRV, M
faE# x5 X5 REAIX, DNA Gl L
TebD, HHVIIEEEZA ST DNA 72&F
niX, 2R 0BT 2 HEEFRICH Y



YRTBH L FEEITRT Y UMD, Q : 6HTI< BWID 2> TVBEABVEH,

Q : ENITRLF OFEFIIBER D D D, A /NNEOKIREZ ETITERAICFIRETE M,
. BERMAE L EE, WO OIXEMNERED

C:KEBNITEBELKE, &0k 72010 0fEE< D&, 10 HEMVTE
RERFIIV o 500D &ML D 34y BHRBRAZROERUEMENLND &, Dh
FCEENE S, bl 125, ERBEEEAZVEENTH
TLBDT, ap=—3bri s LTz

Q: EMTFEL, EROFHETRLOL by VRS WONSRRMERLT S, #i
HELN D7, IEEMROB AL IHNE Y EY TH B,

C: onRfil—EOBETHEI L, AWy @ FRARLERL THRENED S,
It BB,

A:HBLEERY, TN E, N RF U —
C: NMEHZ 5 LB RrR L, AR, MM LR 221N TND &
TAIXYyy T I a N TEDLD
T, EORBENRVESTL B, HEM
BTH, ThixeAY A7 0 Z2RIZ0VED
. BILTW R8T A0 Mk &

‘ BLTOBE, EOBOY A AHn—T
A SARFTLTPBRERNSDROID 2o Lyt EOF L A H—

UBREN/NEV, ZZTHRELEZ 0.56y T
BT 1 R @ H T > TWB DT,
NARBZUVE—HREBHTLS BB LH D
TR IR, RARu,

Q: FDOHARIXIFIEORLA RAF VT -
2ES DM,

TIESI DT,
C :NARFZ U F—BRIZN, WR7epliz e,

Bol-BATICHBEHLTH., AFITHAES

THOT, EEBHRB. LVHEIRTL
Q : High LET D, AR MHITER D, 28, FERAOIC IR,

A :lligh LET ORA, BRTECETIE. A m@oBer. RERE D 2RERLIE

%Ekff: : &: %":%27’;&?*[/;&‘72& gtﬁ< f;éo 73)0)&13%75\;&( < 6 0)'6‘\ %%{fﬂﬂ@& }ig
BHRMB TS 3 AREORESELY 4,

A7 NVDENWRE, FINCESZHORRD
HMEBEL>TWBEHEAD, ERTIEARL
2 HMICHDZ RSB, LL5%UT
DEFRTIIBREPREVDOT, HRT D
BN 5D DONERTH B,

Q : EEMBPEESTZEREWVIDIIAESR
7ZERHMN,

A BEBICEFNVY—ATH D, BIZHEL
55 LHRBITDONDIN, [MEHTWVEInD



o, £, AR TS ES &
WO MBEL DD, NI T 4 7T OFEERIT
T CTHEFHETNET —F L LTIE—FW
WEROIM, ET AR LI EES &
MERSTETETANTELEZETAANS
WAHB, Bk L7257 v e LTidigsE
MRIXZENITZENTI N E,

Q :MITRDLAI=AATEL b3
BERTRD E AN =R LT HRERE, A
RIZTED RO BRHRV AT L, T N—F
Lz, TRz LG E A
DI ENFZIFRIZIIOD D, FIZIENA
272200, FEMIIMEDIBNAMITITARS
R EMEIND T L EBHETHIDIC
EDL bWERNSDH, T, A
TRIET S LS REBRVAF AL O
RO, WO bLE D BRI NS —o

A FED

BB broRY, BET 5 NiTMED
LRI RERBRLAZVTIE, B
FROLWEMIZR D,

C:MEVALVTIIBELTA N =XLEH

BTH, TOREREAEBTRBRTEDL LD
REBRFIETRDDNLNDD TR,

IR EIWVWOEALEDREIX, FHRE
ES3FT 30V MERHD, A D= A
DR E ZNRAEAY RIS ENVDS 2 &
DXX v TBHD, BREHFOWANS72A
DLTWAIEDR, — DX 2Bnbd L5772
MRFERDHD ELIWERS N,

XALXLHERTTE2FMEEZD
R E RS



y

[ B RAEY B RO RE L 3RE)
EM B (ERERREELR)

(FERAR]

SETORBRIZESHCEHKNGEY
REMFTORBELREET, 3 STS91 &£\,
EEFHAT— a3 v L I2IER CHE %2R
fTL7ZI v a3 T, RRMDII & W5 R
FETFEHBSBREZFHE LRIV THR
AT 5, TORBEIXERTRO BSLOBEE
Th B,

RRMD-III % {f 21X 45 BN D BERE] 50 fERE T
Finzg, ZoRBBT, BEMEINY 7L
ZALTFHBFREEZH -7, L
BV, BRTHREZE 6L BB KR
BHIZA-TL b, BERIX uGy/min @
F—F—ithHY, —BTEHTBHE, K&K
~10 £ Gy/min 7257z, STS89 (NASDA AN
OFEFERICP - 720F) DI va v
Tk, RITFOA R bE Gy WEEFAX
VRAUYROEETHELE, RIS
A 1500Count/min T 5, = DEELAEF R
— &V FETEEIL7ZDO T, 12Mev {if
ETCOHFEPEFETHHRTHo =M,
FARVEFE L2 @B DR, BEMNITHANIIC
HMEFRE I TVWDS, & LR s REEE
WERMNFBRBASTL 508005, ElL
FRBMRIX L TE-7= B A HHEFN
BEHINTW DO, Ziuid RRMD-11I
DY TNE A LFHBITEL LET 5T, H
HESEOE®D LET FTu vz A%, 0.1
~1000keV/ um-water £ COEMTRY, ¥
FEF L TWNDDEE 2 RBEDL DOBR

R

VCIARERDERbnS, FTHREITIX.,
FHEFRLERF, EEROLLELND
Bx RBREOBABRBFET D LR
%o

FFICHLS EDEE LR LIHEIT. £
ATRTEREIZE 2 72 TH LV, FERIL.
BRFELTEIe N ETA T 758D
TRWTZWTFLERD 99%., BRIFIIFEY 1%
ThbH, TOPTHBNENS T, £k
D 0.01% bWHd, AMEELE X 55
B, Fxy—YO2FH LET KHEALTWS
DT, MERBEOI—T2EZ2 DL, BHL
THREEZDOE-EMEEBTIRE VLD
Lk, LER->T, 74Ty AT
0.01% Db, EMFB~OMRAFLL L
ThX. BB+ & Equivalent IZidEWEE b T
W3,

SR DR B RO BIRIC >V TR
ZEAETDHE. EF. K LET HSRE® LET
BHEBROEEFELIZHTON, BICRE
LAULIZ & o TERBRER & RRER TS
bhd, ERAFETHETSRL, #HET
IR ndLHic, BRERBH LXK
ERBFOREBNI LWV Z LR D, K
FBOEMEEBBEIZOVTIHIERICEL
DF— 2B BN, BIET DTV S B
HREMEBEBOMIIT., RENERER - B
RERTITON TS, & LET WERTO
a1, HIMAC THRLND LI RBE=RLF
—ERTHREAVTITON S M, BHRIE



BMTHEIVNVOERERTORELRD
MEREL, EREBCEREBIZRDET
WTERITHZ LI EA LR,

—J7. EIERE - ERELOFEKT
EARENEBOREN D 5 ERRLH
BIXEINENWI &, BREFBRFEDHE
BT, Ny 77y NRBOEZHE
EDHRNIVADHRE N ST DR H B,
UL, ZOFEETE, thoBRERFOE
HilZ BT 2 ELEH = RNV F—R T OHFE
HIEE A LR, LEdo T, FHEFH
EEICEL TR, BRERT. AIZIEBES
EDOHBEENRREICRATH S, LoT,
ZOMEEAS ., FEHENROEYMEEOHE
ELTEERBETRR2VW L EEXD, &
L., EBRFEEZEZD L, KE#HLWE
WMTHD, BERNTREZEREZRCEHNMY
THZ i ETCRIZIERTREICEL . &
DIRPEA THWRWONEIR, 72 ICFE
DT —EBRHS2OHY, TNERIETH
DOHFEEMETITIMNERS D EEZT
Wa,

oL BYEBENNE L EMEEOER
T, REBIMEZL DWW, FHK
FROZEBMELEZDE, E5LTHY
HPRE L AYOREOmM T2 E 2 2iTh
BV RV, EAAS NASDA IZWN\-tH, #EE
MEE LTRROBREAIL, TEBHET
EVFVORBTEX TR LD EBEVL
e —H T, EWiAEMT, EMOELES
WBBEWLZOER, E5 LTHLEZICH
BiIZ2501%, WENRERMEZ £PICxt
LTEDESITHEATAENENWSIZ L,

ZFLT, BBROICHMBE L2 L1, £7
EIIHBERICE D EB—72BIRTIXR2W

Té, TLT, BB/ 2BHIZD
nT, BEIHEMNNICEERNICREDOT
W, EWnWH e ThD, BENEERK
BRSO THhIVE, B LET BURBRAS KRR
PiE@E LTEAERE I CTIhESGEITE.
& LET OBSHBROSEALIZHA & T,
EE»Z AR 0P FEMIZHIRS
FRIICHEDL-TL B7EA5, mE-EH
BIZEW LET ORL TR EBT D E. =
DERIEIER T T T F xR DIEHD,
VS ZEIEFHELBRESEE O, LaL,
BLBENT-FT 2 & LET RIF@EE L7256
. FoMBRIITEENHTIC, Boka
WCHNDHRE, WDWEINARE T —3)
BBREL I bENZ2V, L., 04
BEILIE\NE 5 9 & U D O 23 BB B2 2 0 %
BThHD, LEER-T, LET KKGETIRE
HWHAI 7 n VEMNLLE I 7 a U HBT
WZEEELT, bobAVWEIHE TS E
Wi, ENEEIBIDZLEVIONR—DOD
METHD, SHIT, REYESZEIE X
DEVI T EHLEANMEE 2D, BEEK
W EmEEEEZDL L, WRNEL ko
THEHE - HIRL R LHFLULIZR 5
o, MELYEOWENS AR LTL
E9., BERSHEIHE RN S T
L TE DH. £ H TROVEAIITEHL
TERVMNLTH D,

T oo 7 HEED LET WKL, BRIk
FTdLWVWiflEnRy, —oOETNLE L
TIARBIZEZTIIOVMAREED DT
N, TEHRAL LB TR THEA
BbD, 2EZIE T LV T &
IRLFNY T o756, TOEHEEZ 5,
FNHLMBOBEDOERY bE XD, #lx
W, A—F—L L Tik1-53I7 0 RE,
SEEIHY 7o Ml R TE BRRE & O o1, MR A



WEEBZ MR TE > THE L 3 EE
HETS DS, R F R B —c %725 T 5
BEE. RFOFHERLZ 2T LW,
72 L, MATERF I»bME I 2%
FOREL. AV EETRLTARTZ
RV, R, Ml 1 BRERUC 32813,
ERREDBISIC /R DR p BHNT, £ TH
VEPND LET ITKFETDEEHT. &5
CEOEBICEGT2ELH#HTRTNIEAR
biav, HHHEBEFMAET NV Z BN
RBE. BBHLIAETTITE1ITR B,
TIERBEDHELO0ITRD, EWHIERTE
AOMBENSDHEAD, FlxiE, kiFoF
HRERES IR L D b T o b RE WS
BlX, Bl o Fh SEEN AT CII &
RO, Bl o i T BN EE DR
ThEV, ZNBEATEALEE->TL 3
&L BIZITR TN v M AR 1ICE
2%, B—WIHEHFKRET T, FAuyna
YRUBBBLEZBC, PIOBMKITY T
HNHELERERALTHS, YD FA
VB, FIXD BRI EEREE p BET
YT HELTHELEDIIELREE
Ths,

fHERET VI EICEBOMEZ Y T
DBE, XX TB 07T AT 10° EfR
BRI 288 Ry, MIRRTEERE 50 S
PLTHD, FHREXEZE2D L, BT
MIZL T T 2aNT—RIT 10 < BWVDA N
VEBRBZIDHZEIZRBEN, FOEELSF
RIEEBEIT 100 S22 < bnT, #IfaL Y
bRESREN, EZARTB N RT AT
7IX 4 MBI D, —AIZ 18 BV A-
TL %, EOFHSFHEEHLHETS L 1
27 v AT, MO KRE JITHEYT 3,
ZIOWVNSZenn, BRTHREEZDRD
BERET V2 EbR T RiEWwTR2nwL, 7

o RRTANT 7R OBEET VR 451E
2B EMADELNS,

(Bt E)

Q:ERDHEL 1T, RX—R % MR
SEE 400 F 1 A — ML BVOBED,

A:ZFDREY, FONTIILRES,
Q: A LHEROPBRI R HIFE &S b,

A2<EY, KBTS BRIABESHOE
BEZTOEEZITDLITRD, 7—F
— ¢ LCRFEAT—VaryT—r Al
ETHBEOBABOBET, 205
EMEENFEAND PEFTLS5L LTV
B,

Q : iz 30 HRICBOMEIck x+ 2 b
ZREBEICTAROIE., ZTIHOWVIHEIIRD
D, FNHBFREIT 2D DD,

AW WO ERE THRIT—A 2
ATCHEETHZ LTy, F0nEn1-2
BHE, TZicTofFE e, 1822
WCWBEHIR6IE, bH>DLEELEL
25,

Q : AX—RT ¥ MVNTRGET S5 5 LET
HEDL-STL B ERIMN,

AFZETEZTOHRY, AYHBELEZ
HEE, LA, FIKBEXTHLI &
LTW%, EHAIE ULTIXEETYH,
EMEBEEZEZ DGR ILEREEN
KEIMN D L5k TWVBHRE,

skksk %ok ok skekskskokskokoskskokskokok

I EYMORIEIZIE - TET, B



BEZITAAEHAICIE., BEBRALZLT
FEPERTIERBZRILSS, —FRHE
2725 DIk, DNA BNENBE. ZhElE
3 DNA E1E#IE, Thh b, EEAMLR
WKHRHTOIRGER L A, HEIWVITEELR
FTHEL WA 2 HEBR 92 Apoptosis, 5
ERHEEE, BURBNAERLEZT V0B
BR(SOD). ER{LBITRMEBERFE(TR) 2 L,
R —FFERE D > TRV A THEREZDIL,
A MV RRE ., Apoptosis, EEHIERER & T
Hb, FOHIDITOWTEE L,

BB DR WHBERDOF DI, R
FEIZOWTHRAT 5, ARERIIHE?
WATWESDIEDN, BEBEHRNDEIL,
FTNEEREBTERT S, BWOMEBIL
LoHMREZOEEESIE LD D, K
SR EOMIRICY 72 o T2 2R IR
ETHZEIZODWTIK, WETHHN, &
ETRPRENTE TR, RFTNRE
EFRELLIETDE, TOEEDORET
HELZLSTERLRVWEWI ZEHH D,

EXTWVWAHHKBD MR, ¥IRENR
TWAENEFARDLZEB—D, ZTNBTEZ
X, HHBREYMEMLHANCOEIOE
AIN, DELAT FEBRRZRPRHEN,
EEITH DD LHPWAEYHEELRRD
T=DIZEEIES LTLEV, DNA 236 L
T THRM—VRAZEZLZH D, FEITH
JbonEEZENENRIS, HD VT,
bo b, FIhHAYEYY Y —DNA
ZEoTET, TORKEDERLBFHRMHY
EHYBool=i, ATl E RS,
HDHVIIBIRTFOENTHEZ I ED,
BEBCTELTZZ I B B->TET
0TI BESINCEEFERED B, b
Vit Bl 0BERFEE THIlRT DNA A

ML ANLTEDOREED > TV NN
b, TR Ay MEEWW, ZDHRD
WZ72d e, BRIZHGF. T/ X4 FrD—
DHRTHD, BELITEBERDORN,
EEBEHLINTRETHD, DRl L
H, ML AL TENRSBVEAREY =T &
NAVEEV =T AEZRERDIBEE. 20
BREOHWERIZLS,

FLASCARTER VA 7S 2 & AR~
e UTFTOXHIC725, MBS HIRE
ZT CRIBEIZ 72 B DI~ DFETZH DNA
DHREEZITTGE. EVOBREL LT,
BEZBEEI LWVWIHIBE LHPRLEI 20
SBEASLTHB, LrL, BEIELLT
bESIBETERVWEA LD D, BFE.
f& LET M7 51k, @RETRTE,
ERIXTHE, BIRBEOEE LIZTREE
ICT& 5, BRFROBEICIZ. 2L DE
BT —BEXBIEBYINoTNE, &
7=, f& LET SR CTHEFNICY ThIE
LS —RNEEX5, ZOBRBTIIGRaLRTS
QEABREYOFTEETWEIN, Thi
ESRMT 20BN BREMEERRETH
b, TITRERETVWDIERAEZETLDD L,
MBAAREREZ T CEEE2ZITDH L, 5
PNEZEINELLNTHD, ERBEEIX
Bifiexrsu—v R DF Y kERETH
FAMFEROBEZN, T IERE O S
BTIIBERERVERY, DLARED
HHEDOIOKZ, HELEREN DERER
TRIFVTEE 2V, F@RITER OV
RIZIENIE T OIRBEBIC R 5 25, EHE R 48
72 H DO DO—ERIX Apoptosis I X o TER X 1,
M LTERICRESD, £L T, BENE
DESRVWTEEZTWVWAMEN., ERER
EWITRTEELRIFL, BEBIIHASE
WCRBDEERDD, 2Tt ARFEER



SROEMEBREEZD ETHNEZAT
B, WHIHBEIK TR =V RE2RED
LTCBROZEREIT IO NENS Fak R
B—2ODFRETH 5,

DNA HIEIZH>WT, E5WVHRF—v D
BEZEEORERD. LV o EHRIZE
HThs, BEOREMNEENRONIRK
HZ2ONMIEERMBET, BEey FLE
HBEixEbnl, Tnso, flxiEsy
J1/V T DNA $H2 Y- 72B4. TEidiziEs
EEBETED, HO—EARGNZEE.
HElr & S92, ZHITEBHAESICE
HTExd, _EHIUWTRBEEZT —-RE
CAHRIEEMERH B, I BT, BRFENE
ey PLIZX S 25GE13. DNA S KA
LT HREEHENRH Y. THIXRD LIRS
2V, YD LREVWELE LTEEBEFEA
e a. —RITIE, Mo REBEXIIRE R
HEIIZERICRD B bND,

DNA HBHWEEEF VNV THRY EHR
WHDOREARERZB| &SRB T LAMAEE
B, fABHENDONEWIHERD B, F
TR DOEIR CTEFER LI > 720 A
BT p53 13k TORABERLIEREICE
SN TWABR, 2D p53 BFRBHNLL
RBEFEFBICELSOBANEAETSZ LM
BEIZ o TWn5, ZOBEEBTFOMEL X
NCOBIMEE B E A, Hi Lo ESF
BRI TR, RELBKRFBIA LR
FHERTOLHERIATWVWS, ZO®ETF
CEAE LB MEARER T 55 5 A,
BAEDOBEBRTHEFICHERD S, ZhiZ
BT, EFICEZ OBEAOELEFIZOV
T, BALOBECERPLMRTHZ &
DB, —DODOFMTRVNERS,

Apoptosis & iXfAINEF 5 &, Mg~
DEELZZITC, ThE2ECEETERY
e, EEEFHZDIC, TOMEERR
BIIZHEBRLTLE S Z & TH D, LTI
Apoptosis & I H CEBERDORANLAEKEE
RETDHL A, LHEFEINLTWS, fAi
bOREEEZT-Db Apoptosis Th D &\
IMNHD, AL OHESL IR
FITKPERH DD, THAH Apoptosis THL
NTHIZRD, BRERL., BEORUVHER
Y P =7 BREARIUTE S8, b2y
By SR &2 | Apoptosis ZEEZ L, F#E LS
NTIT T &M h-> T& 7z, Apoptosis I
MREOBZRL LTHEAER, HOoEWH%E
FHUL, EEXERVEKLSZ 5,

Z 2T HIMAC %> TiT - 72 EERD—E
EBOZETHENLEY, TVFTFT R b
—< LIRS, T98G LWV O MRERDOT
HERERR 2 e D BB TIREA A VRS
L7k, Bk & RV &N 5 Apoptosis
R E2EDoTHHFETERAT S, KA
PeF o7& AN Apoptosis #HEZ L7z & Z
AT BMB, 80Gy LW IHFEELREREL Y
T2 b hh 53, Apoptosis 1EE857HIIC
EBETWD, Z0XII2, AR TIL. M
JAEEIIZEY —ICRBRENR Yo TS
WZHBEb o3, BE2RPIIH—TIETRWV
TENFFETH D,

FNnEHH5—2, TIVHIERBITH Z
EMTED, 7T RAELMRITHK
FREYCE, ThEELEDIZLT. 7
Ha—RLWIBEBRBEZNWRLEDOTH KN
A vFITL, —EZ 7 BHEEH LT DNA
EEMEIE, M IREAFTRADE
KEnTsdE, TOFNLENT DNA B
DEHIICHTL b, FNEHAETHRATS



L. DNA DBENTWAHIME L EN TV W
MBEOEIER, F—AOESRENB I LT
XoTHDB, Zhixary MNELED,
niZE, Al ib, MBEMTOESR
BEDL HVE—HREN5,

WIT, =y 7 AP LERTFHROEENH
FAIZH LT EDREERD ., H D0 IH—
PR —PE T ERFITHD, TG &
WO REREIZ, X #rE 40Gy HTH, FE#ICH
VEREEA, REMER 30 . BHIRES
FEHOBEZRD L, MROEPEELRN
TL %, ZIZ0b7 T A5MICDNA 25 5,
ORI, MEEL-THIZEA DM
RRABFEF I ¥ — T RREHEEZ R L TV T,
BEY—Thd, BEL-MELZEDOEE
HMELEETD L, CORINRFAFEALLE
{723, EiX, ZThidHifs DNA ZEHEL
TWBEPHLThHD, ZDELIRBZRVFY
B—ThHd, WhOWIREHRBEDHX A DK
SR ToMiIcy—Ic 475729, &
BITLERABREN DR Cheehy—=F
TNEZEZNVZRV, —F. 10 55D 1 O
B, 4Gy OO —Ro A4 F 24 THE (T
TURETITRZETORARY — R
FHE2LEHE), ¥TT 30 pkicix, £<
LBlzoTWiRWHIREE | 8% 5 1) - Hka,
ZOHHRETELERHS, LIELLT
LT NABRIEVELI RN (gL
RO FIEXBREIID Lo THBRIEL 1B
S2TLEILDLHD), REETTHVED
RUVD DR,

FIEEDA Y MEIZL Y DNA O
TTRIZEMIZED, ZhiIA T oy r
ELT1~6B&REICZHITD, MtEiTA T
YIRS T IR THD, RAROM
FTOEFT—ABHEILDOLH B, 1F

i 80-90%1%. MREEATHNHARNA VT v 7
A1 EWVIHIRMIZHS, 40Gy <HWHTHB
& 30 FRICHEBICKERT — NV ERTERS
BHZ, ZOHAIT X BED, SFITNE
KT, 2To/MRERT—) v 7T+5, Zh
22 B35 & AL NIRRT DNA
EEREALTL D, HEFT—V 7R L
NENR, —HLREDLIIEALRE-TLE
5, LT AN, BlOMEE LT WI 38 2E
0. REBAA% 4Gy & 8Gy 24 TT 10 4y
BolebDERTHDE, REBHOMEL
DRV EREEZZ T ENHZN, Eixz
DEEBIIFR (~17 BRE%) AR-oL b &
b Eedo ERE THONTL 5, Zhit
HEBOINFBRXHBEEN, BEAERERE
DT 2L, BEBEZTHINREY &
53, FALABELRoTLEH>DTHSD,

THOWSHIREIX., koMIEE, kOB
HIZESETICEL»S LW, Bh
Apoptosis BE X TWB, LEN-T, X#
BTG E L., BRTFE2YTHEA TR,

IR OWB VI OBEBEE L VI Bk T
ETWESABSTZ LD 5, LET 5t L
THIREER DD, ZDa Ay NTHEITL
EOBEBEICEAL TS, R0 Y LET X
LTEKFEHTH Y, BRE~DEREMED HBR
Hb, EBLbbHMnEVS L, 100keV/ pm LLTF
DEZAZE—IRHDLIICRZ D,

BEB 2 A R M BB RV E AW
DREAT T E RV, B D WILRLE - - AT I
RBHENS | BloflERT, L LEWVWTF—
ZIENB, BRSIABRRSTZEOLOT, &
WITIRE OBREEICHZ T
DIEB, TOVTITEVWI IR ZED
ZzFHICR>Tw&, 1HMIZEFEHEI
WESED, ThzfHoTRY, #HETK
DHRTH LI EDEHERHTLS B, B



RHICHAEZTVIBEL, ZohOMELER
DHHLUTEE O0~1 LIRWnE Y ) —v R (%
MEZ) BER D, £DIR% CR39 O Lic#EE
T, RFRALICEBLEZIEE, B@EL
RWIBIZ T, FABROMIEOTIZHRN
BT )=V RAOEE T T 7L LD,

Wbtz b —A T, BEFOYES
BERET VU amE LTVER, %o
DY bR BHLUTHENFLT
b ZEAEFEZEIHRY, LZANY
TeolebDETOY T ) — 3 ABSF % I
HEHALMNIEY, T LT L oI,
Yo Bl E Y- 5 THRWIEEZ ST 5 &
HOIBREOSHENARICBENSAE, Zh
PESEBELTTY &, BEEZLOIIMKE
BREBENRRLLRoTCLEDY, 2EV,
BB T 256, WEET VCTHENT L
THEEEII TRV, Yoo 87000
EOTREME UTHENTS &, BERHR
BEPDHDZENBDND,

b= OBXRITRERLRVOEF, B
MEWs7722—Tbhbs, BERERTA
MEBETRTH2HE1T. BFEAIEL 22
b, AR oD, RIETHLEWKTIL
— 28, PHET T3 » AREE, 25
WO EBRTIX, BEBROA XU IR RE T
Do, EYORIEHE X BEMRE/ 70D
RLEOREDL bVWHREBEICRD, T#k
MmENWS L, BHRERTRNVEYTE LS
TONFREMEE SN EEN —EIZH S
R, o< DY TTITL &AM H TR~
R TRE TWAEMEBENAEESH
HOT, —WIZBRMLTLEY, bnd
HERhoX3ItR x5, —fFlL LT,

Fl EH 722 AR TF pS3 IV To

EBRPRH D, WIBS LW HilaDFDEET

M, RFA AV 8Gy YT 20 LRI
HTEIEb s (EL6N1ERTT
B5.)e TOIVIRIENLBEHEL MO
FCRIS, Znid p53 B FABEBRD
EECHFESN, U7 EBRHT, k2
WEADRIEB A — FRHICRE 72T
HB,

[BEEEE]
Q: ZHUIF Loy T RNA TRV,

AFZ R BRILEIITH D, 07w,
MBoR TR TWABEGFEELE,
ZhuE, pb3 TR, FRRRSRMEAE TISG
IZERFBAR 4Gy, 8Gy &\ ) LLEIEVVRE
ELTELOTHB,

skskskskskskskokokskskokskskskok sk skak skokokok sk skok sk skok sksksk sk sk skok ok ok
FIE 1T 40Gy, 80Gy TT AR h—V R %t
T ERDOIAIMTY, FEiX 4Gy, 8Gy TE
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March 12 (Tue) 16:30-18:35
Roundtable Discussion-1

Accelerator Facilities for Space Radiation Research
Moderators: Dr. Jack Miller (LBL) and Dr. Yoshiya Furusawa (NIRS)

Brief Overview . Yoshiya Furusawa’
Keynote A0 LIGHTING FIRES-FULL INTERPLANETARY RADIATION Walter Schimmerling
ENVIRONMENT SIMULATION USING PARTICLE
ACCELERATOR BEAMS
A1 BNL ACCELERATOR-BASED RADIOBIOLOGY Derek |. Lowenstein
FACILITIES
Adam Rusek

A2 SPACE RADIATION RESEARCH ACTIVITIES AT THE Gregory Nelson
LOMA LINDA PROTON SYNCHROTRON FACILITY

A4 RESEARCH PROJECT WITH HEAVY IONS AT NIRS- Michiharu Yamaguchi
HIMAC (HEAVY ION MEDICAL ACCELERATOR IN

CHIBA)

A5 REVIEW OF ACCELERATOR-BASED SPACE Marco Durante
RADIATION RESEARCH IN ITALY

A6 REVIEW OF ACCELERATOR-BASED SPACE Sylvia Ritter

RADIATION RESEARCH IN GERMANY
A11 RADIOBIOLOGICAL RESEARCH AT THE NUCLOTRON Eugene Krasavin

A8 SYSTEM OF CELL IRRADIATION WITH A PRECISE Yasuhiko Kobayashi
NUMBER OF HEAVY IONS

A10 RIBEAM FACTORY PROJECT AT RIKEN Yasushige Yano

A7 THE CANCER TREATMENT SYSTEM AT HYOGO ION  Yoshio Hishikawa
BEAM MEDICAL CENTER (H!BMC)
Brief Summary i Jack Miller

March 13 (Wed) 8:50-10:10
Roundtable Discussion-2
Shielding: Physical Protection
Moderators: Dr. Lawrence H. Heilbronn (LBL) and Dr. Takashi Nakamura (Tohoku Univ.)
Brief Overview - Takashi Nakamura

Keynote S0 INFLUENCE OF THE SHIELDING ON THE SPACE Marco Durante
RADIATION BIOLOGICAL EFFECTIVENESS

S§21 EEQYCY ION TRANSPORT MONTE CARLO CODE HETC- Hiroshi lwase

S5 EXPERIMENTAL STUDIES AND MODEL Jack Miller
CALCULATIONS OF THE FRAGMENTATION OF HIGH
ENERGY HEAVY IONS IN ISS MATERIALS

S22 INTERNATIONAL SPACE STATION SHIELDING MODEL Giovanni De Angelis
DEVELOPMENT

S10 ADVANCES IN RADIATION SHIELDING Ram K. Tripathi
S19 GEANT4 -A TOOLKIT FOR THE SIMULATION OF THE  Makoto Asai

PASSAGE OF PARTICLES THROUGH MATTER .
Brief Summary Lawrence H. Heilbronn



March 13 (Wed) 10:40-12:00

Roundtable Discussion-3

Radiation Protection Dosimetry in Space

Moderators: Dr. Vladislav M. Petrov (IBMP) and Dr. Hiroshi Yasuda (NIRS)

Brief Overview
Special lecture

Brief Summary

IN MEMORY OF DR.GAUTAM D. BADHWAR

SPACE RADIATION PROTECTION: COMPARISON OF
EFFECTIVE DOSE TO BONE MARROW DOSE
EQUIVALENT

INTERCOMPARISON OF RADIATION INSTRUMENTS

D3

D7

FOR COSMIC-RAY WITH HEAVY ION BEAMS AT HIMAC

(ICCHIBAN PROJECT)

D14 MODELING OF RESPONSE OF
THERMOLUMINESCENCE DETECTORS IN LOW AND

HIGH-LET RADIATION FIELDS

D11 A DEVELOPMENT OF INTEGRATING PASSIVE
DOSIMETERS AND THEIR ANALYSIS METHOD FOR
SPACE RADIATION MEASUREMENTS IN NASDA - A

DATABASE CONSTRUCTION FOR THE ANALYSIS

D19 NECESSARY ACCURACY OF DOSE ESTIMATION

March 13 (Wed) 13:00-14:20

Roundtable Discussion-4

Space Radiation Environment

Moderators: Dr. Glnther Reitz (DLR) and Dr. Fumihiko Tomita (CRL)

Brief Overview
Keynote

Brief Summary

E0O RADIATION ENVIRONMENT AND EFFECT MODELS

AND TOOLS IN SPENVIS

RESULTS OF THE DOSIMETRIC MAPPING
EXPERIMENT FLOWN AS PART OF NASA'S HUMAN
RESEARCH FACILITY ON THE ISS

ANALYSIS OF THE NEUTRON RADIATION
ENVIRONMENT INSIDE THE INTERNATIONAL SPACE
STATION AS OBTAINED BY A BONNER BALL
NEUTRON DETECTOR

MODEL PREDICTIONS AND VISUALIZATION OF THE
PARTICLE FLUX ON THE SURFACE OF MARS

VISUALIZATION OF PARTICLE FLUX IN THE
HUMANBODY ON THE SURFACE OF MARS

E1

E2

E3

E4

E7 WORST CASE SOLAR ENERGETIC PARTICLE EVENTS

FOR INTERNATIONAL SPACE STATION MISSIONS

March 14 (Thu) 8:50-10:10
Roundtable Discussion-5

Space Radiation Biology (1): Physiological Effects
Moderators: Dr. Marcelo Vazquez (BNL) and Dr. Shunji Nagaoka (Fujita Health Univ.)

Brief Overview
Keynote

Brief Summary

HO DOSE RESPONSE FOR CATARACT INCIDENCE IN
ASTRONAUTS

H1  CHANGES OF GENE EXPRESSION IN DEVELOPING
MOUSE BRAIN: A COMPARATIVE STUDY BETWEEN
EXPOSURE TO CARBON PARTICLES AND TO X-RAYS

H9 RADIO-ADAPTIVE SURVIVAL RESPONSE IN MICE

H12 EFFECTS OF EXPOSURE TO 56Fe PARTICLE
IRRADIATION ON SPATIAL LEARNING AND MEMORY
BEHAVIOR AND NEURONAL SIGNALING

H23 ANALYSIS OF COMPLEX-TYPE CHROMOSOME

EXCHANGES IN ASTRONAUTS' LYMPHOCYTES
AFTER SPACE FLIGHT AS A BIOMARKER OF HIGH-
LET EXPOSURE :

Hiroshi Yasuda
Stanley Curtis

Jennifer L. Hoff

Yukio Uchihori

Pawel Olko

Mituyo Masukawa

Orlov Mark Yu

Vladislav M. Petrov

Gunther Reitz
Bart Quaghebeur

Gunther Reitz

Tateo Goka

Premkumar Saganti

Premkumar Saganti

Daniel L. Stephens

Fumihiko Tomita

Shunji Nagaoka
Francis A. Cucinotta

Takeshi Yaoi

Morio Yonezawa

Barbara Shukitt-Hale

Honglu Wu - for Kerry
George

Bernard Rabin



March 14 (Thu) 10:40-12:00

Roundtable Discussion-6

Space Radiation Biology (2): Cellular Response

Moderators: Dr. Mauro Belli (Ist. Sup. San.) and Dr. Fumio Suzuki (Hiroshima Univ.)

Brief Overview
Keynote

Brief Summary

co
C5

c7

Cc11

cé6

C19

Mauro Belli
GENETIC CONTROL OF RADIATION SENSITIVITY Eric J. Hall
NITRIC OXIDE-MEDIATED BIFUNCTIONAL Chunlin Shao

BYSTANDER EFFECT INDUCED BY HEAVY-ION
RADIATION IN HSG CELLSO

CYCLIN-DEPENDENT-KINASE INHIBITOR Eleanor A. Blakely
EXPRESSION IN IRRADIATED DIFFERENTIATING
HUMAN LENS CELLS IN VITRO

DENSELY LOCATED DNA DAMAGE CAUSED A DELAY Sachiko Goto
IN CELL-CYCLE PROGRESSION IN HUMAN
LYMPHOBLASTOID CELLS EXPOSED TO FE-ION

Takeo Ohnishi
INDUCTION OF RADIORESISTANCE TO Hideki Matsumoto
ACCELERATED CARBON-ION BEAMS BY A NITRIC
OXIDE-MEDIATED BYSTANDER EFFECT IN HUMAN
GLIOBLASTOMA

HYPERGRAVITY MODIFIED THE SIGNAL OF IONIZING Kumio Okaichi
RADIATION THROUGH p53

Fumio Suzuki

March 14 (Thu) 13:30-15:45

Roundtable Discussion-7

Space Radiation Biology (3): Gene Stability

Moderators: Dr. Amy Kronenberg (LBL) and Dr. Fumio Yatagai (RIKEN)

Brief Overview
Keynote

Brief Summary

Go

G19

G15

Gé

G11

G12

G23

G21

G27

Fumio Yatagai

BIOPHYSICAL ANALYSIS OF RISK BY LOW ION Jiirgen Kiefer
FLUENCES

RADIATION MODULATED GENE EXPRESSION IN THE Gregory Nelson
NEMATODE C.ELEGANS

REPAIR OF DNA DOUBLE STRAND BREAKS IN HUMAN Masamitsu Homma
CELLS INDUCED BY RESTRICTION ENZYME I-SCEI

ANALYSIS OF LOW DOSE RATE EFFECT OF Kenshi Komatsu
RADIATION AND THE SYNERGISM WITH HIGH
GRAVITY BY A NEW MUTATION ASSAY SYSTEM

HEAVY-ION INDUCED ISOCHROMATID BREAKS AND  Tetsuya Kawata
ITS INFLUENCE ON G2 REPAIR KINETICS

EVALUATION OF RADIATION RISK BY THE USE OF Sylvia Ritter
CHROMOSOME ABERRATIONS

RADIOADAPTIVE RESPONSE FOR PROTECTION Ryuji Okazaki
AGAINST RADIATION-INDUCED TERATOGENESIS AND
APOPTOSIS IN MOUSE SPLEEN AND THYMUS CELLS

IMPACT OF THE P53 STATUS ON THE EFFECT OF Shin-ichiro Masunaga
REACTOR NEUTRON BEAM IRRADIATION ON

INTRATUMOR TOTAL AND QUIESCENT CELL

POPULATIONS

PROTON RADIATION-INDUCED MUTATIONS IN LACZ Polly Chang
TRANSGENIC MICE

Amy Kronenberg



March 14 (Thu) 16:00-17:00
Roundtable Discussion-8

Space Radiation Biology (4): Plants
Moderators: Dr. Yeging Sun (Harbin Technology) and Dr. Otsura Niwa (Kyoto Univ.)

Brief Overview

EFFECTS OF HIGH-ENERGY CARBON ION
IRRADIATION ON NEGATIVE GRAVITAXIS OF
EUGLENA GRACILIS Z

MUTAGENIC CHARACTERISTIC OF RICE SEEDS
INDUCED BY SPACE ENVIRONMENT )
EFFECTIVE MUTATION METHOD FOR PLANTS USING
HEAVY-ION BEAMS )

P1

P2
P7

Brief Summary

March 15 (Fri) 8:50-10:10

Roundtable Discussion 9

Medicine: Biological Protection

Moderators: Dr. Thomas Seed (AFRRI) and Dr. Koichi Ando (NIRS)
Brief Overview

Keynote MO DIETARY RETINYL ACETATE EFFECTS ON GENE

EXPRESSION AND CANCER INHIBITION IN RAT SKIN

PREVENTIVE EFFECTS OF RUNNING EXERCISE ON
BONE FRAGILITY OF HEAVY ION IRRADIATED RATS

M8

COMPARISON OF BIOLOGICALLY BASED
MULTISTAGE MODELS FOR ANALYSIS OF LUNG
CANCER INCIDENCE ASSOCIATED WITH LOW DOSE
EXPOSURE TO IONIZING RADIATION IN THE
NATIONAL DOSE REGISTRY OF CANADA COHORT

M12

M7 WATER SOLUBLE VITAMIN E DERIVATIVE AS A

RADIOPROTECTOR

BORON NEUTRON CAPTURE THERAPY FOR
MALIGNANT TUMORS IN KYOTO UNIVERSITY

M15

Brief Summary

March 15 (Fri) 10:40-12:00
Roundtable Discussion-10
Scientific Experiments in Space

Yeqing Sun
Tetsuya Sakashita

Yeging Sun
Tomoko Abe

Otsura Niwa

Koichi Ando
Fredric J. Burns

Satoshi Fukuda

Stanley B. Curtis - for
William Hazelton

Tsutomu Kagiya

Koichi Ando for Koji Ono

Thomas Seed

Moderators: Dr. Gregory Nelson (Loma Linda Univ.) and Dr. Tamotsu Nakano (NASDA)

Brief Overview
Keynote

F7 REQUIREMENTS FOR BIOSPECIMEN EXPOSURE

FACILITY ON JAPANESE EXPERIMENT MODULE (JEM)

F6
UTILIZATION RESEARCH

DETECTION OF DNA DAMAGE INDUCED BY SPACE
RADIATION IN MIR AND SPACE SHUTTLE

F11

F9
CONDUCTED USING SPACE SHUTTLE AND SPACE
STATION MIR

GENETIC CHANGES INDUCED IN HUMAN CELLS IN
SPACE SHUTTLE EXPERIMENT(STS-95)

F18

Brief Summary

Tamotsu Nakano
Shuniji Nagaoka
Muneo Takaoki

AQUATIC ANIMAL EXPERIMENT FACILITY FOR SPACE Satoko Uchida

Ken Ohnishi

RADIATION MICROBIOLOGY IN SPACE ENVIRONMENT Kazuki Harada

Kaniji Ishizaki

Gregory Nelson
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