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TEMY Y TN % 87, BRESEOBRERET R (10 yum BE) 2RV OV VRN EIE &
FARNVE —IZ3RE. HIEFRRI L Ul BHEL A 1L PAS e 21TV, IRIIEREEDIEEBE LU S3
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BN DD, VI UNBRIENSERRIZEAZFNE L, BEELZEITILAFONTHY ., K
HIZRE. VIV EEIY MOBIEEBICH I 770 D2 RN FHEREL. VIV DEREED
BEFRIZDOWTHIER AR EDT VWD, ZOF T, VIVEETY MNIBEWT, Bl DWW TR T
HBEBIZVTVDEBMNALND LN DMN>/2, —H, BT eI H1DEHEPT ARV
DEFDACEREDEFIERERBIZ, VI XH LR REDERRVBREICEE TR
ZERWEZLUTEY, REDOY I V#55v bDBEDRIE, ZOEMIEMIRZIZEITZVI 0D
EHEBERRATIDOIEETHILE L,

ZZ T 2018 EENS, 7Y MOARRREFHABHIIF LT 171 PIXE < ZH-SR XRF 12k 5
2RTGICRIYE L T fTO VIV DERDE ELMOETRRE OHEBEICETHIF52IE0O
72, 2018~2019 FEFEIX, ¥ 21 PIXE- ¥ Z1-SR XRF TOM/NES 2 RTmHEI YLV T
i U7 KERE DS FAELEIC DWW TIRE Uiz, ZAUTF X, 2020 EE L, XSRS %
TRUHRENSBIMEBETEECHBEENZLLUT, BADOEMEBEERI THDY Y,
TV BDS AR 2 AT 57,

BIEIZIXSEERZ Y OB D 4, 5, 6 BHDIEOKEESE NS 5 mm~10 mm DOEBS
= Wz, BE O E OB A (10 yum/E) 2 ER U7, BRG] OMEBUIIIARE[IZEY
T2/ THhb, kB DH D74V A(Cryofilm) & BT OV 7 OREINE IR TEY LA,
HBUZ T VAINELTEY . ThEEIEA@BERVE —ITMTT PIXE SRR Uk,
B8 D PIXE HIEIXEHSDTY MRERFHIE RMA2]2SE T o7, §7405, 1 ym x 1 um
DY —A%F, 1000 pm x 1000 pm~100 pm x 100 pmOFEHZ FEEER 0.2 uC TAF Y
=V Utz TRAA—I VT IEBEN R DA IR VT VR e X8 7,
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oo RINERDIIVYDI LV Y DARIERIBITEE 22 HEVEAEE 36 HOFMEARLTEY. F
RLLEIIDHRENEILL TR DN 0Tz, VI LE) D AEIE 100 pm x 100
MODFEHAA—I YV T TELL—BRUTEY ., TOEERE ROV TERERET 217> T
Wd,
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' EERE MEHREFMER A BESCERF

NEHIEARBAL D= S EEEON RPN EEL 25, VIV DB EIL. IXE
BFEPNIRFANFER XN D E DD, BIERME I THRININWEHE B W TEEREYI Y
BEBEERUBEETIIENINE TOERITHETHOSNLLR>TWD[L, 2], LBAUENS,
V7Y ORBEANDEY A A - HEH BRI+ BB I N TR IEE, YV ALY U/E
ALRAIE SRR SRS B a2 AV BRI E OISR RN EREEFE CEEESRE
g 2B HIA RN THNTVB[3-5], ZhHEDHifdzE AW THIENY IV A Hm 2 EET5Z
LT VIV RMEERBRFE DRI DB D TIXRVNEE 2 72,

Z ZCARRE TIE, IEALRAE SIS SR E M % . VT 2 O RIS BN RRIHME DRE R
IZEWAHD . SEEIE, Y1270 PIXE 12X — Ml A=YV JIZ K SN A AR FiED
i AVACE RVt

BEfE 6 cm DEET vy alIR) 7OV V(3 em x 3 cm, 6 um F) 2#& L, ZHUZ 310
SDIRAE IR SR S3 Mg % EfEL/-, 24 RFEIRIC 10 BEEDERMB TN Y AEED 100
uM BB 5 =)V A IS, X 51T 24 BEEIRTE U7z, PBS TIREEIHA X — IV TEIE
U. PIXE JIE#RIE Uiz (& &1 73k . R 7oL VEEZ BB LRV T 1w Y 2 THRRRIC
U BT A AR, MR EL—E% ICP-MS 12XV VIS VIBEEREIEL. &Y D—EB
MOERKEY) 2 FRU 7= (BY) &1 73R WHREEL 05 S3 MIRIZY T &2 & F TR
#E U7, Y470 PIXE SiZid 1 378V HADE—L% AW, 50 37005 ~20 I 700
F DM UTRAA—T VTG U (EEER 0.2 nC) . AV S V EITET) 5 R
6] FHWTEH L,

A S3MIDN B R TR DA A=V 21 & B8, IERIFMA S, HE, Vo, AU
MFHRREFNIAFH U, V5V B IEE UM TIR BOEETY V., AT LDBIEEH
EU.UIVERELTWE, B XA THRI T, E— 2D BEEIC LY S DR AL
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IGEBIZER U2 ZEAVRIB I e, Y SR S B L) & TR ofERa ™
SVEITMRD-VEE fg THY, ICP-MS 12X 2NV 7505 B RIER R I NE X<
FTRLTWE,

SERISHIRE N DR R 2 2 F BN RE % 3N, BIFED RIS tHIg SR S1. S2 Mifas L5
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[1] S. Homma-Takeda et al., J. App!l. Toxicol. 33: 685-694, 2013.

[2] S. Homma-Takeda et al., J. Appl. Toxicol. 35: 1594-1600, 2015.

[3] H. Fujishiro et al., Fund. Toxicol. Sci. 6: 117-123, 2019.

[4] H. Fujishiro et al., J. Toxicol. Sci. 44, 611-619, 2019.

[5] H. Fujishiro et al., Toxics. 8, 24, 2020.
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T.BEREOHLINOELETD St IEEZEE TV A THLL 8l BEGEROE I &fT
W, BENT 2OEEEREEHE Uz, SHFOER, OFAFOEBAHED Sr:Ca HAYE\ FEIK
(6~12x107) MDOARNEIH (3~ 6x103) N AL G2 /NE L EQHOLMNSHFLE T SriCa HLAYK
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FZG T UCREEUERFECE B LB AL B35 mEIERER OFEE AN NS —F5 T,
BB T IOE AR ERE RIS § S ERNEE T 2 I NIHOMNIR 72, BREF)I
PG HNTIE BRI EN§ 5 e <K IRICERE 967 LFHADREIN TS, 7
IAFHERDNEASHI IR . EFTIBERITI, [ IROMA M) RE. /KR, SRERER
ELDERMVMEGICEEL TS EREENE Z 6N,
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b:EFRIFRMMARAERE EFERFMEMR

BEE—RFHEERORFEZIBVTIIVEIILDETET IF = ROHHE R
BRI LB NEIE ARG I N, HIFREEF LK TE=2) U VI BT RENERIH
TV, ARDUT IR ERA LT, Bl S 23ICHHt X b /20, RIZVS VD170
IHNVEZR) Y TREE U TREREEDVLDTH S, BHLRIMIEETHZLIZE>THE
ENMEICE BB RO I RRIT R 72, — . RITARANE X 4R (PIXE) 24, W11k
HOMETRSIEL LU THWONTE /2, I8, PIXE IV 70— ARF vV EfAEDDE
T EREEY Y SIVORFFEEE/ENYA IO A—NVAT —)VDEM O HREETET I
(W-PIXE)[1]e ZNE THFEEOIX BT 7F =R UTAY NI U AZRIZEHRIL, TREE L
Y-KafgD A7V MZEINTHIEUZ[2], p-PIXE DM &2 IREDOTS > DEEISERTIL 3
B DS Y DY — M, MBS URHIZ DS, AFFZE T, p-PIXE %AW THEKH
DUV & EENOTEIZER T H7-0DIZ, RIE TR O % 31 L7 [3].

T ARARI, R, R, L0V IV EEREEAUTER Lz, 22T, REIEHEEZ
1:4 DEETRAUE, BX 6 um DR 7L 74V A (RIGAKU Co. Ltd. Japan)iZT b5 7
VAT TF LY N—=7)V A7 IINFIVE =)V T—T )V HE AR (PFA, FC-115, 771 I /)l
Dy NUBRSH, BA) =TV T EREL, DIV L pL & T Uz, RICHEEER N2 52
E.PFA O—1%&475 L TRDIE M R ORI T XOME/IMEAATREIC 8572, X ARART K
W U-PIXEA A=V 7 B LU BHITTRDREBDFEIL. OMDAQ T —&INE Y A5 A (Oxford
Microbeams Ltd., UK) 2L T{T>7z, TTREEIL, Cd-Te MHEFLD U-Lo #7(12.88 -
14.21 keV). U-LB1 #%(16.83 — 17.77 keV) DF&E T — 2 & FHH U7z, BT T AN¥ — I EIR.
D EREE, IZTNZTN 3.0 MeV, 02 uC, 1 pm x 1 pm TH D, 1A —I VT DFEERNS, U5
NITEERDIBIRR YD AR ARIFE—ITHHEU TNz, U7 DR X ARIZH 1T D R5EAR
X U-Laf R TH BN, [JREIZFIET D BrO KB fRLERSZD. VIVDEETIIAMEITHD
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[1] S. Homma-Takeda, et al., Two-dimensional pXAFS for uranium accumulated in kidney of rats
exposed to uranyl acetate, Radiat. Phys. Chem., 175 (2020) 108147.

[2] A. Uehara, et al., Sample Preparation for the Elemental Analysis in Biological Fluids by
Micro-PIXE, Adv. X-Ray. Chem. Anal., 51 (2020) 81.

[3] A. Uehara, et al., Quantitative Analyses of Urinary Uranium by u-PIXE, Minerals, 11 (2021)
147.
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b: (#k)15

<iELoIT>

ETRIZERMMERAASEE T Ed0 EFIMETEREMEAN (QST EEM) DEEM
HEEIZIX, RARZ—IFIVEE 1.7 MV D High Voltage Engineering Europe B. V. (HVEE) £
D Model4117TMC+A 7 MO VAR SN R E XN TEY, 3 MeV ZE DG F#8% FIFH L7z PIXE
(Particle Induced X-ray Emission) 10~ 70— ARS8 DEEIELSFEINT
Wa[1],

AIFEERETIL, Y1 70— AR 4T2EE SPICE (Single Particle Irradiation system for
Cells)IZHWT, 5.1 MeV D *He*' 1 7> (akiF) DIRES 2 5EF 4 % [ SPICE-a | 1B 4 S £l
FEHD TS, SPICE IZEWTIL, BEHRDIABEICE T SMIERE R RMEE% in vitro
THRELRBRVIESEEL 72 £ T, RS AMEL JERS EE MM OBEHREF NI AR 2 —
MREFSMITEILE B UEFET—SIEDSNTNS, YEHET—<DHT, B
ROTO MY LV E LET KT & AW ARESRICE T2 NEEN TS Y, SPICE AD “He?*
LAV DEANERINT NS, UNUEEER Tl Bil 10 £ L HeX 1AV EFIAHLEZZE
MR AT FENSER—TY MIBE TOE —LEENTA—R— 2 BETLIENEFEL -
TWb, ZZTH LI SPICE AD *He* 1AV DEAER 2 BIEL, 1A VIR IHERE - L — L5
AUIBIEBE— LAENTA—E—DRELEED, ¥ 70— AFEREREZIT>TW
%, RERE Tl SPICE AD “He* 1 4> DY — LEEEEBRDESRIUI DOV THRE T 5,

<SPICE-aDFAFIRI >

2019 FEIZ, TaA T IR M VEIA ViR (Model 358, HVEE ) R OREEHHY F7
LI =TV DIV ==V 7 - Bl BRI ATo/2 LT AAVFENTA—2— DL % EfE
UZz. T D&, IR A EY — ABREERORIELER % D, SPICE EAERIDNMET 16
nA BBEDL—ALBREHEMRTHIZEY, SPICE NDY — LEHEERE 1T-o72[2], 2020 £EIX,
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AAVIROEELE N R EEL, FIR CHMA TX SR AL — A& (SPICE EAERTT~60
nA)IZTY AU — AR ER % To72, KT, SPICE ¥ —AKSEN B UEDOM RS (L&
IZEREB U2V v F L —&—(CaFy(Eu)) L TEEINA, 5.1 MeV *He* ¥ — ADFH D TR E
B e R, He B — AT VF L —E—ICAS T HE TIT, KKEWY H U (SisNg, t=100 nm) X
ZEREEER T S-DFEE LN, OISR TICEEHLSTRITRTEY BERE 10
um AR DA 70— A EIZ RN U7z, ZOBRDRL FEUE 10000 cps F2ETHY ., Bk
TS EERMSTTRERL NN ETERELEE 2 505,

REELREIL, FRd H' U —ABRDOMA L& BIEL, A A VIRERIBIZHIT S He BA AV DAE
BENRIZDOWTCHAEBZED, WEEBR)F LY —T7 VORERVER#EILE ERTEFET
Hb.,

H. E—AXRBRYELVEOHMBEBHMUEICERELEZY VFL—9—
(CaF2(Eu)) ETD 5.1 MeV “He?*E—LDFEIL

N
[1] M. Oikawa, N. Suya, T. Konishi, T. Ishikawa, T. Hamano, S. Takeda, Int. J. PIXE 25 (2015)
215-223.
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2] RIS —, BFERE, G)IMEL, BiEe, 807 —, B, P TFEERF#R
(PASTA&SPICE, NASBEE , X/y #REEGT#IE) (L F#EZ 5-7,2021-02.
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IR GEREICRSIATNIZEEZD PIXE T

ireRzs = (19P)08)
OFul o BJI| F—rb, ZW)I| = <4 =549 A0 Bk e EME w4
aBEAKRE. b: EFEREMEM. ¢ IV I 7 9T XF1hlb,
dIIAREERE. e B FMEERIEE
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XA SAGEE IR 1T BADRLEH A THREUTIABBEEERINGD, E
(FFEEALD R TEL U AEE 35, FEEVFEALET, $7abhbirtt (LR RR) EIOBETEIL., K
IZRERDEDLRDL, FRERERFREMNE N, B EDEAITFRI N tid & FRAMRE LR
DIEFRFETIE B HORENTIA, B, AN EHE FLREYE L TN =—H T, SR
BRABEFEINTO-2IEARINT VB[], ERLRFHMEICIZIREE T, BN RREEH
RFr-ns,

2018 £ 8 A, Az bDMFEF —Ald, HEEN ORI B UZEZ20MZESRNOBEEERE
T DFEERELZ2] HEENOKIHEUABEIE, RIRFEON-BAEEMRIOESAZ
NTVBEWSEENS, HFEENFTINEH T -ERICEFE LT ERERDEDEHEI N
TEY3] FREBFADEFHFI N FOEMERBIE UTIRW D 206 H B, TOIFETI &
Z2DZERMEITOFERENS, BROBEENDIALBENIIRIFMRIKFEL TN
AT LR R EANSREICN T CBEYNDERENE E -8 LFE LA TD
RRJRDENREEREBIN,

ZHIZHKARETIL PIXE 4z AW TEEITEIAEIN-EEIIEENSEROLE
DEEZHEL, JVHEBNIGEEEROBRIFEHE THILITHRRL TS, EFHEIESIAE
NZBZIIHUT PIXE DHASEAAIRECTH D L 2R L2 £ T, HEDEVPRELRL
EMEETH L TR HERDOAE R LVFEMICHE Tl L 2 ATV,

AN TEWKDAHEEL EARENRKEXEHEARMT | BEICATET 54 7 O
HEENS, TUTEH., FITES DA IN, P OEAEFN-BENEHTEXS book-set (F
& FHEDOYY — XK T, FRHZHIR] - IRFEINS D MOEES) BB Uz, BHINWAEEE 405
book-set DFEALEMMNS, HET 20 cm Y DEEE | BEELEOITLRVESITIREE-/,
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SRDTUTELHRIED VR, FIFEH OERMER, EFZNEEIZL>THEL, 3K

ZEOE LU BATEE TO PIXE M Tl HIRIDFIATEMNS 10 EURNEHEE INDEFEDAIZ

NEERE U, )o — AT, BN G L REHRADEES  GAHDERMNEATH K

#- KB - RED=EHNSINE U2, INEICH 2> T, MEBEL BB L HETELDOR

HEEHY, BEBZDORIDECRNEIIEE U, EEHRBIUHROZEZ2ETE

RIZRFZEFTTO PIXE DI L. AT 4] [SIDFIEIM-T 15 TROEGEEZEIE L,
HEEFETIE, FEFITD 10 book-set 73 RIRFIFTD 10 book-set 73, {LF FIFTD 17 book-set

5. ZEBLANTHIAT (HERR) D 10 book-set FDEZIZOWVT, AN T LTS, Fiz. K

HEME 12 & KIRER 2 BOBRRADEEZDOANETZT T LTS,

EEHROEBEZLHHEDEZDUBMNOIL, L RAROME T, BEMERUZEDICE
{EMBH >/ & RU-, Welch D tIRE TEHEHNZ 12 B TR EHEL/-L A, Na, Mg, K,
Ca, Mn, Fe, Cu, Br (A HEDEZIZL<EEN. S\ Zn FHRRDEBRIZZLEENT WV, TD
MDTRIFBEEENRSNLRN-72,

ESEHKOERIIEAIND ISWETRELINEEHUC, #EFENR, HEH L FHAEH
U ET VB CEEMICRET LZE 25 (AIC B/NDETINVDAEEEIEA). Eit
200 EFIOFEDBBREIZIIIZFIZRBERTEENH>/ZIENRITEZ FZIX Na &
Cu &, FEBL KR TEWMERED R SN/, Cl Tlk, AL, BE TIIBENR SNz,
K Tl TR TOHIR TRAMER N R 54172, Hg IZFEETEWMERID R SN 203, 29 ED
R TE TR, Pb I FIHIDKIRIZEWTEWEZ RUZ,

DX LB NS, PIXE e AW TGEMERDOEZE /M THIL T RIHERDOBE
EETAHETOIILENHARTHEIILIETRITRBINA, FEINZOWND—EMARTET
ThdIeNORKNIRFHRIT T > TE 563 BiEARZERIIBA TEAD D, \WD2h
DIEFEIL Z DFFIREZBIT 2N TXD, FIZIE KOBEDIRIETH DI T AT LTI
DAK BERADEREDFHEEIIN LT AHERDEHEDHFNERICE VMEZ R,
ZDZlid, HEDNSREA LT EZKDERIKE UTERI NS E &, T O RE, KIRIZ
POWTIHREIVEEN /I LR TINE LIV, 2 AR T RS RWEE -
WMELETRDIZFLALITRRADH WNHDERIZH o7, ZHid, IEE, BREDOBENEA
EREREUT, AHEBERICS BRI SERFHECREFENMETL, BERARRIZES
TWBETHRRL—HL TS, HAW TEIEZ#EVIBLUTEZHARDREISGIZENT, 5K
LARE, B TRMNEA UM EE 21655, SRIE. DB E B0 T HEDE R
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REZICOMIEN AT REL R | LRI N (L, FERE) DREBERFLTE L1485
LHIRING,

S R
[1] REES Qo4HIFDEX MEDRELTDER/NEE
[2] Maruyama A, Takemura J, Sawada H, Kaneko T, Kohmatsu Y, Iriguchi A (2018) Hairs in old

books isotopically reconstruct the eating habits of early modern Japan. Scientific reports 8:12152

[3] FEOMEZBN(2005)F 1A A RO EEE

[4] T EH—ES, FlE—H, 2 KRB (2006-2007) BUNe 738 - BOBZ R OFICE
LARNTEERREEZLOBEIE. NMCC H[FF FZEARERE XE 14 242-255

[5] FEECowA, ZVIINEZ, FE&EiL, HEH—E, GHEE (2006-2007) PIXE ffFt$E
DI=HDT —HAN—ZDIEZE. NMCC HFRF] FARFTRRERS XE 14 122-135

25



26



BBAITRERRICE T SH%R:
BIEAR N F =D LSRN

area = (20P)10)
OffliE . B+ R° LIFREE",
AR BLP R F— < BEEA P
afEEXIERE EFE b EEE METHREZMRITAT
cEHE ETENEMER

Bl 1T o EHEIT, NI RIFSBEDOBENBRFIIREISFEFETLILNS, Blidot
RO AA BB 2 O NI U TOKBENH D, RS DY EFRINDEL32558AL
PRAE L EFEAS S1, S2. 83 D 3 FHHT NN THY . HIRFE DM E#ES A7 L% F U,
TRIZE>TEN L T OEBENELD, HFEESDETMETIE. AIRIVLADGE, B TFE
DRAVNIHEES U EMRME S1. S2 SHRICBWTZY YA MY A TE A E 214, HE
I, BO S3 fHIE CHIN NIV AR—Z—2 AU THVIAEFNDEZEARINT VB[], —F
VATSFURIT Y DEEE EARME S3 SN DI RN LEENREIN T2,
3]o UMUEDS, FRIIE TEREBIT DI IN TRV, A RMAEICE 1T 5 mR%
DLERFBEMEEZAOSNITLILIX ESBEEEMEDOHLST NERIEEEDEATZRT
DHEE RN BEAREEIZ L DL ARIBALIF TR EE T H B,

T ZCARME TR, BWITRME S1. S2 SRIBIREBMEDANIVAB LUV S VERIU S3 fHiK
(REEMDY AT S5F U EEIZEL, ¥ 70 PIXE L&V A RIVARD T SFF DB A D
BLOEMNEMAEREEFAND L EFHE Lz, £z, VIVIIEBIZEWTHREMEDY > - 7Y
D ADEEEOHBENERINLILNS, VY- AT LEDETE L SO BN EMEHE
TR MORE BN, BIEAHEOTRGEMEZRETT5,

REEIX, ARIVAFKIESBEETNDO Y ABIUZ DOV TIRET %2 4T 572, 10 pm EDH
YR &R 7Ol VI E Y, PIXE BIEFRME Uk, BRI 2 PAS L., JRAIE
S1-S2, 83 ZHIFI U7z, BREDSMAIN S FOENT AT TORE - BEE DI I3 S 28I
DWTE =A% 1 um x 1 pm, FEEER 200 pC DT, 7500 um x 500 pm DJEFEELTOD
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AFy Y &fTol, XOIZESEBIINL 250 pm x 250 pm DFEMIARAS vV 21T o7, BYISH
REHE(0 - 500 pg/g) [4IC L DB EAMEITV. ARIVADMHRE 2N/,
BEIRDEI I RIVLEEN 32 pg/g THo=A S1, S2 BAFRME N3 2 BT
EHRIVLBEERE TE RN o7, BYISREIZL L FESRMAE T TOARNIVLRH TR
1% 170 pug/g THY, DHFEBIZENTIT VDL HIZ 2000 pg/g #8225 H R EIEEIEBEDD
FR[SIINE U TN EE 2 6Nz, BIRAA NIV ABFEEFEMICHANS 20121, HIE
ZEOWEREREETIVOBRFADBELEZ SNz, — ., KENSEEBEITEIINITTD
V2 AV LSRR ISR U BN AL 2o THEY, V- AV LAEEER IR
INEMo7z, Bl XX IISEERIIERDORBBRLEOM LM FETH D,

EIF
B 2 K PR, fEOE—KIZIX PIXE BIE TOEMBILR—MNIBEENN-UET, K
TR D —ERIE ISPS BIFE 19H05770 DFfBI% %)=,

e =PI

[1] Fujishiro et al., Metallomics 4: 700-708, 2012.

[2] Zhang et al., Toxicol. Pathol. 37: 629-643, 2009.

[3] Homma-Takeda et al., J. Appl. Toxicol. 33: 685-694, 2013.

[4] Homma-Takeda et al., J. Radioanal. Nucl. Chem. 279, 627-631, 2009.
[5] Homma-Takeda et al., Int. J. Mol. Sci. 20: 4677, 2019.
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I 908 — LfIFIIESHEEE SPICE DU —F & FAROT XM (R&D)

area = (195J01)
I)\FERERE o VPR BRRIRD ob  KIE KE o RIS — 2P
a = EFEMRIEEEY VTV EIVRERR I IV —
b:Ef MAHREFHREM AR LF AR IR emEE =

1. B#Y

<A 70— A%, FCRETRERZ S B N ERERSHREEMEICB VW TEELRY
—IVTHY, X178 — L3 UTHED LN TR RIS, BT, ER
SPICE IZENME— DG TR~ 1 /0 —AMfERFEE TH D, /2. E—L P12 umE &
EHRETITOE I NS, M DOARS THENDRAEARETH D, ZOLH 73

BERAETHE/2E. HAMBRL LU TGEE LTS Y70 —AERIL, HHRICRTERHTSH
%, BEHEEZ RTERAN, BN TIBNMAFHEEDFANSEAONEILNSE, T
DEEMIIFEETHD, TD2D, REBDOEEAS LOETF - HRFEE (A V7TV R) 13
HTHb,

IO SEE TR, HEMEFROEL CTTEMERILRIECE FEMRIER
IR (IRFR) DEEFZ D7~ DIZIHKEE DR - BETENFIB Lz Tho TEIZKSIREIFDN
SPICE I B I X EBERRITNECAES 2 E U2V ICEE AR LT
7o

2. AVTF VA HE - (B
SPICE 7751 VEBMERY AT LD VCM AT —Y D
VCM AT —J1Z, SPICE 4751 VISR AT LADBBHAT—IUTHY, KEEEEH
FERE (B 2R) ITIRE T 272 DITHE T H D, —MREVREOLEEMEE DMEREICH/ATH 10 572
EhR I HREG A EE T EEL o TV D FIZIE. 5 mmxS immDEEE 60 fEx#HL VX
T 625 FEiFf (2525) B LB E. S DN TRET I N TXS, AEE L, M - Mg
BADIA 70— ARG EOGBEHELRAICL D HLE G, Z<OMBEBDEE % HE
LG NA AR Y R —SNREHRI D /=D DA HNEBR DRI AV STV,
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ZDAT—VIE, 12 A 10 HEIZHREL 72, SEEHRALIE AT—Y Ty -2 —DZHHES
FOHTABY =7 2 — )V SR T B o 7=, BHEEALIL. BE AN L IA TR, £
Fo D AT — VR LIS IR MRS E T L o T\ D, BRFE (S0 3 £ 5 AR E), AR
THY, REREEEZMETL TS,

)M B—LHO - AT— -FEMEE  SREIATDITRTOETY IA AV M EfELZ,
EENMESALR, EZRY THIIOWTL, BEA VTV F AR EARE 2T/,

3. RN - AR A
[zt RES L OFHBRE T EENDE —LZA LT EDES:

SPICE I3 &S ST HRIR A BT T Y Fil RE R FF 2 AT U TOB A - A DI FEE
RO, RZE EOLFERIHMA 2T o/, £2. AMMBEREEFDOMR RATENIE U,
BRI MERAMEREXOMR REE 2 B (FHEAE 20 ZREE H) ., £ EBERZEE
DRZEE 1 BTG Uz, FIEIZHAT, REELSCITHRRERD B Uz, Zhid, a0
TRGHERBF L D/=DBRIFEREENR I INALILIZLD,

4. SPICE-o Bi%

BRI T AT LAY (aff) E—LDFEAERET U7z, 5.1 MeV D affIZINETD
3.4 MeV BGFEDMIANF N EIZHANTIEEICEL BLE 90 keV/UMBETHY, €D
HEYHENIEFEIIENEFRIND BEEEIZF XK %, o REBHNEREEHIT L2201,
“He? A 7> DHLE - ¥ — LBk EE % EHiL., SPICE E— AT VR E TOL — L% HE
BREDME EICB O, £z, E—ABRAMEL RGN A 7O — AR KETIETITEE
STWRW, SR, A A VRIZBII NV LAEA TV DERINEZF EXIEE-01Z, AEE
HERR DA & MEHE T Do

5.5 % DIRE

SREE LY AR E FEGRIZR SR (RFR) OZEFIRT 5, TEICLSREFOE
% RO, WRERIRVMZEEHEL TV, /2 RN T 75 ADMEREDMERE L. Sk
EHRERNE - R L RN ER T 520121k BELEZED DD AVTF UV AR+
MIERBLUTOSDBENRDH B, HIHHY AT LADOEFHNABELE 2 T\b, £/, SPICE IV
VAT BB AU a g A 70— (SPICE-0) DEBUZMII 2 N1 T IVEERT S,
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T 2 FEMFARR—E

RREES 119501
B E Vo0 — LRSS SPICE DUH—F &TAROTXUNR&D)
RERRE A EE

FRFF (OmREFER RRI—FK, HBES)

1.\ RERE, R EERID, KFE OKE, Bl BE B BBA RIIOE—
SmEFRIERMYI o0 —LZERLEY VTV EIVINMA0T —
ETEGRFESR 52 [OKR, 2020-12-24

2. I\Fg #ERE
B AR~ o0 —LHIRIRSTEE SPICE DIRIK
BAYAOOE—LEYARRE 11 BhERSRE, 2020-10-14

3. Teruaki Konishi

Advances in microbeam technology for single cell radio-biology

Second International School of Radiation Research (ISRR-2020), 2020-09-13
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iR EFREN SFRIOTRAV T RERDIHE

arrE = (20S)02)
I\FERERE o /PR BRFRID ob  KIE K o, Bl ZREE o, RJI[fg— 2P
a2t EFEMRFERED D TIVEIVIGERENT Gr
b:Ef MEHREFHREM AR LF A5 E IR emEE =
cEM BMRIREFHR S RS RE S SR A EN F IR EREFAE Gr

ARHZEREIL. M S AT O AD—DTH IR BiRFGEBRE (ZOERY T
NN BB G & REE 3 2B H S EDFSEFHONITLIIL A HIEL
T3, EHRZN 2 HIREBFEDNE— DX —7y NIMII A DNA THS, — A THIlEES
FIFEE OREER THRAHRRICEY M50, MREREGLMEBEFEDA T = XA DWW TIERER
ML, TNETIZ, MIE DA A 70— AR U, LA N AGERBED—DTH S
Keapl-NRF2 ZEEDIEMALZ ST, DNA ZASHYIMT (DSB) fE1E&/EZF XRCC4 & Rad51 D
FEBFERME U2, 22 MREIXE—DZ—7y NCH DM & 3 5 /2D Dk
WY AT LDTEEACEFETLIE D=7y e UTOZRE R H-TEY, Zhuid, BEHRIC
Xt MDD EFEIED—DLEZO5ND, MIEBEREIETHINETOMENS,
faBE BRI AAL 7O AZEESE LTS A EEENE W E X /2, T T, AFZEIL
FEEGEERE 3 5SS OFEICL T, M B RO I EREE EL
FEL, JOER) TV AEEHIT B 1LV IRGDOERIZEA TH 5.,

9. SEEIZ 1)MEBTCSREIE DD DREHEEE DL 21T /-, Y1 70— AR
FHE AT —V DBRENEIF 5 mmx5 mm ADOMREADAIZHIR IS, ED7-, ERAMRMO
IR DER 5 mm SR DOFERO A% 1B UMRE I A O $ N TOMB BBE 3540
EN Dol TIT I EELLWR) O L VEOF R 3~5 mmd DAIZT4T TR
FrA—bgHIL T, MREEHEEEZGIRTSILT, ERHLAZ (KL, ZOFEIZLY
HT1080 AHREDMRIRE DAIZERH %170, 2) MEREEGERN R % 3§ 2127 | MRk~ DRL

FEITH T DEFERBEZT o7, £z, REAREE -DNA BEDEETH D 3) BUNMEFK
= (MN)HIE 247572,
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2 AlZAEGFRAEIRE R U7z, FBITRIT48 500 8 % Tl IR LB 2R U, £17%
% S, BERIFEHEZ N LUT, S=exp(-exN)TTA YTV 17072458, EH—HIE (EFER
37 WNIERNIX218ETH o7z, 72, 3.4 MeVORGFHR (LET =12 keV/um) H I EFE
200 um? ORI RS Iz T, SEE— BRI BELIRIRE N 2 Gy Thorz,
— 75T, 1000 DG FIFIBE COAEERIZ 93 £ 0.4 %k, BT 500 HETIZRSN-
HEFROEBEB NN TEOERELRE R U2, RIT, K2BIZRAR FEITN T2
MN EDZEAL % RU7z, MN FEEERIZMAEZ S 720 300 B FHRRHN TR E RUZ,

RRATRL 722 500 {E LA EDRRENIH VT, EFRHMRIIIEBEL LB 2RI T, EHEIC
WA FERERL, —H T MN BRRITED ERUZ, ZHUE. BT~ 70— A0
MRIRE N DORE— IR BRE XN BRSO ARRE T 5 IND e s, LV IBERELDNAR
ENFFIN, MO ZAERNFDTHL LI, TOBETERIND MN FERREFD
Uizl EZ 605, LML, BEEDE—7 Y R RS A ANDRREN 5L 26 THIFMNER L2 L
LRI IND, DFY, JUEA) SV ZAERMMBUMELIIHNL U2 7O A% -85 [ jEME %
RBUZEE 2D, 5, BE SNZMENERFET 720D TR AIZDWT, I6IZZA LTS
ABEZEDOFRIZE > TEHMICERT T2 0ENDH D, 2L T, F5N7/270—2% m-FISH EIZ
FORERBERN B LOT ) AR TV, EERBLT MN BAEREJOER) VAR
R DBRE U528 T MDA ERRDOEMBNFEELLEZ TS,

(e ] ARFIEREIL. BUFE  PRERRIRRSE (FA#R) (20K20636) DBIAIZ X > TEMBINEL

7o

X1 ~A27ub—ARS MR OMA: = EEE, £RIL, MEMOFEL 4 mmx4 mm
IR PPRICIEERE U - REREE, £RIX, ARIO B TRUZEROILKEE, Mg
AFZAD33342 1 2E > THERAEINTHY . BEF TIIHBDOERLE UTEDE I ER TS
770
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A 100 . , B o2, ; :
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SPICE ¥/ - 0O —AZF\\/= DNA 18EE 1 DRFZERIHIEIC K D
DNA —AEHUIME1E Y 2V INV B DS R

area = (185)04)
OAREXRE 2, EEFIHD >0, ) I[FF— °. /) \FEHERE °
a: BIHIE BFEGREMER YUV BIUSERRFI IV—7
b:EMfiE EFERFMAMR YETERN FHEIMERHEGE

RLFARRDNANREILT v = DIREEF M EIEN U, BRIRNABEIRL L TOHIfIZ
HESLU TS, LULARAS, R FRRREMN IR > - SRR E 27 (b V1% L HIREEED
ERETHS DNA — AW 0EHZ DNA 185, MlSZE L OMEBITIERERPZREDNE N,
A7 —AMBEIREEEE SPICE 1. 1.7 MV 2V T MaVAESS(HVEE #8) &) AmE U7~
3.4 MeV BT % EREMN 2 mm OBUNMERICERIE S LT, B—HifaL ~)V CHIREE A
iR EN % BEICEATEERBHADAEETH S, COBAMEE AN, AIFFETIL, Mfa
NG T-HRD () BR 5T i Fr & FRSTRL T-280% IR ZE IRl 2 2L T DNA #BEDEH
MESRICERIE, ZOBRD DNA ZARHELIMHERE &> /N 78 (g-H2AX, 53BP1, p-ATM,
Rad51, Mdcl %) DENRE% GE R EIRIC KV RIFIIEH§ 5 2L T, BIERHE - BERE
BEOMRIAZ BT,

IHETIZ, MIREREGAOEARY MEE - HiE % 5% 5 EE 29 oM=L Egi#
M Image] ¥ 70 & BEF L., BN/ BRI MREELRHEBEEIIDWTAREIRAAFIVvILIVER
T BRI ZRHENTD) & V2 — LY 1 XD BEREEFHIE, N, VLT 7 ATy
JtEEET Ve AW MEENRATRES O EFIEL WL U, BN BRTRES
F E— AL TOATHERDY Y — T REREC— I L —ARLHTONRF VT IH
ROBAMHFET O —RMBISTED 2 RAMNOE-THEY, F/z, BER FEROEMAENERZY
— LT AL, BRI FHREFIHTI2L T, BRIMEEEHELIDIL 2R, X
SIT, RETHIIZAD g-H2AX BOEARY MNRE - HED 1 B4/ DRSTR 7k EM %
AN A BREIZDOWTE, B FETIXRL FE DB AENZITEHITIE R T EDD,
ERLFE(=300 fE/1 &R TIXEIRI LA, MEREZ N DIRAFY VBRI DI R & REB L7z,
— 7. BRIZOWTL SRLTFE(= 100 fE/1 ERAMITRBIZONTE =LY A REBZTAN,
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MR A B AR E D L DN G, I7 DARET RV T IHEEN DNA ZAREHYIREE
FRIBRIIFES TN N o7, SR EERREAE | AL 72) ORFHEZEZT
HEARY MRE - HREO RN ZNHEEREFEE L ARSI FETHD,

ARIFFRD—ERIF B ARZEMIRE S B2 ERMBE EEBIFRB) (20H03634)DBAE 3
TEmIN,
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Analysis of radiation induced bystander response by COX-2 induction in

A549 human lung carcinoma cells

(18SJ05)
oAlisa Kobayashi?, Yota Hiroyama!, Daisuke Ohsawa!, Narongchai
Autosavapromporn 2 Tengku Ahbrizal Tengku Ahmad?, Teruaki Konishi®
1. QST 2. Chiang Mai University 3. Malaysian Nuclear Agency

Background
It is known that radiation-induced
bystander  effect (RIBE) regulates

radio-sensitivity in vivo and in vitro [1, 2].
COX-2 (cyclooxygenase-2) which is well
known as a bystander mediator [3] plays a
role in modulating the radio-sensitivity of
[4]. Also, the
radiation-induced bystander effect is
known to be induced by two pathways:

cancer cells

mediated inter cellular
(MMIC),

cell-to-cell communication through the

media
communication and direct
gap-junction inter cellular communication
(GJIC). However, there are still unclear
the
correlation to radio-sensitivity caused by
the bystander effect. Thus, in this study we
evaluate the induction pathway and COX-2

about responsible  pathway in

involvement in bystander effect which
contribute to radio-sensitivity in bystander
cells using SPICE proton microbeam

irradiation.

Method

We used SPICE proton microbeam to
irradiate small fraction (less than 1% of the
population) of cells in the cell dish to
induce the bystander effect. Cell dishes

41

were prepared in 4x10° cells/dish and
4x10* cells/dish, were categorized as high
density (HDC) and low-density conditions
(LDC). HDC samples were densely plated
so that the cells have cell-to-cell contact.
On the other hand, LDC samples were
sparsely distributed not to have cell to cell
that
communication through GJIC would be

contact  so direct  cell-to-cell
negligible. Twenty-four hours after SPICE
irradiation, some samples were used for
colony formation, micronucleus assay, and
COX-2 detection. The other samples were
irradiated with 4.4 Gy (D10 : dose for 10%
survival) of X-rays for evaluated
modulation of radio-sensitivity by colony
formation and micronucleus assay.

Colony formation assay: Irradiated and
control cells were harvested and plated in
triplicate to obtain ~200 surviving cells per
dish. After 12 days, cells were fixed and
stained with methylene blue. Colonies that
contained >50 cells were counted as
Survivors.

Micronucleus assay: Irradiated and control
cells were harvested and seeded with
cytochalasin B in triplicate to obtain ~1000
bi-nucleus per chamber. After 60-66 hours,

cells were fixed and stained with Hoechest



33342 and acridine-orange prior viewing
under a fluorescence microscope.

Western blot analysis: After 24 hours
SPICE irradiation, protein lysates were
collected with SDS sample buffer. Proteins
were then separated by electrophoresis and
blotted onto PVDF membrane. Membrane
was incubated with primary (COX-2 and
GAPDH) and secondary antibody (HRP).
Protein bands were visualized using a

chemi-luminescence sub-strate.

Result

Colony formation assay:

At HDC, no significant difference was
observed in survival rate between 0.07%
SPICE irradiated cells and non-irradiated
cells (Figl, white bar). However, the
0.28% SPICE
significantly lower

irradiated cells showed
survival rate than
At LDC, 0.07%
irradiated  cell
different
non-irradiated cells. However, the 0.7%
SPICE
significantly lower

non-irradiated cells.
SPICE
significantly

showed no

compared to

irradiated cells showed
survival rate than
non-irradiated cells (Fig2, white bar).

SPICE-irradiated
cells were irradiated with 4.4 Gy X-rays
after 24 hours post SPICE irradiation, and

any changes in radiosensitivity due to

Subsequently, above

bystander effect were examined from
survival rate analysis. As a result, there
was significant increase in 0.28% SPICE
irradiated cells compared to non-irradiated
cells in confluent condition. On the other
hand, at LDC, there was no significant
difference between 0.7% SPICE irradiated
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cells and non-irradiated cells in the HDC.
(Figl, & Fig2 black bar).

Micronucleus assay:

At HDC, SPICE
micronucleation rate is proportional to
percentage of irradiated cells in the
population, where 0.7% SPICE irradiated
cells showed higher micronucleation rate
than 0.07% SPICE irradiated cells (Fig3
bar).
SPICE-irradiated cells were irradiated with
4.4 24
micronucleation rate was significant
decreased in 0.28% SPICE irradiated cells
compared to non-irradiated cells (Fig3
black bar). At LDC, only 0.7% SPICE
irradiated cells showed an increase of

irradiated  cells

white However, when above

Gy X-rays hours later,

micronucleation  percentage compared
(Figd white bar).

However, when above SPICE-irradiated

non-irradiated cells

cells were irradiated with 4.4 Gy X-rays 24

hours later, no significant ~ of
micronucleation rate was  observed
between SPICE irradiated cells and

non-irradiated cells (Fig4 black bar).

Western blot analysis:
At HDC, COX-2 expression levels in
SPICE-irradiated cells were significantly

increased compared to non-irradiated cells

(Fig5).
significant different of COX-2 expression

However, at LDC there was no

levels was observed between irradiated and
non-irradiated cells (Fig6).
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Summary
As a the

microbeam irradiation, the survival rate

result, sample with only
decreased and the micronucleation rate
increased according to the fraction of cells
irradiated with the microbeam in both
HDC and LDC. However, COX-2
expression was only seen in HDC. After
X-ray irradiation of the LDC, there was no
observable difference between those cells



which were exposed to microbeam
irradiation and those which were not.
However, under HDC, after being
irradiated with X-rays, the micronucleation

rate decreased and the survival rate

increased in the microbeam-irradiated cells.

COX-2 has been reported to be involved in
cancer cell resistance. From this result, the
study showed that the bystander response
induces radio-resistance in non-irradiated
cancer cells through cell-to-cell contact,
and that COX-2 may be involved in the
process. However, further studies need to

be conducted to clarify this situation.
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