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Two Laser SYSTEM (7 color)
633nm HeNe L —¥—(Red)

Three Laser SYSTEM (9 color)

NIRS FACSAria

A 780/60 APC-Cy7 780/60 APC-Cy7 780/60 APC-Cy7
735 735 735
660/20 APC 660/20 APC 660/20 APC
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735 735 735
B 695/40 PerCP-Cy5.5 or 695/40 PerCP-Cy5.5 or 675/20 PerCP
PI Pl
655 655 655
C 610/20 PE-Texas Red 610/20 PE-Texas Red 610/20 PE-Texas Red
595 595 595
D 572/26 PE or PI 572/26 PE or Pl 585/42 Alternative for
PE/ Pl when
not using
PE-Texas Red
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E 530/30 FITC 530/30 FITC 530/30 FITC
502 502 502
F 488/10 SSC 488/10 SSC 488/10 SSC
1.0 ND Filter 1.0 ND Filter 1.0 ND Filter
407 nm J-E(K L —H—(Violet)
A 530/30 (Violet2) 530/30 (Violet2) 530/30 (Violet2)
Alexa Fluor 430 Alexa Fluor 430 Alexa Fluor 430
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B 450/40 (Violetl) 450/40 (Violetl) 450/40 (Violetl)
Cascade Blue Cascade Blue Cascade Blue
Pacific Blue Pacific Blue Pacific Blue
Hoechst Hoechst Hoechst
DAPI DAPI DAPI
Alexa Fluor 405 Alexa Fluor 405 Alexa Fluor 405
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BI-(HBI1C) - - - - - - = = = = = - - - -
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CHB11A)

(HBI2C) - - - - - - - - - - o oo o o o o
l
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(HB3ZA)
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----------------- >HB32C ARBA
----------------- >HB32A 7RBH

___________ >HB11C #HICHF (97"
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s G m e — e - e oo >HB11A F91 IR7FE(12")

____________ >HB32D F107 IRFEC12")

4 1. 558 H% HB RO RMK, HAET 20 B ) — M54 ticimE L7z, 52-53 X H IR
MENDIL, HEFFTAHAAEDOREBEDLDNH Y . IEfERFENER S TWRW=0,



K. Maruyama et al., NIRS Technology, vol.6 (2012) 77 — 82.

T D%, LIHRESIDART . MERED AR —
b, aTEOIAE, MEAST ) OREL e £ 21
FASAE & A E DGR IR S H, BUE,
HEMF TR STV A o1k, HB11A (91 1K
H) & HB32D (107 fiH) OHTH 5,

3-1-1. HB32 &t 2 fi - 7= il il

FIUEE D EMNIH A Y 215897 2002
LR, MFEICER SN D ERRA X T DE
FiElE Hd-rR 245 HNI RFEICEITL TR D |
HB RHEIIT4E S O], RIS Z L b
72 BLTCLEY Lol ATLE
IEVHBIRN LML EBEWTWERHETH
D, EbiE B ORKETH -7, 2006
FEZ A A=V TERINNMEE AN
[ X Z T % W= HR AT T VRIS 12D
TOMKREZIT, WANAFRTNL EIKRE
WHTAEAZE S A X Y HB32C Rkt TIERI &

1974
Dec.

T AT 7 —~Hilagks, BAHIGEE ST
LHIEWRESGT, HENFTIE HB32C RZ#tiLd T
IZHE 2 T3, X 1SR & 912 HB32C &
HB32D 1% 14 fREIZE I LTS Z &
b, BRIIFEETSH D LRI L, GFP T
b Lz A Z 7 —~iflild% HB32D &~ DB A#
ATV, BAEINHFZEIXR T L, PNAS (2—A&
DL e LTRETDEN KD 20k,
Z DS B & F5 o - 5E8 RS > & HB32D
RMORPKFE L T TEE T H 2 & Lot

(#1),

ZOLI I H Y A FE THLEHEN
ECHIB STV TR AN 2 IR OV D
bHdDH LD, ITASRARHERF O HI B A #E
L<LTWD,
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101 e
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-------------------- >H04C3 AREA
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-------------------- >HOS #EiEi(es")

[ 2. AR HO SR DR, BIFET 2 Gk B 7 — 54 Juic gk L7z HO SRt o R,
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3-2. HO %#t

HO Z#tl, —MICHiikSLTnb e A&
B EEPICFF R TH Y, (KA1 v,
4 J71EIE HB SR [RIER, iRIEMF & Rt L
VOBETRHEK TH D, 1974 FIZ 3T )
DR BT LR ASELIE, 1979 AEFKICITHR
WA T R DI HR(HOLA, HOAB, HOAC,
HO4C1, HO4C3, HO4CB) A sz L TWv% (1M
2), TDk, WIKI 2D HITT] & HEH
TV 23, HOS 13 2005 422 95 A H T,
HOAC 1% 2010 4£ 9 H 12 109 fLH 2> k32
=R, BN TO BRATE TR L7,
7277, B/ CREIE LD HOAC Rt
WCITBAETHHERF X4, B2 IR A &
nTnd (FE1),
4. HB., HO RZAEDFeME, &
AR I TAERDIHESE L 7= 1980 4EARIZIE.
O RRRZ TERS . o DIIE T E & 7 FE
MR FROMWE ZRGEL TV BB, £, 7T
FEHEED XX HITFESEWF) 12X, #7
LRRFFAICIEE > TR Wb 0D, FEELH
HRZIAZFZOMER E TRRBHEINTEY K
ZEBRRO TR L TV D R B £ <
INSDORBIEETADIIRARETH D2, £
EOOLNTEHLDODO—EER 2 ITRT,

% 2. FRFERY72 HB, HO R D7 pBIM

Rt He FH T Rk
HB1MA & SR/ TR AR AR FELCARMY kSRRSO
MAM-FHF—HIHT 5
P DR 4 EAMEL
AR OIEEmEIS  AREY .
HB32D & BOEBERE BTN SRR 107
Fl<Eh3
HOA4C = AR i WESO RIUZEIE
S MAMTE MR 2. BARRAROH
PRI OO Fe £ AT LY
HO5 % ERARRRLY Alzifn g 1S B I A

RERPAEL AT TRYATEE
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L

1974 5 BIEM CThh® ST 28 h-
SURARBII AT I8 HFEHE X D, bV
ZENTWD DT HB32D @ 107 fXH T, =
IR R b BRIk SN TH D
EEbND, ZoRRMFICEND TREN
DiaH) Phg iz 5 & A T < Tik
Wb o b b, RENAITSE
HEMERR D SR 1L, EEIERICE L <. A
HAFHEI S HILRE 0 L7820 | TR DOMERE
IS RHE BT ORETH D, 5k, T
RARDRMMEFFITIE 2B L 725 & PRI
L0, Lomnh & Liziddkask L, kI
FlEMNRE L ERHRNTEEZE X TN D,

KEIZ, D LELS A— LR HARDH
RZEZDO RO THRNT 5, NEEEK
THE, (AX IO IPS MIAANED DIZ AKX T
A FHR HXXXX %t (2 THAITRED) 2
VEIROTH LN, &R EICTHARTIEF
WCALRWERTH D, D&, Y TR—
VO TR E CRUENFE DB A GEEIE S L
7o HXXXX 23, BIETHIFEm L T\ 5, Mk
EARFE L 7= D728, [THERFH O 46 OFF RN
ROVDOTREET S Z LTk n] & oK
7oty DWTITH AT 2R -> T<
N2 Lo ThoTm, I
v L. MBEIRRRE L= TH DM, RENF
THEL TR REN Tl . FEOH
THll 2 AR S AL, Jdoim B P FEIC ' BT
HAREMEEFF > TV D LWV ) FIFRERIF L
LWERDOTH DL, £ ZIThHEHTE 205
D S & R OO PRAK ] 0D M |24
ZRELCTIIIWV S e o,
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HICEP HEBIRGEER (HiCEPer) DBA%

iR, AR BT VAR RS R (BE) @O T 2fh HE?

DAFFERE Y o & —  BFGCHAR N BB HEERE s 7 - A AT A
aﬁm%%k/&~ S et oM S EHEE T — A
e TRT v

HE

HiCEP (High Coverage Expression Profiling)i4[1-2]1%. fi#MTRTIC S — 7 v ATFHRZ LB L L7z
Te OB ORI N v RE 7R BAR T HBL T 0 7 o —URITETH D, ~ U A TIX BB REY D
KIT0%aMEMEL, FE—27ITENETNOEMBTEIHT LLICKHET 5, F£72, 1 2 ©—/Hilg
®%3%Jﬁ%MT@%ﬁ%@%@m¢5@§%ﬁL1wéom&P%%?47#4iVX
TR DIEER R ATIEIC IR S 7201TiE, FECTHLTE D) TN MNETHY,
ORI PRI A Tzl e 8= &)/7 WD T2, I A=y 1)
TRITUEAR b, 22T, Fxid, cDNA GlNLT X 72— G E TCORIEETTR D
H B SUGEEE (LT HICEPer) ZERL L . £ ORI 21772 > 72,

Keywords: HICEP, /o1 X—Fx ME, ZH>2 T LHLEE
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1. ZHUE CIThI¥E S 7= HiCEPer

1. IXT®IT

HICEP fEbTiLi%. 2 E TSN OIFEE
MHEL DY U IO AR S T
Too LML G, RIEIT, FEBRAT v 7
MWL —E LWL EOBEDOT —# & B
THDITIE, HMBEOBRPALETH Y |
— BN & LT R S D012, e
HRRREORERZMELENMNHEATH D,
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BN LETHD LB 27, @, HICEP
T IE %2 FIEETITR DA, 16 oo
BRENERTHLIN, 77V r—ray (F
—(ERDRERF AL, E7R D EIRTO g, &
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200ul
10ul

Pl R =
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=1
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A E Y
()
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3 MERIBE

F o TOEE WL, F T T ID
B@h, ©— X572 & OEMEMEREDRENE %
WL, KB EIT/Ro72%, — 2 96
> 770 HICEP Template 7ESLANE 1 3% L 7]
RE/R A MMAT A ML VR L=, 7=,
ZOMBROBIRIC L > TEREIC L D ER
T, 3 HHZ D% BISAS 2 H I A #6237
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RNA) LR F v 7% > F LTEBITIE,
2 HMfE T& Db Tidle <, WYy 4
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LT TORIEDR N ERBRAE O T3
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(ZII S AL, T K D Z AU E TEEMITIEA A
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0. ZORER, B L7 U SRR A 1Y
MU, ZoFECEy, R amz.
fEATIC TVE) oM ENRBTL SN,
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B UTe, RS 1 5R0K 13 & 720 | 4
FHESOWMANCB N TofFEEE 720, Alh
HRBRICEBR L EZDOEEMATE HRE
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NI I s I T EBET S iPS MIIEEEREG DOBRR

WHESAE v 2 —  WFEAREINT  EWptseHEERR B T - MRS AT IEE

HE

ZVE TUBFEE T R A = X A O 7= % < O N T2 e (iPSCs)
AR U C & 72, BRICHEHBAEE MR T V815 1 (c-Myc) & & & 72 W 1L 3 K- (Oct4, Sox2,
KIf4) 7D iPSCs (3FiPSCs) fERUZ DWW T & ZHMINLITAEN L T& 72, LA L7223 5 3FiPSCs
T L~V THRDIR 0 I2BWTIE c-myc & & e w ik 4 R+ 5145 5 7- iPSCs
(4FiPSCs) LAIBROMEZA L TNDHDOD, F X ZTEMWIERIZISU N TIX 4FiPSCs & #7210 |
ERX AT OMEPBRICIK T T2 2 82PN L, SRMEEIL. ZOX ) R%Ese
VT s T I TRIED IPS HIRIZSE R 7 ZRENVE A S S D RIR S OB EH A, b
Ak U T 2 FUALEEZE L EA] (HDAC inhibitor) ®—->Td % TSA % W 72558 1E DO ENTIC
B L= D TG 5,

Keywords: iPS #fd, V7"r2"7 322, TPz 7 ¢ 2 X, HDAC inhibitor
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1. P

2006 L EEE S D 7 — 1%, Ha
WZFREED Y a7 7 4 [F1 (Oct3/4,
Sox2, KIf4, c-Myc) L b oA L ALY
WAL ANTZeerEEMia (iPSCs) Z{EHIF
% Z L ITETh L7z [1], 2007 4E(2i B b iPSCs
TERR DDA S, ZHETIZE M iPS
HERE 7 71— D3 B S e 2 A -5 BB A e
T F 7 AR, FRERRERMAG AR i R
HENGHERE & o 7o Bix 7o fila 2 HAE D HE &
NTETW5D, & FIiPSCs 23K T AT
ET . E DR &AM A R LR35 2
Cik, BERRETH D,

(RHIRR s DI ~D Y 71 75 2 v Tk
HOMIIL, FFtiEmRICKRELS FET D
ZEEFWOIETHERW, VTR T TIITD
prss b 7e DRI & LT, ph3 MR, Eilie
i S5 5y TECRE Mk 43 & K < A543 72 B A BR
B, 20 biEEHET S DNA A TF 11— L%
LA NAMERRETE Y 2R T 4 v T
[EEMOBRENE D STEINTV5,
WETIE, b0 ) BE R ATHE
72 DNA A F 1 —AE A b AEARIZEE L,
SRR Y s T 2 REE (TR T O
A2 b CE D U7 TarsI I 0)
FERARERME DAY THL Y A%
WT PSS M 2 AR L. & ORFE S 2 Mt
L7z,

2. 77tk - B

2-1 Bt

iPS FAL O BINLITIR DV 21T 72 o 72,
C57BL/6 ZfED~ w7 A k4 135 AL v~
T AR HESE A (MEF) &2 #3715 . 2A 77
A I MBI LD IR+ %2 4 B2
MEF (23 A, ESHfl =z v =—2Z4, 4
B S WML L7z [2]. B2 L7z iPSCs #RIZD
W, WIHHER D 7 ) B~DFFADR 720
L EMEREHATH D,
B I2IX, MMC LB 7 ¢ — X —F

—

89

KSR-ESM % Hi [85% DMEM, 15% KSR,
non-essential amino acids,
-streptomycin  ( \» 9 4L % Invitrogen), 2-
mercaptoethanol (Daiichi-kagaku) and 1000
units/ml LIF (Millipore)] Zf5/H L7-, A%
(213 100%F A 7~ 7 AIFEET D 3EEFLLL
Al LT L E 9 iPS Hl £
(2A-EGFPtg-3F-04) % U 7=,

penicillin

2-2 fifi KA

ES MfaDOAREAE & A CHEREE 2h3E &
HEFFT 2 Z LSS TV 5B/ 20 &
# (GSK FHL5EAI CHIR99021 & MAPK BHLEHA
PD0325901) [3]. =&Y =17 4 7 AZhEIZ
TR TR A S5 DNA £ F/U1KE
EH (-7 VT AF v F V. 5AdC,
Sigma-Aldrich) . t & ki7" & F /L bBESR
FLEH (U a2 2% F o A, TSA
Sigma-Aldrich) % H L7z, SEAREIZ OV
Tl& Melton 5 DEEEZZZIT LT [4],
FRRITIE, FEAIALPRIE O MR FRR |, 3K
RO & A 27 RN DU T
F 1D X O ITHA2 DM EHA LT,

2-3 & A Z{ERLE IO germline transmission
TRt FEBRIE

# 1 OMAB DI TIPS Ml &% L,
EFL DRIFIZI2 5T b DIZONT, T
V=g EIZE D F AT~y A{ER
AT o0z, 77V —va ETHE, IPS
M A3 C57BLI6 RAEHR D=, 5 ERIC
T ICRAZAMEH W HAELTZF AT T AD
X A TREIROE (eye color) & FE A (coat
colon) IZTHESIZHIETE DL L O LT,
HEELIZF AT T RZONT, £DF A
7% A7, germline transmission fEREAS
B ATV, ERI OB 2 MREE L7z,
Germline transmission fife 78 A2 Bl F2 Bk 12 13,
100% "% A Z~ 7 A & Balblc & & DA
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W CHIEEA T2~ T2,

3. MR
-1 EFE SR OTRR

5AdC # W =356, MlaofEfEE s, 3K
FIIND 2 A X2 7 WUERRERT S AR L
EIKICBEDL HTIE E A LD/ LR L T

Ji 7 BE D IR EE (1.5 x 10° cells / 6 cm dish)
(ZHEAE L [FIREIZ TSA (20 nM) 24 RFRALER %
1TV, HEN 2 ERER 24 FEfRER L-, £F
L 7oAl 2 fEA L, IS TSA MLBR % 24 IR
BIlholtk, 77UV A= a itk L,
ZDFRMFETO R TSAWEE U 7= ML 1357
b3 5 Z &7 Kokl Ble &k > Tz,

LEW, HTERWZ ERg0-o7-, W (K1)
2) F7-. ESHIfELEE CHERDOH D 2i & Bk
—F TSA ZMLBE L 7-356 Cidk, MAORERE 0 ISEBAIZERIN L [2]. 8 B [T 4 [BIHELL:
B L IRBININD 2 A 2 7 BRI D il B & PSHIARITIER (2 B4 /2P RE & HE
WAL AEIIND Z LY, B inEiez FFL= (X3, ZhbxzHWNTT 7Y /7~:
X0 ESIRERRS (K1), 77V 55— 3 a VEREITIR- T,
VEBRICHT A ERTE M, ERITIE, M
#£ 1. BEEFMOMAEDERE
ARRR TR i B #6414 WEE | mNoEA IS LRI EHE
(cells/6em dish)
7.5 x 105 TSA 20nM | ¥EEE L RSN | E#E4 SEERD | EEREIRICEL
7 —¥—{H
] TSA 20nM | EFEEFRICEN 2 4 FFfNE | SibRERC
1.5 x 106 TSA 20 nM | $BFR L FRFICED | 2 4R ESHEEIRHERS
7 4 — S — 2= GFPH L7
({2 e)
7.5 % 1P SAdC 2 uM | EHEE L RRRCE HIfE 4 8 R FEM
F o S —f
" S5AdC 1M | RS ECEN 2 4 R s (E3EZ )
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EA ) . S ) =2, BEF'. EEEX'
14:25~14:40 | 0-4 A S HEBEBOMESETHRPIXERH 1REH - DFAA—SUIRABREVE—. 2KE
B - MEHREAER R 42—, SIRER - BIRARE
T &R
HBAZT . HERAL RESH. THBEE. B&
WiorooPIXEI= & 5 6176 AL - EL SRR D Hoe 1= B 5 BFL MR, EOAE—. ANBES. RIE-
14:40~14:55 | 0-5 "CroPIXEIC & SBEMOBEREOREIFIT | '
TRE —HRBIRES O EHRIS— THRAY, ZRFPERY, SRER - MGHREER
Tt h—, MBEH—F R, SHER - T
E AR i R
EXET. EERA. HAZF. RESH. 2R
14:55~15:10 | 0-6 ST SXYIEHRAICHEFLERBAMOMTICH (2 mosz'. mIBIES. EoE—". RIF—*
ERY: e TERBRSERY., 2EFEAY. SHMER - MR
R a—, ARER - RREREMEE
15:10~15:30 a—ke—JLA%
KEHE' H2E'. BEBH. RIE—1 NESE
s =3, = . mm=Trre, = o[BS BIIMEL, Mzl MOa—1 #ERe. B
15:30~15:45 | 0-7 ;iz;z/\t)bwﬂiglﬂo)ﬁ:\?ﬁlﬂﬂml’ll}/\:|. LS. amsl BB, L
THERKPKRER., 2MER - HREBEATES., 35
KEXFR
:45~16: 8 TFEOTET ERESE . BIEES, M’ RIG—’
sy | BTIE00 | 08 TTROTETT IR T AR JHE - R D
(EE . INEEHEHR. RIS —. BIRIGA, Bz, MOA
Ftm =&yy) 16:00~16:15 | 0-9 SPICEDBAS. {E#RE~SPICE —. BREAXF. REME. BEE®. SESE
MER - B E R
X FEM' 2, ¥EmE, RN 52,
(50— AEREAEE (PIE) TR [l o IR BREE B B
16:15~16:30 | 0-10 BHAIDMATREEICET 5% B bEE N : =
\EMAS ., JRED - IR R
16:30~16:45 [ 0-11 NASBEE ;EE%; T
Studies of non-targeted radiation effects in
vivo through microbeam irradiation (K.N.Yu)
. . NEERERE (FRIE )
16:45~17:00 | 0-12 Bystander effect of proton beam irradiated %£E§2§ ?ﬁﬁ3€§§g§i§ﬁﬁ§ﬂ
human lung cancer cells with counterpart normal
cells (Badri N.Pandey)
A& D&Y 17:00~17:10 MEEBREMBE Bl F=E
17:30~19:30 BHE BHFARMEEFIBERRE
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E& 5 . POST-SHO1) ~
A Z T BRI DI E 4B o R PIXE f#T

BAHSED ) ddsedi | Suldk—> B BIIE—2 0 wilEY, e
3%1)

DFEWE « 53 FA A= TR 2 — 2) ENE - B RbErsete o % —. 3)
HEEMT « WFFE A IR

Fox PERUCEZh LT A X W BRIEEET VA2 AT, 23 ARk L OVELIEF AR
T D ES R ICHE D PIXE T 21T > T\ 5, MH). A WEIFH CouR D~ v B 7 %247
S TV, 28 Akl ds &L OVE D IE FREARE C ORI 22 A 338D BV o T2 72 | BUE,
N AUkEAE & R IE AR ROI (Region of interest) ZEWTCHEEMIMT2IT-> T 5,
ASEIOHRES TIXZOTIRZMET 5,

(LX) A ZWEGET v
rrEE# X7 (GFP) ZFEBLL TV % A X M BEAMEMI (K9 100 f8) Z ROl < ICBAEL
Too FROEIEHHIIEL TV DA TH 5,

(E[B) PIXE ¥ 7L
AR OR) EEDIEREMH (55) 12 ROT ZE W THET I 5,
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ZECHK . Hasegawa S et al. PNAS 106 (33), 13832-13837, 2009.
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Micro-PIXE (T k 2% RV /- EEBE O EIZ M - st
— MR SEETEA U R RIC—

ARV, EEAIRD, EET) D, HAB 9, BAREA Y, HEZ 0,
Pl OA— O A)IEIGA O, KJIRE— 0 R —#E D

D HRURARGKMBENTIERT EBSIR IR JE o 2 — | 2) B R BRI 5
Eefinz. 3) MUAHRIESFEREVIIEET BUMYEN i v 7 — 4) Y —s U BE
fif. 5) HILUFENFEE ST, 6) MIHMIEFLR AN M o & —HFgEsk
RN

1. X T ®IT

P TRA N URBIZET S A MY (Hucho perryi) (%, {JIBUEIC X 2 A B HI OO0 | 1 1
WNZ XA BRI L0 ZE L < EEREDNED LRI E S 40TV 5 (‘Critically
Endangered’ in the [UCN red list, IUCN 2006) , A ~ 7 OARBIZOWTIL, A BREECEINARE
72 EYKETENZOWTORMANZEAETHD, LL, HARIZERT DA b UITIEANE
SO RERSY % IR FEICOVUKIBUTARAE L CODERE RS FFE L TV D 2 E BB E Mo Tl
¥ (Suzukietal.inpress). 1 b7 DOMREIRIRERZ NLEZT DD, FEErE-CEEA &
EEDIEELEREOEBENEE CTHL B HND,

T, BATOR FurFuh (Sr) PREOERBRRETOSHREIZIS U TELT 52ME %
FIA L. ERREOBREZ FHRBET AN ThN TS, L, FaldEREzEs I
o2 L3 TERnizd, 4 bUO LD AT ORBEIEORTNLEEND, £
ZTARIE TR, e S TICHE T 2HTE B Loz IO TARREZHE TE 20,
ZOREIEIZOWTRET LT, 2Dl £T4 MY OUYK-MKEEFZBRA1TV, filH R
B LR O ER T H DIEERICIIT DS & OBURICOW TR, AL, BT
TOSHMMT 21T 9 & & biT, RO TOHESS O RFTE &4 R 7 T,

2. MR O tE

B ERICIT, EEy— URRE L VRSN A bY 12 BRIV, Kk (Opsu) -
K (30psu) TENENK 6 » AMIEEE L, BRFEEIT# Il 2/ L CoBricft Lo, il
OCT = /"y v RTHA%, #fEI 70 h—2ZHWTES 10 um O ZER L7, gD
Wi EC AT I 1. AR B RS AR S 7 #0030 2 812 micro-PIXE % FVTL BEfL#R AP0 o
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Sr vy MERIE LT, &5I2, Homma-Takeda et al. (2009, 2010) D S iEIZH-S & Sr DY)
PEHERUEL A 0, 250, 500 ppm CERLL | &M Z O < 2 & THOMEAL (Sum X 5um) O AT E
BLHECiTo 7,

3. REVEE

il B WIS 31T 2 R O FEERR D Sr &iT, WKEE AR L~ K E B IR O ) A A &
(2 < DR D Sr '\ ENEN OB EREE A4 KB L T2 ATREMEAVRIR S 4170, F 72,
R EREL O /3T IOV T, 0-500 ppm D FE#iPH T RAF B MG v, Bk - 1K
BB MERICBT DRERBRO SHREZHAOLNCT L2 ENTE R, 4%, x AT EORE
ARBREAMETE D00, AEREEZHSCLTONT DL EbIC, ZA LT T E2ED THNT
THUENRSLIEA D, IHIT, EBEIZT ¢ —/v FOMEED HEE L 722 VT KD
STl T U 7 e R AR & BRI A R U 7 R R A& R LRI 3 2 BRI W T, Atk
B LTV PETH D,

4. BECHR

IUCN (2006) The IUCN (International Union for Conservation of Nature and Natural Resource) red
list of threatened species. Available at: http://www.iucnredlist.org/. “Accessed 22 July 2010”

K. Suzuki, T. Yoshitomi, Y. Kawaguchi, M. Ichimura, K. Edo, T. Otake. Migration history of
Sakhalin taimen Hucho perryi captured in the Sea of Okhotsk, northern Japan using otolith Sr:Ca
ratios. Fish. Sci. (in press)

S. Homma-Takeda, Y. Nishimura, H. Iso, T. Ishikawa, H. Imaseki, M. Yukawa (2009) A new approach
for standard preparation in microbeam analysis: Development and validation. J. Radioanal. Nucl. Chem.
279: 627-631.

S. Homma-Takeda, H. Iso, M. Ito, K. Suzuki, K. Harumoto, T. Yoshitomi, T. Ishikawa, M. Oikawa, N.
Suya, T. Konishi, H. Imaseki (2010) Evaluation of pressed powders and thin section standards for
multi-elemental analysis by conventional and micro-PIXE analysis. Int. J. PIXE. 20: 21-28.
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I T I X EERRNICBIT 2 EE R 20 OB BT 28150

I

GREE® 5 : POTT-TY01) ~

BARET D, HEAK2, BHRZT19, REED Y, BFREED
sz 5 AJIEIELY, sEnA— 5, KJIPRE— 9

DRFFERFPHE S, DHE RS RFRERE BB, 3) I KPR
e EBSIR FERUETENTZE | o X — | DR E R BT B BRI T v &
—. DIETRRE SR AIIERT g 2 —

rb\

1. IZLwic

AR, KA DR /KPEENE ~ DTG QB OB kT DB 0 mE Y . Zn DFEK
I O R R BR B R IEDO W E e ENMTh T d, Xv=ER O (2F73I) X+
T B, XU T B REREAEEEOW I X VBN L L THiIc RSN, 153
W DI ~DEEMC OWNWTTRE S 2 <. MBI 2WE OB A LD
AT =X LIZODOWTHIARRARENRZ N, Zhd R, B L &b TEMIKNOITTHR M &4
EToZlic - IGOE OKAEEM DR BTN T 5 ETOERELRMANELND &
EZbD,

Z ZCARBIFETIR, A DOIRNREE OFERIHEIRIC A 2072 3D v+ 7 v X #j CT I L ONEik
FEIRME TR AN FIECTH D~ 71 PIXE k&2 E AL, 27 IX~v=t (Neocaridina
denticulata) KWNIZEIT2EEBONMIEZHALNIT DI L& BMICEREITo T,

2. B O

EBRIZIIIFIX~vze a2 fiLi, IFIXvo e d B FEX e/ AT Y
XvTERTHY, BTV X~ ERBITT TSR T, F& LTI Bl SicAaR
LTW5o, ARIFFETIL, ZEE)ROE)INT I TEAE L7 iR 2 ZBRIC i L7,

IZUWIZ, 3D~/ 27 XM CTIZLY, 2T I X~ EOERNIEEDIEEZIT -7, AT
B LT, IR 0K 24 FRERIFNCE B ARITERA] (f A3 1300, AAY=—U > 7K
2AE) B 1% ERD L IICHEM LT, 3D ~A 7 1 X# CT 1%, EBREMWM 3D ~A 7 1 X i}
CT (R_mCT. BtV H 7)) ZEM Uiz, BREEDNNZE, ST IXv B2 AR KT
Veigp L, REIAT—2i® v b Uiz, #8238 90 kV, EHE 200 pA, 25 B OSRMTIT
olz, ZOH%EMER Y 7 b I-VIEW-R (BASHEE U Z 8 UERT) I X0 B OMER 21T -7,

s7
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WIZ, In BELO Pb IZ X HBEBIBRAIATV, KTHRITIX~E%H OCT 2"y |
TEABK HHEI 70 b—2Z VT, 20 pum O 2 /ERL L 7=, IR ERITIEE 1.0 mg/L.
96 REFHIIZERE L TIT o 7o, EBSMRKICEET 208 L OWGE Elext @i LT, ~( 7/ 1
PIXE #£% H\C Zn, Pb O & DR a2 AT, ~A 7 = PIXE 1%, R &M &,
0.5 uC F721% 0.3 uC., Z=EM e (E—2 %A ) K 2umX2um LT, AF v A X
750 um X 750 pm F721% 500 pm X 500 pm F 721 200 pm X 200 pm DKM TIT o 72,

S BT, EUHEEREIOREIC LV B LN MRER G, fICEIT 2 Zn B LU Ph DR
DEHAE1T 72, Zn, Pb ORI 50, 100, 250 ug/g OETISHEUEL BRI L 7=,
UIFEHE/ERL 751X Homma-Takeda et al. (2009) @ HiEICESXIT -7,

3. MM UELE

3D ~vA 7 1u X # CTIZ XV ARPNICE T 2k L O LE OBLE & 22 h O RENFHK
AR5 2 LN TE I, MEITEEMH AN A CTEET S 2 & BITEEM %5 o BTk
X —AREELILA~NEBUTWS Z EBER I N,

F72, Zn, P IRFEFEERICL Y, I T IX~o EOMB L OIGIZ Zn, Pb RERETHZ &N
HOENERY TNENOGHGEED Z ENTE T, SHREXEROENLEL NI AR
KL Tk Ca, Fe, Cu. Zn OV —7 BiERSNTz, —J7, Zn BREFEKROMECIIxBRIX & b
RCTZn OE—Z 13K LT\, F£72, Pb REEAEOHE TR FEERD O IR T & 72
MoTe Pb OB — 7 NHERTE 72, BIZHBWTIE, Zn, Pb OZERENFRO DAV EIK &7
A7 7o TR sl S T,

HUMEEEL ORI L 0 | Zn BRBEEAOMD Zn 1T 36.4+2.3 uglg TH Y . Pb IR
AR DHRD Pb JEEIX 77.7+£51.1 uglg THH Z LBVRENT,

4. BEICHK

Hatakeyama, S., and Y. Sugaya, 1989 : A Freshwater Shrimp(Paratya compressa
Improvisa) as a Sensitive Test Organism to Pesticides, Environmental
Pollution,59,325-336

FREE—,2007 : HARET EHFHOSFE AR, == F H(D), 1A, p292

Homma-Takeda, S., Y. Nishimura, H. Iso, T. Ishikawa, H. Imaseki and M. Yukawa,2009 :
A new approach for standard preparation in microbeam analysis: Development and

validation, Journal of Radioanalytical and Nuclear Chemistry, 279(2), 627631
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VAT TF U IAVDEENOSGHARAERL N I 2 b—T gy

Measurement and simulation of the distribution of cisplatin micelles inside tumor

OKBFFIEE Y | BRESE V. WS V. RJIR— 2. /N 2 ) 1REIEL 7
Pk, fRA . GhEEAK Y | LB Y | ARE%EY. AIRE=Y. B¥or Y
Kazue Mizuno, Hiroshi Fujisawa, Yosuke Nishijima, Masakazu Oikawa, Teruaki Konishi,
Takahiro Ishikawa, Hiroyuki Iso, Yuichi Higuchi, Yuki Ito, Shigeo Matsuyama, Hitoshi Imaseki,
Keizo Ishii and Mitsuru Uesaka

D) AU LARTIERE, 2) URRIE AR S IR ERT i it o 2 — . 3)RAER
PR LR 50

SRR 263 D BUEAl & R A LA A BRI RRE) 13, EWOTRERRS
W T2 CRIEABIARLTCLEY, 22T, FI7v 75U Y — (DDS) HifliaimML
TR D AIRIRANEFNEZSE L, FICEVRA v b X AW THREZEDSEH 2L T,
BWERAIIZ T E £, B URA 2 N TOWREEIT O XHRDDS BMHER SN TS, HRIOFEAHE L
T, BEHEEER 2 b OV A7 I F v mBEHEOR Y ~—I2NE L, NEFERNEZ &1
VATTF I (T ) THAEH) NEETHD LB LD, SRR E OO TR
PN RORE I Z KDL, VAT TF o I DIRNZEE), FHEENOMIE~DEEA I =
ZLEHLNNCTDIVERD D, LL, VAT TFTFAINFREIVNE L, FOEAFETERRT 5
EEENNEAET D AREMER H DD, TNE T 7 v A R TOAERNOARILE BT &
NTCWedvote, £ T, 4 XK AW T~ v U 72170, ERIE 5% OIEENE
L OEEHAIIRPNIC T D B4 D434 2 IE Uiz, CDF-1 ~ 7 A | ZFEMIRA (B16 and C26) % FZ FARHE L.
VAT T F IV ERE LT ER G OISO YR A UL X RS HT (SR-XRF) 12 X 0
E LTz, MAEEFEOAENMERN D, AT T T2 2 jARNAE D b IEEHHRR R & 36
BB L TS 2R LT, £, 20X v a L PIXE E~ A 7 0 B — A AT v =7 PIXE
(-PIXE) CHtEEMF, HIEKR) 2 VT, b MEflild (PK-1 and HT29) N~D B&DOTUAAR R DKF
IR ZAC 2 RIE LT-, ZORE, BT I BANLKRIE SNV 275 F i3 HITMaRIZE
DIAENTEY ., MIEMNICE 20/ L TR BiE sk (),
INBOERETTIC, AT TTF U I RAOIEENIC \d;;;;a/ Am®
B BHEBOTT a2 R AT, BENOME D 5 ' —\
728 HALE DOFEAIAN~D > 2 75 F o OBUAI B
SRR TRy 2 B LDMEBIC L 0 iRB L T &
{572 LT, Migerh o e oRse e, gnrie  PT
NORREERE OFERE A AV THEIEFIRIC IV b > g o mios 2755 3L
Tzo ZORER, MENPHITY (~50um) & ZA T L EIDE ¢ pepusr U7 PR-1 GO B4
TRV AT FF AR AENDDITH L. .

Low

. 25um
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VY (150pm~) 5ATIC & 2 FEHIE~DOERITBSEREICE LW ARetEavRe S iz, Zo XD
IREFER OMIRIL, WRNRE AL DDICKEAHTHL LEZABND, Ak, MlEES
B IR IS T DIRFERIROME LG E 5 2 & T B & OB EZ it L T
TETH S,

1) K. Mizuno, et al, lIPIXE, Vol 20, 1-2, pp37-43 (2010).
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TTEORR~Y YT
HRESE D, A)IAGBL2, B e 2, KJIGE—2
1) =XTREEEL, 2) WERESRESWTIEAT

1. IIE®IZ

TN BRI R DTG E AR U CERET 5 Z L DVHIDALV TR Y, E -tk JUWRME ko
THGYE IR D Te N - RS a5 2, T OB D& A TTHRIEE I S D
ZEDBHBNTND, 29 LIeZ &M, 7T HRICHT 5 REEREOFES T O BIR 23
H—oDFEE LT, 7TTEOHE~ Y T EHE L,

2. PREUHUR & ERIE
T I REDOFEHA, AGBEDORY 7 I, BT T, BN RRVTIHTH D, 7T HETAH
&Y 6 ROBIARND ST OBEAIL, 7/ T IV AL T30CLL T TRy L1z,

3. R~y 7OHELE

HRSRBH IS S Ve 7T 35T, LROZET LT3 T GEOHIL, HubEixOHH, %)
Z 10X10 mm (ZHIV B, F 6 ZRE RV A= —R T —7 TR A TR LTz, BENTT
Fvy T A F =D VXL EZRE L COEEE (Scanning Transmission lon Microscopy:
STIM) XM HEHRRE AR ABFSERTD Micro-PIXE JEE TITVY, 71 ko B —ADEEHIIHIL 25X 25
mm, 7’1 E—AOET Lum IFENLL T THh D, 71 E— LD R LF—L26MeV, &
FrEOAFHEIZ 100nC T, FEXHRA T MVOFRYTIZIEZ OM_DAQ T — X U5 AT L Fu =,
HExg L L=, Na, Mg, Al, Si, P, S, Cl, K, Ca, Ti, Cr, Mn, Fe, Cu, Zn, Br, Rb,
Sr, P19 5t#TH D,

4. TFHEDOTHR~Y S

X 1\ZHF 7T RO T FHED STIM A A—T % d, T TEOLAITIE, EAREINRIIEEDO S il
WS AT E 7o s TELBNRBHHT-DIT, A A B —ATEEs T, FHxiEE TP r0B@ I/ T,
BERE D L L OBV Y, BT A—fbES T,

21213 Si O~ > 7T Y 7T HROT T, Ny FARICAHBID SHTEEOREISHE L
Si FRO/INERIR (flyash) DOFEE D THD EHEESINLD, Si ERER Sy FIRPADNDTHEILP T
b, B, BT THREB IOV R VT RO 7 ESFEI L ThH

X3 (FF7FHHOTTHE) LKA GRBFROT ) 12137 na 7 0 VOERICEE L T\% Mg
EREMAREIC A TR 72 Mn D~ 753, BE 7 RO 7 FEETIEI Mg 1IX—HRIZ A LT D03, i
BIMRD 7 FHETIIEEDZDE 3 CEEDIK T A DD, Mn <~ 7 TlE, Mg OFEIMET LT
7‘_(7‘/“:‘%7&0)7%%@@1 BREENEN, ZODZ LY, runa T ¢ LOERPHEIZ Mn 235 L WA

RefEZ e T 5 EHEER S LA,

1 STIMA A—Y @7 o745
s12
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500um 500um 2159 F SiKa1 (NIRS)

2160 PO Si Ka1 (NIRS)

By

—500um

Oum

00um

4 Mg & MnoD~ v

GO T T8
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<A 7t —LMERNEE (SPICE) OB

Research and developments (R&D) on single particle irradiation system to cell, SPICE
ANTEHRIR D, RJING— D, BEEAE . ARG, BTN L MR T
1) FENE HU R A 28 A A B 6 7R

~A 7\ — AREHET, BERAED B O THEE TILB/ DL 2 ENRARETH > 7ok
FHR ISR 2 L~V TOISHAE T 57201, kb AR k- EETHDH L E 2D,
HEM~ A 7 v B — A%E SPICE 1X, 3.4MeV 7' kv (B 1-#1) Z HIJOHMIKEIZR LT m
b L ENAEEOR B EZ BT 5 Z LN TES, E—bP A AHLELE 2mTHY ., IH
FUERS R M O ML O B 2 HNVEDIZIE, +ICER L — L% 5 2 L 2 EEl
U7c, WRSRRHEEIR, 50K 400 {EFEEE DML 2 B9 5 Mt 2 FEEBL U 7o, BRG PTRE 2/
fub5 2 EAE S Smm X 5mm FEE CTh 0 | MRS 7= 0 3 X 2T EOMIEE RE 32 2 & 23l
Thb, THKM GUEH 24257200882 1) MmO RSE, 2) MO EE
EOFHE - B, 2L T3) BRABLZ15~200BRETETTIEIC, VAT LD
M 70 77 AoBBE2ED, 201 0FEIZBWTL, BT 77 4 vy afmf~DlS %
AIREIC T D 72O DT v 27 AW R bt | A ER G M Lz, Ml L~ L7210 T2 <
in vivo \Z3F 231 A K o Z—3h B E T 1T R IS B B 3 2 JERE ST 2 B AR L 7=,
R —TORFEFEB L TWAET TR, ZORKF LN =—va %
fifi 2 TR AEE A~ L B A D T,

SPICEDHMAMZHE L TCOEEZRBIICEGEL TEHD, v A LREPEED
ZAF BT TS, Ll v A 7 v B —2NBEHAN O X 5 7o @ B 22 FREHE 2 W iR e,
FLEEBTIE RV, FRICRERGE 2R LT 22— —~Oxtc b WAL R | BFEET
X BRI BB SEBR DT E 72 8 HAT O RS A AFRE TIT o 7,

23 30k

1) T. Konishi, T. Ishikawa, H. Iso, et al., Biological studies using mammalian cell lines and the current
status of the microbeam irradiation system, SPICE. Nuclear Instruments & Methods in Physics
Research Section B-Beam Interactions with Materials and Atoms 267, 2171-2175 (2009).

2)/NP BRI R R — B Wz BRR A A1 WA, BEE . RE ARET. R
El, R M BT R 2l R RENY A 7 e e AlaRAEEE S P T CE DB
JELBUR-T'm F = AT ZENE S -, BATHRIETFR G HAr @ E (NIRS
Technology) . Vol.5 (2010) 83-93

3)  RJWRE—, /NEESEAR, AJIIIEL, SRk 21 8 HENEGH (PASTA&SPICE)
FIHFERE, BORBRE AT # a5 (NIRS Technology) . Vol.5 (2010) 54-64
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~HEE G

<A 7 rE—AMRESNERE (SPICE) % AV 7-#RERMED
BRREE I A

PREPELH P NPERRRE Y. SRR T RIS —P 0 A IEELA Y B Y
BOA—" WEAET Y, BFRFHEZE Y. JE LAk "

f=d111
E

HF 5 SO9T-MIO1) ~

D) EHAER ARIEER SRR
2) WREERF Hih o6 4 o A i g 2

FEIEIET DN AEM OGS BPIE <IZ LV | MRHERE N 20/ NEE, FEEEEIN O X O 7tk
REENRGIEREND, P 2L, ZOFEHOMANIZEN T, FIRERREZR#ER L TV 5D
Za—a T A MadA b AV AT RadA bsE T DRI kT 5
MERTHD EEZEZ LN TND, ZOMKEHMIRIL, B CHHRE L LB 2 AT 258 %E b
b, &5z, BAEMZET TR EEROMIC L IFET D 2 EBRITFERE SN TND, P 20k
D, HHHREEEY R 7 OB D b ARSI O BRI M A R L L TEME T S Z &
WHETHD EEZT,

AMFFED BB, FREHIIL 0RO B CHFERRICIER L, £ OWfRIC I o MRS
XD MBS B Z BTS2 Z L2 D, HBURBBEEIL, BISHEBRIC K- THEFE S5 DNA
BEICERTZEE20NTWS, ¥ 207, BEKFENRT Y U5 mIcit->TLE
) — e T e — RE— A Tid e <. MEEOINNELNFRIEETH Y, £ L TR T
B EMICIRET D Z LN FRER~ A 7 v B — AMBEHERE SPICE 2 vz, © 7z, Ml
~ U A ES g (HK#K) Z NSS{EIZ X 2 bk Sl U 2o ridapiiia 2 v 2 & ic &
. MLV TOfRNT A ATREIC Lz,

gk 22 AR SPICE v & > Z A AT WTIL, ARSI A CHHRRICHER L, &b
KEYRAEHR E W2 D FIREE ~D RS Bk 5 A FHROBRE 21T 72, —REIZ~
A7 v — ABEHETHWA~F X N TOMIEZLREIL, ZOMEEENDIT) 2N T
72N, EDO T8, BE 3 RN HIaEE DLW S 23 5 7= 0 2l (B) 21K % CellTracker
Orange TYufa, L7z, —REHI DK 1.3 mm AIZIFET 55 200 [HOMIBIZ X LT, ~A 7
0B — AR AT o 70, BURPRLFEUE, 50, 100, 200, 500 fil & L7z, FREHZIZ, @& ORS
ERIMIZR L, £ OO 48 FFZ ISR E 21T > 72, ~F A | 33342 & CellTracker
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Studies of non-targeted radiation effects in vivo through
microbeam irradiation of embryos of Danio rerio
Subtitle:
Adaptive response in zebrafish embryos induced using microbeam protons as priming
dose and X-ray photons as challenging dose
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1) Department of Physics and Materials Science, City University of Hong Kong, Tat Chee
Avenue, Kowloon Tong, Hong Kong.

2) Department of Technical Support and Development, National Institute of Radiological
Sciences, Chiba, Japan.

3) Department of Biology and Chemistry, City University of Hong Kong, Tat Chee Avenue,
Kowloon Tong, Hong Kong.

Abstract

The present work was devoted to studying the high-LET-radiation dose needed to induce
adaptive response in zebrafish embryos in vivo using microbeam protons as the priming dose and
X-ray photons as the challenging dose. The microbeam irradiation system (Single-Particle Irradiation
System to Cell, acronym as SPICE) at the National Institute of Radiological Sciences (NIRS), Japan,
was employed to control and accurately quantify the number of protons at very low doses, viz., about
100 uGy. The results revealed that 5 to 20 protons, or equivalently 110 to 430 uGy, could induce
radioadaptive response in zebrafish embryos in vivo.

1. Introduction

For radiation protection purposes, prediction of risk from an ionizing-radiation exposure is enabled by
adopting the linear no-threshold (LNT) hypothesis which states that the risk is linearly proportional to
the dose normalized by the radiation weighting factor, and which assumes no threshold dose value
below which no radiation risk is expected. Moreover, as data in the low-dose regime are relatively
scarce, the detrimental effect from exposure to low-dose radiation is commonly extrapolated from data
obtained in the high-dose regime by using the LNT model (e.g., ref. [1]).

Although this model is commonly adopted for radiation protection

purposes, there is a considerable amount of evidence showing that organisms may exhibit different
responses at low and high radiation dose exposures. Radioadaptive response is one of the non-targeted
radiation effects that challenged the LNT model. Radiation-induced adaptive response in cells can be
described as a self-protection mechanism when a cell is exposed to a low “priming” dose of radiation,
which provides protection against subsequent higher “challenging” dose.

The main objectives of the present study were two fold, namely, (1) to design the experimental setup
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for the in vivo irradiation of zebrafish embryos by using SPICE microbeam; and (2) to study the small
number of protons or equivalently the high-LET-radiation dose required to induce a radioadaptive
response.

2. Methodology

The zebrafish embryos were dechorionated at 4 h post fertilization (hpf) and irradiated at 5 hpf by
microbeam protons. For each embryo, ten irradiation points were arbitrary chosen without overlapping
with one another. To each irradiation point, 5, 10 or 20 protons each with energy of 3.4 MeV were
delivered. The embryos were returned back to the incubator until 10 hpf to further receive the
challenging exposure, which was achieved using 2 Gy of X-ray irradiation, and then again returned to
the incubator until 24 hpf for analyses. The levels of apoptosis in zebrafish embryos at 25 hpf were
quantified through TUNEL assay, with the apoptotic signals captured by a confocal microscope.

3. Results

Seven sets of experiments were conducted by delivering 5, 10 and 20 protons at the chosen spots on
the zebrafish embryos as the priming exposure. All the embryos in these seven sets of experiments
received the same dose for the challenging exposure (2 Gy) delivered by X-ray photons. The results
were tabulated in Table 1. Radioadaptive response was found to be induced by 5, 10 and 20 protons as
the priming exposure irradiated at 10 positions each followed by a 2 Gy X-ray challenging exposure.
For experiments involving 5 and 20 protons, the adapted embryos showed decreased number of
apoptotic signals with statistical significance (p <0.05), ranging from 13.7 to 21.0 %.

Table 1. The average number of apoptotic signals (N) from the samples (which had received both priming
and challenging exposures) and the average number of apoptotic signals (n) from the controls (which
received only the challenging exposure) on 25 hpf zebrafish embryos exposed to various priming doses

followed by a 2 Gy X-ray with a 5 h interval time. The p values are obtained using t-tests.

Priming N n Magnitude  p value
exposure of daptation
(%)
5p 397 460 13.7 0.050*
245 310 21.0 0.000903*
10p 373 410 9.02 0.0305*
381 435 124 0.0709
464 504 7.74 0.177
20p 284 341 16.7 0.0350*
260 310 16.5 0.00807*

*cases with p < 0.05, which are considered statistically significant.
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4. Suggestions on further investigation

The induction of radioadaptive response depends on the magnitude of priming dose. Matsumoto et al. [2]
reported that the priming dose range should be around 0.01-0.2 Gy using low-LET radiation, while Sorensen
et al. [3] and Sasaki et al [4] suggested the priming dose limit to be usually less than 0.1 Gy in mammalian
cells. As such, to find out the priming dose window that could efficiently induced the radioadaptive response
by using proton as priming exposure would be of great interest.
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Bystander effect of proton beam irradiated human lung cancer
cells with counterpart normal cells
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INTRODUCTION

Particle therapy is an emerging and promising mode for cancer radiotherapy due to their superb
biological effectiveness and dose controllability compared to photon beams. Application of proton and
carbon ions based radiotherapy has been in practice for clinical application for many of cancer types
including lung carcinoma [1]. However, limited knowledge exits in literature about side effects and
radiation risk associated with charged particle therapy [2].

Radiation induced bystander effect, which shows manifestation of radiation effects in cells not
directly hit by radiation, is one of the frontier research areas in radiation biology. Studies have shown
that irradiation of tumor cells result in release/generation of interleukins (IL-6, IL-8), transforming
growth factor-p1, tumor necrosis factor alpha, reactive oxygen/nitrogen species etc [3], which may
result in bystander response to neighboring cells. Bystander effect from irradiated tumor cells to non-
irradiated neighboring (bystander) normal cells at tissue/organ level may contribute significantly in
acute and long term adverse health effects of radiation, and, hence, might have significant relevance in
clinical outcome of cancer radiotherapy.

Hence, this research project was aimed to investigate bystander effect of proton beam
irradiated lung cancer cells with normal cells using suitable biological endpoints.

MATERIALS AND METHODS

Human Lung Carcinoma (A549) and Normal Human Lung Fibroblasts (WI138) cell lines were cultured
in Dulbacco’s Modified Eagle’s Medium Nutrient Mixture (F-12 HAM) supplemented with 10 % fetal
calf serum and antibiotics. Cells were cultured overnight at required density over specially designed
irradiation dishes with mylar film (2.5 um) at bottom [4]. Before irradiation, cells were labeled with
Hoechst 33342 (2.5 ug/ml). Cells were subjected to Proton Microbeam Irradiation (3.4 MeV; 3.37
MeV at target; 10-500 protons/cell) using SPICE at NIRS. Respective sham-irradiated controls were
kept for A549 and WI38 cells labeled with Hoechst 33258. Control and irradiated cells were subjected
to estimation of (a) DNA double strand breaks (DSBs) by y-H,AX foci immunocytochemistry method
[4]. Experiments were designed to evaluate effects in directly or bystander cells after proton
irradiation. Whenever required, intensity/area of images was analyzed using Image J software (version
1.421, National Institutes of Health, USA).

RESULTS

DNA damage in A549 and WI38 cells after different number of proton: A549 or WI38 cells were
irradiated with increasing number of protons (10-200 protons/cell) followed by measurement of
v-H,AX foci after 30 min. In A549 y-H,AX foci were observed in cells irradiated >50 protons/cell.
However, in WI38 cells y-H,AX foci were observed after 200 protons/cell irradiation (Fig. 1). These
results suggest that compared to A549 higher number of protons are required to detect proton
microbeam induced DSBs by y-H,AX foci in WI38.

Repair kinetics in proton microbeam irradiated A549 and W38 Cells: Repair kinetics of proton
microbeam (200 protons/cell) induced DSBs was evaluated in human normal lung and tumor cells by
measurement of y-H,AX foci after 30 min, 3, 8 and 24 h after irradiation. A549 cells showed very
slow repair kinetics up to 3 h, however, the DSBs was significantly repaired at 8 h. However, it was
interesting to observe that cells incubated for 24 h showed higher y-H,AX foci. Repair kinetics of
DSBs induced by proton microbeam was faster in WI38 than A549 cells and a significant repair was

s20



~HEE (

=111}
=

RE% 7 : S10B-BP01) ~

observed at period longer than 1 h. A similar pattern of repair kinetics was observed when images
were analyzed for y-H,AX intensity.

Bystander effect in proton microbeam irradiated A549 Cells: To evaluate the bystander effect in
proton irradiated A549, y-H,AX foci were analyzed in cells from irradiated as well as non-irradiated
areas of irradiation dish. Hence, in addition to acquisition of individual images for y-H,AX foci,
intensity of y-H,AX in non-irradiated (bystander) areas was also compared with irradiated areas. No
significant y-H,AX foci was observed in bystander cells at 30 min, however, when the results were
analyzed for 24 h, foci was also observed in bystander cells. When images were analyzed for y-H,AX
intensity, a pattern was observed in irradiated and bystander areas similar to foci.

Fig. 1: Magnitude of DNA damage
in A549 (A) and WI38 (B) cells
after irradiation with proton
microbeam (200 protons/cell)
using yYH2AX method. The green
foci in nuclei show sites/magnitude
of DSBs. These results show that
magnitude of DSBs is higher in
A549 cells than WI38, which may
be associated with repair kinetics of
cells or geometry of nucleus.

CONCLUSIONS

The project provided many novel and exciting observations, which in future need to be substantiated at
basic understanding and mechanism level. Moreover, the project opens new avenues for conducting
bystander experiments using microbeam irradiation relevant to cancer radiotherapy.
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