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Cellular responses for targeted cytoplasmic irradiation with X-ray microbeams
produced by synchrotron radiation
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Cellular response, such as bystander effect, is essential to investigate
secondary carcinogenesis after radio-therapy and evaluate radiation risk such as the accident of
Fukushima Daiichi Nuclear Power Plants. A microbeam-irradiation system is useful to study such
cellular response.

We examined cell killing for targeted cell nuclear or cytoplasmic irradiation (0.092Gy) using X-ray
microbeams, which was produced at Photon Factory, KEK. Cell survival was 100% irradiated with
cytoplasmic irradiation alone. It was 79% irradiated with all cell nuclei alone, however, it was
rising to 95% when 10% of cytoplasm was irradiated beforehand. When treating with a gap-junction
inhibitor, the cell survival for targeted nuclear irradiation was around 73% with the presence or
absence of the targeted cytoplasmic irradiation beforehand. The results clearly showed that the
bystander effect through gap-junction mediated cell-to-cell communication plays an essential role of
inducing radio-adaptive response.



B X C—19, F—-19—1 Gm)

1. WFZER AR 4 Py 5
DA DS RRIRIR W KB RIS R T = X —F R Z OIS SR BESE Y TR &9 D BB
BRCTH M - UZERE N COREHREL D AR BT, A% I8 2 RERBLELRDIZENTHEND, 2D
IR AW B CRIE L 225 DI, 1 B IR TR AU BREEE O B BARIR A L7
WEZ LA/ AR R (3R) BURFRO RS R ThY | B
ST MR B B AFAE T 2 FE RS R b R D A h B
DSEBEN BN D SA RS L — W DN E W h B B D 442 5
LEEZD,

EREEHTEKRY
BYRVETI?

ERRSTHDT
BPURIETIN?

NARY 5 —HR
IS B EMMRIER

RS 28 SA A L —Zh D BB DR S T A T ke SR
1. 1992 4|2 Nagasawa & Little 2L > TREINTZ5H L THA,

Induced radiobiological effects

ZOWEIEL, PPy POBIESNET AT 7fEFvA=—Arns 5 [0 T [exes
ZH—HRE TR L CRESRAGIT 1% L F L7 B %45 B (4.9mGy ’

LATF) BRI %A T o722 25, ik (53 R A HAY 30% DANIC =
BOLIL, RSO Y BEBEN AL TNDIEEH AL RS R TRTr—
7= (Cancer Res.,52,6394-6396,1992) ., F& & O FE 7 L — 7T Dose (cGy)

KEar BT KFEFETNIT LA~ A e — L%

TR IERET 1 OIS A A % BB Ui zeskzs B L LNT (REUS KD R Y
R Rl KRR S 25— R ko X/ FPBOBER, VA 2iHL T
1 e A ORI B ISR R T 2 L2 W B L ﬁﬁffif;éfii;i;ffﬁ
72 (Proc.Natl. Acad. Sci. USA,98,14410-14415,2001) . LAEDHER <y oy sy jog 248 4 L 4%
1 AR E U IRIE N AV A2 BT BBIED LNT i (X1) EATINT KitoER LY
ICOWVWTHRHNNMNETHLEDRGE LA, 2007 HFE0D TURZ A EAL T DL TR
ICRP )% Publication 103 Tlt, NARZLA — S RAEEGATH SN

RS E D5 RO EEMEITGRD 3 DL | PR RITH AT IC

IETE T UARE LIS, LNT ARSI STz,

HHREL ~ D BUR B IR Z KD A= W s BRI JE 1 IR D B A A0 S 3~ D BT e ST O R EES ) B I H L2 BR

BILTND, EOHTKREZTET RFEOR LET NI LA T~ A8 — LB ENDARZ—DNAT Yy

NARAR ORI D Z RS L7 A1 BARTE MR LR ORI B LS A A A U L CH 28588 V38

SNHZEZRUTZ(Wu et al. Proc.Natl.Acad.Sci. USA,96:4959-4964,1999) , SH1Z, R EBRS AT 2% AU

TEALARL AIZL % DNA B LTE 2 RN FHEINHZE (Hong et al. Br.J. Cancer, 103:1263-1268,2010)
eINRGE ERGIIEE O TR RUT O RE - BEREIC A L2 3F L . 2B R OJRIR &7 b Wl HEME:

ZondZ& (Zhang et al. Cancer Res.,73:6700-6710,2013) 25 L7=,

— 5 AKX LET HUR#E CTHDOXH2E DB U BT LD TRIT, BRI A~ A 7 ae — oMb L7zt
AV~ DI TR R RE A G DI LN EE LN e D | R A AL CRL 1 B I K DRI
HARTENTODA, @=L — DR g A eSO E R A JE sk > > Z7a b B 2RI L 72X
B~ A7 me — LRAHEEE OB T LD | U EDOIEF IRV RELZ S 52, ~ A 7re —MuBb AR
FFFEIZ L CHE A 7008 (R ) A DAL, MIAEZ UM E ~ D RRE ) R E RS I fEL 7o T2, Z
THE—1FLET DA R D EBRNS  NAAZ— IO BIE R AFHEINDZ LN -7 (Maeda et al.
J.Radiat.Res., 49: 171-180, 2008) , L2>LZ2A35, K LET BEREIE Fh #RC b D XA M BT ~ PR 2 i i
L7-REDE B AEY R B L OB RICONWTE, FOBRGREFEAN = A LI TUEEAE M-



TUZRLY,

B OIFFE T N—T"ThioTz, FRI~ A8 — LA W= AW R B IR O S R D LU T OR 3]
MEEDHIZE ST,

[VE3EGR]

IR I P OIK LET BUHRO TR — (T 508 27286, FHUTH &M S A U= i a5
ZAIR T AT SO HI S DME)E | HINHE R 0D BHE2h B84 5 (U R i 2 D 1845

2. WrgED B 1)

AAFGETE BRI T 7oA E SRR A G 3 < I LS XA U L 72 & & OIS B /B A0 L (1)
[ — L PR C D BT R B L2 L A ML 25 (intracellular ORI ZARHT) « ()M L oo th THIBE
PRI X BRI 252 T T MR O3 B AT AE T D AR~ DG (intercellular O FRARISE BT ; 7 SA AL B —
ZHERL) L ICBEL THIAEL ~UL « 53 T L~ UL THIR R E AN = A LRI ZHED D, Fic KRR R IR SR D A
RS CTHD LNT RHUIH LT, RRASHR IR COY AT RO ARG E BT 70) 27 3R & OAE I %
HoEp iR T — 2 EEE BT,

3. WFgeD 7k

AWFZEE, ERRIC R L G ARG 2720 Bl IR EBRIE B 222 hittn i,

(1) ~A7abE— AT AT A TSN 100%DENE I (A 270t — AR T v 2 ETH
1000 &) OMILE I ZXHR~ A7 02— L% FRE U7 REO B5E50 DO B BB A B SC L, Hif e
~OT O IR ORI EZ R ET D,

(2)  [Al—HERE N COMIBLE B I DRI E 2 B O T A72012, FRERS 72 100%DE M E & Al o
F B IZ(D) TREE LT B O XA T O WU L & D% ML E IS ONEZE 216> T 100%D AR EZ | Z RS
L7=REDESEN R B DN T 5, MIEEED D HREHZ 3t T~ 5 BEEh A S D D BRIk 35
FAER RAME, HIfE ~DBFHZ L D[R —HIFEN TO > 7 L OHIFE ) SAIIEE ~FEAT B L O
N~ DT 6D D B DA 8| 2 12 B e M S i B 55 35 A R AT 35 (intracellular OREREISZESAFAT) o

(3) AR BRI A 00 8 PRI AFAE 3~ DM B % BRI AR GRE AR L FE FR ) ~ DRI (N RZ & —%)
B ZASITTBIDIT, T F DMTEIRUIZE2EO 10%DFE IS T O BREL, ZHucg| & 100%
DABREZZ HRI LT Rp D BB 2 fRHT L AR T 7 AR IS KOV R s T A 75 8 2 5
ffid~% (intercellular OIS EIRNT) o NAARF L H =N B OFEIRIEEL T, Xy oy oiars
Jl‘w:%ﬂﬂﬂ@?aﬁ%%&{ﬁi%fr%%% CERERY, Xvo T Vv s ar ILERIE IR L 2B E G hE T,

FREOEBRNEZ AT T H720I2, ENEFHMBIXE N OARZH Il N 27 J0 53 5- S e N R IEH

FRAESERI A T2, ;@ﬂﬂﬁ@ T, AIROSHREE FFHE N O IE 7o e kT — Nl %fﬁéﬁbﬁtbﬁ%

IR THY | BHRAREBY A7 IO AR L/ D Ml TH D, MIRBSEH R, an=—RiEIcE

AR AR A AR 1 95, MIRAEEZNIRIT, an = — T RIS LD AR A A4 L7,

4. WFFERCR

BoNFERT —2 %X 1R T, EREREZLLFICENT5,

(1) arBa—F—flESniz~vA7ae —ABH AT A TRELIZ T X COMBOHIIEEE D &I X ff~A
st — L% 10R(0.092Gy) BRI L 7= B M A 17 =RI% 19%E 72~ 7=,

(2)  [FRRICRRRR L 729~ COHIFROAMIE D A2 10R(0.092Gy) FRET L= DI A1FRIT 100%E72 572,

(3) T _XTOMPOMMAVEIZ T8 10R0.092Gy)HBETL ., 3 BRI REE T AA L F 2N —F—NITRFF L, TD
#% TR TCOHBEOMIFEEZ I 10R0.092Gy) B S L 7= B DML 1735813 98% L7877,

(4) PRI T _RCTOMBDONT L Z NIRRT 10%DOMIOHINEZ T 10R(0.092Gy) FRES L, 3 HFH
IREETTAA L F a2 X =2 —NIZRFFL, ZO% T X TOABEOMAEEZIZ 10R(0.092Gy) B L7 RF DA



A fEERIL 95% &7~ T-,
(5)  EFEDORBEETE vy 7 U s a R R ERE O LI 6 ORI AEFRIL, 73%878-577,

YL EORERIY, THOTXTOMBOMIEIC X #RE RS U-Miag A oMiaA 7303, Mg R »72
WIGE DAGFRELA_RTHRIZELRDZEN T, T7eb bR E BT X o T B I 2 23558
ENAHZEEALINILT, SHICHIfER T2 MTRIRLT 10%0MIBOHIREIZ o X fa BRI
BEDOAEFRIT 95%E720, TR TOMBVE CIRET LR LRI O R A B LT, ZORTX vy 7 ovr 7y
2V BRERNZEDFH LRGSR, 95% DAL D T3%E TR LTz, T7eb BB T UL U vk
DL YVETEFERMNMEIFLIZZEND, T T VX 7 arZ i LI-Hia s i o Lo 2z
AN RN Lo THUR R B RS- L aa LT,

1.0 =
08
B &
0.6
04 F
0.2 F
0
M @ @)

(4) (5) (6)

Surviving fraction
T

1. X Br~A7ae— DA AR 7 AR (R E B R E L 72 RF O B N E AR O MR Bt 2h 5 iz,
(1) FBFLT=T X CTOMROHIREEZIZ 10R0.092Gy) BRI L7-FED LR (2) F8FkL7=9 X CoMiaD
AEFRELZ 10R(0.092Gy) ST L 7= D73 (3) T X TOMFOMAZEIZ T8 10R(0.092Gy) L | 3
WM R ER AT AA L 2= — N TR FE L7214 TR COMBEOMIERZIZ 10R(0.092Gy) FRES L 7=HED A AF
(1) WL TR TOMIBDOIBHT A AR LT 10%DOFIZEIZ T 10R(0.092Gy) FRETL , 3 IRFfH]
IREETTAA L 2= —NTIRFF L% T X CTOMIBOMAZEZIZ 10R(0.092Gy) B L7-RFD A (73R

(B) X7 Uxr T arlEAZHFRHL CTT X COMBOMALEZIZ 10R(0.092Gy) FRET LI RED 75
6) Frv7Vrr o arflERZIFHLTTXTOMBOIHT 2 MR LT 10%DMIE IS T
10R(0.092Gy) Ha S L | 3 WEFEIIRBE T AA L F o X — X — N TEREFL 721 3 X CTOMa O Mgtz iz
10R(0.092Gy) U LT= gD A3 | 2, BT — 213, 8 [RIDMMNEL 7 B SEBR O SE fiE &
FEHERR A TR T,



1 1 0 1

Suzuki Masao Funayama Tomoo Suzuki Michiyo Kobayashi Yasuhiko 64

Radiation-quality-dependent bystander cellular effects induced by heavy-ion microbeams through 2023

different pathways

Journal of Radiation Research 824 832
DOl

10.1093/jrr/rrad059

Bystander cellular effects through gap-junction-mediated cell-to-cell communication between carbon-ion irradiated tumor and
unirradiated normal cells.
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Radio-adaptive response induced by the targeted cytoplasmic irradiation in normal human fibroblasts with X-ray micorbeams
via gap-junction mediated cell to cell communication Relationship between magnetic-field mediated cell killing and radio-
adaptive response by targeted cytoplasmic irradiations with X-ray microbeams via bystander effects.
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Bystander effect via gap junction between carbon-ion irradiated tumor and un irradiated normal cells.
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Relationship between magnetic-field mediated cell killing and radio-adaptive response by targeted cytoplasmic irradiations
with X-ray microbeams via bystander effects
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