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Roles of DNA repair and MAPK pathway in the
bystander responses induced by organelle target
irradiatio
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1Institute of Radiation Medicine, Fudan University,
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Studies of non—targeted radiation effects through
microbeam irradiated embryos of Danio rerio.
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1Department of Physics and Materials Science, City
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Laboratory, NIRS, Japan, 4 State Key Laboratory in
Marine Pollution, City University of Hong Kong, Hong
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Differences in bystander effect between Aldefluor
positive and negative cells of fibrosarcoma using
microbeam irradiation
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Yukio Uchihoriza, Tom K Hei24, Yugang Wangl

1 Department Physics, Peking University
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Damaging and protective bystander cross—talk
between human lung cancer and normal cells after
proton microbeam irradiation.

Sejal DESAI', Alisa KOBAYASHI?, Teruaki KONISHI,
Masakazu OIKAWA?, and Badri N. PANDEY'
1 Bhabha Atomic Research Centre, Mumbai 400 085,

India, 2 National Institute of Radiological Sciences,
Chiba, 263-8555, Japan
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Sr, Cs, | OiFFEYEHEBP~DERICEET 500K

BFF, LREHR (FEXF BEFHRER)
KB &7, B fF— (AHREFREMERR AREBEE 5 —)

[(#E8] BERCERLGEICHEHD LS GHERIAALON., TNONEFNTHLIREIC
EHFETCORBREREHZAMDIENTED, SHICINLDEMBICEEFNSITRET
DI EHEINDEENREICHFET ITRDERERMTEI LMD, TNEDOTES
MERRBEMESETROZIET, TOEYDERBREDRKRIITORELLZMNS
CEMNFEETH D,

AABRTIEINET. RBEHILSILOY VBBALSOLEERSETHEZR-ER -
WAL EDRBICH LTEPMA ZRWV -2 RTREsEITo>TE1=, LH L. EPMA
Tl UTOHMERSDAHHIRHETHD L. EFHEARHMRNETIERLTLES Z &
BEMNS, BHOWEET : 1RELEAA—CU TS5 EICRELAHY . BERRE
ERGT ARERDNMEEEE L 2SN EITSCENTELUMN 2=, FITAMETIE., 2R/
NREEEEERICENSIA VOPIXEIZK Y MHMERRBEEICHE LIS, Cs, 17 E.
BREDREEHRUBRBEICE > TLSITHRP., TOM Mn, Zn, Fe, Cd R EDEERETHRD
BREEFEDHILZITL. COLSHEFEYOEMABIAZTOERREDE=4) Y
[;ERATIEEMN E S DI DIRETEIT o 1=,

(8% - #R])

1) EFSHALEIX. eI (Fe304) &) VEEAIW DI LEZERSE LT, EBERETH
LPEEEDEMETSCLTHONTEY., REICFET SHBATRERERRNT
NEZNIEZBRMEICKVERB TSI ELAHFE SN, T2 C. EHEEEH. #S
BT CHRESNEY S A OEEZHETIE - ERHMEL. Y4 7B PIXEIZEL
YUEEMETEOEESTETNLD 2 RESFMICOVWTHEFIT oz, £z, FIC
KDRETFDELTRARNL-DIC, FRERESET 4 BEOEY I HIEEEEL.
RHRICEEERHABICH L TTA 2 0 PIXE A EIT o=,

2) TALAA L, FELIFIENZRBBEIC. VUBAILIOILEI M) IR ELEHM
faNERERRL. CCITRVAVOERGENDEEREZEELESLEZTOTWS,
COFEADERICHLTIAVOPIXEIZKDERDE2RTTRIVE VT ZEITo
EZA ERNTHD CaoMg EEHT ST Mn, Zn, Fe, Sr BB TS &
Nhmot=, £f-. MNCL¥ NdCL ZRMLI=BKTIRLASMZHABEL. Ch DT
ZOEBROBERADRYAHIZONTHHEIFEITo 1=,

N HW—DRBFELEHE., XFUDIL—LT—IIZREHILOILOMERNEESIN
EEEBTHD, WZFEBREARESIATE Y., FLREFERICHEDOHS1EFHED
ZWCEML, REEZF)VIOAWNWSZENTES LN F SN, £ T,
JEFRMEE L TTEREERE, FLOURNENH I M E L TTFEEMERBFLETF
FHARBEDZEIRL., FLRICHAELAHIZELMONTWNS Y I YT _FFEEL.
BECEEICERBLE-TROEESTE 2 AR VE LT E1To1z, HIC,
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Investigation of the invading manner of toxic substances using hair samples

FEFF) KEHEN? RINEAY RIEE—2 BIIREIEL? ZREF
BLFn= Y
VO EREXR-E-BEE YHREN YERKXFX
Momoko Chiba® Shino Homma-Takeda? Takehisa Matsukawa® Masakazu Oikawa? Takahiro
Ishikawa? Atsuko Shinohara'® Kazuhito Yokoyama®)
1) Juntendo Univ 2)National Institute of Radiological Sciences
2) 3) Seisen Univ
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BEHNEEIEEA-RE. ERTREFOBRZBLANILDBEZELTHERSINS, —RIZ. 20X
SHAWIERO-BEEOBREREICIVRNESN:-EEMAEZICHAT HIENFNHRELS
TW%, SE. EEMNLBRESN-EETHREN. BOERSNLONEESIZIHHALIZLON
(NEBEL) . EBICEEMBELLZLON (NEER)ZEANTIVELN ALz, TD=H
micro-PIXE ZEHWNTEZHEICE (TH TR D MET O ERIRHE1T o1,

001 FE YD L(THHRESEHNRELIZ. A—DBIBED 158056, 72 REESTEHRA
fzo cD 15 BDEZZTERBIMS 3~10mm DTS2 avIn+, &I7572aVIZEFTBH TR
E%# ICP-MS [CKYBIEL. BREHBEMALz, BREHEEHFALTADILD6 LT TIOE
EhREHBIHELULTEY. TIRELEKERICHIGHA AN, BEFHOHENATETH
ofze — A BEEFTZHRA-EBYD 1L LOEEF TI BEOE—VIEBAEARIZTNATIT,
TIRBEEEN =M. KRADBKERDRZIE TIE—VBPTIEAL D 6 BERABHTH
2Tz ZTDT=H. 2D 1 BITOVWTEEMNSRBINT TI OBRBHREICOVTREATIHEN
A Ctzo micro-PIXE ZHHFEELT. ERME D TR MEHETT S EITKVIRERREEZHA
ST BHEEFENEL, BB ERIBLT=.

[EEREHER]

TINEBLEETIVETHEEISK.ILBELU 2 ZOLEMNSHBT=, BERED in vitro
RERAA)DLARILEEA) LD 100ppm F£1=1X 1000ppm KB &RZEFERAL -, ZEFMIE
1.5h, 6h, 24h &LT=. EZ2DZ) 0 LD TI REIE ICP-MS TRIZEL . BrEEZ% micro-PIXE
T2 T EEEZREDOALELT NEFANRBETSHIE, COREBILZERRBICIGCTED L
MEASM A o7, 1000ppm [TRELE=ZEZD 1 m? HYDHOUMIE 30 RAE LU 70 Bt
TIXZEITHK. 8 BMDEBETIIDIEM o=, TI LISMZKER (Hg) . #8(Pb) . RRAZF I L(SI) (2
DLVTH in vitro EERZE1ToT=c CNODTTRITFEZRRAICHA N, AEAD BB (XLIZKWN E
MREINTz, CNODFERINORRICEYEZRADRBIZELNHSIEMNHLMEL ST,
F-FEEBICENHHELTREINT-,

SHOERE]

BHLIRHADBTARTHIN. MR LEHELSOT. EEHAOMETREZIVEDY
TEAHILEITKY VDL IFVERTTOREFREDOEANICHLEHATESAREENTESN
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PIXE 2 #7:%k(F. EXERBESHTEELTEREICEDLY—ILTHY . BRSO EHEIZE
WTEARHEHECRBEABGEDATICEAICIEASINTULNS, LAL, FTRIDLKYEEENTT
FDRIIL.PIXE SHEICEVWT—RMICERT2FEERREF[OBEMH (EITRNYYD L)
DHPIZEYHEYITHONTESLT . BFRBHICE >TELIEE R ERHELTREZLTE
175, PIGE S HTENBERASN TS —ADNE L, B E., IREM PIXE S HTEEIRL., 4%
HREHNOSRIVRPIVREDETESNTADPHEFAFTEONTEY ., YZREEICHITH8 T
RO OBELFLGRBLELG O TS, ZITHARIL. ORIV TaF )L PIXE SiEE
[ZEWNT, FiE HP-Ge R H 25 (CANBERRA &! GUL0110) ZFL = PIXE i EDB TR DT AD
EATEREMICDVWTREIZHEH TVD, CDFE HP-Ge BEFI OB L ERIL, EX 102 mm. &
EEE 100 mm? DRHFFTREASN. EXZORWIC+HLHBREREEZE TS5 —H. B
FH04 Im EOBERFINIILTHAZEND, BEXRDEIRIILXF—SEEICHEN-RE K
EZHELTWNS, AAEEBE T, UZBRHBIZOVWTEEIZLER B O PIXE 2HZEITL. 8B
TTREEOF T EEERL .

[T4408 PIXE S EE]

4490 PIXE DHEETIE. EEBTROERFEICETIMEICENNT, 950045215
LZFEDL-XETLOkeV UL EERRETIETTDNADEENZLEFELN TV, H AL 4
FRILY. CdTeF 1A —Fi2H 25 (Amptek &L XR-100T-CdTe) Z K AAEEL-ETR S5 E
BRHE AT LDEBEZFRIBL. BETIEIERIEINIERBEICETE>TND, FK 24 FEICIE.
TEER N DM SHR E BRI A IR A E IR IEER (F 41 FIEZREIEER) (TIEESNI-TEITRY.,
FRE 24 F 9 ANBIIRAVIVERHHBOTA908 PIXE A ICFIASN TS,
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~BEEC RSB ITEI5VDRERT~

EREHRT KEED? BFFRT BIEEL G RIFE—° SHEH?
'FEXRFRFREFHRE
‘RSHREZR SR BEHRERE L 4— *HREBE 57—

[IZL&IZ]

DSVIEBRICSEEICERL. BEFE5ISEITIENMON TN, VIVIEESR
BLLTODIEEEME o BZRBLLTOBRSRSHZELEF ORETHY., —RITIEE
EUNEBBTHILEEZEAONTULAN, MG LEEMRERF X ICEEINTULVEL,
BiRDYSU (BRI RMAED FTREE(S3 T AVN ISEIRMICEELTNDIEN
EREINTLSD ., TOELLERMEDO#EFLHASMNIGE>TLNVEND, COBB~ADOTY
DEBEETNIHEERETIBEZTDANZALERESHNIZTE=-0121F, BIEOBEES
EZDILFEREMBIENEETH D, AKX TIE. ¥470 PIXE SATICKY B AIR
HMEICB T3SV RERTER A=, VIV BRERMIIZHITAIEZRESTICDOLTE
ooakauE ERL: X RRIMHEE (XAFS) EICKURETL =D THE TR
&9 5,

(=88]

W (3 BEN) S EURER (10 BEh) D Wistar REEMS VML, 0.5 mg/kg., Ff=1F 2
mo/kg DEFEE DS IILEEEHETICHEEL-. 5% 1 HE.3 HE.8 HBE. 8LV 15
BEICINSDOS Y EREEILEEEHEL - MELE-BEE 10 um EOFEETITIA
IZL. <4908 PIXE BIEICEDITEZLHATLRAEENAEDARYNAIEEITHEOI=,
F1=. PIXE BIEER—DHUTILERNT, ST HHEEL SPring-8 (CTHETAZRALV-H
Jt X #5347 (SR-XRF) 2K BTt R A fFfiEiT & XAFS AIFEIZ & SILFAR BT ETE T,

[(#HER-BR]

2 mg/kg 51 1 - 3 HEDRASYNBERO A FRMEEHEEIS LTI/ 0 PIXE
EETHOHER. IV ORESRAARE SNz, VUBREDSUIERIEAT LA
BNTNAITENS VU BERGMEABD ISR WEFRIZECAH Vo DBEREGLIZD
SODRHHREFRLTVNSHRFARLONT, RICEMKRBEELE LOFED) D BEER
MELVIERESME 3 -4 S L., PIXEDRARYNAEEITHLD., HFEMLDISVEE
EEEL TOHE.VOBESMIZETSVSVRELBRHEHISVEED 3.8 -
143 & THotze — A VUERESEICBEVWTEYSVRENIVBHESLERZFD IS
VREBGMNERD LNz, RIZ, PIXEBIEF{THE o8I 2% L TSR-XRF AIEZ1TALY.
KYLREBLEOSUNHESB- UVRBESEIZBLWTISVO NN ERINE-MN. FO
WARIE—BLED otz Tl DIV IEV U BESBGLUNCLERETHEET HIEMNHAL
Motz INGDEGIRME LRIZEITA)UH LUV ISUBESBGICHLT X #%
BEL~YAo0 XAFS BIEZ{TH = VoD REESHUES O . IV RESMLD ZL(L 6
EDISZILAF (U0 ERIFRD AR ML THo=H, —EBD ISV BESMLIT 4 i
DIV ERLLIEZARIRLABREINT-, CNODFERLY . EENTOSVDETH
THONTWAIENTREEINT= 4 HD DI EFLLI=ARIMVIIERASYRDH I LR
HENt=zlz, 950D ETHEICIXEHRKREELHIAREEEEZI LN,
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7074 0E—LHBZEEBEMRSICHT2EMHRD
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AEE  MAHMY
HREFERE  NFEERE D, RIFG—2, DNREFE D, BIIMIELD F LD
NEMFEREL Y — - BERERNFERFHARITOIS A
2) IRERE 52— - IREBRIMTED
DMERBELVE— - KInAREBLRHEES

RIZE (B) MEBREVEEFTEAN_XLOBEREDINARAZ U5 —HRIF., TIL b=
DLNSBREEINDTIL I 7RO LETHFRERTHEINI VLA FT oI/ OE—L
FRWEHMELETTS5—AT. ELET MGHREFA LEHARIE. ¥4 0 E—LEBSHE
DRAEFZESO-REBREHIORE SN SIEREIZE SN=HE LMTHATLELDOHNERIR
THDATFEIX LBRMELETAZ 7O b Y/ O — LB AT LEZEFEL T,
HREAMERAL (MR E-ISHIRE) ISR L TREMICESG L, ML RXILOEMHIRDN
AR VT —NBRBFEDREIFT. FEAHD=XLOBEAZEME LTEHEL-, EERICAL
FHIRSIE. DR S FVEBIn-E FRIRREREEERMESFMEERL -,
B U A > MR LA ERIZZEFAELLZE (600-700 #AAE/E R 1.0-1.5um) (THEE L -#
DEEANFTRAMTEABL, AOVE2—3—®HHINEIXATLIZEY —D—DDHMEZ%D
FEFZZ - SEE S . 1000 M E 5 V4 LITEIR L 1= 10%0Mg#IZZENZh 10um
X 10um [T - F=fEEIC 20 D T O F U F B L1z, MlRBESRIEa 0D —HEEIZK
HRaNEERRERE L=, BERETEILY I FU—LGEETEH N, Bohnl-HEE
(& 100% A% RS TOAEFEN 49%., 10%BHDIZEMN 47% &>z, CTTINARE Y
AR EREETHEZICIA VD E—LERBGFINA-HMEOAFCHBEDNRENFESL
HERET HE. 00N DEFEREREL Y 10%BFOMBERATHFINLIEFEL
BREFEEINS, LMLAGLRL, ERICFELONT: 10BFOEFEILICZOFHEMEZ TE
2fz, Tz F¥ v TP a UEFEEMNBESEEIFEHAL T 10%BHZTo5E(E.
HAERE 86%EL o, ULEDEEMDS, 1I0%BHOMBER CEEYA IV OE—LZR
S Enf-HELUADOEBRGMEEIZHLEENGE AN ALTHRBELAFTESN, TNIEF
Yy IOy a ENLEHMREEERGEERSENES LINS X I VT —0ROBR
ThHdEEIALND,
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Research and development of the focused proton microbeam irradiation system,
SPICE for radio-biological studies.
(S12-R&D-01)
Teruaki KONISHI*2 * Masakazu OIKAWA!, Alisa KOBAYASHI?,
Noriyoshi SUYA!, Takeshi MAEDA!, Yukio UCHIHORI*? and Yoshiyuki SHIRAKAWA!

Abstract:

There is continuing interest for the use of
microbeam irradiation systems designed to deliver a
defined number of charged particles on a single cell
with a resolution of a few micrometers. Moreover,
microbeams are particularly useful for the field of
radiation-induced non-targeted effects, so-called
bystander effects that are considered to be one of
the major effects in the low-dose region. Thus,
microbeam technique is one of the powerful tools
for investigating studies related to radiation effect
and risk of low dose in space radiation for
astronauts and cosmonauts.

Our system, the
Single-Particle Irradiation system to CEll (SPICE)
provides a 3.4 MeV proton microbeam focused with

microbeam irradiation

a quadrupole magnetic lens on an upward vertical
beam line.[1] SPICE was severely damaged by the
Tohoku Earthquake on 11 March 2011, and was out
of operation for about a year and a half. We have
successfully reconstructed the facility, and it is now
operational with system refinements. At present,
SPICE is the only proton microbeam facility in
Japan at which a single-ion single-cell irradiation
can be performed on mammalian cells with stability
and high throughput using an upward vertical beam
of below 2 pm diameter, focused with a magnetic
guadrupole triplet lens. A variety of irradiation
modes have been established for radiation-induced
bystander effects, cytoplasm irradiation, and
multi-position targeting mode. [2] Most of all,
SPICE has been administrated as a ‘Joint-use
facility for Collaborative Research’, and thus

researchers outside NIRS can apply for beam time
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of SPICE after their
approved. In the past two years, other than 4

research proposals are

internal applications (2 from Charged Particle
Therapy Center, 1 from Radiation Emergency
Center, 1 from Research and Development Support
center), total of 8 external applications from 3
domestic and 5 foreign Universities and Institutions
were performed.

(Domestic: The Jikei University School of Medicine, Tokyo
Medical and Dental University, Tokyo Metropolitan University)
(Foreign: City University of Hong Kong, China, Peking
University, China, Chinese Academy of Science, China; Bhaba

Atomic Research Center, India; Colorado State University, US)

Developments and achievements during FY 2012 —
to present:
1. Beamsize

Approximately two micrometer beam size is now
routinely produced. Figure 1, shows and example of
targeted WI-38, human normal fibroblast cells that
were irradiated with 500 protons per position. From
this image it is clearly identified that the beam size
is below 2 micron.

fixed

immunostained against y-H2AX, which is an indicator of

Figl. cells and

Targeted WI-38

were

DNA double strand breaks. Number above the bar is

shown in micrometers.
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2. Optional modes for cell targeting.

Not only the number of research proposals, but
also the demands for different irradiation modes for
varieties of biological aims have increased.

A) Bystander effect mode: Generally with the
default setting of SPICE, all the cells in the
captured images are set to be targeted. However for
studies of bystander effects, not all the cells but
only small fraction of cells are targeted to analyze
the bystander responses in the non-targeted cells.
Therefore, with usage of bystander effect mode, the
percentage of targeted cells within the cell
population can be set to a desired value. This mode
is now operational and results are presented
elsewhere.[3, 4]

B) Fig 2A shows the schematic diagram of the
multi-position targeting mode. Solid circle indicates
the center position of the nucleus, which the X-Y
coordinates of the positions are the automatically
calculated. The open circles are off-center positions
at a distance of d pm, which can be up to 30 pum.
With this mode, dose distribution, or DNA damage
distribution within the cell nucleus can be
optimized according to the chosen pattern. This
mode maybe useful for mechanistic studies of
radiation induced DNA damage repair. This mode
was applied for studies on low dose radiation
induced cell cycle arrest and DNA double strand
breaks and was reported elsewhere. [5]

C) Fig 2B shows the cytoplasm targeting mode.
The center positions of the nuclei are calculated and
the targeting positions are calculated and targeting
position was off-set toward the longer axis of
ellipse. Only one or two positions in cytoplasm, and
with or without nucleus are selectable. Cytoplasmic
irradiation was performed for studies on radiation
induced oxidative stress response, demonstrating
the translocation of NRF2 transcription factor from
cytoplasm to nucleus.

16

nucleus

nucleus

cytoplasm
Multi-position

Fig 2. Panel A: Multi-position targeting mode, Panel B:

Cytoplasm targeting mode.

Future Plans

“Faster” not only in system integration, such as
irradiation speed, image capturing and analysis
algorithm, but shortening the hours of daily process
for beam focusing and beam parameterization,
which would extend beam times hours for sample
irradiation. Developments for “faster” system are
required for acceleration in studies of microbeam
applied radio-biology.

Reference:

[1] Konishi, T. et al., Biological studies using mammalian cell lines
and the current status of the microbeam irradiation system, SPICE.
Nucl. Instr. Meth. B 2009, 267, 2171-2175.

[2] Konishi T, et al. SPICE-NIRS microbeam: a focused vertical
system for proton irradiation of a single cell for radiobiological
research. J Radiat Res 2013;54:736-47.

[3] Desai S, Kobayashi A, Konishi T, Damaging and protective
bystander cross-talk between human lung cancer and normal cells after
proton microbeam irradiation, Mut. Res., (accepted)
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F—CEDR . BAMSREEFSE 56 K&, 2013
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RV -EREMREICE T S MEEARE ORI, BARBSHR

BLEPLE 56 K&, 2013

1 Research Development and Support Center, NIRS, Japan
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Studies of non-targeted radiation effects through microbeam irradiated embryos of Danio rerio.
(S12-PY01)

Candy Yuen Ping Ng*, Viann Wing Yan Choi?, Eva Yi Kong?, Alisa Kobayashi??, Teruaki Konishi?*, Masakazu
Oikawa?, and Peter Kwan Ngok Yu'#

Abstract:
no-threshold (LNT) hypothesis,
assumes that the risk from an ionizing-radiation

Linear which
exposure is linearly proportional to the dose
normalized by the radiation weighting factor, is
commonly adopted for radiation protection
considerations. Data in the low-dose regime are
relatively scarce, so 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. There is a
considerable amount of evidence showing that
organisms may exhibit different responses to a
low-dose exposure from that to a high-dose
exposure. As such, the present project was focusing
on the study of non-targeted radiation effects,
including the radiation induced radioadaptive
response (RAR) and hormetic effect through the use
of proton microbeam. The dose response at
low-dose exposure was also studied. A better
understanding of these non-targeted radiation
effects can give a better estimation on the radiation
risk which forms the main purpose of the research.
The microbeam irradiation system (Single-Particle
Irradiation System to Cell, acronym as SPICE) at
the National Institute of Radiological Sciences
(NIRS),
radiobiological studies. In our studies, we made use
of the SPICE to irradiate the zebrafish (Danio rerio)

embryos with a control of the irradiation spots.

Japan, was originally designed for

Protons with an initial energy of 3.4 MeV would
first travel through a Si3N4 exit window with a
thickness of 100 nm, and then through a 2.5 pym
Mylar film with less than 50 um air gap between
the exit window and Mylar film before the protons
finally reached the target [1].

Achievements:

1. Triphasic low-dose response in zebrafish
embryos irradiated by mircobeam protons
SPICE was employed to irradiate dechorionated
zebrafish embryos at the 2-cell stage, which was at
0.75 h post fertilization (hpf), by microbeam
protons. Either one or both of the cells of the
embryos were irradiated with 10, 20, 40, 50, 80,
100, 160, 200, 300 and 2000 protons each with
energy of 3.37 MeV. The levels of apoptosis in
zebrafish embryos at 25 hpf were quantified
through terminal dUTP transferase-mediated nick
end-labeling (TUNEL) assay. The results revealed a
triphasic dose-response for zebrafish embryos with
only one cell or both cells irradiated at the 2-cell
stage, namely, (1) sub-hormetic zone, (2) hormetic

zone, and (3) toxic zone [2].

2. Studying the adaptive response in zebrafish
embryos

In this study, microbeam protons were used to

provide the priming dose to induce an in vivo

radioadaptive response (RAR) in the zebrafish

embryos against subsequent challenging doses

provided by x-ray photons.

(A) The threshold number of protons to induce an
adaptive response in zebrafish embryos
For each embryo, one irradiation point was chosen,
to which 5, 10, 20, 30, 40, 50, 100, 200, 300 and
500 protons each with an energy of 3.4 MeV were
delivered at 5hpf. The challenging dose, which was
achieved using 2 Gy of x-ray irradiation, was
delivered to the embryos at 10 hpf. The results
revealed that at least 200 protons would be required
to induce RAR in the zebrafish embryos in vivo [3].
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(B) Investigation of the gene expression involved in
radioadaptive response (RAR)

The present experiments examined the expression

of related genes in the apoptotic pathway, including

the pro-apoptotic related genes (e.g., p53, Bax,

Puma,

Caspase-9 and Caspase-3) and the

anti-apoptotic related genes (e.g., Bcl-2 and Mdm?2).

HSP 70 was also examined in the present study to
identify the role of HSP in proton-induced RAR.
Moreover, it was suggested that RAR induced by
microbeam protons on the zebrafish embryos
developed through radiation-induced bystander
effect (RIBE), therefore the present experiment also
examined the expression of genes that were
suggested to be involved in RIBE, i.e., IL-18 -
and iNOS, to elucidate the role of RIBE in RAR.
Four sets of experiments were conducted by
delivering 5, 30 or 200 protons at 10 positions each
to the embryos at the developmental stage of 5 hpf.
The results suggested that the increase in apoptotic
signals shown in the sub-hormetic zone in the
triphasic dose response curve was mediated through
an extrinsic apoptosis pathway which was not
involved in the change in tp53 expression. On the
order hand, the decrease in apoptosis at the
hormetic zone was resulted from the up-regulation
of Bcl-2 only.

Mean fold change of gene expression

9 Bcl2 Caspase | HSP70 bax n-g Puma mdm2 | Caspase iNOS tp53
3 9
®Sp 16251758 1.4724597/1.6029161 1.0723464/1.0864839/0.99858631.1563501 |1.1091303|1.0304354/0.8821312
m30p 15272557 1.224745 [1.1262422 0.9890516/1.0213622(0.82582710.9818117 | 1.239418 |0.8733039|0.8665159
200p |1.3721846(1.2120713 1.2704983/1.0718734 1199029 |0.9995884(1.05321491.2521835| 0.770125 (0.9307758|

Figl. Mean fold-changes of gene expression level of the
selected genes in zebrafish embryos at 24 hpf. An asterisk
represents a statistically significant difference given by the

student t-test (p < 0.05).

For comparing the gene expressions between X-ray
and proton irradiations, the above experimental set
up was repeated by replacing the proton irradiation
with X-ray irradiation with doses of 0.1 Gy and 4
Gy. The results showed that the increase in
apoptotic signals in the embryos after being
exposed to 4 Gy of X-ray was mediated by an
intrinsic apoptosis pathway.

A total of 13 SPICE beam times were requested for
the current project. In the first half of the FY 2013,
8 beam times were allocated. The gene expression
induced by proton microbeam and X-ray in
zebrafish embryos were successfully examined and
compared (presented in the previous section). The
rest 5 beam times were allocated in the second half
of the FY 2013 on March 2014. Follow up studies,
which include 1) the investigation of the gene
expression involved in RAR developed by proton
microbeam irradiation and 2) the investigation of
the cell-cell rescue effect under different proton
dose distribution, were carried out. Data were still
under investigation.

Reference:

[1] Choi, V.W.Y., et al. Adaptive response in zebrafish embryos induced
using microbeam protons as priming dose and x-ray photons as
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[2] Choi, V.W.Y., et al. Triphasic low-dose response in zebrafish
embryos irradiated by microbeam protons. Journal of Radiation
Research 2012, 53, 475-481.

[3] Choi, V.W.Y., et al. Threshold number of protons for inducing
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Differences in bystander effect between Aldefluor positive and negative cells of fibrosarcoma
using microbeam irradiation
(S13-GY01)
Liu Yu'?, Gen Yang'?, Teruaki Konishi?®, Alisa Kobayashi?®, Masakazu Oikawa?, Takeshi Maeda®,
Yukio Uchihori?®, Tom K Hei?*, Yugang Wang*

Abstract:

Recently, the properties of cancer stem-like cells
(CSCs) have been widely investigated, especially
due to resistance against radiation exposure that
becomes one of major concerns in radio-cancer
therapy. . However, information is rare about their
performance in indirect irradiation. Here, we sorted
the Aldefluor-positive cells which have a CSC
property in HT1080 cell line and proved the
existence of radiation-induced bystander effect in
and their counterpart

We found that the
negative ones seemed to generate a more harmful

these stem-like cells

Aldefluor-negative cells.

bystander effect signal and were more vulnerable to
such signals in terms of the DNA double strand
break (DSB) foci number measured by 53BP1. In
addition, the NO scavenger c-PTIO can effectively
release the bystander effect in Aldefluor-negative
cells but not in positive ones. Our results first shed
light on the difference between CSCs and non
stem-like cancer cells (NSCCs) in radiation-induced
bystander effect (RIBE), and might contribute a
further understanding of the property of CSCs in
in low dose and

radiotherapy, especially

out-of-field effect assessment.

Materials and methods

Cell line and cell culture: HT1080 53BP1-GFP
cells  were constructed by transfecting
pDC3.1Hyg-F2GFP-53BP1 (12.24 kbp) (gift from
Dr. Burong Hu of Chinese Academy of Science).
This 53BP1 is widely recognized as a marker of
DNA double strand break, and is a significant
mediator in cell cycle checkpoint. The sorted
Aldefluor-negative sub-population was cultured in
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DMEM supplemented with 10% of fetal bovine
100 U/mi and 100mg/ml
streptomycin. Aldefluor-positive subpopulation was

serum, penicillin
cultured on low adhesion plate coated with 1%
geltrex to keep its stem-like property and cultured
in DMEM/F12 supplemented with B27, N2,
10mg/mL bFGF and 20mg/mL EGF.

FCM sorting of HT1080-53BP1-GFP: Aldefluor
kits (Stem cell technologies Inc.) were used to sort
two subtypes of cells, the Aldefluor-positive cells
and negative cells. The whole process was strictly
performed according to the product protocol. For all
experiments, samples were sorted on a BD FACS
Aria and analyzed on a BD LSR Il flow cytometer
using BD FACS Diva Software

Microbeam irradiation: SPICE cell dishes were
prepared one day before irradiation as described [1].
The sorted Aldefluor-positive and -negative cells
were detached at a confluence of 70% with trypsin,
then 8000 cells were seeded on the center of the
irradiation dish at a density of 2x10° cells/mL. In
bystander effects experiments, the proportion of
irradiated cells is 15% and the rest 85% served as
bystanders non-targeted cells. All the irradiation
was performed using SPICE-NIRS. Nucleus of
these cells were irradiated by 200 protons (LET:
11.7 keV/um in water), which dose was equivalent
to 1 Gy in its nucleus. After the irradiation, at
desired time points, images were taken on a SPICE
The
fluorescence units (RFU) and number of 53BP1 foci

off-line  microscope  system. relative

were calculated using the Image J software.

Results
Co-localization of 53BP1 in CSC and NSCC:
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Aldefluor-positive population of HT1080 is more
capable in sphere formation and it is known that
high ALDH1 enzymatic activities are the general
characteristics with the cells with stem cell
properties. By usage of cell sorter, we sorted
Aldefluor-positive and Aldefluor-negative cells,
according to its ALDH1 enzymatic activity, which
identified by its fluorescence. We demonstrated that
the Aldefluor-positive cells have the higher ability
of sphere formation compare to the negative ones
with 3 days anchor-independent culture. Therefore,
we defined Aldefluor-positive and negative cells as
Cancer stem-like cells (CSC) and Non Stem Cancer
Cells (NSCC). As shown in Figure 1, the cells
irradiated with protons ranging from 20 to 200, the
RFUs per foci were significantly higher in CSC
than the NSCC. As foci RFU is an index for the
co-localization magnitude of 53BP1, thus we
concluded that the NSCC recruit more 53BP1
compared with the CSC; moreover, NSCC were
more sensitive in the response of the increase of
doses. [1]

[ Aldefluor-negative cells ]
I Aldefluor-positive cells |

P<0.01 P<0.01

RFU of Foci

20 proton

Figure 1. Relative fluorescence unit (RFU) of 53BP1 foci

50 proton 200 proton

in both targeted Aldefluor positive and negative cells.
Average RFU per 53BP1 foci in irradiated cells at 1h

post irradiated.

Whether radiation induced bystander effects exist
or not in these two kinds of cells in our system?

As for two types of cells, we co-cultured the cell
in four combinations that each type of the cell can

20

be co-cultured with itself or the other type when
regarded as irradiated cells or bystander cells. CSC
or NSCC were irradiated by 200 protons in one
specific position of nucleus, accounting for 15% of
all the cells on the dish. The number of 53BP1
foci was counted in those non-targeted cells. As
shown in Figure 2, we demonstrated that radiation
induced bystander effects do exist in both CSC
(Aldefluor positive cells) and NSCC (Aldefluor

negative cells) of HT1080-53BP1-GFP cell line.

[ control
0 I 200 protons |
) P<0.01

P<0.01
P<0.01

204 P<0.01
:

104

Averege 53BP1 Focis Number

ﬁ ]

IR CSCs
CSCs

IR CSCs
NSCCs

IR NSCCs.
CsCs

IR NSCCs
NSCCs

Figure 2. The average 53BP1 foci number of bystander
cells at 6h post irradiation.

Further investigation was performed to clarify the
difference in the production of bystander effects
signals from the targeted cells and magnitude of
bystander response in the non-targeted cells with
CSC and NSCCs and will be presented in the
poster.

Reference:
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Chromothripsis 0 4 R ##8 0 #ZE8

oMEEHETF. MILER., THEH (REBELEERR U2 — AYREFMHAERF—
L), MFERERR (PREEE 52— SREBEME . WEEL, MEE—. FIREIE,
HRTERL (REREREHRE HAKREVEFR SFHERECT)

[(AZDHBE]

NADET ) LO—Y TORBIICEY #1107/ LHEEEE & L T chromothripsis (3
BB AR I Nt= (Campbell et al.,, 2011), —FEDA N> F TEBKBFAMHEEIZ$+
NoHBEILDYT / LBERIINEEZZHEZT, NADTFTEAREHET 0. ERHEEET
BATH D, TDEMICIE. DNAZEHYIFEZERCITB/AHUR FLADEE., 2 (ETEHK
SHRDIRZICK SBHATHI DNA EE L /IBOEENBEETELRL, ARETIE. 3FERDOH
B#ZRIZ & > T. chromothripsis £ RE#EIZH (TS5 [DNA —FE#HUKH - MEEER —
chromothripsis &£ /1 axis BIZDAREMEZBALNCTEH L E BT,

FR 25 FEXGEGHE—MEEZLBHNLY /) ARTRERICERZRDHINAMIEKE
—I0Z—HROATHE Rk - B (CERBSTRZBHATRS LT DNA ZEHYN
2&B5 /) LRREMEZFR LIz, TALENDOKRIZCDE, SPICE # AU\ -I5FHRBST (34
MeV. 100 #iF/cell) [Z& > TH 6000 MAADWEICHKIIL, 20 aR=—%2EY I 7 v IL
TOA—ZV %70, BRE., BHEDTHD, T 26 FELE. HISETENBTE S/
LR EITD,
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BAStRER Mt ERRKICE T S5A~ATO/ A F UORY
A—9 A3 F UHEETO DNA BHEIZET S8R

Epk &L A OERRZ MM BRI RII F—2 §HF SFL T BE!
1 ER - ERFERNFE U2 —ERENFERFERARTOIS L
2MEMN - AREBEL 57—

1. HROB/

AMETIEH. ATEIATFUMEHICEITSH DNA BEICOVTEB L., HAHBILL
= IEHRIER S AMEMRD DNA BEREDITENDRRZHELMNCTEIIEEZHNELT
MEZTo1=

2. EBFELHMH

Y IRARELENAMEH NRST BT NRS1 il TICHI L X R UVREFA 4>
RIEIMEA AR NRS1-X60A3 (A3) RV, E&E®KRE LT 10 % FBS &8 DMEM
#MALv=, B8t 1 HEil. SPICE BSTRAOMRESET v a2 (EZE 30mm, YA V—T «
JVLE25um)I25.0 X 104EDOHIE Z B L - BEF 1 BFREIATIC 1 pM 0 Hoechst 33342
FIEEMBEICKREL, BEEA L, BHERN. HIEEET v aboiEMEREL.
BEEMBEOEIZFILED=OFDLICEE 25 ym OIAY—J 4 LLEZHEE TR ZEIT-
T=o

HBETIC I FHT-Y 3.4 MeV DIGFF#EZF AL V=, Hoechst 33342 [Z& Y 6B S f-Hia
BEEIZEE L CREEMIZHRE Lz, BEEMIEMiameE L, 1E/mMbzY 50 o> b
DEF% 3 um [ElRT 5 BRTICx LB #1T7o7=,

BAHETER. 30 2%, 2 FHAEICHIEE 4 %W \ZKRILLTILTE RTEEL., TD&
vH2AX RUATAY AT FUBKE VNV B THAS HPIBITH T Sk c ALV -RER
SFBE1T> T DNA ZAKHEYIE (DSB) SR UATOY AT F UMEEEAHRIE LT,

3. #R

E.1 [ NRS1 BRU A3 #ilaIZH1+5y-H2AX R HPIB7+—HhR%EFRT ., HPIpE
yH2AX 7+ —H ADRELGHEBEIERTELGHN -z (B 1A), LA L. BHFER.
30 k. 2 BEEBELITYH2AX 74 —HRADEDIZHEHET S HPIB 7 A —HANWEIC
BT Eh (B. 1B), Ef-. MEICHITEHyH2AX T+ —HRADKETSZREL
f=h'. EWEHEA, -z (B 1C),

4. ER
AL TIE HPIpEYy-H2AX 74—HRADEBEFBRETEENTELEN S, D

25




~{EE (FEEFS : S13-KS01) ~

FERELTATOYAIFUIZEITS DNA BIEDBERAEICHIAEEENEZ 5N D,
ATOYOTF UMEEICEE - DSB #SIIXBHH 3 nh o 40 nEFETIIANTES OY
FUDREBIZHE L. TNk Radbl AES T HMERMMAICIVBEINSG I LEHHES
L TLY% (Chiolo I, et al., Cell, Vol. 144, 732-744, 2011.) , AME TILZ DBIELIK(LHE
ETELN 1=, HPIpEyH2AX 7+ —HW RDBEFRETE =, ZhigAnTOoOY
FUMEEIZE TS DNA BEZEMIT 202K, SSICEHEREHOMBITETOVEN
HEILETRBLTWDS, §%. BIEAEOERFHEZRELLETNEESLEL,
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XK. 1 [EGFHREHZRO HP1p RUy-H2AX OBE#EZE (A) [TRY, HP1B. yH2AX RU
Mg TN ETNR. &. RUBFTEY, (A) OMADMHEEZFILKLZE%E (B) IZFRY,
(B) MAXMIEyH2AX 7+ —HADEDIZ HPIR 7 A —HANBFEET HELLE RS, BB
FHEDyHAX T+ —HADKZFE2DHHZE (C) ITRT, HABREEIZE I+ —HRIZEIT
HERAEBEICKYERIELI=, NRS1 RV A3 #il8ICH T2 ENXBEEZZTNENETRUFR
BTRY,
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Damaging and protective bystander cross-talk between human lung cancer and normal cells
after proton microbeam irradiation. (§513-PB01)
Sejal DESALIY, Alisa KOBAYASHI?, Teruaki KONISHI?, Masakazu OIKAWA?, and Badri N. PANDEY?

Abstract:

We reports on radiation induced bystander effect
with relevance to cancer radiotherapy especially
investigating the bidirectional and criss-cross
bystander communications between cancer and
normal cells are limited. In this study employing
co-culture approach, we have investigated the
bystander cross-talk between A549 lung cancer and
WI38 normal cells after proton-microbeam
irradiation using y-H2AX foci fluorescence as a
measure of DNA double-strand breaks (DSBs). We
observed that in A549-A549 co-cultures, irradiated
Ab49 cells exert damaging effects in bystander
A549 cells, which were found to be mediated
through gap junctional intercellular communication
(GJIC). However, in A549-WI38 co-cultures
irradiated A549 did not affect bystander WI38 cells.
Rather, bystander WI38 cells induced inverse
protective signaling (rescue effect) in irradiated
A549 cells, which was independent of GJIC. On the
other hand, in response to irradiated WI138 cells
neither of the bystander cells (A549 or WI38)
showed significant increase in y-H2AX foci. The
observed bystander signaling between tumor and
normal cells may have potential implications in
therapeutic outcome of cancer radiotherapy.

MATERIALS AND METHODS
Cell culture:

A549 (human lung adenocarcinoma cells) and
WI38 (human lung normal fibroblasts) were
obtained from ATCC, and cultured in D-MEM
supplemented with 10% fetal bovine serum (FBS),
2 mM L-glutamine and antibiotics (100 units/ml
penicillin and 100 pg/ml streptomycin) at 37°C in
5% CO,/95%air. A day before irradiation, cells
were labelled with 4 uM cell tracker orange and
mixed with unlabelled A549/WI138 cellsina 1:1
ratio. A total of 1x10° cells were seeded and were at
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confluent phase at the time of the irradiation.
Proton microbeam-irradiation:

Thirty min before irradiation, all the cells (CTO
labelled/unlabelled) in a dish were stained with 1
uM Hoechst 33342. The nuclei of the CTO labelled
cells  were  selectively irradiated (500
protons/nucleus) with proton microbeam at room
temperature (RT) using SPICE-NIRS microbeam as
described previously [1]. In some cases, prior to
irradiation, the cells were incubated for 2h with a
non-toxic concentration of 0.1 mM lindane to
inhibit GJIC. In all the experiments, the
sham-irradiated control cells were processed similar
to the test cells, except microbeam irradiation.
y-H2AX immunofluorescence staining:

At different post-irradiation time points, the cell
monolayers in the culture dishes were fixed in 4%
paraformaldehyde and immunostained against
y-H2AX with the anti-phospho-Histone H2AX
(Ser139) clone JBW301antibody and Alexa Fluor
488 Goat Anti-Mouse IgG (H+L) secondary
antibody. Cells were washed with PBS, and images
were acquired.

Calculation of fluorescence intensity and statistical
analysis:

The intensity of y-H2AX foci fluorescence per
nucleus of irradiated and bystander cells were
calculated using MacBiophotonic ImageJ software.
On an average, 500 cells were scored for each
group and the data are presented as mean = SD.

3. RESULTS AND DISCUSSION
Bystander communication between irradiated A549
cells and their bystander A549 or WI38 cells:

A549 cells were irradiated whereas A549 or WI38
cells were kept bystander cellss. Our results showed
that the y-H2AX foci fluorescence intensity per
nucleus of irradiated A549 cells co-cultured with
A549 cells increased significantly with time,
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reaching maximum at 3h post-irradiation, which
decreased subsequently at later time point.
Interestingly, in case of A549 cells co-cultured with
bystander WI38 cells, y-H2AX foci intensity per
irradiated A549 nucleus was found to be
significantly lower in magnitude. These results
suggest that bystander WI138 cells attenuated the
proton-induced DNA damage in A549 cells, which
is in agreement with a few recent reports describing
rescue/protective bystander effects.

Further, A549 and WI38 cells, which were
bystander to microbeam irradiated A549 cells were
analyzed for y-H2AX foci formation. Interestingly,
we found that irradiated A549 cells induced
significant y-H2AX foci formation in bystander
Ab549 cells (particularly at 3h post irradiation) but
not in WI38 cells, exhibiting damaging
communication from irradiated cancer cells to
bystander cancer cells but not to bystander normal
fibroblast cells. This observation may have
significant implications in clinical situations
wherein it may be possible to get enhanced tumor
regression even if only a region of tumor is
irradiated, owing to propagation of damaging
signals among the bystander cancer cells.
Bystander communication between irradiated WI138
cells and their bystander WI38/A549 cells:

We performed another set of experiments by
targeting WI138 cells, keeping WI38 or A549 cells
as bystander cells. Moreover, the y-H2AX foci
intensity per irradiated WI138 nucleus at any given
time point did not show significant difference as to
whether the targeted cells were co-cultured with
WI38 or A549 cells, suggesting absence of inverse
signaling from bystander A549 cells to irradiated
WI38 cells. Also, unirradiated W38 and A549 cells
that were bystander to irradiated WI138 did not show
significant y-H2AX foci formation, which suggests
an inability of irradiated WI38 cells to induce
harmful bystander response in WI38 or A549 cells
under given set of experimental conditions. The
observed poor/insignificant damaging effect exerted
by proton microbeam irradiated normal fibroblasts

on bystander fibroblasts could be of clinical
significance during cancer radiotherapy as any
inevitable irradiation to normal fibroblasts would
not result in additional significant side effects
owing to bystander cross talk.

To understand the mechanism(s) underlying the
observed differential bystander signalling from
irradiated A549 to bystander A549 cells (damaging)
and from bystander WI38 to irradiated A549 cells
(protective), we studied the role of GIJC in this
phenomenon by using lindane to block GJIC.

CONCLUSIONS:

In this study, using a co-culture and proton
microbeam irradiation approach, we demonstrated a
bidirectional RIBE between lung cancer and
counterpart normal fibroblasts. Irradiated A549
cells exerted adverse response in bystander A549
cells through GJIC, whereas bystander WI138 cells
induced protective inverse-bystander response in
irradiated A549 cells independent of GJIC. These
results improve our current understanding about
radiation induced bystander cross-talks in cancer
radiotherapy scenario.
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Roles of DNA repair and MAPK pathway in the bystander responses induced by organelle
target irradiation
(S13-SC01)
Chen Dong?, Wenzhi Tu!, Teruaki Konishi?, Alisa Kobayashi?, Yukio Uchihori?, Tom K Hei®, Chunlin Shao'*

Abstract

Proton irradiation is one of the most important concerns
in the cancer risks of space flight. Appling the advantage
of microbeam irradiation, this study investigated the
characteristics of nuclear irradiation and cytoplasmic
irradiation induced bystander effects (RIBE) on lung
cells MRC-5, especially the roles of MAPK and DNA
repair. It was found that both  nuclear IR and
cytoplasmic IR could induce bystander DNA damage
together with the generation of intracellular ROS. These
RIBEs and ROS induction were eliminated by either
filipin or INK siRNA. On the other side, the role of DNA
repair capacity in RIBE was also explored by
co-culturing the particle irradiated CHO cells with
nonirradiated population of CHO, EM-C11 (SSB repair
deficient), or XR-C1 (DSB repair deficient). For both
nuclear IR and cytoplasmic IR, the extra MN formation
were only observed in EM-C11 and XR-C1 cells but not
CHO cells. Our results disclose that cytoplasm plays a
role as important as nucleus in RIBE where MAPK and
DNA repair are involved.

Background

Proton is the most abundant species and hence is an
important irradiation source in space. It has been
estimated that on the Russian Space Station, a single
lymphocyte in an astronaut can be traversed by one
proton every 12 days. Under this irradiation condition,
‘non-targeted’ effects such as the bystander response
may have increased significance in cancer risk
evaluation. It has been known that bystander signaling
can lead to a series of cellular responses including cell
death, chromosomal damage, genomic instability,
mutations, gene expressions, and carcinogenesis. Our
previous studies have shown that both nuclear
irradiation and cytoplasmic irradiation can induce
bystander  responses, however so far, the
characteristics of nuclear irradiation and cytoplasmic
irradiation are still not clear. Accordingly, this work
focuses on the novel mechanism of microbeam
radiation induced bystander effects, especially, the
roles of DNA repair and MAPK in it.

Results

The bystander effect induced by nuclear or
cytoplasmic irradiation

Within a population of 10000 MRC-5 cells, 1, 10, and
100 cells were targeted with the precise number (25,
50, 100) of protons, which dose equivalent is 5.7
mGy/cell/proton. Figure 1 illustrates that the yield of
MN of MRC-5 cells was increased after both nuclear
and cytoplasmic traversals. Differentially, the MN
yield increased with both numbers of delivered
protons and targeted cells when the cell nucleus was
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irradiated. But for cytoplasmic irradiation, the
bystander MN was almost independent on the
radiation dose as well as the number of irradiated cells.
In both irradiation situation, 10 cells with 50 proton
hits each was effective in the induction of bystander
responses, and hence they were chosen for the
following mechanism study.

I ctrl

1 cellimadiated
I 10 cells iradiated
=0 100 cells irradiated

25 &0 100 25 100
No. protons hiticell{nuclear traversal) No. protons hitleell(cytoplasmie traversal)

Fig. 1. MN formation in MRC-5 population partially
irradiated with precise number of protons through cell
nucleus or cytoplasm.

The function of cell membrane in RIBE

To verify the function of cell membrane protein in the
RIBE, the cells were treated with filipin, a disturber of
membrane rafts, 2 h before irradiation. It was found
that, after this filipin treatment, the MN formation was
significantly reduced in both nuclear and cytoplasmic
irradiation, indicating the important role of cell
membrane in the bystander effect.
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Fig. 2. Nuclear or cytoplasmic traversal-induced MN
formation in the MRC-5 population with or without
filipin treatment.

The function of MAPK pathway in RIBE

To know whether MAPK pathway contributes to the
bystander effects induced by nuclear or cytoplasmic
irradiation, MRC-5 cells were interfered with three
kinds of siRNA, namely ERK, JNK and p38 siRNA,
respectively. Figure 3 shows that, with respect to
nuclear irradiation, the formation of bystander MN
was obviously decreased by JNK siRNA and slightly
reduced by p38 siRNA but was not influenced by
ERK siRNA. With respect to the cytoplasmic
irradiation, the RIBE was not significantly influenced
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by these three SiRNA, indicating the cytoplasmic
irradiation induced bystander effect was independent
of MAPK.

0.40

e [ 'H'+ERK siRNA
0.354 B H'+JNE siRNA [0 'H +P33 siRNA

Huclear traversal

Cytoplasmic traversal

Fig. 3. Nuclear or cytoplasmic traversal-induced MN
production in the MRC-5 cells transferred with a
MAPK siRNA.

ROS were involved in the RIBE

Figure 3A illustrates that ROS level was induced
immediately after nuclear irradiation and its yield
increased rapidly to a maximum level at 2 h after
irradiation and then decreased gradually to the control
level after 6 h post-irradiation. When the cells were
treated with filipin, the ROS level was measured again
2 h after irradiation. It could be seen that for both
nuclear and cytoplasmic irradiations the ROS levels
were effectively eliminated (Fig. 3B). Moreover, in
the siRNA transferred cells, the ROS level in the
population with nuclear irradiated cells was reduced
by JNK siRNA but not by others (Fig. 3C). In addition,
the ROS level after cytoplasmic irradiation was not
altered by these siRNA treatments.
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Fig. 4. (A) Time-response of ROS generation after
nuclear irradiation. (B, C) The influence of filipin or
MAPK siRNA in ROS generation after nuclear and
cytoplasmic irradiation.

The influence of DNA repair on RIBE

Three kinds of CHO cells were applied for this
investigation. 10 or 100 CHO-9 cells in a population
with 10000 cells were traversed individually through
either nucleus or cytoplasm with 100 protons each cell.
Then nonirradiated CHO-9, EM-C11 (SSB repair
deficient), or XR-C1 (DSB repair deficient) cells were
co-cultured with the irradiated CHO-9 cells. Figure 5
sees that the yield of MN was increased in the
bystander cells of EM-C11 and XR-C1. No bystander
effect was observed in CHO-9 itself. Consistent with
MRC-5 cells, the extent of bystander responses in
DNA repair deficient cells were also similar no matter
of nuclear and cytoplasmic irradiation.

A. 100 Particles x 10 Cells B. 100 Particles x 100 Cells

I CHOS-CHOD
A CHOS-ENMC11
S CHOS-XRC1

[EEICHOS-CAOS |
/I CHOS-EMC11
| mmcHog et |

ontrol versdl ersdl
Contro ¢ Nudear @ Cytopies™© o
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Fig. 5 Nuclear or cytoplasmic traversal-induced MN
production in the bystander cells

Conclusions

Nuclear irradiation and cytoplasmic irradiation could
induce similar bystander responses, which may have
relationship with DNA repair capacity. Radiation-
induced ROS generation in a INK-dependent manner
was involved in the RIBE.
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Activation of NRF2 In Normal Human Lung Fibroblast W138 By Targeted Irradiation With
Proton Microbeam In NIRS
(S13-WJo1)
Jun WANG %2, Teruaki KONISHI%3, Alisa KOBAYASHI2%3, Masakazu OIKAWAS?,
Tom HEI®**, Yukio UCHIHORI 23

Abstract:

Production of reactive oxygen or nitrogen species (ROS,
RNS) are the key event involved in ionization radiation
induced DNA damage in directly irradiated and
non-irradiated, bystander mammalian cells. It has also
been reported that extra-nuclear irradiation resembles
biological effects of nuclear-traversed irradiation and
ROS is a key mediator of the process. Targeted
cytoplasm irradiation also led to micronuclei formation
in bystander cells and scavenger of nitric oxide fully
eliminated radiation induced Bystander effects.

Nuclear factor erythroid 2-related factor 2 (Nrf2) is an
important regulator of cellular oxidative status. Upon
exposure to an increase in oxidative stress in vivo, Nrf2
translocates into nucleus and transcriptionally controls
the expression of genes containing antioxidant
responsive element (ARE) upstream of their promoter to
reduce cellular oxidative stress. The targets of Nrf2
include GST, heme oxygenase 1 (HO-1), thioredoxin,
GPx and so on. In some circumstances, activation of
NRF2 and its targets will confer resistance of cells to
DNA damage inducers. As a pivotal regulator of
antioxidant response, it remains unknown whether the
Nrf2 will be activated in cells exposed to cytoplasm or
nucleus targeted irradiation. Furthermore, if NRF2 is
activated, what are its roles? Based on the points
mentioned above, the present research was performed to
detect whether Nrf2 will be activated in cytoplasm/
nucleus of microbeam targeted cells. The following is a
brief summary of the experiments completed in NIRS of

FY2013.

Materials and Main Experimental Steps
1) Cell line and cell culture: the cell line used in this

work is normal human lung fibroblast WI38 which was
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cultured in

FBS plus

purchased from ATCC. WI38 was
DMEM/F12
100mg/mL streptomycin and 100U/mL penicillin under a
humidified atmosphere of 5% CO2 at 37°C.

supplemented with  10%

2) Experimental Steps:

We have followed the standard protocol of SPICE dish
preparation and irradiation procedure mentioned
previously by Konishi T et al.[1] Briefly, the dishes were
treated with 1pg/ml fibronectin dissolved in PBS for
30mins at 37°C. 1ml WI38 suspension was plated into
the dish (the WI38 density was about 15000cells/ml) and
was then cultured for 48hours.

3) Immuno-fluorescence detection of NRF2:

Cells were fixed with -20°C methanol and blocked with
0.1% BSA in PBST (PBS-0.1% Triton X-100) at room
temperature for 2 hours. Then Anti-NRF2 (Abcam
ab31163, 1:200) primary antibody, diluted in block buffer,
was added to dish and the samples were incubated in 4
centigrade overnight. After that, samples were washed
with PBST. Alexa Fluor 488 conjugated secondary
antibody (Invitrogen) diluted in block buffer was added
and were incubated for 2 hours at room temperature. The
cell images were captured under the offline microbeam
fluorescence microscope. The fluorescence intensity if

nucleus was analyzed with Image J software.

Results
Both cytoplasm targeted and nucleus targeted proton
irradiation promoted the nuclear transfer of NRF2
Firstly, the cytoplasm and nucleus of WI38 were
targeted with 500 protons respectively. 24 hours later, the
nuclear transfer of NRF2 was analyzed by IF staining
(Figl) and image analysis. Fluorescence intensity
analysis showed that compared to the non-irradiated

WI38, the nuclear fraction of NRF2 in both the



cytoplasm targeted and the nucleus targeted cells
increased, indicating the nuclear transfer of NRF2 took
place. The fluorescence intensity of cytoplasm targeted
cells and nucleus targeted cells are 1.27 folds and 1.19

folds to that of the non-irradiated cells.

500 protons

Nucleus

Control

Cytoplasm

Figure 1. Cytoplasm or Nuclues of WI38 were targeted with
500 protons. 24h later, NRF2 was detected by IF.

Post radiation time on the nuclear accumulation of
NRF2 with Cytoplasm and Nucleus targeted cells.

To determine the post radiation time on the nuclear
transfer of NRF2, WI38 were cytoplasm targeted and
nucleus targeted with 500 protons respectively and then
incubated. At 0, 3, 6, 12 and 24 hour time points,
samples were fixed and kept for IF staining. The most
significant accumulation of NRF2 in nuclear area was
observed at 24h time point for cytoplasm targeted
radiation and 12h time point for nucleus targeted
radiation. We then calculated the ratio of nuclear NRF2
fluorescence to whole cell NRF2 fluorescence to reflect
its nuclear accumulation at different time points. As to
cytoplasm targeted with 500 protons, the ratio of nuclear
NRF2 to total NRF2 increased with post radiation time
extension within 24 hours, from 20% at Oh to 52% at the
24h point. At 3h time point, no significant nuclear
accumulation of NRF2 was observed. For nucleus
targeted cells, a slight but significant increase in nuclear
accumulation of NRF2 was observed. And the
accumulation continued to increase to 12h time point.
The ratio of nuclear NRF2 to total NRF2 increased from
18% at Oh time point to 49% at 12h time point. But
different from that observed in cytoplasm targeted cells,
at 24h time point, this ratio decreased to a level similar to

that observed at 6h time point.
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Dose dependency of the NRF2 nuclear transfer with
cytoplasm and nucleus targeted cells

WI38 were cytoplasm targeted and nucleus targeted
with 0, 5, 100, 500 and 1000 protons respectively and
then incubated. Nucleus targeted samples were collected
12 hours, and cytoplasm targeted samples were collected
24 hours after radiation for analyzing the dose response
of NRF2 nuclear transfer. At our tested doses, as to
cytoplasm targeted radiation, 100, 500 and 1000 protons
stimulated the nuclear transfer of NRF2. And the rate
rose with the increase of the amount of proton. For
100 and 500 protons
stimulated the nuclear transfer of NRF2. When the

nucleus targeted irradiation,
proton dose increased to 1000, the level of nuclear NRF2
was lower than that of non-irradiated cells. A shared
feature for both cytoplasm targeted and nucleus targeted
groups was that 5 protons led to unstable results.
NRF2 was significantly activated by 50 uM tBHQ
tBHQ is a type of chemical activator of NRF2. By
immuno-fluorescence staining, that

pre-incubation of WI38 with 50 uM tBHQ 16hours

we confirmed

before irradiation resulted in significant activation of
NRF2. The tBHQ treatment condition is useful for next
experiment to indirectly study the cytoprotective role of

NRF2 in WI38 with cytoplasm targeted by protons.

Future Plans

Further investigation on the roles of NRF2 will be
investigation on the following terms. HO-1 level, 2)
effect of ERK 1/2 inhibitor U0126 on the induction of
NRF2 and HO-1, 3) activation of NRF2 by tBHQ, which
is an activator for NRF2 will alleviate cytoplasm and

nucleus targeted radiation induced cell death.
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V&EDELTHEIEE [Lethal Dose,50% (LDso)] Mdp 5. $FICHMEFRIE. REEEIZK
DTIRIF—FOYEZNGET 7 3 —NRELT-8. NASBEE ITEWL\TOFHRERE
ZIRIRT B LD, MFRICKIEREZEDERZTO-ONDERELTERTH D, &
f=. FHEBREE. BMEROBREOEBMOEBLEL T TL . HIIHFEHLHATRIEICEK
STHELGLHIIENFEEIND, TIT. BREZEEBRBICETH2PHFREVUAUT
BRTO 1 BERV 7 B&<T VAN 50%EIEHEE (LD50/30) #HE L. BERDH TR
[Zxt3 B EFEOEYFENSERL (RBE: Relative Biological Effectiveness) #XK&1-, &
HRE. PUEFREEEERMARR. EPAREERRVCREH OIS LTHALT
To1=s

EKEBRAEZ BHEAFvYy—ILR - JN—@& YA LT B6C3FL/Crj(7 B&5 ) 192 L (1 8 12
ICo) 16 ). IRV VAN LB ON-RRMOFEF (1BEL) 833 L (18 16~9[L
M 64 ) 12, PHEFHR (1.7Gy-3.8Gy) RUH UK (6.0Gy-85Gy) DFEINBDEHE
REZLHEHER. 30 AMATHRE LIBRBRELTRE L1,

EKERFER 1:BED LD50/30 £ RIIREL. AR, hHEFRIEICHHEZIERO o
Motz T 1 BHIEEL LDMEHRIZENTH 7 BERICEESN THREHREZMEZR L=,
E5(2, AEEFRORBE [, 7BHICHRT1IABHTREVMESE ALY, 1ABNPETR
[CEYRBRZUTHDZ ENREINE, ZORRIZ, BMEHRENA - LEENARETLCHE
WS TS B6C3FL RORICEITHAMIE K BEERICE DI EWVNEFHLMNI LI, Fi-.
LD50/30 #$5#E & L7- RBE (&, Fanfafie 5B L LI RBE KU, INESLMEIZRS I &
otz FMIE. RRICTHRET 5.
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~WEE GREES : 125P0006) ~
Ptchl IBIEFATARB IV RIZE T 5P EFRFRINEZDOHTRE

SR TE. = ZE, HIGEF. RALOA, EAEX, MEERF. BGHENH
REHRRESCEEHARTOI S A

I, MEHRAROBREDERICL Y. MRAERDBICEVTHIEL 2T HHENE
ATWS, MEHCARICE VN TIE, BMELERBIRAER (IMRT) | BFHRIGER. EfNTH
BENBAICTOND K50z, €I T, BBEGE > TV O EEEDEEE B
~NDEREBSHR (PEFR) CEFR - ERFRICEKIEZETH D, PHEFRIEEEK
MAHRICEAEDIRNS <. MERERERTRICELDZZRDANEE L L>TW
%, LHL., ChoPEFRICESPRBICETHMEEEICET 2 ERT—2EFT+
DTHDH, TCTABMETK., EVEFHHRLEDEVHEFRICE T HNROENAZE
ZHLOMNIT 0. BERBRZUEOMNEBESEREETILTH S Pichl BIEFATORIEY
DAZRAL, IEFHRFRNESORILCHREFHIKRFERT r RISHT 2EMFEHIHR
tkEEHTHILEBEME LT,

FRR 23 FEREAN ST 25 FRTHAD 2 FfE, YV U2/ LG40 BEZZIT, R1IZHE
FHRIE K FFHICHPEFROBEZT o=, o, EBERRELTr ROBHIZENTH
KLz, RE. BRHIET LEIYVAOKREFTZITV. BERRKEOBLZRD-T
AFYBREBEVREBHZT 2T D, AHRETIE, FHFREV ry REHRICEELE
NEBEOREHEICOVTHRET 5,

o PRT < REE D &R

BIL < e TR Y #%

#RE (Gy) HE (Gy)
fa#s 14 H 01]05 0.1]/05
fa#s 17 B 0.1]05 01]05
A% 18# |0025(005|01/05[005|01|02|05
4% 4 BES 0.05]0.1|05 0.1]/05
4% 10 BE 0.1]05 0.5
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R)I—FIVREFZRAV - EFREATE
NIFHR Y, BHH Y, EHF D, AHX?, SHH?
1) RWRIERKF
2) MEHREFREMZER

RYI—TIVBREFH (T LVREFXES F
TV VIVEGEERS LIZLFREFT
HY. REDNKTEESATNS=H. A
FHABFEMEORESE LT, BRAGKRESR
EICIANFSNTLS, FEEICEED
BHRICANDZEIZRY., HRALGIIKDKEE
EIMERTAIRETH AR ZER L. 3 RRE
FHE LTHAREBRIBZEILHETHE~AD
WRANSRFEIN TS,

PEE. MAHRABREE X BOEFRZAL:
BEMIONTERLN, RETEBFHRAER

PREMABENEEERE L TITOATEY.,

MATHEFZRWRIRBDEFiETER
E1HY O TERBBEEERO—DDT
Aoy bO—D2& L THREBRKHAREN

] 1. H 7 B FE BRI 1 X

(O MR EISEMEICET 25 KR EIZ
TR ARE L, BEICT 7o P AEEE
L7=[)

THnTL S,

AR TE, ROFRHEFREERE~D
WRZZEICTEWT, Z7ILREHZRAWE
% F 5 fn DR E IR IC D UL TERER
HETOCEZAMET D, BIRITEWT
TIVIREFHZE T 5P IEFRERE L
HEREN SN TLEDATHY .. §&+
DERFADNDETHDEEZ D, PHEFD
MEATEEXLIHEFI - A —F—E
ARFBREFZAVE-FEICEIYITHONT

05 1.0 20 30 40

7.0

7.0
HHFITRE(Gy)

70 7.0

BY. BEMCIMEANETEDICEES
TRV, KRREOREREICKY,
TIVRESFZAVTXE YBEIIHA DM
[CHEFREBELNTREE GNIL, RHEF
MEDIEENE YNERMICARELGLEID
EEZ D

[ 2. e U 1% 0 7 U R OB A b
(TNVBREFHI P IRE T 5 2 L THEHAERISZEZ
L, BEAROOLND, S DICHREHRENE HICAEE
TR TWDERF DR TE D)

SEHIZOTIIVBEEF DI EFREGEEDORET. OQFILEBEFZHAVV - FERE=
BIEIZDOVWTORNZT o= AIEAEE LT, FILBEHEEBS L UOPHEFES. ¥
IVREHEETMDOFIETEHR L=, TILE=ETIZ(X MGS #£® BANG kit Z{FER L. ¥ v
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FEMEBEL., HDELRREZBEESL. PET BHFICAN, AHELET S EITEY S ILEEEET

ERZEITo 1=,

& FBRETIZ (X NASBEE M 4MeV
HFRETIVEREETCHR L TES LT,
BHEENOHFER 1 IZFRT, Ot
FRELEEDOBRETTE. BHIEES
JLEREEHI® LT, 051.02.03.04.05.0
6.0 6.5 7.0Gy M5 & 1T o f=, QiFEBHR
EAEICOVWTORATIEZESILRE
FHZx LT, 2.03.05.0 8.0Gy DERE %
EfE L1z, BIEHBEZ. MRI £EIZT
FILBEFDRAE Y —RE VENERE
(Rz, 1/s)ZBI%E L 1=,

BRIZSDVWTUTIZERY, OFILER
ETOFHFREISEEICONTIEF
HFRHEICEY. TILREHETEER
EEL, RENICEEZLEZRLT
(K 2), PHEFEEICKLIBHIGELY
IVREFTDO R L DMICITERDIEEM
NREON(E 3), FILIRETIZKSdE
FREAEILAETHIELFZR LT,

S HICQBHEFIREBBMEAIEIZ DU
TORFTOHRREZH 4 27T, BB
FHRE &L & HI2 2~3cm BESETEL
F7v7T&RL. TORFEENKEL
[ZDON R IEEAD T HIERAR ST,

18 -
16 - y=1251x +6.2947
14 R2=10.984
12
Z10 -
6 ¢
4 4
2 4
0 .
0 2 4 6 8
Dose (Gy)

il

3. FPPE TR B MR D S (R (2 1 IR
HERN I 7 VBB ORHME T & 5 R, DRREISE)

N

25 -==8Gy
-_— 50y
20 e - =36y
- 7T NN N 2Gy
J Seef N ey 2Gy
4 N~ -"\,..-... —0Gy
15 T T Saaamn
CO —a— e e,
£ )
: _/ — —
&l J --— - ‘\"‘--~-_. -— .
10 , - S~ ~oo~o_____"UZ -
5
0
0 10 20 30 40 50

Depth(mm)

4. TRESHMEFRREE ORE R s PR S it
I 7 LR R OFHIE T & D R DISEBILR)

AFRTIK, 7IVEEHDOPEFRELEEZTL. REF LPHEFRECEOMICE
RERZHERT S LENTE, T, REPEFREVEZREL. RSHARDAEZ

75 EmTEL,

S&. BROBRZFHMITRFT O L LEBICS o LI ERRFAZTERTHAFETH D
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