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Analysis of cancer cell dynamics after proton irradiation using real-time
imaging
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Experiments were performed on cultured cells using X-ray and proton beam. In
this study, the migration ability after irradiation experiments was examined using time-lapse
images, and no significant difference could be shown. On the other hand, it was suggested that the
migration ability may differ transiently depending on the irradiation dose and the type of beam.
Proton beam have the characteristic of low dose exposure at the proximal end and high dose exposure
at the distal end, and may have different cellular effects at the proximal and distal ends. Although
y H2AX is often used to predict cell viability, the optimal timing of the evaluation in the
low-dose range is unknown and needed to be investigated. The optimal timing of y H2AX evaluation for
_celé_vigbility prediction after low (10 mGy) to high (4000 mGy) doses of X-rays was 12 hours after
irradiation.

X DNA y H2AX



B X C—19. F—19—1., Z—19 (@)

1. WFEBRAE 4O 5

B AR R D= R L F—TIRN~A Y | FREEK I T RV X — 2 QIS LR E 288 (777
v T =T & HD, ZOREIC X 0 BRIk Z b ORI L, FFRAIC = R LE
—HEPIEDH I ENTE D700, ITFE, BIRFICE T 25 FAREOEEMIIE E > TE T
Do THIVE TITH A IZBE RO LW TN A O W THFZE 2 A, X FRIRE & Feile U TR 747
PREZ 11T “HIEEEEE” ME T T2 Z L 2O LTE R Ok 1), BAiciic bR
HRDENBEB I N TS AEEERH V| BED “MibiEie” 252 2B W TERT D
Ll Lz, BRROMEREN S . MRS 2B, s (ERMR) &@mEiim (S
JE) TOPMREICREZRZNH 5, R EPREIK CH 5 Ui & mik EgIRGE C & 2% =L
UHZ BT, SRR 2 72 S RSN T H A REMEN B 5, Bex 1T BE TR DB HE
PRRRAE A S L7223, ITA0i & Hefe U I TRV R B R S5 D Z & 03 - 7= (GCik 2),
UL CIEAR T R VX — 53N T 5 Z L EREE LD b0 LB b,
BRI B D AEEOREZNET 2 AL LT, U Uik H2AX (y H2AX) & REHE
@ DNA “ ARG O~ —H—L LCTERT D2 FENLSHVWDLND Ok 3), < OETIL,
yH2AX Beta DX A I 2 7 HHIE < 16 BRICERE L TV 5 08, FESEHEEGORIE (SLDR) 2k 5
DNAMEIEENEAZ BRET D L. 16 DENEERF A I TN EI ML UiEmn s, £
TR MR (< 500 mGy) DA, BB DOEDZ A I 7 TD yH2AX foci BN HIluEE
OTHNCHE T 20 ARHTH 5, FREGIRE COMIAPEE THIET V2RSS 2 L3, I
U & AL T OYRIR RN R 72 B 5 T RE I BT 5 M FHI N B A2 RS 57200 —hic b
LEZHN5,

2. WEoOHB

VTN BA DA A= T2 HOTHTRBREHZ O “MIlEER" IZOWTEHMET 5, 728
BT T Va2 O, REBRE O EREO X BERNE ., MIaAEFR TR 72 v H2AX 3FAh &
A I VT HERET D,

3. WD

(1) BRE#OFEERIZONT

W DWFFER R B\ TSR O B M (EMT6 Alfa, V79 HEfd, HSG fifa) ioxt L CHEBREIT- 7=,
HHY 2L 7 L— TR L7212 IncuCyte Cell Migration Kit ZHW\WTH—IZiEE D
KVARI T vFT A ZiTV, TOHENEE DHEE%E IncuCyte Zoom & HWT X A LT 7 AH
% BUE LilEERRIC DWW THEB 24T > 72,

(2) {EfREIk C oML E 2 MREEd 5 FE5R OGS

t |k HeLa S3 #Hifi. ~ 7 & EMT6 ZLERE. B16F0 A 5 /7 —~fifaizkt L 10, 50, 150, 500, 2000,
4000 mGy O XHERPBEH . FHFI 1545, 2. 6. 12, 24 FETZ1T  H2AX s et 217\ Vi YR
WEET 1 EEHT-0 Dy H2AX foci #8 « W EAZFHEL L7z, F7-. DNA 5 MR AFROGRE
TARD D, an=—R BRI L Y MIlEATF=R (Surviving fraction) & yH2AX foci =1 b
— VTR DA 72 foci B wt e EOFERIRIfR & R 6O 7o, M O BN TR I T 729,
BRI OHELHRE S RIRHIAT > 72,

4. WF7EEk SR

(1) BB OWEERIZOWNT

NS OMEOEE . T OEERCR TIE 48 RN 5 & EEAIZFHE A 7T6E & HIkr L7,
L L7203 B R (X8R, B 1-50) BREFRR B C K - ClEEREICA B /2EWISE b2 > T2, 56y
PRGTRE & 26y MEBEZ Hele 92 & MBI & LTI XTI 26y HREIE THES% 9 BRRIAN & 24 BF
MO ERENEIINT HHIR TH -T2, B CIEREBIMICHE N TEDO X 9 2 BT A b7
Motz (Fig. 1, Fig.2), ZAUZ X VHSEIZE S0 UL O EHRIBE TIx, X fRCidimi
PR - D3] S EEEREN — PRI TUE SN D 28, B T RRIRE CIIiliEERE D — il M LN L
ZNZL VD TIE RN E WS RFE LTz, 26y LU F O &I I8 2 MlabEE o5 & EERE 0 B
AL 00O E LT, (2) OFEBRZIT-T-,

(2) {EfREIk C oML E &2 MREEd 5 FE5 R OGS

X BRI . 15 4> Cy H2HX foci TR L 720 . 2 h e — LBEIZ R B16F0, Hela Hifd Gl
500 mGy~4000 mGy £, EMT6 Tl 2000, 4000 mGy FEIZIVNTHEIT y H2AX foci 4 BH- L,
% 7-. BL6F0. HelLa #iATiX 10~150 mGy. EMT6 Ti% 50 mGy~150m Gy IZEB W\ TH . HREAKIENE
2y H2AX foci #AS EH-T AN BIE STz, ZD%., yH2AX foci FIFECMIZHAD L, &
CT12~24 Bz ICiTa s e — LBl RIL~LIZIE T L (Fig. 3), vy H2AX EOHNIZIS
UC, MfAFERITERIAR T T 2SR iz, 1315 0k THRAIZZRD . ZO%IK



T LT 2~12 K% ORIZIFIE —E Th o7 Fig. 4), BT L IZET L OWA FE% ik (Table
1) 75 &, A foci #TIX 2~12 Wefilt& ., FExPacE & TlE 15 3 ~12 FEfE#& 0w A B0 &
VMBS L B A7, 2000, 4000 mGy D ESRERE T 12, 24 FEM#E OMIRE X2 b —LBEX
D HARVME A A S 4, EMT6. Hela A TlE 4000 mGy THEIZIE T LTV /= (Fig. 5).

B OHINERS T y H2AX ORREARAFIENBLE Z L, CT UL O ESL (10~50mGy) THAE
TIERWE DD y H2AX foci 8D EFARONT-, Zhid, —MEICHERE 15~30 4> T y H2AX &
DIRICET D Z L0 LBNEZOERERENE -T2 EZ NS, —J7, 156 kTt
TR EOFBEANTHWERTE 72, BXONDLHERE LT, 2~6 Kl E TITHERICHH O DNA —
AREHEIMTMETE S, BTGB 5 DNA 815 238 3R L TN 5 AlREMESC, BRETE 7% 0
MRNEREDO X A F I v 7 2Bl Lo TUTHEDERAE LT 2D R E 2 6D,
WA FERE L<HET DA v 7 LTl UIE 24 BB AW STV D (SUHER 4) 23,
Z OEBRTI 24 FERZ OB < . AR EERAMEDIZIFHEEL L Tz, 12 R CIRE
(IR SR B IS U TR & 72 D &0 ) BB (L ORFENZ L 0 | DNA GOV
VT B AMEBESERAE , WIEA ORISR B L~ T, yH2AX B T > b ORISR L 7 B REMMNEL L,
ERAERAWE > TODREME S E 2 b, 12 BRI TIEy H2AX 51 7 > b OREEIC X
Dy H2AX EZxh T 2 A TR L OE X A8k U, F 7= FREHE% TR RO DNA EE5 %
W RFHM T DDA DAL Z &b, 12 FEE O v H2AX E &P EE U iR 2 HEE &
% REVED RIR S 7= Uk 5) . 5l & s Z O EBRRZ AWV T, KRR EIE & SR R aH
IR DR E X BROBERRAEY FERI 72D R OE N Z RRFE L T < J7 1\ THFZE 2 fike ¢
H 5,

<5 R 3Tk >

1. Hashimoto S, Sugie C, Iwata H, et a/. Recovery from sublethal damage and potentially
lethal damage : Proton beam irradiation vs. X-ray irradiation. Strahlenther Onkol.
2018 Apr;194(4) :343-351.

2. Hashimoto S, Iwata H, Hattori Y, et al/. Outcomes of proton therapy for non-small
cell lung cancer in patients with interstitial pneumonia. Radiat Oncol.
2022;17(1) :56.

3. Keogh MC, Kim JA, Downey M, et al. A phosphatase complex that dephosphorylates
gammaH2AX regulates DNA damage checkpoint recovery. Nature. 2006  Jan
26;439(7075) :497-501.

4. Markova E, Schultz N, Belyaev IY. Kinetics and dose-response of residual 53BP1/gamma—
H2AX foci: co—localization, relationship with DSB repair and clonogenic survival.
Int J Radiat Biol. 2007;83(5):319-329.

5. Takano S, Shibamoto Y, Wang Z, et al. Optimal timing of a +y H2AX analysis to predict
cellular lethal damage in cultured tumor cell lines after exposure to diagnostic
and therapeutic radiation doses. J Radiat Res. 2023;64(2):317-327

Fig. 1 X3 Fig.2 B

800 800

700 700 —
g 600 X#R 26y 2 600 — [5F#R 2Gy
= 500 - = = = X## 5y = 500 - === B5F# 56y
= 400 % 100
N 300 ™ 300
N N
N 200 2 oo
. X
" 100 100
0 0

0 3 6 9 12 15 18 21 24 0 3 6 9 12 15 18 21
RffH (hr) ¥ (hr)



Fig. 3 B16F0 B16F0 Fig. 4
o
60 - R
Sum, Sm Sun oL A
S 50mGy @ 4000 mGy 38 50mGy @ 4000 mGy
250 4 @ 150 mGy §§- 2 150 mGy 15 min 2h
o] k]
540 2 1 1- 1
[}
%‘330 | 88 08 , 0.8 0.8
8 83 0.6 + f\ 0.6- 0.6
52 ] S04 404 04
5 g Foa2l ¢ PP
E 10 § % 8 021 —¢— 02- 0.2
2 [ "; 0 5 10 15 20 25 0 5 10 15 20 25 0 5 10 15 20 25
0 o
0.25 2 6 12 24 E 12h 24h
Time after irradiation (hours) Time after irradiation (hours) E 1 1-
=3
w08 0.8-
HelLa HelLa 0.6 0.6- cell
0.4 04- O B16F0
® 50 - O 0mGy @ 500mGy O 0mGy @ 500mGy A EMT6
3 ® 10mGy S 2000 mGy é o ® 10mGy S 2000 mGy 0.2 @ 0.2- ®
< 50mGy @ 4000 mGy S84 50mGy @ 4000 mGy - R ® Hela
3 @2 150 mGy I © @2 150 mGy
§ > 0 5 10 15 20 25 0 5 10 15 20 25
& gg Relative number of yH2AX foci per nucleus
5 2
8 2°
Q
g 8 B \ 15 min 2h \
> e
“8- § i=3 1 1 1 1 1
g g8 0.8+ 08 0.8+
2 = 0.6 0.6 0.6
o
025 2 6 12 24 _5 0.41 : 0.4 0.4-
Time after irradiation (hours) Time after irradiation (hours) © 0.2 N 0.2 0.2-
@©
"; 0o 1 2 3 4 o 1 2 3 4 o 1 2 3 4
EMT6 o EMT6 £ \
S 2
@ O o0mGy @ 500mGy § ] O omGy @ 500mGy c 1 1
S @ 10mGy © 2000mGy é @ 10mGy S 2000mGy >
50 1 50mGy @ 4000 mGy g 50mGy @ 4000 mGy » 0.8+ 0.8
3 @ 150 mGy I @ 150 mGy
c > § 0.6+ 0.6 cell
2 40 o3
2 2 0.4- 0.4 © B16F0
8 2 A EMT6
x 304 g, z 0.27 0.2 ® Hela
£g s
g 237 ([Tl 0 3 4 0 1 2 3 a
>20 e S . .
5 g s Fluorescence intensity
] 8
E*] 25
z o H
0 i E o LLEJH :
0.25 2 6 12 24 0.25 2 6 12 24
Time after irradiation (hours) Time after irradiation (hours)
Fig.5 B16F0 EMT6
| Qo o somey | Table 1. P s in the linear
50 mG | 4000 mG
3 2 150me e - Relative number of yH2AX foci per nucleus
3 @ 2 8 equation R2 Pvalie Fvale  AIC BIC
s ] s 15min  -0.0276x+0.934  0.28 0.020 6.59 52 8.033
3 g | 3 g 2h 01384109 047 0.001 152 074 2119
2 2 6h -0.115x+1.02 0.42 0.003 12.1 1.224 4.057
§ ] § 1 12h -0.488x+1.48 0.61 <0.001 27.1 -6.67 -3.837
- - 24h -0.349x+1.24 0.41 0.003 11.6 1.547 4.381
o 4 o -
0.25 2 6 12 24 0.25 2 6 12 24 Relative mtensity
Time after irradiation (hours) Time after irradiation (hours) cquatio R P value F val AIC BIC
n Vi value
HelLa 15 min -0.445x+1.6 0.82 <0.001 79.9 -21.64 -18.81
2h -0.772x+1.85 0.88 <0.001 130 -29.55 -26.71
§ | 6h -0.648x+1.66 0.82 <0.001 713 -21.13 -18.3
_ ¥ 12h -0.92x+1.96 0.85 <0.001 92.7 -24.01 -21.17
% % 4 24h -0.578x+1.49 0.39 0.004 11 1.947 4.78
2
k]
52 |
£8
=1 3
z H
g |
2 H
o

2 6 12

Time after irradiation (hours)




2 2 0 2

Hashimoto Shingo lIwata Hiromitsu Hattori Yukiko Nakajima Koichiro Nomura Kento Hayashi 17
Kensuke Toshito Toshiyuki Yamamori Eiko Akita Kenji Mizoe Jun-etsu Ogino Hiroyuki
Shibamoto Yuta

Outcomes of proton therapy for non-small cell lung cancer in patients with interstitial 2022
pneumonia

Radiation Oncology -

DOl
10.1186/s13014-022-02027-0

Takano Seiya Shibamoto Yuta Wang Zhen Kondo Takuhito Hashimoto Shingo Kawai Tatsuya 64
Hiwatashi Akio

Optimal timing of a y H2AX analysis to predict cellular lethal damage in cultured tumor cell 2023
lines after exposure to diagnostic and therapeutic radiation doses

Journal of Radiation Research 317 327

DOl
10.1093/jrr/rrac096

Outcomes of Proton Therapy for Non-small Cell Lung Cancer in Patients with Interstitial Pneumonia

2020 ASTRO annual meeting

2020

DNA

35

2022




(Takano Seiya)

(Kondou Takuhito)

(lwata Hiromitsu)

(40611588) (23903)
(Ogino Hiroyuki)
(60315885) (23903)




