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Exploring the biological response dynamics after proton beam irradiation through
time-lapse observation: a study towards the development of optimal
fractionation methods
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In the initial plan of this study, experiments on cultured cells and

Drosophila were intended to be conducted concurrently. However, priority was given to ultra-high
dose rate proton irradiation (FLASH irradiation) experiments on Drosophila. Experiments comparing
normal dose rate irradiation and FLASH irradiation were conducted using wild-type Drosophila third
instar larvae and virgin female adults. Post-irradiation gene expression analysis revealed
differential gene expression levels due to varying dose rates in specific genes. In contrast, in the

irradiation experiments on virgin female adults, no significant differences were observed in the
pupation and eclosion rates of the first generation offspring (F1), nor in their activity levels per
unit time post-eclosion.

FLASH



(=FLASH )
FLASH
invivo
X
FLASH
FLASH
[1] F1
(Drosophila melanogaster: Oregon-R)
FLASH FLASH CONV-P
F1
[2]
40 Gy FLASH CONV-P X
CONV-X 2
[3]
40 Gy  FLASH CONV-P
o —
,./ G tt.
> -
| Adult virgin | 31 jnstar larvae
1
FLASH Probeat-I11® (Hitachi)- >1000
Gy/sec 1 CONV-P 0.5 Gy/sec

CONV-X  Novalis-TXe 0.05 Gy/sec



[1]
FLASH ~ CONV-P

5 2

P 20Gy: 75% FLASH 20Gy: 77%

« 3

5 3

CONV-P 50Gy: 34%

F1

20 Gy 50 Gy

( ) 15

5

Control (
FLASH 50Gy: 28%

( ) 15

5

72% FLASH 20Gy: 73% CONV-P 50Gy: 30% FLASH 50Gy: 26%

Control: 90%

): 94% CONV-

CONV-P 20Gy:

12 12
Drosophila activity monitoring (DAM) system
A L - 2/ I R2) (=3 THEE = TULH/ 503
mControl @ CONV-P 20Gy @ FLASH-P 20Gy @ CONV-P 50Gy @ FLASH-P 50Gy '1C°ntr0| B CONV-P 20Gy @ FLASH-P 20Gy  CONV-P 50Gy BFLASH-P 50Gy
1 : H
0.9
08
07
06
05 3
04
03
0.2
0.1
9 > > > > > > > > > )-' > > > |
S32z853232 z 285322
§283 5383 E 3 8383
Day2 Day1-5
2 3
[2]
— y=0.9923x +0.0437 2000 y=0.994x +0.0338 20.00 = 0.8921x + 0.0448
R2=0.9847 R*=0.988 R?=0.9842
15.00 15.00 15.00
> o
: q E-
2 1000 Z 1000 gm.uo
8 S 2
5.00 5.00 500 T
0 o e 0
0 5.00 1000 15.00 2000 o 5.00 10.00 15.00 20.00 0 5.00 10.00 15.00 20.00
Control Control Control
— Y= 0.9912x + 0.0503 — v =0.9906x +0.0535 SR y=0.9962x +0.0213
R*=0.9824 R?=0.9812 R?=0.9926
15.00 15.00
= T
2 10.00 2 10.00
2 2
5.00 5.00
o o
0 5.00 10.00 15.00 20.00 (] 5.00 10.00 15.00  20.00 o 5.00 10.00 15.00 20.00
CONV-X CONV-X CONV-P
4
FLASH CONV-P
4  FLASH CONV-P
mrell rads0 nbs ku80 ku70 DNA repair
GO " Response to ionizing radiation” " DSB repair” " Telomere

maintenance” biological process



FLASH CONV-P HSP70 family
CONV-P FLASH

[3]
FLASH CONV-P

CONV-P Control 5-8

Control A CONV-P B-D
CONV-P Notch
B 2
C
D
Control A CONV-P B-D
Control
CONV-P
rough eye
Control A CONV-P B,C
Control
CONV-P
Control A CONV-P B,C
Control Tarsus
Sexcomb SC
CONV-P
B
C

FLASH



7 7 0 1

Koichiro Nakajima, Hiromitsu Iwata, Yukiko Hattori, Kento Nomura, Shingo Hashimoto, Toshiyuki 8

Toshito, Kensuke Hayashi, Yo Kuroda, Hideo Fukano, Hiroyuki Ogino, Yuta Shibamoto

Spot Scanning Proton Therapy for Sinonasal Malignant Tumors. 2021

International journal of particle therapy 189-199
DOl

10.14338/1JPT-D-20-00043.1

Kento Nomura, Hiromitsu lwata, Toshiyuki Toshito, Chihiro Omachi, Junpei Nagayoshi, Koichiro 97

Nakajima, Hiroyuki Ogino, Yuta Shibamoto

Biological effects of passive scattering and spot scanning proton beams at the distal end of 2021

the spread-out Bragg peak in single cells and multicell spheroids.

International journal of radiation biology 695-703
DOl

10.1080/09553002.2021.1889704

Hiromitsu lwata, Kenji Akita, Yusuke Yamaba, Eiji Kunii, Osamu Takakuwa, Misuzu Yoshihara, 109

Yukiko Hattori, Koichiro Nakajima, Kensuke Hayashi, Toshiyuki Toshito, Hiroyuki Ogino, Yuta

Shibamoto

Concurrent Chemo-Proton Therapy Using Adaptive Planning for Unresectable Stage 3 Non-Small Cell 2021

Lung Cancer: A Phase 2 Study.

International journal of radiation oncology, biology, physics 1359-1367
DOl

10.1016/j . ijrobp.2020.11.035

Yukiko Hattori, Hiromitsu lwata, Koichiro Nakajima, Kento Nomura, Kensuke Hayashi, Toshiyuki 62

Toshito, Shingo Hashimoto, Yukihiro Umemoto, Jun-Etsu Mizoe, Hiroyuki Ogino, Yuta Shibamoto

Changes in sexual function and serum testosterone levels in patients with prostate cancer after 2021

image-guided proton therapy.

Journal of radiation research 517-524

DOl
10.1093/jrr/rrab002




Hiromitsu lwata, Hiroyuki Ogino, Yukiko Hattori, Koichiro Nakajima, Kento Nomura, Shingo 111

Hashimoto, Kensuke Hayashi, Toshiyuki Toshito, Shigeru Sasaki, Jun-Etsu Mizoe, Yuta Shibamoto

A Phase 2 Study of Image-Guided Proton Therapy for Operable or Ablation-Treatable Primary 2021

Hepatocellular Carcinoma.

International journal of radiation oncology, biology, physics 117-126
DOl

10.1016/j .ijrobp.2021.03.049

Koichiro Nakajima, Hiromitsu Iwata, Yukiko Hattori, Kento Nomura, Kensuke Hayashi, Toshiyuki 14

Toshito, Yukihiro Umemoto, Shingo Hashimoto, Hiroyuki Ogino, Yuta Shibamoto

Patient-Reported Quality of Life Outcomes after Moderately Hypofractionated and 2021

Normofractionated Proton Therapy for Localized Prostate Cancer

Cancers 517-517
DOl

10.3390/cancers14030517

Shingo Hashimoto, Hiromitsu Iwata, Yukiko Hattori, Koichiro Nakajima, Kento Nomura, Kensuke 17

Hayashi, Toshiyuki Toshito, Eiko Yamamori, Kenji Akita, Jun-etsu Mizoe, Hiroyuki Ogino, Yuta

Shibamoto

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

FLASH

23

2023




49

2021

(lwata Hiromitsu)

(Kume Kazuhiko)

(Tomita Jun)




