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Elucidation of mechanism between delayed ROS and extra-nuclear signal involved
in radiation effects
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We investigated how delayed reactive oxygen species after radiation exposure
are involved in the DNA damage response in the nucleus. First, when only the outside of the nucleus
was irradiated with an X-ray microbeam, a decrease in survival rate was observed with 3 Gy
irradiation, but even when delayed reactive oxygen species were relieved, the survival rate was not
different from that of the untreated control. When the whole cell was irradiated, an increase in
survival rate was observed with AA2G, suggesting that delayed reactive oxygen species play a role in
auxiliary amplification of signals originating from DNA damage after hitting the nucleus. It was
found that delayed reactive oxygen species play a role in maintaining the ATM-p53 signal in the
nucleus even after 3 days from irradiation, and contribute to the induction of cell death and

senescence.

ATM  p53



DNA

DNA
DNA
DNA
DNA
DNA
Wu et al. 1999
SASP
Chapman et al FEBS let 2019
DNA DNA
ATM-p53 p53
ATM-p53 DNA
(Guo et al Science 2010 ATM-p53
Kobashigawa et al. 2015
ATM
ATM-p53
Figure 1
BEHR
#Ba = EX IR MR
N
DSBZEER LT HRA T SEEBTIRATFI

’
i
|

[awa ] Tosan | | 4 Camimtmgs o (e 2] |
{ x 2 & :

g~
| MRElL E OMIIEE | < HROPMIRNIC RS T & AR

Figurel MEHRICE 2HBEEEICEA L I FLHEAETZETIVE,
BICHBIT B4RV FIDNABBICHET SIS L, BAS T i
ThaAVFYTERESEL, BREFTERENVITFLOREL S,

ATM-p53
DNA
DNA

Figure 1



X X
HE49 12 16 2.5 um
200
Hoechst33342 X (5-35 keV) 26 pm
40 x40 pm
3 Gy
2.5 mM AA2G
plating efficiency (PE)
PE 3 Gy PE AA2G
2 HIMAC
HIMAC LET 13 keV/um 73 keV/um
HE49 X
T25
HE49 N=3 6 Gy
Oxiorange
p53 p21 KAP1 Western blot
SPIDER
B-Gal 2.5 mM
(AA2G)
3 ATM
ATM HE49
ATM 1981 western
blot
1 X
Figure 2 3 Gy 75 AA2G
Surviving fraction after cytoplasmic irradiation
(26 um mask, 40 x 40 um MB)
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0
0 Gy Cont 0 Gy AA2G 3 Gy Cont 3 Gy AA2G
Figure 2 : A2 4 /0 —LBHICLBEER
AA2G
AA2G DNA
X

AA2G



2 HIMAC

6 Gy) X 13
keV/mm 74 keV/mm Figure 3,4 AA2G 74 keV/mm
LET
LET 74 keV/mm
KAP-1
p53
LET p53
@ 500 p<0.00001 p<0.001
ﬁ v p<0.001 l ‘
rh 400
bco 350
g 300
-g 250
~ m day3
g 150
#H o oo | day7
!'!.g i I '
=
i cont X-ray C-13keV  C-74keV
6 Gy-irradiation

Figure 3 EBRMEMHBREADNERE, BH3ARLTHERORER, MidIZHEAMA,

Dose (Gy)
8 10 12
- X-ray
o X-ray AA2G

~+-13keV
g o 13keV AA2G
- e o 74keV
c \‘J»:"‘”’”’ o 74keV AA2G
o : :
S NN N, |pe00s

0.001 _

*AA2G: Ascorbic acid 2 Glucoside
Radical scavenger of dROS

0.0001

Figure 4 XiR. RFRRBHELOLEFE, RUAA2GLERD
BreéxnR. #AEIZHE49MRRR,



p<0.001

5 EE—

p<0.005

—

p<0.00005

m X-ray
m C-13keV

m C-74keV
1
0

cont AA2G cont AA2G
0 Gy 6 Gy
Figure 5 Xi&. RFERBHEZEOEFEDLLE, #MHA3IIHE4MAZ,

Ratio of SPIDER p-Gal (at day 10)

3 ATM
HE49 6 Gy ATM 2.5 mM AA2G
3 ATM
ATM
AA2G
ATM ATM
1 3 DNA
ATM-p53 LET

DNA



58
2023
238-249
DOI
Kashino Genro Kobashigawa Shinko Uchikoshi Aoki Tamari Yuki 62
VEGF affects mitochondrial ROS generation in glioma cells and acts as a radioresistance factor 2023
Radiation and Environmental Biophysics 213 220
DOI
10.1007/s00411-023-01021-8
56
2021
19-36
DOI
57
ATM 2022
50-62
DOI




3 0 0

Genro Kashino, Shinko Kobashigawa

Mechanism of radiation-induced mutagenesis through the mitochondrial ROS generation

66

2023

Genro Kashino, Shinko Kobashigawa, Masao Suzuki

Contribution to delayed ROS generation and induction of cellular senescence by carbon beam irradiation

65

2022

Shinko Kobashigawa, Genro Kashino

Mitochondrial ROS by ionizing radiation induce cellular senescence through ATM activation

2021







