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Systems biology for cellular responses to radiation stress
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A novel experimental approach was established to investigate nonlinear
cellular responses to radiation stresses using synchrotron X-ray microbeam which allows targeting a
particular region in a cell or cell population. Combining the beam technique with fluorescent
probes, cell competition induced by irradiation or tissue-sparing effect can be analized. The
theoretical modeling of cellular response initiated by DNA damage and repair, as well as various
network reactions including feedback loops in the radiation adaptive response, was also established.



DNA

MAPK

Acr-GFP

5 Gy micro-slit (50%)

[l

2.5 Gy wh

0 Gy Cont

(IMRT)
12.5 50 200um
400 pm
GFP 50 200 pm
12.5 pm
Scientific Report Fukunaga et al .
submitted
8 dpp 12 dpp 14 dpp 20 dpp l
- HEEEE
ole (100%) Gy
- 200um
- 200 um
50
' 2.56y
1 1 ] |



GFP  DsRed 1
10

(o] | _ GFP
@G = @Ds = I Fluorescent microscopy DsRed
L 4 L 4

° :. ° .0. Lens
Mixing the cells
: O

o o ... o®
.o '.. ° o* X-ray microbeam
High-density seeding - Sync ,QJJJ,’ing\
. ‘ e hrotron rin 10x 10um
O 0 —_ Culture media ) — (KEK-PFBL27B) .~ A GFP

e—— Extracellular matrix (Matrigel)

PC
B

o GFP( )  DsRed
W irradiated field
1

PKCa  p38 MAPK PLCd

3 x_1(t) x 2(t) x_3(v) PKCa
p38 MAPK PLCo
u(t) y(t)

x_1(t) x 2(t) x 3(v)
x 1(t) x 2(t) x 3(v)
u(t) y(t)
u(t) y(t)
u(t)



PKCa p38 MAPK PLCd1l

SEEAL
\ ¥)'E DB HAER 5
% %= -*. .omee
—> EEE w31 ;lsc(:; f %&‘;g‘ﬁf‘ﬁﬁﬁ
— 1 W -/

HumYc ) 0FEME - MFIE  YEELERERY

g l HETRE
x1(8) vy 0 W3q
X)) | =] wiz V22 0
xX3(t) 0 W23  —Usz

(D | Wos
x,(t) +( 0 )
x1(¢)

_ WE S, WEECHH L THATS L
© W‘”%zga BELE. TFALOANERIRE,

' MO EECHEE LT,
WISHE  EGHE HERRY

2
R ¢ )
44 125-125 2019
DNA 44 131-134 2019
15
61 2018
DNA
( ) 2018
. JEAE-QST
2018 ( ) 2018
H30
( ) 2018
DNA
( ) 2018
X
31
2018
27 2017

Yuya Hattori, Hiroto Komiyama, Akinari Yokoya, Ritsuko Watanabe, Daisuke Kurabayashi
A mathematical model of enhanced DNA repair effect on cell survival in radiation-induced
adaptive responses 17th International Symposium on Microdosimetry Venice, ltaly
2017

30 2017

60 2017
Ca2+

60 2017
Yuya Hattori, Akinari Yokoya, Daisuke Kurabayashi, Ritsuko Watanabe, Computational analysis of




bystander signaling in cellular population irradiated with microbeam 55
2017
DNA

59 ( ) 2016

PF
( ) 2016

Hs DNA
( ) 2016

@
HATTORI, Yuya
8 30709803
IMAOKA, Tatsuhiko
8 40356134
@

FUKUNAGA, Hisanori

KAMINAGA, Kiichi

SUGIMOTO, Masatoshi

WATANABE, Ritsuko



