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Comparison of the effect to cancer metastasis between photon and particle beam
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The cell migration and invasion capability were evaluated after X, carbon
ion or proton beam irradiation on each cancer cell lines (lung, breast, pancreatic and prostate
cancer). Low dose X-irradiation enhanced the cell migration and invasion. Carbon ion beam inhibited
the capability dose dependently. Proton beam had unique character. Low dose proton irradiation
enhanced the cell migration and invasion, on the other hand, high dose inhibited the metastatic
potentials. The expression of nuclear membrane protein SUN was iIncreased by X-irradiation. Carbon
ion beam didn"t have ability that increased the expression of SUN. We have demonstrated that
particle therapy has inhibited the cancer metastatic potentials compared with photon therapy.

SUN CD44



CRT IMRT
SRT

ITV
CTv

A549, EBC-1
MDA-MB-231 AsPC-1,
Panc-1 HUVEC, ECV304
X
05 2 10GyE

data not shown

PANC-1
AsPC-1 X
CD24" CD44"

CD24" CD44"
Fig. 1

M X-ray
H Carbon ion beam

[AsPc-1

50 * i 50 -
&
840 40 -
% 30 30
a 20 20
9
e
=

0 0

0 05(02) 2(0.8) 10(4) 0 05(0.2) 2(0.8) 10(4)
Dose (Gy) Dose (Gy)

+ :p<0.05 (vs.0Gy)

Fig. 1. X

AsPC-1 |

[ asPc-1

Fig. 2A, B

1 0Gy (carbon)
M 05Gy(0.2Gy)

A Ll 26y(086y)

M 10Gy (4 Gy)
X-ray Carbon ion beam
o 0.0025 N T 0.0025
2 *
2
£ 00020 I T 0.0020
s .
: :
3 0.0015 0.0015
3
& o0.0010 0.0010
il
T 00005 0.0005
oy
2
£ 0.0000 0.0000
s Unsort  non.CDA4+CD24+ CDA4+CD24+ unsort  non.CDA4+CD24+ CDA4+CD24+
S
T 00025 0.0025
= .
5
© 0.0020 1 0.0020
£ .
£ 00015 FOR ¢ 00015 |
: " m. ] bk )
2 -
2 o000 o 0.0010 . Y .
£ . " ) ,
£ 0.0005 0.0005 L l 1
3
O 0.0000 0.0000
unsort  nonCDA4+COR4r CDA4+CD24+ unsort  non.CDA4+CD24+ ODA4+CD24+
+ 1p<005
++1p<0.01(vs.0Gy)
B I 0 Gy (carbon)
. I 05Gy(02Gy)
I 26y (0.8 Gy)
M 10Gy 4Gy
X-ray Carbon ion beam
0.0025 0.0025

0.0020 1 00020

00015 00015
0.0010 0.0010

0.0005 0.0005

Cell number in the lower chamber / total cell number

0.0000 0.0000
on-CD44+CD24+  CDA44+CD24+
00025 00025
0.0020 00020
0.0015 T ooots
00010 00010
0.0005 0.0005
0.0000 0.0000
unsort  non-CDA4+CD24+  CDA4+CD24+ unsort  non-CD44+CD24+ CDA4+CD24+
* 1p<0.05

++:1p<0.01(vs.0Gy)

Fig. 2: A

AsPC-1

MV X 05 2 8Gy

24 48 RNA

RT-PCR CD44 totd

isoform  CD44s CD44v6 (exonll)
CD44v9 (exonld) CD44v10 (exonlb)
MRNA

24 flow cytometry
CD44 total isoform

CD44s

western blot
24 48 CD44



total isoform CD44s
MRNA 8Gy

0Gy Fig.

3

4% isotype control ”
B:0Gy#: 0.5Gy 270
7r: 2 Gy Bk: 8Gy 260
s

0Gy 05Gy 2Gy 8 Gy
*: p<0.05 vs.0Gy

Fig. 3: X CDh44

CD44v9 CD44v10

MRNA
CD44v6 X 24 48
MRNA
flow cytometry X
24 CD44
total isoform
Fig. 4
CD44v = g. g ﬁ g— -
. - 113
cpass B0 BE B . 2 ;- :5:,3
Bactin T — — — [kDa]
0005 2 8 g 0 05 2 8 (gy
Fig. 4. X CD44v
CD44s
CD44 X
isoform
CD44s
CD44s
colony
formation assay CD44s
control
Fig.5
1 = —~siNC
\:\ ~=siCD44s

0.1

0.01

Surviving fraction
(logarithm scale)

0.001
1 p<0.05 vs SINC
0.0001

0 2 4 6 8 [Gy]

Fig. 5:CD44s

CD44s
Erk
Slug Zeb 1
Fig. 6

E-cadherin W S5 Sus S Slug e S s -
P-actin  ———— B-actin "EG—-—————

Vimentin -G S — Zebl ew 2
P-actin  ee———— B-actin s sw— — —

0 T_OT[Gy] 08 o0 3 [Gy]
sINC  siCD44s SINC  siCD44s
Fig. 6:CD44s
CD44s X
MDA-MB 231 SUN1 variant
RT-PCR MDA-MB 231
SUNL1 variant
SUNL1 variant
X AMV
(290MeV/u
6cmSOBP)
SUNL1 variant
X
variant
variant
SUN1 variant
MDA-MB 231
SUN1variant mRNA level RT-PCR
916
888 785
Fig. 7
exon MDA-MB-231
56 7.8 910
=== ==tuce I
S B NN EEN B B notin database
i EEN N W W SUN1_822
R = NN W W SUN1 812
SUNT_785 <= 785
T WS WUSUNA variant 2
1 SUNIAUZ D 18ERT = GAPDH
Fig. 7 MDA-MB-231
SUN1 variant
SUN1 variant
785
888
Fig. 8



Cell number / fiel

»p<0.05(vs (-)

250 © migration 250 invasion " P<0-010s () =

GFP

B-actin  s———

888 |
a6 |

transfected ' & &
6~

SUN1

GFP: green fluorescent protein
785:SUN1_785
888:SUN1_888
916:SUN1_916

c

Fig. 8 SUN1
X
SUN1 variant mRNA level
X 05Gy
48 variant 888 mMRNA level

888 mMRNA level
Fig. 9

X#R REBEAT R

SUN1_916 I
SUN1_888 HEEIIENN EXEEm
SUN1_785 NN EEEETEES
GAPDH B e
dose (Gy) - 05 2 - 0106
Fig. 9 X 48
SUN1 variant mRNA level
SUN1 variant 916 888
X
888
Fig. 10
« :p<0.05(vs (-))
- +2p<0.01(v5 ()

250

Cell number / field
s B E B

°

¥ s o o S f o o D ;o Ao g O
REOR A ORI SCOE N
~N 87 \S &7 Qs A8 87 s AS
S St S St

PN B & 57y

B B
S S S
> & >
B B

S
SRS
B

dose (Gy) - 0.5 2

Fig. 10 SUN1 variant

SUN1 variant 888

888
negative control
data not shown
SUN

6

Minami K, Liu S, Liu 'Y, Chen AB, Wan Q,
Na S, Li B, Matsuura N, Koizumi M, Yin
Y, GanL, XuA, Li J, Nakshatri H. Yokota
H. Inhibitory Effects of
Receptor
Tumor and Bone Metastasis. Sci Rep.
7:45686, 2017 doi: 10.1038/srepa5686.
Inui S, Minami K, Ito E, Koizumi M,
Sawa Y, Matsuura N. Irradiation strongly
reduces tumorigenesis of human induced
pluripotent stem cells. J Radiat Res. 3:1-9,
2017 doi: 10.1093/jrr/rrw124.

Minami K, Hamada Y, Kawaguchi N,
Mori S, Nakatani K, Tsubouchi K,
Hayashi N,Yamamoto H, Koizumi M. The
combined effect of an anti-microtubule
agent TZT-1027 and radiation on tumor
angiogenesis. Nano Biomedicine 8(2),
83-90,2016 doi: org/10.11344/nano.8.83
Chen AB, Minami
Matsuura N, Koizumi M, Yokota H,

Ferreira HG Transient modulation of

Dopamine

D1 Agonists on Mammary

K, Raposo JF,

cacium and parathyroid hormone
stimulates bone formation. Endocrine.
54(1): 232-240, 2016 doi: 10.1007/ s120
20 -016-1066-7

Minami K, Koizumi M, Hamada Y, Mori
S, Kawagychi N, Manabe M, Imaizumi H,
Nakatani K, Matsuura N. The effect of
cabon ion beam irradiation for
hypoxia-mediated
glioblastoma. Nano Biomedicine 6(1),
1-11, 2014 doi.org/10.11344/nano.6.1
Hamamura K, Minami K, Tanjung N,

Wan Q, Koizumi M, Matsuura N, Na S,

invasion of



Yokota H. Attenuation of malignant
phenotypes of breast cancer cells through
elF2a-mediated downregulation of Racl
signaling. Int J Oncol. 44(6):1980-8. 2014
doi: 10.3892/ij0.2014.2366.

8
Tsubouchi K, Hayashi N Minami K

Yamamoto H Koizumi M. Investigation
into the role of CD44 on pancreatic cancer
cells after ionizing irradiation. The 5"
International Symposium of Training Plan
for Oncology Professionals, Osaka, Japan,

March 11-12, 2017

CD44
59
2016 10 27
Minami K, Chen AB, Matsuura N, Koizumi
M, Yokota H. Effects of Injecting Calcium
or Calcium Chelator on Bone Mineral
Density in Ovariectomized Mice ORS
Annual Meeting, Florida, USA, Mar. 6,
2016
Yoshizaki K, Seo Y, Minami K, Tamari K,
Takashina M, Isohashi F, Ogawa K and
Koizumi M The Sensitizing Effect of
PARP Inhibitors with High-dose Irradiation
in Colorectal Cancer Cell Lines. The 4th
International Symposium of Training Plan
for Oncology Professionals 2016 2
27
Yoshizaki K, Seo Y, Minami K, Tamari K,
Takashina M, Isohashi F, Ogawa K and
Koizumi M. The Sensitizing Effect of PARP
Inhibitors with High-dose Irradiation in
Colorectal Cancer Cell Lines.
2016 2
6

Kazumasa Minami, Kana Nakatani,

Hiromasa Imaizumi, Mika Okazaki,

Katsutoshi  Sato, Masahiko  Koizumi

Comparison of the effect X-ray, carbon ion
beam and proton beam on metastatic

potential. 2014 10 1 -3

57
2014 10 2

43
2014 7
11

http://sahswww.med.osaka-u.ac.jp/~rad-onc/

KOIZUMI, Masahiko



90186594

(2
DEMIZU, Yusuke
50452496
MATSUURA, Nariaki
70190402
3)

“)



