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WS- OMEEL (J523C) : Pancreatic cancer which is associated with a high metastatic
potential is one of the most aggressive diseases with an extremely low 5—-year survival
rate. In the present 7/n vitro study, we found that C—ion irradiation suppressed the invasive
potential of MIAPaCa—2, but failed to reduce the invasiveness of PANC-1 cells. Invasiveness
of these cells induced by irradiation involved the activation of cell-type specific
proteases. However, the use of protease inhibitor alone resulted in the induction of a
mesenchymal -amoeboid transition in these cell lines, whereby the cells could continue to
invade cellular matrix through protease—independent mechanisms. Inhibition of both
mesenchymal and amoeboid motility of the cells by combined administration of both
inhibitors for the proteases and for Rho—kinase was required to suppress the

irradiation—induced invasion.

AR ERA
(EHEHEAL - )
[ERESES [ 128 2 i
2010 4FJE 1, 200, 000 360, 000 1, 560, 000
2011 #FJE 900, 000 270, 000 1, 170, 000
2012 4EJE 800, 000 240, 000 1, 040, 000
&t 2,900, 000 870, 000 3, 770, 000

FFe0y 8« [E iy 3K

T D53 F - #1E © NRSRERIR RS - B R 7

F—U— I ORTFHIGH, Ok, ORI, QBAY/ L



1. BFZEBAE 4 WO 5

JESER OO F8 AR SRR I 3T AR I A2 H 0 L A
KIZB T Dl OFFE TR TIL S FHIC
L (B . 2004), HISAHIRHUR
BT DS MR W 2 e vl S
TH Y (Pipas et al. Int. J. Radiat.
Oncol. Biol. Phys. 2001, Safran et al.

Int. J. Radiat. Oncol. Biol. Phys. 2001).

bRt D b FAEFHRITH 20% LK< | -
HEBENHER I L TWD (Lau et al.
Hepato. Panc. Dis. Int. 2008, Maheshwari
et al. Nat. Clin. Pract. Gastroenterol.
Hepatol. 2005),

BRI D ST FE I, BT B ISV LB 2
BENDID, toEERETE 2N
EWVWH RN D, DA, BRI
X BUCHEA_EFICRE AP T R
KRB WS RENR D D, HENFTIL,
1994 4F L0 ER IR A BltE L TR D |
2009 4F(21E 5000 A DA A BENIRIR S,
FEWPIEEI RS RSN TWD, £, 87
BB LT, TR -GEITRITIED
F < R B ON TEMRES BT 5 2
ENEIGEE TR EN TV S (Yamada et al.
J. Clin. Oncol.2005), MENERE O PR A ER
Tl Bk &R L T2 rTREME D
UM BEE PRAR AR I R TR AR S D 2
EMWARETH Y . BWBUIEESIR I RS
TWo, ZOZLnb, BHBA~DRZME
MMEL ., £, FRCER S-S D 1
FEIZIB\NT, BRLTHRIC K DIREZIS 1
BENTEY, FEIcs T —2 0
BN NE L 725> T, b PIJER M
Rakk=o, FE/ N it Fh IR kR 2 v 7
FEREROIFZE ClE, X BB IR IR M 6E
Z bR XS0, BRI IS0
HRREETIED LEoHREND D (Ogata

et al. Cancer Res. 2005, Akino et al. Int.

J. Radiat. Oncol. Biol. Phys. 2009).
BEREIZBI L Tld, Ao~ HBEHICEY B R
s e O RIaRE Panc—1 DI 5.
T5EORENH DD (Qian et al. Clin.
Cancer Res. 2002). EHi TR ICEE4
DE TR,

Fo 2 T ERL TR R B SRR I R E TR
B2 LN THDIC, b MR ED
FIRR & - BRI ZE 2 D TV D,
ZHVETIT, BEEMIRRIZ I B ERL TR
PRSI, X BRI LARKT AR 25 B s
1.83-2.46 (LET 80keV/um O5M) TH 5 =
LAEEWELTWAD Matsui et al. Am. J.
Clin. Oncol. 2004), BIfElL., X #EOVE
B RRPRE S e NS Bk o flakk 2 FE
(MIAPaCa-2, PANC-1) DiiMpElC KIET

HBIZOWTHIEEZED T\ D, BIFAT,

X RS T 2 FROMIRE DA F 5

THZ L, — 5T, BRFHRBIIICETS
RIEEEOZITMIBKRF TENR D H Z &
Zfifgas LT D,

2. WSRO EM

IR VP00 A BSOS RV k3 2 sz PR s
<, % - BROME N EERFE L 72
STWND, ZHE TOMKRNIZEIZ L > THE
BRI L DIRFE RN IR S LTV D 03,
T — X IR+ Th D, HiEE D
VX ORR & ERL TR R B SRS H SRR AR o
RIERRIC e S TR R PRI T — &
BT, 2 CTARMETIZ. 2D Ok
BRICHK 2 RSB LT A T = A« 5y
FII 2 E£7o. T ORI % DR
MR ORI TR > T3,

ZOMMREREITIED L) AT =
A o TREESNTVWDEN? %
HOENCTDHZEEEMET D, ZORE
O+ a7 7 A4 U ZICkRE LT
T AR RSO O L R IR R R O JL bk
TR LB ENHFTE D,

3. WHEDTTIL

(1) M AaRE © & SRR B kT 2 M ik
MIAPaCa-2 & PANC-1 % American Type
Culture Collection £ W AFL7=,

(2) FG AR - e SRR PR AR T B IR e
ARFZERT D HIMAC (290 MeV/u, 80 keV/um)
ZRW, X BRERSHE, EEAEED PANTAK
HF-320S (200 kVp, 20 mA, 0.5 mm Al, 0. 5mm
Cu 7 4 /VFZ—) &AW, &2 TORKIIN 1
Gy/min TiT-o72, #REIX 0.5, 1, 2, 4 Gy
R,

G)HIpEET v A a—=r 7B RS
VATV F L N—(6.5 mm 7 4 IVH—,
8 um A7) EHW-, B 2 HiglC1 U=
Y70 1-2 X 10°{E O FEZ2 v 24 KRG
OIREMRE LT N LTz, T vEAERZ
MK Bl SR M 2 IR L Ok L 7= 2B
Jel 2t SR R Ay B E A W T o v
h U7z, iR IMRE IR A e S/ = A Rl A HR
TELZ,

(4) BERTEMERE -RER - Y 7w T 7
—BIHMHIZ T A 7 e ) e T
— B A EERUKEF Y FEHWTHIEL
oo 77 A= IR EE R IX
American Diagnostica fH8ELEASHTE » B
AW, INHDOT vEATiE, bV
v I AT T T —¥-2 HEHR MP2
inhibitor IIT (Calbiochem—Novabiochem) .
v Tuer T —EHEA T e F =



(Calbiochem—Novabiochem) Z AT, %3
TEME DV & fEZS L 7=, Rho % F —Y [HEH
1T Y27632 (Wako) & FV =, Z 4 B OEEZERH
EHNC X DL, T UATZLTF v
N—% WD HIFRE T ~ A O 6 BT
MO T A O %L TEl L7z,

4. WFITERHE

MIAPaCa—2 & PANC-1 HUfmoiZiHREIX. X
FRIC K > THRICHFEIN DD, IRFBARIS
TliE., MIAPaCa—2 TII#iM| =41, PANC-1 T
EFE SN Z xR L, RFERIZE
DIFHERENTFE I NS DN AMIAKERH D 2
LI TORETH D, BRI T D
BRI E DENEE T DA T = A« 4y
FICOWTLUTDOZ ERHLNE T,
(1) MIAPaCa—2 & PANC-1 #fifialIde|cTERE %

Ez., HEERREE 7 A — KR H

P —

179,

(2) MIAPaCa—2 TiL X $pREFHZ LW A #
TugF—¥ 2 OFANFESL, M
fash< b U v 7 AOSRIZEEDIL D,

(3) PANC-1 ClIRFEMBEIZ LY 7T 23

=7 TR SR O BLFE S
Mifast~ b U v 7 2D fEDILD,

(4) MIAPaCa—2 & PANC-1 (FdLic FEi S m o
T—YEEETDHE, T A= ERH
DOEEHINT 5,

(5) Rho ¥ —BFHEANL, 7 A — BRiZH
Zd B A, HARALEE C IR R SRR R T
DIHENN L, FE AR B I 3 5,

Amoeboid type Mesenchymal type

BJ1  MIAPACA-2 HHRR D 7 A —  fRJEfE &
FIEMERRTE R OE

6) ENZENOMIBIZFF RN 27T T —8
& ROCK FHEAIZ RIFFOEH 35 & B i
EIZERRIIIH S NS, LAl PANC-1 Dk
FARF IR X Lol S v o
T, D> 7 F VRIS IR BRI L - TIEME
LS N mREMEN B 5,

B

it
=
t

ONe inhibitor
SROCKI
EROCKI + MMP1

Invaded cells (%)

S N s N W
—t—

unirradiated 2 Gy 4Gy

]2 MIAPACA-2 #HMIEIZHRIT D X MRipEis
e ey g NS e RS Rl N7 S S = a8
o7 7 —PHEH (MPT) & Rho 7 —F[H
X (ROCKT) DZh S,

(7) MIAPaCa-2 |ZRFARIEE L= E1TI,
MIEMARRECT A — SRR ICEE 2 v
T IMGERKRFTdH 5 small GTPase,
Racl & RhoA, DIEMEALIZHIH S5,

is *
£ H ROCKI()
% 10 O ROCKI(+)
@
=
B 05
E

Inhibitor - - SerPI

Ns IR C-isn 2 GY)

X3  PANC-1 HERIZ 31T % fR B MR 2
RELZNICHTHE) 7T 7 —EHE
% (SerPI) & Rho %7 —-EFHEH| (ROCKI) D
b

(8) 2 fEHD S uTF T —F OHSHRIZ L S
R EFHEZIZ . DNA A F L—3 3 RAEDZE
BITfE > Ty 7=,

UL EDOFERN G BERRITIGE U122
REDZEbIX, DA L > THRZe 5w HE
PEDRRE S Tz, F£ 72, 2 2 T L72 PANC-1
B A T DREHRIEE %D D A ORE
3. MR a T 7 —F L Rho X7
—PHEAOHFHICLZVIHITED ¢ &
LT,

AKWFRIL in vitroffAT CTH 5 DT, B
~OISHDOT= DX, RIS BRI D
F2 D0 AR Z B RENC PRI CTE 20+
~— N —DRIEE ., BB L > TR
FHEINDLZATDONLNENL BVDE|
B TIFET D0, BEM AER 2 N T21F5E
B TH 5,

5. TrpdgFam
(WFFEEA . IHIEo 18 R ONEHENT 7238 (1

(T



UdesEams) GR2h)

(1) Mayumi Fujita, Yoshimi Otsuka, Kaori
Imadome, Satoshi Endo, Shigeru Yamada,
Takashi Imai: Carbon—ion radiation

migration ability and
invasiveness of the pancreatic cancer
cell, PANC-1, in vitro, Cancer Science
103: 677-683, 2011, DOI:
10.1111/3. 1349-7006. 2011. 02190. x
2011 (&EHAH)
(2) Mayumi Fujita, Yoshimi Otsuka, Shigeru
Yamada, Mayumi Iwakawa, Takashi Imai:

enhances

X-ray irradiation and Rho-kinase
inhibitor additively induce
invasiveness of the cells of the
pancreatic cancer line, MIAPaCa-2,

which exhibit mesenchymal and amoeboid
motility, Cancer Science, 102: 792-798,
DOI: 10.1111/j.1349-7006.2011. 01852. x,
2011 (&HAH)

(F=geR) GHofh)

(1) Mayumi Fujita, Kaori Imadome, Yoshimi

Shoji, Takashi Imai: Irradiation
alters the invasive potential of
PANC-1 cell 1line thorough NO and

NOS-PI3K-AKT pathway activities in
addition to the SerP activity, Ninth
AACR-Japanese  Cancer  Association
Joint Conference, Hawaii, 2013 £ 02
H 21 H~2013 4 02 H 25 H. Hyatt
Regency Maui (D1, K[H)

(2) Mayumi Fujita, Shigeru Yamada, Takashi
Imai: Irradiation alters the invasive
potential of human pancreatic cancer
cell lines thorough Racl and RhoA
activities, The 71st Annual Meeting of
the Japanese Cancer Association (JCA),
20124209 H 19 H~2012 409 H 21 H,
2 A ALIRE CRLISRT)

(3) AtEAE: HUHMIRENRO TR Z D I
L. &30 B BAE MfusE2iliE
2 (FAFE#TE) . 2012 4508 A 18 H~2012
08 H 19 B HEH A 214 v v (KRBT

(4) BRHERE, 5E#K. EREL,
I3, IHHEE, A RFEMBNE
O & P AL MIAPaCa-2 K Y
PANC-1 DiEREZA L & 2 DREfF. 2 21
B H AR AR R AN R 2 - e 2012
FE07 H 12 H~20124 07 H 13 H, AV
TR VRTIVIRE (K&

(5) Mayumi Fujita, Kaori Imadome, Yoshimi
Shoji, Takashi Imai: The effects of
irradiation on invasive potential of
human pancreatic cancer cell lines,
MIAPaCa-2 and PANC-1, The 2nd
Japan—China Symposium on Cancer

Research, 2012 4 05 H 09 H~2012 &
05 4 11 A, #iEA vt (THH)

(6) Mayumi Fujita, Shigeru Yamada, Takashi
Imai: Carbon—ion irradiation
diminishes invasion of human
pancreatic cancer cell line, MIAPaCa—2,
through by inhibition of Racl and Rho
signaling, 70th Annual Meeting of the
Japanese Cancer Association (JCA),
20114210 A 3 H, 4L REESES (B
)

(7) Mayumi Fujita, Shigeru Yamada, Takashi
Imai: The effects of irradiation on
invasive potential of human pancreatic
cancer cell line, MIAPaCa-2, 14th
International Congress of Radiation
Research(ICRR’ 2011), 201149 A 1 H,
The Palace of Culture and Science

(Warsaw, POLAND)

(8) FEHEMmE, [LHE, SHEE @ B
PR 1% DR FR AR MIAPaCa—2 i
REAML & £ DT, 25 20 [l H AR Adis
FotES, 20116 A 30 H, 77
NoTF R T L A 2 — (Rl
IR)

(9)Mayumi Fujita, Shigeru Yamada, Mayumi
Iwakawa, Takashi Imai: Invasive

potential of pancreatic cell line, MIA
Pa Ca-2, was affected by irradiation,
69th Annual Meeting of Japanese Cancer
Association, 2010 4E 9 H 23 H, KPKEER
ety (RBUR)

(Z Dfh)

R—=bR—

MSTATEOE N U= e S R T
http://www. nirs. go. jp/index. shtml

MSIATBOEN  HURBETFSRAFEET =
BrERE X — Sk R AT
=R/ N
http://www. nirs. go. jp/rd/structure/rccp
t/rrg. shtml
Advanced Radiation Biology Research
Program, NIRS
http://www. nirs. go. jp/ENG/research/char
ged_particle/img/fig3. jpg

RadGenomics i #RIE FRe AWFZEAT A
KL v 7T A

http://133.63.22. 22/radgenomics/index. p
hp



6. WFFTkLR

(1) mrgefREH

At & (TAKASHI IMAT)
FSTATBOE N RE R S IF SR AT - EhL
FERFEE S — e T T TR —HF—
FgeE -+ - 50183009




