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Background: Although gemcitabine has been widely used as a first-line chemo reagent for
patients with pancreatic cancer, the response rate still remains low. We previously
identified Annexin II as a factor involved in gemcitabine resistance against pancreatic
cancer. The aim of this study was to elucidate the signaling mechanism by which Annexin
IT induces gemcitabine resistance and to develop a new therapy which overcomes the
resistance against gemcitabine

Materials and methods: We comprehensively investigated and compared the specific
profiles of 12 targeted phosphorylated signaling proteins in gemcitabine-resistant
(GEM-MIA PaCa—2) and wild-type (WT-MIA PaCa—2) pancreatic cancer cell lines by the
Bio—Plex phosphorylation protein assay system. We also evaluated the expression levels
of Annexin II and two phosphoproteins, which showed different expression in these two
cell lines, by immunohistochemistry of pancreatic cancer tissues

Results: Annexin Il overexpression in cancer cells was significantly associated with
rapid recurrence after gemcitabine-adjuvant chemotherapy in patients with resected
pancreatic cancer (P= 0.0118). BioPlex analysis showed upregulation of p-Akt in GEM-MIA
PaCa—2 cells in which Annexin II is highly expressed. On immunohistochemistry, the
expression level of p-Akt was significantly correlated with that of p—mTOR in pancreatic
cancer tissues. Inhibition of mTOR phosphorylation canceled gemcitabine resistance in
GEM-MIA PaCa-2 cells

Conclusion: The Akt/mTORpathway is involved in the mechanisms of gemcitabine resistance
induced by Annexin II in pancreatic cancer cells. Annexin II as an indicator for selection
of gemcitabine resistance could thus be applied to the development of novel tailor-made
approaches for pancreatic cancer treatment

AR FE A
(AL < 1)
[ERZTES ST & &t
2008 4FJE 1, 400, 000 420, 000 1, 820, 000
2009 4EJE 1, 200, 000 360, 000 1, 560, 000
2010 4 1, 000, 000 300, 000 1, 300, 000
W E 3, 600, 000 1, 080, 000 4, 680, 000




BFSE50 0 AR
BB OSE - B AR RIS - WILRAR
F—U— | PR

1. WML DY &

(1) B, KgE., Hhgs, el
OWAbERIEIL, EREEORE HD,
KARTHARAROEBTH D, FRIZEEX
HibsEOF Th R b THRARDE L L
THLN., EOHBAE L TRMBEALNA
T, B ~DORME - imEE R L
T, WREREICHEITRE & 72 U YIRS
<. AR 72 MBIEIER L S LTV e
WIZ ERFETOND, o T, ME—IRIR
DHIRF SN D HAREIBRO 2 E 4\ E S
D520, O TENRREZELLIVE
A FRIE R L. EEREOR)
RE2EFHZ L THEREOM EZX 5
ZEBBBTH S,

(2) B s E S ERPUEANCH LK
=z Th o7z, 4 Gemcitabine
(GEM) DA 2h MR HE &4 (Burris HA et
al., J Clin Oncol 1997). BifE CILEEm
x5 first-line b E L L CIEN
MZBWTIAS HnsiuTng, L,
GEM IS IE B D 4TIzt L CHZ Tk
ol EOREMEME HWIZ, BRx 7oy
TFEERIRHEHE 2 GEM & @ combination
therapy OFEAMHK & L CHEKERBRATTH
NTWB, ZDOH T, Epidermal Growth
Factor Receptor  ( EGFR ) [H 2 #l
(Erlotinib) 13418 TH & /e L7 HIIAE
EE2RO=HTFTHDD (Moore MJ et al.,
J Clin Oncol 2007) ., F&ERAIIZIZEA S 2>
WA E B o R TIER < R
RO 7= DL S 572 B By T IR -+
DORIENLEEND,

2. WEOHBY

PR I THLRH IR O T TR AR DKE
ThY ., BICEANCKT DIRERPUENE
BB EZEALSE TSR Th D, 2
TAMIFED B, Fex PRI 57
07 A — AENTC R U7z, PrmAlm LR
+ Annexin II (Anx2) T & 2 B 0 A
B OBF 2L, #F LWERS T &
L CiRE., FriCEBHbisE~NCH T 5 2 &
Thd,

BEE T, Bx Y H CIRIEFIFET =
AU # GEM 12 X 2 #liBh b i ik 3T oz
FENE VI PRIE AR DO E YA 24T\, Anx2 FEBL

DI LD 2 BT T BT 5 &

TR AT IR BRI, EER ALY
RIAHEE I < (P=0.0078) . KR EL 1Y

R+ & DB fEAT CHMAB RIS L
R T %I T TH D (P=0.0047) &\ 9 fit R
5 TWWb, (Takano S et al., Ann Surg
Oncol. 2008)
IHRHDORREZSEZ T, AFRIZBW
TIHAERAN T O Anx2 ORERE Z i+ 2 7k
EARSE L. BEIRIGH FTRE 7R IRIRIE OB R &
B4, ZohHiEs L OHEDOERFEA
Es Xk AN ) B S P SE N e R
& UL PN T o Anx2 FEEL 2 I % S
AR L, B LWE R IEE & L CHRIG
HIZEHRT 5, £7-—F5F T, FOMopiE
FEIZOWTHFT 5, BLED X S et
Ze %@ L CHT LUWEEE O ) TAE TR EIER
L OMABUCIE IR 2 HESr L. R HBE O T
LESARKEL TG T DL BT,

3. WHED Ik

AWFFEDOFE « kX TueTsAs
AOFHEICEI Y RH L, RIESh=HHi
[ U ALK - CTd D Annexin 11
(Anx2) ZEMS & LTERT AL
WLV, FEEYIBRIEAR D Anx2 RE Y A5
T GEM 0% THIT 5 Z LI L Btk
WBFRIEOR#EIL 21T 5 2 &, Anx2 D3
KT PERS F 2 26 AR BT L. RRnF k=
RNAi % H TR O Anx2 FEBLFEE -
il L7z & & GEM FHAnzh B oo i 2
FERL., EHITEDY T FIGEERED
GEM MHMEALICBIE L T WA &2 & IS
35 Z & T, GEM M IERE (2 ) B TR
THERRIRIE OB BRI Z B L
bl

(1) SR aIkIc X 2% AL
SEPRE OB TR

Fo 2 1XLIRT. 4B CHESL X7 GEM i
PR kR & F OB RO THOE A
RHAET Hu—A 2 RoESIKENEZ H
WER, 2B TERZRBOTZAR Y b
ZEIEL, D190 Anx2 THDHZ &%
R L7, £2C, YR CRIGFINEST
SNAfTt: GEM (2 X BB IE T
U726 2 i O JESE BN BRAE AR D 9035 Y i %
1TV, Anx2 B O YO ZRFIO 2 BRI
T TCTHERETT S & TR BRI R
BRI L, Kaplan-Meier & CHEFIE4A
IR AAZICE L . WRRERHIA T
& D LR B fRAT TR BRI L7
Y%K ThHhoTz, LEDORKERESE



Z. A EUEGIEZFZRE L. follow-up HifH
PRERT D2 LIk 0 RO ENED
o0, SHITHiR GEM 217> T
BEL OB S M2 validation 247577,
(2) PEREMICEBIT 5 Anx2 O cell
signal pathway ~® B85 OfiEAA

Anx2 OFEFEHIIZIZ 51T 5 Anx2 | X EGFR &
T t-PADFEEFAL & U CIEE M fa s 2 7%
BLTRY, HRORMEEIZESL TS
(Diaz WM et al., Gut 2004) & U9
D72 EFL, 2007 4272 D FIH T, EGFR & [A]
KRIZ Anx2 Z ) L7- ERK signal 288 D5
e Sz, Fox id Anx2 IZRF R
siRNA Z VT Anx2 RBLZIHITHZ & T
BRIz B W T E D signal pathway D i
LD L <IERIEL S35 D % GEM TR PEEE
FERNRE & Z OB ) B LE AR %
HERERIZINE UG 5 Z L I2 kv
Hg,

4. WFFERR R

(1) e sk g kI X D i i Bh b
FIEONE TR, BB TRIEFINEIT S
it% GEM 2 X D MBS IE M T i 2 ik
FEYIBRAEAR 9 2 Bl BEREIZ RV T Anx2 &
HOREGAAZITV, FBLO Yl % 5855
D 2 BEIZ43 1 TKaplan-Meier 312 L 0 LRk
BEt L7z & 2 A, LLan L RERIC AL
WM T Anx2 MBBHEN A EICE )N T2
(p=0.0118), —J7. #it% GEM ZH 7272 »
ToBE 1 5 & RGN 5 & R AAT
HIIZBWTEREZRDT, LA Anx2 55
& BLE 0D M RS A A7 I ) 0D 7 A3 B ME ) LT
BT,

(2)1In vitro 28T 5 Anx2 BHEIZ L 5 GEM
FOHA R 2D FEHE TR O RRET s M B CTHESL L 72 GEM
MRFPE RS A ARAR 2 FH V. Anx2 OFIAEPN O 18)
X HH BT Anx2 FFERAY 72 siRNA &2 VT
Anx2 FRHBB A MG Lz L EOMENY 7
T IAGEEREE DI 21T > 7=, RFEAI A
JaN > 7 F MBERE O ) b E AR B
Z MRS D & L GEM MR ME T A B 1
BWTIL p-Akt OREN = ba—LE L
LR L TV D 2 &, X 51T Anx2 Z

L7-WFIZ p-Akt 23Nl S 405 2 & A3HIBI L
7.

g Yo CRERE UIBREEARIZ S5 5 p-Akt
& p-mTOR ZEBL DB % fiR 9% & IEDFH B
BRI FE D 5 4v7z (p=0. 0005) ,

IR 81T 5 p-Akt FEBL & p-mTOR FEBLD
BN b2 &5, nTOR FREHA %
FHNT GEM Mt Ak o ZHiush B & fit 9~ 2
L. GEM & mTOR FHZEH| D combination 4T
92 T LD GEMHPERRICR W T H Blkk &
[RIER DRI R FE LD Z ERREN
.

IS OFER I BEEMIEO GEM it b
\Z PI3K/Akt/mTOR pathway DIEME(LASEE 5

3. Shida T, Kishimoto T,

LTCWADZ ENHB L, 4%, YIBRER
(281 D Anx2 OFEBLHY GEM i1 S |2 k3
DT BRIEBIRD 1 >OEE L 2D |
72 E BT R ~IGH T & 5 Al REME AR
mwahni,

5. ERBRImILE
(WFFRAREE . WHIEr 03 S OV HEAF 7838 12
EN )
UdEssam ) (B 844
1. Takano § Sogawa K, Yoshitomi H, Shida
T, Mogushi K, Kimura F, Shimizu H,
Yoshidome H, Ohtsuka M, Kato A,
Ishihara T, Tanaka H, Yokosuka O,

Nomura F, Mivazaki M. Increased
circulating cell signalling

phosphoproteins in sera are useful
for the detection of pancreatic
cancer. Br J Cancer. 2010 ,103(2),
223-31. #Emefa Y

2. Mivazaki M, Kimura F, Shimizu H,
Yoshidome H, Otuka M, Kato A |

Yoshitomi H, Furukawa K, Takeuchi D,
Takayashiki T, Suda K, Takano S. One
hundred seven consecutive surgical
resections for hilar
cholangiocarcinoma of Bismuth types
II, III, IV between 2001 and 2008. J
Hepatobiliary Pancreat Sci. 2010, 17
(4),470-5. EHAY

Furuya M,
Nikaido T, Koda K, Takano § Kimura F,
Shimizu H, Yoshidome H, Ohtsuka M,
Tanizawa T, Nakatani Y, Miyvazaki M.
Expression of an activated mammalian
target of rapamycin (mTOR) in
gastroenteropancreatic
neuroendocrine tumors. Cance rChemo
ther Pharmacol. 2010, 65(5) , 889-95.
HHAD

4. Takano S, Yoshitomi H, Togawa A,

Sogawa K, Shida T, Kimura F, Shimizu
H, Tomonaga T, Nomura F, Mivazaki M

Apolipoprotein C —1 maintains cell

survival by preventing from apoptosis
in pancreatic cancer cells. Oncogene.

2008, 27(20), 2810-22. #FHA Y

5. Takano § Togawa A, Yoshitomi H Shida

T, Kimura F, Shimizu H, Yoshidome H,
Ohtsuka M, Kato A Tomonaga T, Nomura
F, Mivazaki M . Annexin 11
overexpression predicts rapid
recurrence after surgery in
pancreatic cancer patients
undergoing gemcitabine —adjuvant
chemotherapy. Ann Surg  Oncol.
2008, 15(11), 3157-68. #FiA Y

6. Nomura S, Yoshitomi H Takano § Shida




T, Kobayashi S, Ohtsuka M, Kimura F,

Shimizu H, Yoshidome H, Kato A,
Mivazaki M FGF10/FGFR2  signal

induces cell migration and invasion
in pancreatic cancer. Br J Cancer
2008, 99 (2), 305-13. #FA Y

7. Shida T, Furuya M, Kishimoto T,
Nikaido T, Tanizawa T, Koda K, Oda K,
Takano S , Kimura F, Shimizu H ,
Yoshidome H, Ohtsuka M, Nakatani Y,
Mivazaki M. The expression of NeuroD
and mASHI in the gastroentero -
pancreatic neuroendocrine tumors
Mod Pathol. 2008,21(11),1363-70. 7
R

8. Seimiya M, Tomonaga T, Matsushita K,
Sunaga M, Oh-Ishi M, Kodera Y, Maeda
T, Takano S, Togawa A, Yoshitomi H,
Otsuka M, VYamamoto M, Nakano M,
Mivazaki M, Nomura F. Identification
of novel immunohisto— chemical tumor
markers for primary hepatocellular
carcinoma; clathrin heavy chain and

formiminotransferase cyclodeaminase

Hepatology. 2008, 48(2), 519-530. & #t
FHH

(i) (BF3140)
O\ E=ER

R B IR OERICH 2 Bfs L7
translational research

F1 1 0FHAANB SRS

SRk 2 244 A9 H

4R
O &Y &R
fEBbinE % Bfe L BEmic T
Gemc1tab1neTﬁﬁ&*@ﬂbfhﬁL,\iig)xbﬁiﬁgﬁu
%7 1R A ARSI SRS
YRE2 141 1H21H

A
@ =EF

e 3 FARHITR I HE & L C D Annexin 11
W& AR i F ~ D Bk ik

F1 0 8 HANBEESHRES
FRk2 OFE5 A1 7H

Rl

(P2 PEHE)
OBk (BE1 1)

AFR - BEE AU A O ERE~ — B —.
e R B0 79 O A Bh TR I R
FAE - B EHE. I B BRSUR

=1
FERIZE - ESLRFIEN TIERE
FEAE : HFEF
FKE H4621923%
BAHEAR  FEk22411H12H
EWNs DR EAN

6. HFFTHELAE

(D) A RFTE

=W B (TAKANO SHIGETSUGU)
THERT: - EFHHEWRE - Bh#
oEEEF=Z:20436380

(2) WFgt oAz

FHE  H3E (YOSHITOMI HIDEYUKI)
THERT: - BB - Bh#
eeE &K : 60375631
A Bl (FURUKAWA KATSUNORI)
THERT: - BB - Bh#
eeEEZS: 00400987
g JE (KATO ATSUSHI)
TIERT « KB FF5ERE - B
eeE &K : 70344984
iHK ZZRA (SHIMIZU HIROAKI)
TR « RFEBEEFFSERE - Gkl
eeEEZS: 80272318
I B (MIYAZAKT MASARU)
TR « RFEBEE 2 5ERE - 2%
WoEE&F=Z: 70166156
M 4% (SHIDA TAKASHI)
THERT: - B EWRE - BB
et FKE: 60456019



