HoTBERWS J LOKME
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o TTTT
AAAA @008
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AAAA 0000
[efeRoX. ]
FEEBOMANALK D 1258 cDNAZE 1B R

B2 DNAFvw TRERODRE
WG A LBLOMTRAETRBU 7 7 A VERBLZWES, ITHMA LBTAZADS

2O mRNA #ET 5. RIC

IR mRNA 2540 T dT 79 4 v — L HREEER RT) 2 H

W cDNA 2887 5. FORICHLAETH S Cy3 H 2LV i3 Cys THM L2 dUTP 2 2N

RIZMA B LT, EHBEED DNA 2R84 - LELGERTHERT 2.

Z OiEH cDNA RE

Wk, DNAF v TENL TUFAE—a v ERHIET, ARy MR DNA 259586
3., TOME, EEOAKXy b LORETRET M A LHMB BT 2 RHEOILIE, Cy3

& Cys LOHAMEOLTRINL I LICE S,

L& L, DNA F v IBFOH L w37 — %K
bREMTX LM, [EAROGE] BARTHE
HTALILTEREVWESLI D, 2z d, %<
ORI FORMBOTREN LT 7V — TRERS
NTED, DNAF v 7L T
NEEC Ry 5 ROt BREBES 2 8ET2°
BHTRETH B L, TNOEETOFRIR IS
L2 TOREBOH LWAEHESRBE SIS TH
A, FHhoTIENDT, [HRIRSBUIZIEH
XNAHEH DNAF v 7] BPHEOLDITRL L
Bbhsb.

TP (e git) i)

v M gefulk BICIIEEEENIC 1 oREOEIE
THRADLHEELEDH Y, HhTH 1EEOZH
(single nucleotide polymorphism : SNP) 23{z&
WTHhb, HoLEEFOTTE—F —EF] LIZ
SNP 2SfEfE 3, FORINICKE LB C#EE
THREENSETH I ENTFHEINE. FERIC
SNP 3%V ¥ Eizdhhiud, mRNA OEENER,
a— FYABRAEOEGBFRICHEE RITTIL
bHsH., DX SNP KREENLBIEZTS
Bid, REANOETEHERA~ORY L§ 30, I

112
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HloORBERDZEBEXMLTWEETHINTSE
D, WhiF THEENEE] 28ETEELLN
5.

S & ) KT A VTN 5 EM b &
#1TBY, TagMan PCR ¥, Invader L7 &8
FXF L FERLLHwSRTWA, F72SNP
I EHAO DNA Fy 7d RS h Ty, Ih
SOFAE LT, FAKE SNP OFE IR
RTKBBEICRALNTWS 2,
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Key Sentences

ADNA XA 77 L AICKDEEFRBIOT 7 1IIMIIE > THIMRDOFH L OCEFIEZEI P RIEEIC G 5.
QOEEFRBE7TOTFANEFRT DI ET, BAERISCEZ FRTRELSHLWRE IV -THPEETED.
QEBIZFERAMIR TS I & CRENLAMRAEREEOREE ¢ BEBEAICRELTES.

Key Words

FUOHIC

¥ 30 EHAENICB IR M AOBBEY E RE
TAHRBBEHRETHL [ 7a7udes M 20
WIZ 20034 AT TESZIT, b MEBEAKD
euchromatin FHIR DI ITTEE L IBEEI VS PE S s
(http://www.ncbinlm.nih.gov/genome/seq/). IS
NS EH FICEET 280 21T NTEY,

sMEHEMALE, BiHUNE $EMEHE, GST

v MOFORBRTHIEBZS { 3 HMERNRICRS
EFHINTVE, HERCTEEETFUN T 0740
K EOMED S EBROSEETHEOMINILFE
RS20 205, 2OTETH-T FOEREF T —
VOEFRFCLWIALPIIEA) E LTS,
6o [RA N/ A BICBWTE, &l
BHBREOHKOREIMEDNTHI LTI
B, BIZSREDOHE - h7T) =120 Th, HERD
BWIEICKELFGE LT 0EREET DD R

Genomics-based medicine for leukemias
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AML I BT 2 FHRENEEGET

VDACT ZYX
ECGF1 HOMER-3
BST1 STK17B
APLP2 CYLN2
TIALT ATP6F
GABARAP NFKBIA
ECE2 BZRP

VAT1 NPC2 AzU1T
PGD ENSA TKT
CDKé6 RAB32 PTP4A2
OGT HNRPD POLR2H
NME1 GRIK5 CD14
GCN5L2 HSPE1 LBR
XPO1

BEREMROBRANZEL] Thote, LIz IES
NETOSETEE—0 [HFE] EE2ohTwizd
DThH, EBEOBRELANOE ) OBREIBEIRAEL
Bhbh HOLHBETIEMBHEELT o THEMMONIZ
HIEOBFRAE T 5 -0, MOBE TIILFRETH
RPIHENL 2SR D, SBROBRRICBOTIE, &
J R 7 AR B L 7o KB 2 B M O 1 H AT TR
SN, ShaeRil L8 RBREENTREIC k5 & 1
fEFahs., SEFOWREOSEDOENZRHER {FHlT
BHEORELWRIZRLTHAI L, TLALIEEE
DIEMEH 2 LI X o TELULEIER O - REZ2 T
BT EBMETEENTHASIN?

U WRBOEE

EREMEMBOSAF 3 v 7 R ETELEZY T VS
A LTIBIR L, REOTFRICESE LS - B0
FMEOLTIE, DNAA 707 LA 2l& Lz
W& T HEMSERCTH 502, Pl EHINEOZ
Wi %179 %A, IHRCIZESFHME O~V X
F—¥, TAFI—¥hEORFKEE, @FACS 2
WzHIR R~ — 7 — OIFNT, @BETEEOF O
WreEra7) y#zETe THRKXEZEREETO
FHER, BCR-ABL #{n¥, PML-RARa BT &D
i), @OFaEIIOWN, ZEoElzRicesnzh
DRBIZBIT S FAB G Z T T&0. ThbiRe
FICIBIT A 2 E TPRIZHAEEYD 7 LIZBRMT
2 5%, LEOMTE2E2TTIDREMTHNZ L 0E
MBS VLEET L, —7F, BIRIE—HDODNARA 7

56 (182)

(k5 £V, 3I)

07 LA ZHW5EZETIRRDFETHE SN L EHRRT
NTER TR E Z2hE, BWZ X EECR Y 2OR
o lZGRRETOZWO—3FEL LATLTHA ).
TOXH)BDNATA 707 LA &EHOLBHORA
& LT Golub 51, 6817 BfnF#EiE L7 DNA <A
7a7 VA EBRBTOT 7 4 VKD T, AlE
B AR (AML) &2 R (ALL) & 2 8
AT BRI DWW THES U720, AML 11 61, ALL 27
Bla ZODNAXA 707 LA & o THHIT L7452,
50 WOBIEFAAML & ALL O Cli-> THIEL T
WHIZEPHLNIE 72, £ TINS “informative
genes” 25 20 O BET 2 EFENLDOEIFEOR
DOBREXHBEILLZ2DDIEBOREES M T dHbo
BFT R ET, FRERDBED AML &5\ T ALL
DD S LS 2 RBMENL L2, RAEaBEITHBIT 5 AML
EALL OERNZWHICISH L TA B & 38 fiH 34 BITIE
Lweghlidfrbi, 18R, 3#FBRETHo7. L
TR ThHhAIREDHENIS L3 ERH>TDNAY, 71
TUARL L BEEZMPTRTH S Z &A% h o7z,
—}DNA~A 77 L AL BT L WERES
HEORRBICHAEHTH S, Yagi bI3/ME AML B#F
54 #1112 o\ T Affymetrix #f GeneChip HGU 95 A F v
TE BB A EBRN T, AR AML WTOT
BRIFHEARBLZ2TNT AR AT > T 59, %
OV TVHATIEEEEER LML T AE
B9 Bl & AR BRI L EF 9 BloH TRE
BOMEICR R AEEBE T MEZMML(ED, &
NOFREEEETOREZOLELT, BEEHKL 2
way 7 9 A% ) v 7 ED BV supported vector
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Probability

Activated B-like
21 patients, 16 deaths

0.0 l 1 | I I

Overall survival (years)

1 U AMKHIRE D /NEOFE
U AMAHIBRESY L/ EREE, UL NEHOBETFRRETOT 7
Lp S [ERESG B Y L SEICRBI g — s o TIVEE(GC

B-like) | & [EME B U > /¥ERIZ Ll /=B (Activated B-like) | (<51,

WEOEETH%E T 7 7 (Kaplan-Meier f#7) IS L 7z, BENBEICT
BARBETHIZEENFDIS.
(oTHk 6 & W EE, 51A)

machine (SVM)EIZ X o TREHME Lz, Z20fRED
SOFHEIL oTH AMLINTAMTRIPRZLY TS
N—TEBRETHIEICEI LTS, ThbbEET
BHTOT 7 4 VERZ L LWREMREO RN
PRRENAZ LIRS,

BEME ) oSl OWT D, Alizadeh H1E DNA T LA
% v C 3k Hodgkin V) ¥ /SIED 1 5Tdh 5 U E AR

My v o EDH 72 % FHRTFMEORIEZRA TN LY.

FORR, U AMKMIEY v o8BI R G B Y
VRBRICBETFREANS — VMP T B EEEEEIL B
Y SEICT O BBENTEET 5 T AR EN, Ld
MBI TTRICEERENROOND ZLPHLPII R
7o ThbBEELB U Y SEFRICUMEA S 25 Y
YOSMERE O 5 EELFR(16 %) T ERFL B Y 2 RER
R S % B ) YSEER DO ZFN(76 %) 12N
THERBEWZ b o7z (R1). THZ LidDNA
<4 7a7 LAk RN T Hodgkin Bk ) >~ /3)E

BE T/ ARIE

OF 1T TN =TV EETR R &, LbZOn
iﬁﬁi?%*ﬂib;ﬁ%%&‘l‘%?ﬁﬁ%%i LT EERELTSE
b, GHOEEOHICBITE DNATA 707 LA O
TR AR LAd D& L TERE V.

% 5B BB (multiple myeloma ; MM) i& CD 138
M O B Cd A 2%, Zhan HiE MM A
DFHRIFHEAREZENT2HMT, CD13812xf
FTHTT7A=TF AT rEACCRSE2MLLT VA
2T o TWwDD, BARMICEEH 3146, MGUS &
#5615 L MM B 74 Bloaeik b REMESE %
Wi{k L, Affymetrix ¥t GeneChip HuGeneFL v 7
(~ 6800 MIET)IC L B2EHEITo/. THOFRHET —
Y RBIIMM Y Y I VOREBEENT S L, 21z
FENBIHICKELEABEFEWABEOTF T IV =7
(MM 1 ~MM 4 IZH s Z e\ LR o7. L
4 MM 1 & monoclonal gammopathy of undetermined
significance (MGUS) I b L WEEFHB T2 7 74
VESH, —F MM4 7V — 7 FHEMBERCED
ERLETa 7 A VELDIEb RSN, Thbb
MM HADZINEYTF A THRBEDTRIZY V7T 5
AREMEDSRB SIS NI2DTH 5.

BT SR

t Ny ADRANES  REICS 72 53 RO
WBIRAOFOLERWG Y ) AOEKMY - BEOBEHTSH
A5, by AORFIEEMARTREAEICHE LT
, BlrE7vratyyyka—n 7 v TIENER
BRI RERENOBOPHAT LI EPMbN L. 72
B 23R U HAADH TSRS & CTEA ORERS
OEEMHY, S HIHIIIEERSR, WAL EA
ODEMEM»H L EBDPNE. —HHEL A (single
nucleotide polymorphism ; SNP) 253582 L5 2 & 48
Z\whs, Zho SNP & &L RIATRSIOZTAEAD
BIEREEEZRELTWAETFHINS.

LB OBMEIHRICBY BEETEHIHFOERLE
2L, EHBRZWED D CEEAORMERFEOTHTH
299, BIziET7 I ) ay FRIEROBRZEME

g - 25 - BE Vol? No.2 2004-4 (183) 57

— 383 —



MM4 > MMifiBakE

X2 MMBEYTIVOBERFRETOT 71 IVIC L 35608
MM BE 74 FIOBE CD 138 BBEMIRIC B U S BEFRBEIO 77 AN ARICY L TNOREHEERLALZD, MM1 ~MM4 £ O 4BEOY T 21
TEREHEINB I ENRENI. EHMMT E MGUS O CD 138 IBMMRTICIARB 7O 7 7 A LEHES, MM4 S REMBHRES A7 07 7

TIEFED.

FNCHENEA D B 2%, HRIRG ORI 4E L 50132
C—HDOBEDOATH B, FMEMITOERE12S YK
V'— A RNA B2 T2 A1555 G BB 2H 5 L EEOH
FESBET A ENhroTEY, 0L %REH%2H
L LOMAET 5 & TEWEROREZR/NRICE &
LI LEHURRILRLETHAS).

—HER R PREH 2 EIRT 5 ETOEETF LTS
GEHIARA » N e nTHA . MBMIEEICEILZ b
VAW EHENTWARIRETH Y, ERARIZIZZNL
) RERACIREE S M 2 T B K& T A = X LSS
b, TOREMBZLDBINE FH+ VA LB THR
ThY, %hTh glutathione S-trasnferase (GST) IZ&E
FrREeHoTwBEY, GSTIHMIREELI TR b—
YARTTHY, EhdHOMMILIC B TEILEL
72 GSTRHEZ & D PURAIAERIC 2 5. LA GST it
BF 773V -3HBEFLEPEERIETHAONT
BY, BEFORINER, REZEGHELIPERRZ
HEEEFEL Cwd, REWREFEZNE - FrEEw
BIEFERICHET 5 MABRSAN S NZET I —FE
boTREEXT5, L) L) RRRLENLS TN
BDTRENTEAS S .

i

(k7 &gz, 518)

e b7 LAOFEEREEIER L Th, & IICHEAET
LEIETOEREZ T M S hTouin, &
EC[EET] IR0 BIC [HEEE 2— N4 5847
EEZZOLNTWD, BAHIb 7728 2B K% mRNA #
EoThEHEZ a— Py AL FH2V [BET] 27
WMOTEHFETHZE bbroTERW, IKizd
W OO microRNA & IFEN % 20-30 3D
RNA b & R o o ABBERBE R o CHEELTWDE S
Leo BN 2a70Pc s FORREEER - A&~
T4 —=FNy 75 2HFGFPHTEEPYTH B,
CORHOMERIIBOTCELYPENLE L OB S
NaHZ ML,

X B

1) Duggan DJ, Bittner M, Chen Y, et al : Expression pro-
filing using cDNA microarrays. Nat Genet 21 © 10-14,
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2) Cheung VG, Morley M, Aguilar F, et al : Making and
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revised criteria for the classification of acute myeloid
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. THROTH

1. 2%

HIEES

el BF 13 1T

AR O BRI, 7Y I 7YY
+Y MY YT IE) Y FERLET AR L
BRBHERE L F 2R LT b a— Tl
AT HNTE /2, LA LEE, HILFEORER
WL IGR T — & BEM SN B IHE, FEEWA
CEEAL S NIZBRA T ¥V 2 — VORENRD 5
nNCTwa., AWEAIEEEbOTEERFER - B
RGPS 7% 5 WHITEBRRO L ) b D TH 572
%, BIFEEE~OHRFREORBLODIZE, A
MFHEOBH « FREFIG LB ToOHF 7k BE
AL LETHAL ). T Ll LTt
17) BT 520005 HEkEAmE (APL) 258%
Tohs, ZORBKREORR, LF A4 VB
Z2k (RAR a) & PML & ORIAEHEELE
ENBH, BOTEEME Lzall-trans retinoic
acid I APL O BB AICENTHDOTH 5.

I F CRMEIMEOMEICIE, FICH A
feoREE% s EME L French-American—
British 7 v — 7" (FAB) %Y »fIHShT& 72
A%, AE DB T OMREZ Y ANz World
Health Organization (WHO) 7347431999 4124
BERD, LALEDES, IhoO5EEIEE
BEOTFHFITVELZREGTHY, 128z
EDNA <A 7 a7 LA & 2N FEBURT T
—F WD ANLLRREVFHALONT NS,

T UAWEHRERREY ) AREERTREREUE

0388-2969/04/¥500/7 3 /JCLS

 BEEEEEIR (AML)

[H32 D FABSHE T, APLICAHHYT 5 M3 4
Ty L FEFREFE L, $RMEGAT
OMO B L UIRE MG M6, FLAZIFEERY: H s M7
BFRARGIEFHSEN TV L LEds,
FEBIRDS W ML MAY 75 4 7OBRETFHI
W—Tidi L, kBt~ —h—dFzh
Twi, 20O, AMLIZBWT LI LIZBIES
haftefEREoREEETFPRES N, hb
Bt AR L X BETHRE OFNRMN R SN
HIZE ST,

BRI, ShH0MRERY An7A481C
L B BERBIEY TNV THDOAMLOTFHT
WCHDER R DD E VLS. Medical Research
Council (MRC) 2 X 51,6006z K4 AML EHE
OBERT O E, RLIRSN S BERBHLS

FI—7 : 1%
favorable ©t(s;21)
t(15;17)
inv(i6)
intermediate all others
adverse — 5/del (50)
-7
abnormal 3q
complex
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(%)
100

75
4
7 50
;_'2‘_1
25 ?"1'-:.‘.?.? e — favorable only (n=221)
B L | favorable-+Intermediate (n=143)
1% — .~ favorable-+adverse (n=13)
0 ' ! : : ! — -~ intermediate only (n=1,071)
0 1 2 3 4 5(%) ---- adverseintermediate (n=123)

T HARE

....... adverse only (n=40)

1 BBICL2BEEGTE (M3 LYHE)
KR E N5 favorable, intermediate, adoverse & HEE 7V — 7 OEFE MR % Kaplan-Meier 47 C

Y. SMORMEGENRES BRL LI b b,

FHREIFE

EOHRBTORNELEE LD
MEELARLFETHL. Zh
OB L 2 FHFUEE DO T
BATHY, HEiER1IOKY
V=T ORMEGFHE KT 5
ERIAEGFIBIIRENE LB
D, 3SBIIRES ELRLbFHRER
THZLERHELLTHAE, b,

4 08
e
04t
0.2 FHRARE
p=0.006
0‘0 1 1 !
0 500 1,000

AR

[EEZE] XPBEFH TS
{ intermediate groupilJE¥ 5 2
LRAEETRETHA).

1,500 (B)

2 DNAA-7O7LAICLDEIME THks £V AE)

DNAXA 77 LA OBREESHE [FRICYD V2795
HETFEY b ORBEBEH T, BEZ2WICHMEL. WEER

BB & B 8720 Tk, AML
BEOWITHE LD 5 EHBA %

DAEFHIRAK & { £ 5 2 & & Kaplan—Meier BT TR,

RESIN/Y. FHEM % favorable group I2J&
T 5t(1517), t(8§;21) BLTinv(le) ik, #h
FNFABGFEICBITAMS, M2B X U'M4 EolZ
LT 5. F/, intermediate grouplZFET 5
11q23 B MLL B IR FOE(LE G T2 & 2%
W, —7%, monosomy 78 & U'5q - IZHE L T
AEREFTH 2, FGREFITBWTERENIC

2152 FRIREE  vol. 30 no. 12, 2004

Y 5BBEORBIMLHEETH

5., TITRBBPAMHOSFSER

NTGA—F BHERD L VIEILERBANICL T

WIS NTE& . 72& 213 Japan Adult Leukemia

Study Group (JALSG) Ok, 4E#y, 3EIk

@ myeloperoxidase P28, performance status,

R MERE, MERORIBEOF R &34
WAHEBRIZY) V2352 MEENRTNEY,

EHETIE, DNAYA 707 LA & vi-HEE
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HSEIE FRE T — ¥ 12X » TAMLFROBET
REMTOUTFANELEDZ, FONF—VPLT
BETFUTAIRADLZSIN TS, 72E 2
Bullinger 5%, 26,260 O ERFIEE SN
72DNA~ A 7 a7 LA ZHWT, 11660 AML
etk (B 8id 5 VIR IEER) OREFHER
F ey H B0, Zhbo@EETT, BETRIC
Yy YA DIBFEAMML, TOFEHS O
T ANDPEEREERE2HIZHTTNES, £
ORRE2ICRENSL L), WEEINV—TO
EMTFHIIAZICERLZEFHL NI E o7,
Ld NG EEFF— 7 IS 5508, EHE
MOBHZNTOFEPRLZ 2HIFLETHIL
#RLTEY, BRI T7 74 VX B8P H
EOBMSEEIZRERZEREFIDE VR D,

2D vVERmE (ALL)

ARDOALLYE DD CTFHRBEFLZBILFTS
LHOIHL, BMADALLIE—BRICTFEAETS
5. ALLIZFABZHEIC L h L1, L2, L3 3
WA S NT E 72, L3RI T F e Burkitt
Y UNERITH D, EBIILL & L2ASKER D2 b
D5, SAOEBIBWTEEDEGTHRICLI
L2 7 LTEST, HLvwWHO
SHETHLL, L2, L3V 75 4 FIdHT Ik,

X @

1) Bennett JM, Catovsky D, Daniel MT, et al. Proposed
revised criteria for the classification of acute myeloid
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Cooperative Group. Ann Intern Med 1985; 103: 620-
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3) Grimwade D, Walker H, Oliver F, et al. The
importance of diagnostic cytogenetics on outcome in
AML: analysis of 1612 patients entered into the
MRC AMLI0 trial. Blood 1998; 92: 2322-33.

4) Bih—2, FHE, A, Il JALSGIZBIT 5
AMLAbSRFEE. BRI 1988; 39: 98-102.

WA ALL OF % FHET &2 B L& £ <
WAs, AMLO¥E & R ERZ LR HER
L 7+ 5. Cancer and Leukemia Group B
(CALGB) 2 X % 256 BN T, t(9:22),
t(4:11), monosomy 7, trisomy 8 DIEIELSEH
BT 2FBRARRFTHH I LARE .
N0, & 5ICEE, WO NREEHE, B
MR & AR THRARRFTHL LS
nNTwa, 72, JALSGIZ X AARFFALLIES O
AT Ty, t(9:22) OFEL & (302 E),
HinskEEE GA/mm3lllk) BSFEREARKT
Th b EWMESNAD.

@bhiJic

BRI L BRIl b TEN RO, 2%
HIESZHEEREECH Y, TORREAMIZHE
WL RELTARETHALIEEREL TS
Lz XY, BIMROREIWRE LIRS
ey, BRIMEASE DIk snb L e b, &
FRERIZIE U 22 PR BRIE SIS S L B L T
s, —F, WEOEZPALRESHIZBNT
&, FNEEEMICEHMETREZ DNAY A 707
VARG Y — Ve R BDTIEREVESS
.
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Abstract

Although angiotensin II (Ang IT) is known to participate in pancreatic fibrosis, little is known as to the mechanism by which Ang
I promotes pancreatic fibrosis. To elucidate the mechanism, we examined the action of Ang IT on the proliferation of rat pancreatic
stellate cells (PSCs) that play central roles in pancreatic fibrosis. Immunocytochemistry and Western blotting demonstrated that
both Ang II type 1 and type 2 receptors were expressed in PSCs. [PH]Thymidine incorporation assay revealed that Ang II enhanced
DNA synthesis in PSCs, which was blocked by Ang II type 1 receptor antagonist losartan. Western blotting using anti- -phospho-
epidermal growth factor (EGF) receptor and anti-phospho-extracellular signal regulated kinase (ERK) antibodies showed that Ang
IT-activated EGF receptor and ERK. Both EGF receptor kinase inhibitor AG1478 and MEK 1 inhibitor PD98059 attenuated ERK
activation and DNA synthesis enhanced by Ang II. These results indicate that Ang 1T stimulates PSC proliferation through EGF

receptor transactivation~ERK activation pathway.
© 2004 Elsevier Inc. All rights reserved.

Keywords: Angiotensin II; Pancreatic stellate cell; Pancreatic fibrosis; Epidermal growth factor receptor; Transactivation; Extracellular signal

regulated kinase

Angiotensin IT (Ang 1I) is an octapeptide that exerts
diverse physiological and pathological actions on car-
diovascular systems. It physiologically regulates blood
pressure, aldosterone secretion, and salts and potassium
homeostasis by acting on vascular smooth muscle, kid-
ney, and adrenal gland [1]. Ang II also acts as a growth
factor of myocytes and myofibroblasts in pathological
conditions such as remodeling and fibrosis of the heart
after chronic hypertension and myocardial infarctions
[2]. Besides the action on cardiovascular systems, Ang II

* Abbreviations: Ang 11, angiotensin II; ERK, extracellular signal
regulated kinase; MEK, mitogen-activated protein kinase kinase; PSC,
pancreatic stellate cell; AT, receptor, angiotensin II type 1 receptor;
AT, receptor, angiotensin II type 2 receptor; GPCR, GTP-binding
protein coupled receptor; 0a-SMA, a-smooth muscle actin.

*Corresponding author. Fax: +81-285-44-8297.

E-mail address: hohnishi@jichi.ac.jp (H. Ohnishi).
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has been recently revealed to play important roles in
extra-cardiovascular organs. For example, angiotensin
IT is localized to brain and regulates neurotransmitters
release [3]. Ang II also functions in reproductive sys-
tems. Ang II mediates electrolyte and fluid secretion of
epididymis [4], and also regulates ovarian steroidogen-
esis such as estrogen [5]. In addition to the various
physiological actions, Ang II participates in tissue repair
and fibrogenesis of extra-cardiovascular organs. Ang II
promotes pulmonary fibrosis after lung injury [6]
and also mediates hepatic fibrosis after chronic liver
injury [7].

In pancreas, the presence of rennin—angiotensin sys-
tem has been recently demonstrated. Both angiotensin I1
type 1 (AT)) and type 2 (AT,) receptors are immuno-
cytochemically localized to pancreatic ductal and acinar
cells [8]. Moreover, expression of both rennin and Ang II
precursor angiotensinogen has been also demonstrated
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in pancreas [9,10]. These recent observations suggest that
Ang II may physiologically regulate pancreatic func-
tions. More recently, Ang II has been also suggested to
play pathophysiological roles in acute and chronic pan-
creatic injury. Leung et al. [11] reported that experi-
mentally induced acute pancreatitis caused significantly
increased expression of angiotensinogen and both AT}
and AT, receptors in pancreas. Their group further re-
ported that blockade of Ang II receptors attenuated
pancreatic tissue injury in experimental acute pancrea-
titis [12]. As to chronic pancreatic injury, Chan et al. [13]
reported that chronic hypoxia markedly enhanced ex-
pression of angiotensinogen, AT, and AT, receptors in
pancreas, suggesting the possible participation of Ang II
in pancreatic chronic injury. In this respect, Kuno et al.
[14] demonstrated that angiotensin converting enzyme
inhibitor attenuated pancreatic fibrosis in vivo, indicat-
ing that angiotensin II promotes pancreatic fibrosis.
However, the precise mechanism of Ang II promoting
action on pancreatic fibrosis is still unknown.

Pancreatic stellate cells (PSCs) are recently identified,
isolated, and characterized [15,16]. In the normal pan-
creas, PSCs possess fat droplets containing vitamin A
and are quiescently defined with desmin positive but
a-smooth muscle actin (a-SMA) negative staining [16].
When cultured in vitro, PSCs are auto-activated (auto-
transformed) changing their morphological and func-
tional features [15]. PSCs commence losing vitamin A
containing lipid droplets, highly proliferating, increasing
expression of a-SMA, and producing and secreting ex-
tracellular matrix components such as collagen and fi-
bronectin. Namely, PSCs are auto-transformed to
myofibroblast-like cells. In vivo, PSCs are also activated
during both human and experimental pancreatic fibrosis
[17]. Therefore, PSCs are believed to play an important
role in pancreatic fibrogenesis. Since Ang II has been
suggested to participate in pancreatic fibrogenesis as
described above, we hypothesized that Ang II may
modulate PSC functions and consequently promote
pancreatic fibrosis. We thus conducted the present study
to examine the effect of Ang IT on PSCs. We report
here that Ang II enhances DNA synthesis in PSCs
through AT, receptor. Experiments are then expanded
elucidating the intracellular molecular mechanism of
Ang I enhancement of DNA synthesis in PSCs. Our
results indicate that Ang IT increased DNA synthesis
in PSCs by activating ERK through EGF receptor
transactivation.

Materials and methods

Reagents. Recombinant human Ang IT was purchased from Peptide
Institute (Osaka, Japan). Pronase, Nycodenz, and PD123319 were
from Sigma (St. Louis, Missouri, USA). DNase I was from Roche
(Basel, Switzerland). Collagenase P was from Boehringer-Mannheim
(Mannheim, Germany). AG1478 and PD98059 were from Calbiochem

(San Diego, California, USA). Anti-AT, rabbit polyclonal, anti-AT,
rabbit polyclonal, and anti-tyrosine-phospho-ERK mouse monoclonal
antibodies were from Santa Cruz (Santa Cruz, California, USA). Anti-
ERK rabbit polyclonal antibody was from Cell Signaling (Beverly,
MA, USA). HRP-conjugated donkey anti-mouse IgG, HRP-conju-
gated donkey anti-rabbit IgG, and Cy3-conjugated donkey anti-rabbit
IgG antibodies were from Jackson Immuno Research (West Grove,
Pennsylvania, USA). Losartan is a gift from Banyu Pharmaceutical
(Tokyo, Japan).

Isolation and culture of rat pancreatic stellate cells. Rat pancreatic
stellate cells were prepared as described [16]. Briefly, rat pancreas was
digested in Gey’s balanced salt solution supplemented with 0.05%
collagenase P, 0.02% pronase, and 0.1% DNase 1. After filtration
through nylon mesh, cells were centrifuged in a 13.2% Nycodenz
gradient at 1400g for 20 min. PSCs in the band just above the inter-’
face of the Nycodenz solution and the aqueous one were collected,
washed, and resuspended in Iscove’s modified Dulbecco’s medium
containing 10 % fetal calf serum, 100 U/ml penicillin, and 100 mg/ml
streptomycin. PSCs were cultured in a 5% CO2 atmosphere at 37 °C.
All experiments were carried out using PSCs between passages one
and two.

Measurement of DNA synthesis. DNA synthesis was examined by
measuring [*H]thymidine incorporation into cells. [*H]Thymidine was
added to the culture medium and incubated for 6 h, and [*H]thymidine
incorporation was measured as described previously [18].

Western blotting. Western blotting was carried out as described
previously [19], using the enhanced chemiluminescence reagent to vi-
sualize the secondary antibody. For gel electrophoresis, 10 ug protein
was loaded on each lane of a 10% (for Ang II receptors and ERK) or a
7.5% (for EGF receptor) sodium dodecyl sulfate—polyacrylamide gel.

Immunofluorescence microscopy. Immunofluorescence microscopy
was performed as described previously [20], using an Olympus BX51
microscope (Olympus Tokyo, Japan). Images were digitized and then
processed using Photoshop 5.0 software (Adobe Systems, Mountain
View, California, USA).

Statistical analysis. ANOVA was used to. determine statistical
significance. A value of P < 0.05 was considered significant.

Results
AT, and AT receptors are present in PSCs

As the first attempt to elucidate Ang II effects on
PSCs, we examined the presence of Ang II receptors in
PSCs. As shown in Fig. 1A, Western blotting revealed
that both AT, and AT, receptor proteins are expressed
in PSCs. Moreover, immunocytochemistry also re-
vealed that both signals of AT, and AT, receptors are
observed in PSCs (Fig. 1B). These signals were abol-
ished when antibodies were preincubated with com-
peting peptides to each antibody (data not shown).
These data indicate that AT, and AT, receptors are
present in PSCs.

Ang II increased DNA synthesis in PSCs through Ang IT
type 1 receptor

We next examined the effect of Ang II on PSC pro-
liferation. To examine PSC proliferation, we determined
DNA synthesis in PSCs using [*H]thymidine incorpo-
ration assay. As shown in Fig. 2A, Ang II enhanced
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B Immuno-staining

AT, Receptor

AT, Receptor

Fig. 1. Presence of AT, and AT, receptors in PSCs. (A) Western
blotting of AT, (arrows) and AT, (arrow heads) receptors was per-
formed using their specific antibodies. Crude lysate of rat kidney was
used as a positive control. Molecular markers are indicated on right.
(B) Fluorescence micrographs showing the immunoreactivity of AT,
and AT, receptors in PSCs with corresponding Nomarski images.
Immunocytochemistry was carried out with the same first antibodies as
those used for Western blotting. Bar: 40 pm.

[PH]thymidine incorporation into PSCs in a dose-de-
pendent manner. The maximum increase was observed
at 100nM. Moreover, losartan, an AT; receptor
antagonist, inhibited [*H]thymidine incorporation into
PSCs enhanced by 100 nM Ang 11 (Fig. 2B). In contrast,
PD123319, an AT, receptor antagonist, did not alter
[*H]thymidine incorporation into PSCs enhanced by
100nM Ang IT (Fig. 2B). These data indicate that Ang
Il enhances DNA synthesis in PSCs through AT,
receptor.

EGF receptor mediates Ang II enhancement of DNA
synthesis in PSCs

Ang II receptors are coupled to GTP-binding pro-
teins and possess seven transmembrane domains. Re-
cently, EGF ‘receptor transactivation by GTP-binding
protein coupled receptors (GPCRs) has been suggested
to be one of the major signaling pathways through
which various GPCR-ligands exert their growth-pro-
moting effect on various types of cells [21,22]. We thus
hypothesized that Ang II may enhance PSC DNA syn-
thesis through EGF receptor transactivation. To
examine this hypothesis, we investigated whether Ang II
activates EGF receptor in PSCs. As shown in Fig. 3A,
Ang II phosphorylated EGF receptor at iis tyrosine

A

(%) i A% Ex
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[*Hithymidine incorporation

"0 10%10%107

Ang Il (M)
B Ang 11 100 nM
e (B '
2 )
= 1004
S -
29 .
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= 4 ,
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Losartan(M) PD123319(M)

Fig. 2. (A) Effect of Ang II on DNA synthesis in PSCs. Cells were
incubated for 48h with the indicated amounts of Ang II. DNA syn-
thesis was examined by [*H]thymidine incorporation assay. Results are
expressed as percent [*H]thymidine incorporation of controls. Values
are means +SEM. The result is representative of four independent
experiments with similar results performed in triplicate. (B) Effect of
Ang II receptor antagonists on DNA synthesis enhanced by Ang II in
PSCs. After 2h pre-incubation in the presence (losartan; the second
and third colimns, PD1213319; the fourth and fifth columns) or ab-
sence (the first column) of indicated amounts of Ang II receptor an-
tagonists, cells are stimulated for 48h with 100nM Ang II. DNA
synthesis was examined by [*HJthymidine incorporation assay. Results
are expressed as percent [*H]thymidine incorporation of controls.
Values are means+SEM. The result is representative of four inde-
pendent experiments with similar results performed in triplicate.
*P < 0.05, ¥*P < 0.01. '

residue indicating that Ang II activates EGF receptor.
EGF receptor phosphorylation by Ang II was observed
at Smin incubation and maximum phosphorylation was
observed at 30 min incubation. Moreover, Ang II pro-
moting effect on PSC DNA synthesis was markedly at-
tenuated by PSC pretreatment with EGF receptor
kinase inhibitor AG1478 (Fig. 3B). These data imply
that Ang II enhances DNA synthesis in PSCs, at least in
part, by transactivating EGF receptor.

Ang II activates ERK through EGF receptor transactiva-
tion

We next examined whether  Ang II activates ERK,
which is downstream of EGF receptor-mediated sig-
naling pathway of cellular growth-promoting stimuli.
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Fig. 3. (A) Effect of Ang II on EGF receptor activation in PSCs. Cells
were incubated with 100 n1M Ang II for indicated times. The activation
of EGF receptor was then determined by Western blotting using anti-
phosphorylated EGF receptor antibody (upper panel). Western blot-
ting with anti-EGF receptor antibody (lower panel) was carried out as
an internal control. (B) Effect of EGF receptor kinase inhibitor
AG1468 on DNA synthesis stimulated with Ang IT in PSCs. After
30 min pretreatment with (columns 3 and 4) or without (columns 1 and
2) 250nM AG1478, cultured PSCs were incubated for 48h in the
presence (lanes 2 and 4) or absence (lanes 1 and 3) of 100nM Ang IL
DNA synthesis was examined by [*H]thymidine incorporation assay.
Results are expressed as percent [*Hjthymidine incorporation of con-
trols. Values are means 4 SEM. The result is representative of four
independent experiments with similar results performed in triplicate.
*P < 0.05 vs. the second column.

As shown in Fig. 4A, 100nM Ang II phosphorylated
ERK at its tyrosine residue in PSCs, indicating that Ang
II activates ERK. Maximum activating effect was ob-
served at 5—10min incubation. When EGF receptor ki-
nase activity was blocked with AG1478, Ang II failed to
activate ERK (Fig. 4B). These data indicate that Ang II
activates ERK through EGF receptor transactivation.

Ang II enhances DNA synthesis in PSCs through ERK
activation

Knowing that Ang II activates ERK through EGF
receptor transactivation, we finally examined whether
activated ERK mediates Ang II promoting effect on
DNA synthesis in PSCs. For this purpose, we blocked
ERK activation by using the MEK inhibitor PDD98059.
As shown in Fig. 5A, pretreatment of PSCs with
PD98059 blocked ERK activation by Ang II. Further-
more, Ang II promoting effect on DNA synthesis in

A
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ERK | '€ts-50 G qam g ey <2

G OEs BB can g o? T il
| ppen D as @D o2
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ERK
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AG1478 - -
(250 nM) + o+

Fig. 4. (A) Effect of Ang II on ERK activation in PSCs. Cells were
incubated with 100nM Ang II for indicated times. The activation of
ERK was then determined by Western blotting using anti-phosphor-
ylated ERK antibody (upper panel). Western blotting with anti-ERK
antibody (lower panel) was carried out as an internal control. (B)
Effect of EGF receptor kinase inhibitor AG1468 on ERK activation
stimulated with Ang II in PSCs. After 30 min pretreatment with (lanes
3 and 4) or without (lanes 1 and 2) 250nM AG1478, cultured PSCs
were incubated for Smin in the presence (lanes 2 and 4) or absence
(lanes 1 and 3) of 100nM Ang II. The activation of ERK was then
determined by Western blotting using anti-phosphorylated ERK ‘an-
tibody (upper panel). Western blotting with anti-ERK antibody (lower
panel) was carried out as an internal control.

PSCs was also attenuated by PSC pretreatment with
PD98059 (Fig. 5B). These data indicate that Ang II
enhances DNA synthesis in PSCs by activating ERK
through EGF receptor transactivation.

Discussion

In this study, we demonstrated that Ang II enhances
PSC proliferation through AT; receptor. We further
elucidated that Ang II augments PSC proliferation by
activating ERK through EGF receptor transactivation.
These data suggest the participation of Ang I in
pancreatic fibrosis by increasing PSC proliferation.

In addition to the traditional action on blood pressure
homeostasis, much attention has been directed to Ang II
participation in tissue fibrosis. Ang II acts as a growth
factor of cardiac fibroblasts (myofibroblasts) and con-
tributes to cardiac remodeling with fibrosis and hyper-
trophy [23]. In kidney, Ang II induces the proliferation of
mesangial cells and fibroblasts, and consequently pro-
motes renal fibrosis [24]. Ang IT is also mitogenic for lung
fibroblasts and plays a role in pulmonary fibrosis [6]. As
to pancreatic fibrosis, Kuno et al. recently reported that
angiotensin-converting enzyme inhibitor attenuated
pancreatic fibrosis and decreased the number of
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Fig. 5. (A) Effect of MEK inhibitor PD98059 on ERK activation
stimulated with Ang IT in PSCs. After 2 h pretreatment with (columns
3 and 4) or without (columns 1 and 2) 10nM PD98059, cultured PSCs
were incubated for 5min in the presence (lanes 2 and 4) or absence
(lanes 1 and 3) of 100 nM Ang II. ERK activation was then determined
by Western blotting using anti-phosphorylated ERK antibody (upper
panel). Western blotting with anti-ERK antibody (lower panel) was
carried out as an internal control. (B) Effect of MEK inhibitor
PD98059 on DNA synthesis stimulated with Ang IT in PSCs. After 2h
pretreatment with (columns 3 and 4) or without (columns 1 and 2)
10 1M PD98059, cultured PSCs were incubated for 48 h in the presence
(lanes 2 and 4) or absence (lanes 1 and 3) of 100nM Ang II. DNA
synthesis was examined by [*H]thymidine incorporation assay. Results
are expressed as percent [PH]thymidine incorporation of controls.
Values are means +SEM. The result is representative of four inde-
pendent experiments with similar results performed in triplicate.
P < 0.05 vs. control, *NS vs. the third column.

activated PSCs in spontaneously occurring chronic
pancreatitis in vivo [14]. Since PSCs play a major role in
pancreatic fibrosis by synthesizing and secreting various
extracellular matrixes such as collagen and fibronectin,
their observations suggest the possibility that Ang Il may
modulate PSC functions. However, its direct evidence
had not been demonstrated. Thus, to our knowledge, this
is the first evidence of the Ang II regulation of PSCs.
The mechanism of digestive organ fibrosis has been
extensively studied on hepatic fibrosis, including Ang I1
participation. Jonsson et al. [7] revealed that hepatic fi-
brosis was attenuated by the inhibition of angiotensin-
converting enzyme in vivo. Furthermore, Bataller et al.
[25] reported that exogenous Ang II induces HSC pro-
liferation in vitro. Taken together, Ang II is assumed to
promote hepatic fibrosis by inducing HSC proliferation.
Although these reports are consistent with our present

data on Ang Il action on PSCs, the molecular mecha-
nism of intracellular signaling of Ang IT mitogenic effect
on HSCs has been still unclear. Thus, we have expanded
their studies by elucidating the molecular mechanism of
Ang II intracellular signaling in PSCs. We have dem-
onstrated that Ang II activates ERK through EGF re-
ceptor transactivation and consequently enhanced PSC
proliferation. Warranted is the further study to examine
whether similar molecular mechanism underlies the Ang
IT mitogenic action on HSCs.

Although our current observation with EGF receptor
kinase inhibitor AG1478 strongly indicates that Ang II
promotes PSC proliferation through EGF receptor
transactivation, AG1478 could not completely abolish
Ang II enhancement of DNA synthesis in PSCs
(Fig. 3B). This might be attributed to the existence of
another intracellular signaling pathway of Ang II mi-
togenic action on PSCs besides EGF receptor transac-
tivation. In this respect, the interplays between GPCRs
and TGF-$ family signaling have been recently re-
ported. For instance, activin A, a member of TGF-B
family, functions as an autocrine inhibitor of DNA
synthesis in hepatocytes [26]. We have reported that
norepinephrine, a representative GPCR ligand, en-
hances hepatocyte proliferation by inhibiting activin A
signaling with the induction of inhibitory Smad 7 [18].
Since both activin A and TGF-B are also autocrine in-
hibitors of PSC proliferation [27,28], it is an intriguing
open question whether Ang II signaling pathway
mteracts with TGF-§ family signaling in PSCs.

In contrast to EGF receptor kinase inhibitor, MEK
inhibitor PD98059 completely abolished Ang II pro-
moting effect on DNA synthesis in PSCs (compare the
third and fourth columns in Fig. 5B). This observation
suggests that ERK is the major intracellular mediator of
Ang II promoting effect on PSC proliferation. More-
over, PD98059 markedly attenuated even basal DNA
synthesis in PSCs (compare the first and third columns
in Fig. 5B). Since ERK is also a key mediator of mito-
genic signals of other growth factors [29], this phe-
nomenon may be attributed to the inhibition of
mitogenic effects of other growth factors contained in
culture medium used in the present study.

Using Western blotting and immunocytochemsitry,
we demonstrated that both AT, and AT}, receptors are
present in PSCs (Fig. 1). However, Ang II enhancement
of DNA synthesis in PSCs was inhibited by AT receptor
blocker losartan, but not by AT, receptor blocker
PD123319, indicating that AT, receptor mediates Ang II
stimulation on PSC growth (Fig. 2B). Consistent with
our observation, most of Ang IT actions well described to
date such as vasoconstriction, stimulation of aldosterone
release, and promotion of cardiovascular cellular growth
are all medicated by AT; receptor [30]. As to AT, re-
ceptor, however, its specific functions have been recently
described. AT, receptor mediates anti-proliferative
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effects in cultured coronary endothelial cells [30,31] and
vascular smooth muscle cells [30,32]. Furthermore, AT,
receptor promotes differentiation in some types of cells
[33,34]. Since PSC activation is a kind of differentiation
to myofibroblast-like cells and is a cellular function op-
posite to proliferation, one might speculate that AT,
receptor could mediate PSC activation. However, Ang I
did not exert any effect on PSC activation (Our unpub-
lished data determined with Western blotting using anti-
a-SMA antibody). Thus, further studies are needed to
elucidate AT, receptor function in PSCs.

In conclusion, we have shown that Ang I stimulates
PSC proliferation by activating ERK through EGF re-
ceptor transactivation. These observations provide new
insights into understanding the molecular mechanism of
pancreatic fibrosis.
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Aberrant Expression of
CDX2 in the
Metaplastic Epithelium
and Inflammatory
Mucosa of the
Gallbladder

To the Editor:

We read with great interest the ar-
ticle by Phillips et al, published in the
November 2003 issue of the American
Journal of Surgical Pathology.® In this
report, the authors mentioned that CDX2
protein was a sensitive marker of intesti-
nal metaplasia in the esophagus. They
also stated the usefulness of CDX2 for
the detection of histologically equivocal
cases of Barrett’s esophagus, consistent
with our previous reports on the aberrant
expression of CDX2 in the Barrett’s epi-
thelium as well as inflammatory esopha-
geal mucosal cells.>* Chronic inflamma-
tory mucosa of the gallbladder is often
accompanied by the intestinal metapla-
sia, and there are considerable data sug-
gesting associations between intestinal
metaplasia and hyperplasia or dysplasia
in the gallbladder. Yamagiwa et al sug-
gested by immunohistochemistry that in-
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testinal metaplasia was often associated
with dysplasia and carcinoma in the gall-
bladder.” Other reports also support these
relationship by showing intestinal differ-
entiation of dysplastic epithelium within
or adjacent to invasive cancer of the gall-
bladder."* Despite the importance of elu-
cidating the mechanisms involved in the
transition of inflammatory mucosal cells
to intestinal metaplasia in the gallblad-
der, genetic events predisposing to meta-
plastic changes in the gallbladder are not
well documented.

We assessed the expression of
CDX2 in the inflammatory mucosal epi-
thelial cells as well as intestinal metapla-
sia of the gallbladder. Immunohisto-
chemical study demonstrated exten-
sively fine granular immunoreactivity
for CDX2 in the cytoplasm of inflamma-
tory mucosal cells in the gallbladder. By
contrast, nuclear stainings were observed
in the intestinal metaplasia of the gall-

Fibladder (Fig. 1). We have reported that
CDX2, expressed in the gastric mucosa
of chronic gastritis without intestinal
metaplasia, might be a trigger of meta-
plastic transition in the stomach.> We
have also reported that intestinal meta-
plasia was induced in a transgenic mouse
overexpressing CDX2 in the stomach.”

Interestingly, CDX2 was positive even in
the epithelium of gallbladder with mini-
mal inflammatory changes. Furthermore,
similar to the Barrett’s esophagus or gas-
tric intestinal metaplasia, the expression
of CDX2 was often observed even in the
absence of MUC2 in the inflammatory
mucosal cells of the gallbladder, support-
ing the notion that CDX2 was a marker of
epithelial differentiation in the gallblad-
der. Taken together, these results rein-
force the hypothesis that CDX2 expres-
sion may play a critical role in the devel-
opment of intestinal metaplasia in the
stomach, esophagus, and gallbladder.
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