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i)y
p=1111%
=

AR, HARTIZA 20,000 A, KETITA 30,000 AHAPERANTHB L TR
0. BEDRAITHKRE BIZHADIRTCHRKRDOF 5 (i Th o, BELAL, B
FCX D BMNCRRA ZER T A <L BRIERICEE LW o) EATAA TR
NG ZEMBN, ZEDO BEDL L 1 EUNICIETE L, 5 FAETFEIT 5%
Fimi CTh D (1], B, MR A EAET D2 IRFE ., BER A ESHE . B L OWS W
MRTHLT TN AGNGRD, RTINS DOWTIOMEENS b F
LD DD, BERAD 95% ITHEE DS L L 7-BFEE IR AL (PDAC) L2l
%, PDAC OMFFRIFFRIZ, BEEHRE B X 51008 VIR DRI B O}
(2D AR DA DA~ DRI T 2, [V D IR VEHEH A O O 2B ~ DR
BattoZ bbb, £/, PDAC OnFAEW PR R S LT, BDARKRTIX
N AR Ras OIEMALD 40% LLTFTHDDIZxt L, PDAC Tik 90% LA
FlZBWTBobohd Z enETond 2l ERADOASA F~—T—& LTH
RIJIZ CA19-9 RS HWSHEN TV D, CA19-9 (FMEAHUR DO —FETdH 5 /v
A Z AN T EEDIIN L 72 BESHBUR (7 VL Lea HUF) T, BB AICE
WTREIZELIL, MIETIZHMT 5, UL, IHBER, BERBIOMORA
FIZBWTH LT 57 DR RIEICHEDNH D | EEHEW [3-5], LoT, B
N A D BIZWHITE Y T [6], 207, FriE &R EITEN TN A 4~
— N —HRRICHENT D 2 E IS LD,

IEDGHTEAR OFRZEIT N, & X7 | EEREORIZ BT 2 REED I IO



RNA (mRNA °% /%7 % 22— R L72\ micro RNA (miRNA) %) 72 K04
RNVE ORFREEIRIT A ATRE & 72 o 7, ThbIXENENT 0T 4 I 7 ARk,
AZRA I T AFHB IR ST A7 U NI 7 AT LT, b E R
DR THI T AN L WIEN D, 427 ZENTITIRIE OB K. 1R FHIE H
BDWIEEWERM M 72 SISt T 28 ANA v — I —ORRBICHH TH 5 & Wift
ENTND, ZORNDOE & PDAC OFBIAA A ~— D —EREZHIE LTz
%< DA 7 AT OFFENHRE SN TWDR, 2O OMITD% <1, 1
PDAC BEY 7 VOANTRREE -0, #1T7H PDAC BEY T2 M
LTW5, £72. PDAC ZWiOH B AL A~ — I —OFeFRMEIX, PDAC EFH Y
TN EMDERBEEY TN AT L Z LI K OBREESND, EDTD,
PDAC #HEY T NDAFLET Tl | MOBREREY T2 AFT 54
ERDD, ZOXIRIEND, ITICBET TNV ENE LT DA A
~ =0 —ERRIITN < O OHIRSCWEE A5, —T7. B b PDAC €7 /v#i#
TIE, NADOEITEFEOIRE, FhaRH oft—, ST ERE ORI & Ok
PR TH LD, EEEOIEL DX EHRHT 2 Z LN TE L LWIHIFLERH
%, Lo T, &~ PDAC 7 VEMOMAIL, PDAC EEH 7 Lol
MED BFRAA A~ =D —DERRICHENTH L LB DND, FEERIZ, B
FEE TIRIZERDB N 222D b PDAC T VBB HE STz,

Syrian /» & A % —|% propylnitrosamine % 512 X > THLAE IS
PDAC LRI7=BAZERBTZ (7], Zo@8oRERAIZIE, B & PDAC IZFF

BRI TH DN AELE T Kras OIEMHEEREHEEICRO B 8], LarL, =



DT IVEIIZIL, I AE DI T D IR RNE B A XS0
7207t 7V specific pathogen free (SPF) {bo [R#EM: 73 & D R &
N b,

VU AET VL, elastase T HE—FX—|(ZXVHIEINDE N Krast??
b2 NME H-rast2V @I F 26T 58I MR~V 20352 (9,10, 2 b
DET VKT D PDAC ITHEREMIENOREL TND EEXDBNRD, B L
PDAC DRI ERHMRITI A D E ZATRHTH 505, Wi A A~ —I—FRD
Bl LY.t b PDAC TORG MRV ERMEN SR ANE CTET VE)
WiTe MTHT2ET L E LTRES RN EEZLN D,

Cytokeratin 19 7’RE—# —IC LV Hfl#IS bt b Krast2V Bin 1t
A~ T A TIRBENR o a0 B il T B 72 22 ki d e < . BERE BRI O T2
FRISFRD BT, BRI E D ehode (111, Falr, BEMERER O RiBHHiaIC
BT Krast2V B8R Z 7 BANRME Kras # 2 37 LRIBEICHEBE L
BTNV T APMER S FL, MR TFRIC B MEEORTAARENRD b [12],
N AIIE R 7 Inkda/Arf % AL L 72 BEEAE O RTBRMAICI W T, 20
K-rasGi2V 882 L8y B SE 26, PR, BB LT Rok
[18], 2B D ZIE, & & PDAC OHIDAFRE TH 5 EEWNIER (pancreatic
intraepithelial neoplasia (PanIn)) 3 XY PDAC HRIZHELL L TV 2508, Mk
FAERKPRHTY AT A B BRALEHIEHTE 20 E W) RGAH 2, Panln
OAERRFHIRE R BE LRI OB RN bN D DD, Zh

B OMINED ERENICE -T2 TH Y . AR~ DR E ~ OB



LNV AWANAN

BAINTe MPAERBRTOFRELD Crellox AT AZXo>THIEIND
F PDAC 7 /7 v SR L O T N —T712 K - TS S v7z [14-16].
KETNTG v NTIX Cre Ba 152 HT577 ) UANVA%E N Hrast2V &
HWNT Krastl?V 8T oAV 2=y 7Ty NORIBEZE L THE~NEAT D
Z L2 Lo T Ras DNABIR FRBLZIEMHE, H#T 2, A VL ZIEAZK 2 01
T Panln X0 PDAC 23 BAET 5, Tl b ORAITREMMEFRREN E
R PDAC IZEHILTWD, 2D LI, AIRDNLAL =R T ADET )b
lZt b PDAC E7 /L& LTARBEYIEEZDLNDLD, KET LT v MIE b
PDAC OETNE L THEITHD EBX ONDIFHEEAT 5,

o, Mg TR BRBUTHE S EEA~OREIN/ NS WD T, R
K[OMETEE=X —T 2DICHHTH S, KT OREEWE O ESRBLNFFE
DRAFEDEITE & —E DR & FFRMEEZFFOLE1C, ZUudnA A ~—D
—DH N E 72D,

Z Z T FxiEe s PDAC £7 V7 v M b ERHL 7oAk T & OMLiE & H
WT, FeT A7 AfEfT (8 1 %), miRNA fi#r G5 2 &), BL A XA
RIZA bTURAZ YT NI AN (3 ®) #FM L. b PDAC £
T/7 v bk M PDAC OFHANAA A~ — T —BEHOBRRIEHATHLZ &

ZAEH L. & b PDAC oMzt 28l A A~ —I —Esliz A LT,



o1 = b MESERESA (PDAC) BFVT Y O aT 43I U AT

H1HE s

W, 7 a7 A 7 AEHTEAN L, BB ROt ERIKENE, BB TIEPUE
TUAICROND K HICRBMITHE LT, DD, a7 4 I 7 Az H
W, EDR A B E T A DBWIRHEIT DA A~ — T — DERBEIFIEN A < FEf
ENTW5 [17-30], BESHT D720 T isobaric tags for relative and absolute
quantification G(TRAQ) ¥E1X 2 DO X X7 VU TN TORBLLZRD D
DIZH M2 TiETH 5, iITRAQ RIITIE 4 FHOMIE (114, 115, 116,
117) &Y, 1 EOSH CHRKIZRKR 4 OV T UETH X7 HEBLED
g 23 ¢ & %, iITRAQ RIEIIFER ML SN X BT LD TF K N
Ko7 2 EBLOY VUL OGS L THARET 5, &I, iTRAQ AIEIZ
faa LI~ F R TNV EEGNTT 5 &, 113~119 m/z OFFEIRIIE— 7 2
Bnd, 2 DOZ AR ALHTOY— 7 WA HRT 52 &2k,
TF ROMMELZREST D EBARETH L, T7RbEL, ZOMEMBZ 37
CINETORBUL LR D,

t b PDAC E7/V7 v bt b PDAC OFHNA A~ — T —DHEBITIE
FRRETH H7=DITIE,. T VT v MTBWTHINT 5 % 237 5 PDAC #%&
ICBWTHHEMLTWADZ ENREE LV, RIFETIE, FTABBL Lz b
Hrast?2V N7 AV x=v7 7y h&EfTt b PDAC =7 V&EERL,

PDAC EH DIEN AMARIC B TRIDEINT 5 2 LB mESLTVD



tropomyosin 4 B X lamin-A OEIEL/ARK N T L AP 2= 7 Ty FD
PDAC IZBWTHHENT 2 Z & 2l L7z, &2, iTRAQ B LT liquid
chromatography-tandem mass spectrometry (LC-MS/MS) % H\\\TAET /L
7 v b OEN A TOEE KM Z BN 7 v T4 X 7 At Lic, S 5612,
KRNTZ AT 2= 7T v NOWEN VR CREBEMNEO bl 2 373
PDAC HBH DN KRR N TH ZOFBLIENN L TV 5 957 % SCHRAYIC

A LT,

o2 MBIk
2-1 @

t kN Hrast?V v Ay x=v 7 (Hras250) [fEHET »~ F &R 23+£2C,
MM 50+10%., 12 HFfE]/12 B OBRE YA 7 WV icHilil S B =12 T, K
JBENT T TAT 4 w7 r—VRICTEE LT (~38 IL/7r—), f & KIEK
FHBICERES Y, 8IERBRE TETERBIZE L., o 7 BRI
AV TIVT T TR LR ST, B#ikEkid National Research
Council (1996) OEBRENMOEE LEHDOT A R 7 A B L0 T REITINRT
SRR OB FEZR DT D DT A KT A AZHe - THEM Lo, EBRFHIEL

REZTER OB ERFZ BRI L > TR S L,

2-2 PDAC D3



4x109 pfu/mL DMEM @ Cre Bia 1283577 J UANANRNT X —
(AxCANCre) 150 puL % 4 o> 6~30 #EMEME Hras250 7 v b O#EE %
B L CHEEICIEAL, Hras250 PDAC 7 v k& L7z, AxCANCre JEAND 3

~ 7 BRI LIIE ST,

2-3 JRERFEAIMRR
Vel z i U, U R 4% /XT 7 /L AT VT b RICCHEER, 377
S R U7, BEMEEZ 3 pm OEIICHEYIL, ~~ XU s oAV Y

Ok, JEFBMEIC TR LT

2-4 SRk b

BEREAR L VB L7 AT 4 F& 1 IREUE (BT tropomyoin 4 Hifk, R
1:200 ; ¥ ¥ AR Y 7 m—7F /L, Chemicon International. CA & 5\ ixHi
lamin-A Pk, ARE 1:50 ; v HFAKRY 7 v —F /1 Abcam, ) T 60 %
M|IBIZTA o Fa_X—F L7, WIC 2 KUK (Fi#E 121X Histofine Simple
Stain Rat MAX-PO (MULTI, =5 L+, #0), %% 21X VESTASTAIN Elite
ABC Rabbit IgG Kit (Vector Laboratories, CA) (ZT={RTA »FaX— kL,
diaminobenzidine (DAB) (ZTYfa L7, Mila D E ~~ b ¥ U > THH Yeth

L7,

2-5 X7 Y LS LpFE



2-3 ONNT 7 4 A 10um DR IIIHEI L, AT A4 7T AUTHHE,
60C T 30 WRD T NI 7 4y Z2Wff LIz, XLV TORNT T 4, =
Z ) — VIR & KK TCOFHARTZIZA~~ b U o TYt LTz, JEFBRMER
THZE L2 8 mm?2 (K 30,000 #Mife) DR AR & £ DITH L7 IEH
M AEZNZENANRTF 27 THE L7, Liquid Tissue &% (Expression
Pathology Inc, Gaitherburg, MD) Z V>, £EHCL 7240/ B & o /X 7 RAFIR

BVERY LTz,

2-6 1TRAQ > 7 /LDl

4 Pt Hras250 PDAC 7 v MO AMRR L VR LTz 2-5 O 7
W2 7=V LT 1 DOX NI ERRE AR LT, £, 4 IEOREH O
EEVFEHEZVERRIC LT 1 DOX I RIRIR A VERR U=y X v 237 URARIR
DO—#h (54 pL) (Z 2% sodium dodecyl sulfate (SDS) % &¢e denaturant %
2.7 uL ¥ TEMEEH7-, 50 mM tris (2-carboxyethyl) phosphine (TCEP)
%% 1 Reducing Reagent % 5.4 uL #IMIL T 60°C 12T 1 FFfiEC&. 200
mM methylmethanethiosulfonate (MMTS) % & ¢ Cystein-Blocking
Reagent % 2.7 puL ¥ L C=IRIZT 10 M7 ¥ b L=, 52, 67.5
pug @ trypsin BEL W 599.4 ug @ CaCly =& T trypsin W% 27 uL N
L 37C T—MiA v FaX— ML TXRTF NI LTz, XTTF R Tz,
DR RIS Coe iz L, 0.5M triethylammounium biocarbonate

(TEAB) % &#¢ 30 pL Dissolution Buffer (pHS8.5) (ZFFEFI L7z, 1F 5 BEAH S
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HRDRTF R 7 id s EO iTRAQ R 116 & IEF. 2 AFMH kD
NRTF RY T FEO ITRAQ 3K 117 L 2N ZEEF L TEIRIZT
1 KA v F 2= LTIV LTz, EFREMEEERONTF Ry 7re
NAKARRR RO RXTF R TV E2RE L, A A4 27 7 L (Cation
exchange cartridge. Applied Biosystems. CA) [T THHRL L OB E AR IC
THLE U7z, §lgEY 70X 500 pL @ 0.1% (v/v) trifluoroacetic acid+ 2%
(v/v) acetonitrile AR IZIE 2 L. Sep-Pac C18 »— U v ¥ (Waters

Corporation, Ireland) (& CREJEfhHt4, & OB RAME L7,

2-7 LC-MS/MS

ATk iTRAQ ¥> 7 V% 17 uLb @ 0.1% (viv) FBRICIAMR L 5 pL IR
% Dina-Al A — A Y=V 33 A5 (KYATECH Corporation, 75
2 HiQ Sil C18-3 (NfE 0.15 mmx £ & 50 mm), HHIFHE A1 0.1% 2, B:
acetonitrile, JEEAEL B: 2~70% (150 47, V=777 = 1)) TEHH LT,
EH 1L QSTAR Elite LC-MS/MS + A7 A (Applied Biosystems/MDS
Analytical Technologies) (Z X VA A F /) 7 —BEF AT LA G &EiT-o
77 EATHFREIY (time-of-flight mass spectrometry (TOFMS)) #—~A 2% ¥
> (m/z 400~1800. 0.5 B[] %17\, Information-dependent acquisition &
— FIZT MS/MS 3§24 A R A& L7Z, 10 v FELED
intensity @ A7 3 HDOZAliA 42 % MS/MS 554 Liz, Yo 7D H o

TRBOERLRICH NGNS m/z 1183~119 OE— 7 OSEELED 51
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WIZ, m/z 50~2,000 OFPHD A A2 A~ KL% Enhance All for the iTRAQ

RT 2 BH&ER L, LC-MS/MS g 3 [TV, EEZ R L7z,

2-8 T — ZfEMT

LC-MS/MS J — # X ProteinPilot v20 Y 7 s 7 = 7 (Applied
Biosystems/MDS Analytical Technologies) % F\ T4 > /37 [AER L O H
B # 1T - 72, ProteinPilot TO ¥ X7 [REDFFEMEDN 66% LI L

(ProtScore=0.47) OF —H ZEH LT,

%3 Hi KPR
3-1  WIRF X OSH 7RI PT A

PIIRAIZ I IR AR 1R B @R OIEEE 23780 b Te, MRS T AT
L7c PDAC %7z, Panln IR DR > T, IEFOREIIER X &
MMEDIE 2 > TR Y . RAEVEMINRE IR IR O bz, D
B E AR LI TR 2R o 1o, IERISRB IR 0 2o 72, Figure 1A B X

O 1B I2fER7e PDAC % & IEH MG 27,
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Figure 1. Histological and immunohistochemical appearance of pancreatic tissues of
Hras250 PDAC rats sacrificed 3 to 7 weeks after injection of recombinant AxCANCre
into the pancreas. Panels A, C, and E are adenocarcinomas, and panels B, D, and F are
normal-appearing exocrine glands and a duct in rats given AXCANCre. The atypical
glands in the adenocarcinoma show an irregular back-to-back appearance imposed by
tumor cells with atypical nuclei. (A, B) HE staining. (C, D) Immunohistochemical
staining for tropomyosin 4. (E, F) Immunohistochemical staining for lamin-A. Arrows
point to ductal epithelial cells. Note the stronger positive staining for tropomyosin 4 in
the cytoplasm and lamin-A in the nucleus of ductal adenocarcinoma cells compared to
ductal cells in the adjacent normal-appearing tissue.



3-2 SRR LRI AT R

a7 A7 AATIC LD SR LB B PDAC THREEMNRD bl mds
3% 5 tropomyosin 4 3 XN lamin-A (25T, Hras250 PDAC 7 v MZE
WTINBDZ N7 OFEBRDLE T D T2 OIS Ak Fs K OIE H IR AR
AR L Yt LT, BT tropomyosin 4 FUARIZ X DYt Tk, EE D A
fids KOV O JE IS AFAET 2 SR O M B 2355 < Befa s iz’ (Figure
10). EfEFEEMA TG SN0 -7 (Figure 1D), £7-. $T lamin-A FUKIZ
K DRE TR, —MOBEE R AMRBOER GG S (Figure 1E), &2 A
HE R O JE PRI AFAE 3 2 SR A SF Ml ds X OVIE B T S his o 712
(Figure 1F), L7223> T, 27 L b RFEROEMF T T, KET LY OREN
AFARRIZI1T D tropomyosin 4 XN lamin-A OFEBIIEF BRI LT

BEINL CWA Z ERRENT,

3-3 a7 A I 7 AT

Hras250 PDAC 7 v b O ARk & OIEREHEZ VW T7 m 743
J AENTEAT o T2, FENTIZIZ NT 7 ¢ el AR 2 T T2, EEDS VRS L O
EFPEHARRIC W T, N7 7 0 aiikE b Y 7Y U LT T RIS R
LIz TN Wi CRIE S e # VX7 1355 94 [ CTh o7, FE
SN’ s 94 o % s8N 7 % Ingenuity Knowledge Base

(www.ingenuity.com) DB 4> ba Y —mAiEIC L V58T 2 & JEITHM

fast R, MR, . FRIRERERS KORHTH -7,
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[FESNT 94 HDOX 7D 9% 30 O F /37 OFBIMEED AFHHRIZ
BOWTIERPSHIC T 1.5 200 BN L 7= (Table 1), FBIAEM L7 30
DX X7 DH 5, 20 HOKX X7 BEO 1 HO mRNA [B1IZBI LT, X
BREOIZ B NS VR C OB O E 3 R s hvrz [17-29, 31l e 74
2 U AENTCIE, D AR IZ BT tropomyosin 4 B XY lamin-A DOFH
DM Z T Tz, Z O P RITAMIZE O G0 Rk 7 A BRAT T oo #E R & 7 JE L 72

Uy,
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Table 1. Upregulated proteins in PDAC compared to normal tissues

NCBI Sequence Reported
Gene accession Fold Coverage |Cellular|in human
symbol number Name of protein change|P-value (%) location| PDAC

COL1A1 | gi|83301554 |Collagen a-1(D) chain | 10.2 | 0.00 78.7 ES Yes
precursor 1

COL3A1 | gi|83301602 |Collagen  a-1(III)  chain | 8.94 | 0.00 64.7 ES Yes
precursor

COL1A2 | gi|19855071 |Collagen a-2(D chain | 8.41 | 0.00 75.4 ES Yes
precursor

VIM gi]401365 Vimentin 8.29 | 0.00 28.1 C Yes

KRT19 gi| 73920214 Keratin, type I cytoskeletal | 6.71 | 0.00 57.8 C Yes
19

TPM4 gi]| 136081 Tropomyosin a-4 chain 6.38 | 0.00 42.3 C Yes

ANXA2 gi| 584760 Annexin A2 6.23 | 0.01 24.5 PM Yes

ANXA1 gi] 113947 Annexin Al 5.66 | 0.01 44.2 PM Yes

KRT8 gi| 1708592 Keratin, type II cytoskeletal | 4.99 | 0.00 67.7 C Yes
8

ALB gi]124028612 |Serum albumin precursor 3.86 | 0.00 38.8 ES Yes

GAPDH gi] 122065190 |Glyceraldehyde-3-phosphate | 3.69 | 0.01 34.2 C Yes
dehydrogenase

21190101450 |Histone H2A type 1-E 3.33 | 0.00 66.2 Yes

HIST1H2 | gi]| 399856 Histone H2B type 1 3.22 | 0.00 56.0 N

BC

HIST1H1 | gi|1170152 Histone H1.2 (H1d) 2.95 | 0.00 21.5 N

D

TUBA1C | gi|55976169 |Tubulin a-1C chain 2.89 | 0.00 27.8 C

KRT18 gi| 73621121 Keratin, type I cytoskeletal | 2.89 | 0.00 49.9 C
18

LMNA gi| 1346413 Lamin-A 2.86 | 0.00 45.6 N Yes

YWHAB | gi|1345591 14-3-3 protein B/a 2.63 | 0.00 22.4 C Yest

LDHA gi]| 126051 L-lactate dehydrogenase A | 2.48 | 0.00 28.6 C
chain

PRSS3 gi|136417 Cationic trypsin-3 precursor | 2.28 | 0.00 75.3 ES

ANXA5 gi| 4033508 Annexin A5 2.24 ] 0.00 42.6 PM Yes

TUBB2C | gi|81892373 Tubulin 8-2C chain 2.24 | 0.00 29.0 C Yes

PRSS2 gi| 2851507 Anionic trypsin-2 precursor 2.24 | 0.00 55.7 ES

HBA2 gi| 122477 Hemoglobin subunit a-1/2 2.15 | 0.00 69.0 C

HBB gi| 122514 Hemoglobin subunit 8-1 2.13 | 0.00 59.9 C

GDI2 gi]| 13626886 |Rab GDP dissociation | 2.12 | 0.01 21.8 C Yes
inhibitor B

ACTN1 gi| 13123942 a-actinin-1 1.98 | 0.04 21.4 C Yes

PDIA3 gi| 1352384 Protein  disulfide-isomerase | 1.88 | 0.00 25.3 C Yes
A3 precursor

VCP gi| 1174637 Transitional endoplasmic | 1.54 | 0.02 29.2 C Yes
reticulum ATPase

TXN gi| 135776 Thioredoxin 1.50 | 0.01 12.4 C Yes

P-values were calculated by ProteinPilot software.
ES: Extracellular space, C: Cytoplasm, PM: Plasma

Unknown

+! A transcriptional increase was reported [31].
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%4 i #

P

AHFFEIZE D B b PDAC IZBWTHEANHEMT 2 Z ENMEIRLTND
tropomyosin 4 X lamin-A ®%HLiE Hras250 PDAC 7 v MIFRAELTL
BEM ANCIE VT b IEHPMRICH S THEINT S 2 ERFEH Sz, &61,
LC-MS/MS # H\\/=7'm 74 I 7 AfifHrTlE Hras250 PDAC 7 v kDN
PATBWTHEREM L7 30 O X 7 ZFE L, b0 5 H 20 {E
D& 7L 1 o mRNA [311IC5WTidt b PDAC (2317 5 RN
CHR B S TR Y [17-29, 31]. RETI/VEV) DRER AT I T BN
LicZ X7 o 7 #23e b PDAC IZBWTRBUIEMT 5% X7 & —#
T5H T ENIRENT, AT W TR 7 & LT L 72D A
WITETNATH T2, RETNLVEY D Panln 72 EORHRIA AIREIZE B
PDAC ORMIFHZ LM FNEL L TnD [14] 2 &t RETLEHYO
BTN AR B W THENINT 2 2 373t b Panln IZBWTHEEML
TWDAREMER B D, L7z > T, AETAEMILE ~ Panln 72 & O RIHE
A=y NeTONA A= —RRITICHARETH D B b, AE
FIVEN D ED /ARBFRIZ B W CREABIML T2 o 9 [Ho X 87 1%
t F PDAC [ZBWTHBHIM LIz LW o & TR, XoT, THbDZ
7Dt b PDAC TORRMICOVWTIIE LR BADBMETH D,

KGO T 0T X7 ARWTIZNT N T 7 4 a2 LT,
Z DY T AT TR IS L T X R FEHE DR NS DAY

JEFBAMRER T IR L7 2 BT o 7L 2 RS 2 AN AT RE 2R T2 O IR DA A
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WD, ) PER/MREE EFMBRORELZH S Z ENTE S, () FELRE
Miao7TaTr A —hT7a 77 A VTR >TWD EBDOID M, BEN AR L
EHEMRRE DT a7 7 A NV E EMICERT 2 Z ENARTHD, (i) BESA
FHAE 2 R BAHAR TR IEREICR2I T 2 2 N T&E D, LIeh o T, D AKERE
DT AT F I T AT 7 ¢ AT O DI R YR BN TH D,

F LD L Hras250 PDAC 7 v kOB MR K OVE RO 7 a7
F X7 AFITIS LD ED AMIZB W TREIBZEIM L 72X 87 O 7 Flv e b
PDAC IZBWTHEMT 2 2 ENMESNTND X U7 L —FTHZ L0y
o7z, Hras250 PDAC 7 v hORIAAFRZIZE b Panln LFEEIL TV 572
D ARETNVERITE B PDAC ORMZWI D=0 DA A~ — T — Al OHRR

WCAHTHL LEZ BN,
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%2 W t b PDAC €7 /v7 v F® miRNA gt

H1E S

miRNA [FEFIBRAF STV D 18~24 HFEIZED 1 A8 RNA TH Y,
B URTBICHIRENW ) v a—F 17 RNA @ 1 fEiCdh 5, miRNA X
R mRNA @ 3° MBEFIERACS & ABRIRY 2R i EE kT K> T mRNA DO ENE
LR E A HIET 2 [32], miRNA 12 Lk DEEEHIE TG, sk, MRksE
BLOHIEIC W TEEREEHZ R T enmbnTn5 [88], £, B
A KGR RO TEFRZLE TO miRNA ORFERBENRESL TS
[34, 35], iTH-, miRNA IS/ MIFICB N THMRHTE 52 & miEmiE+F o
miRNA O REBENT AL EIECN A% G ekl x IR BICBIT D REE X
BTV D Z RSN, il JPDAC BE O mMAEIZH1T 5 miR-21, miR-210,
miR-155 3 X' miR-196a OFBH NN HE 4L [36], M+ miRNA 23t k
PDAC ZWrOFHINA A ~—T1— & 720 5 HA[EEMED R STz,

ENDORENAICE W TEME CEMELE O b DN AEIE T Ras 1
Kras THDHZ b, RUETIE, Hicll KrasCi2ZV T VA 2= 7 Ty
k%KL, PDAC BN¥AE L7 Krast?V h IV AV x2=v 27 T vk
(Kras301 PDAC 7 v ) B L PDAC %R AT IEE RIEKE F T 5
KrastizV 8 Z Ay x=v 77> (Kras301 %87 v ) % v PDAC &
FO MBI W TIHBHMAHRE ST D miRNA 23 Kras301 PDAC 7

v MZBWTH RIS 2080 EMEE LT, 512, B F PDAC 22l
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HRZHR M AL d~— D — i 2 BET 572912, Kras301 PDAC 7 » |k
DI & D AR L ORT » Fofyg & EFERMSEZ mRNA ~1/ 7 a7
LA fight L, Mg+ miRNA BHELZ U 7L H A LAEBEPIRER Y X 7 —FH#H

Kt (QRT-PCR) 2 X v @& Lz,

o2 i MBI
2-1 @

t ~ Kras@?V v 7oAV x=v 7 (Kras301) [T » h & =i 23+=2C,
M 50+10%., 12 HFfE]/12 B OBRE YA 7 WV ichiliEl S B =12 T, K
JBENT2T TAT 4 w7 r—VRICTEE LT (~38 IL/7r—), f & KIEK
FHBICERES Y, 3IERBRE T ECEABIE L., B TR Y
T T CREE IS TR RENR D O BRI L IC LRI ST, Bl
National Research Council (1996) OEBREMW) OE LMHEHOTA K714 B
F O BTN KR FEFLER OB EBRO T2 DDTA N A ZHE > TEN

L7z, EBRHEEIAREZMEROBMERTZERIC L > TRBEZ T2,

2-2 PDAC O#F%
4x10° pfu/mL DMEM & Cre B85 577 / 74 /LA (AxCANCre)
HDHWIE Cre Bl TR WERIFX—HEITLT7T ) 7 AILA

(AxCAwt) 150 pL % 10~11 ##EniErESR TR Kras301 7 v b OILE %@
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L CHEEIZHEAN LTz, AxCANCre % 6 C®D Kras301 7 v M2, AxCAwt %
4 L Kras301 *HtZ v MIIEAL, £h<h Kras301 PDAC 7 v hEB X
O Kras301 xtf 7 v b & L7z, HA 16~17 HEIZA Y 7T U FIZT
JEERENR B MAZIZ T v D2 LEE ST, B L 72 ik 2 == 1R TR S
. 3,000 r.p.m., 4°C (2T 10 ZyfH OB L Ciiig 2572, migix -80°C I

TERAF LT,

2-3  JRERAARR AR R

LHFE ST S IE GBI Z i L, 2ol L7z, Kras301 PDAC
7 v N OPENR AMERF XY Kras301 xR » N OTE IR & ik (A4 %5 52 Tl
LT, RV OFSHERRT 4% T 74V AT AT RICTEEL, NTF 7 4
U7, EREZ S pm OEIICHEII L, ~~ bx Y v U UG A

JCF BB TR LTz,

2-4  MiE ¥ K OWEARE A 5 > RNA HliH

ISOGEN (HAY—r | &) & B CHifs U2 BED At L ONER SRR &
F—%/L RNA ZHhiH L7z, Kras301 xtfR7 v h @ h—% /L RNA (35 fF 45 1)
<7292 RNAsecure #t3E (Applied Biosystems) (ZF 1 A% L7-, Model
Ultraspec 3100pro 23636 #F (Amersham Pharmacia Biotech, Uppsala,
Sweden) # T h— 4%/ RNA % E & L. 2100 Bioanalyzer (Agilent

Technologies. Palo Alto, CA) Z AW T rRNA X RICHMET = v 7 217
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7o

miRVana PARIS % v  (Applied Biosystems) % H\T#ifs L7-MmiEm o
h—%/L RNA i L7, v~ 27 a7 VAT o b —%/1 RNA Ofhix
4 mL O MmiyEFE %2 AW, miE & % & @ acid-phenol chloroform
(phenol:chloroform:isoamyl alcohol (125:24:1), pH4.5) & Z¥# L <iEFfnL Tiz
D BERS I EIE 2B EL U=, BRE L 7= biE & & E D acid-phenol chloroform &
WL IR L CEODBEZIC RIEEZHIL, ZOEZ S 612 1 EfEVIRL
THE N7 E+43IckRE LT, gRT-PCR O F—#% /L RNA [, 0.24 mL ®
MIEICNERERE L L C 0.2 fmol @ Drosophia melanogaster ® 4% miR-3
(dme-miR-3. Applied Biosystems) &l L= L=, ML= F—#

)L RNA #EHIZ -80°C TIRTE LT,

2-5 miRNA ~ A 7 a7 LA fighr

WS A, IE R BRI X MG BRI L7z F—2)L RNA A EHZ, 350 1A
D7 vk miRNA 7e—7%2HLTW57 vk miRNA v~/ 2727 L A%y
L (Agilent Technologies, Santana Clara, CA) %fff L T miRNA ~1 7/ &
T VAN EIT o272, miRNA ~ A 7 a7 LA O% 7 v —7 ORBAEHE
(Signal) B X ORI DOEHE)E (Detection Call) % Feature Extraction
(version 10.5) (2 THHAE L7z, FEBUHXMEZ Yo T OVEIC 75 /S—8 X A LA
1IE LT miRNA #Hl&EE L7z, miRNA #H &E|X Kras301 PDAC 7 v K&

Kras301 & v & O THlifll Welch ¥EZ{TV . P<0.05 ICTHEZEHY
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LHE L7z, £72. GeneSpring GX 7.3.1 (Agilent Technologies) % f\ T IfiLi%
miRNA O Zifi72 L (unsupervised) BEEH) 7 7 A 2 U > 7 KT L Ol & Y
(supervised) @) 7 7 A% U o TN AT 212, ZHUHD T T AK Y » T figHT
(2B DA FBLEIT T 2 BUEHIE Tl BinFIEBUZ- DWW TiX Pearson fH

BtREz ., o 7 DWW TR ERBIMR B A T Tz,

2-6 miRNA @ qRT-PCR fi##T

WD Ao, IEF AR D KX OG> SRl L7z h—%/ RNA %V, miRNA
® qRT-PCR fi#tr %47 >72, miRNA 71— TagMan microRNA 7 v & o
& v FB IO 7500 Fast Real-Time PCR Systems (Applied Biosystems) %
VT miRNA @ qRT-PCR (ZB1F 5% A 7 VHfE (Ct) #HlE L7=, PCR X
JINTEEMT 2 RT RIGFEM O FIZ, PCR RUGEMIRD 1/4 #& Lz, %
miRNA @ Ct "o NTEME= Y b — L Th 5RO U6 small RNA & %
VVENEBEERE & L CHIE IR L 72 dme-miR-3 @ Ct #5351\ T ACt #1572,
miRNA O3 HAALE 27C¢ 2 miRNA BHE L L7z, ¥ E%42 ARM
EXSUS version 7. 6 (Arm Systex Co Ltd., KFx) % v, Kras301 PDAC 7 v
X%t Kras301 Xt 7 v FoESHMEL F RELL, F0WMTH L5413
Student @ ¢ HE. Z 9 TRWEEIEX Aspin-Welch @ ¢t BEZ Ehi L7-, ¥
TE T, MIEM R CIT AR E . BSEARA R Tl MRl E 217 > 72, P<0.05 2
THEZEDY LHE L, 72, 6 LD 5 H 4 L L Kras301 PDAC 7 v

F® miRNA ZEE &2 4 L Kras301 X[ Z v F® miRNA &3 E L
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D HEETHDEE . Kras301 PDAC 7 v b @ miRNA #¥Hil&iX Kras301 xt

7w MIHASTEETSH D EFH LT,

B3 AR
3-1  JHELMHARFAIRR R

Kras301 PDAC 7 v hOFERRIC, AEROBEE 258070, Mk 7HIC I3
IZHETT L7z PDAC %7, Panln BIZRDeh o7z, EEOME T~
IREDBHMEDIEAEZ > TRV | RIEMEMIBLZE IR bivle, #HIE
BT R o7, Kras301 X > FOREIZIE, PIIRAYIS K OSEMSRIIC
Bt R &3 72> o 7=, Figure 2 12 Kras301 PDAC 7 v FDftFEE 72 PDAC

(£ Taa N
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V:y)

(B)

Figure 2. Typical lesions that developed in the Kras301 PDAC rats are shown. (A) An
adenocarcinoma with desmoplastic appearance. (B) An adenocarcinoma invading the
surrounding pancreas tissue.
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3-2 qRT-PCR f##r (Z v ki)

PDAC BFH OIMAE THRIEMAHE SN TS 4 HO miRNA (miR-21,
miR-210, miR-155 35 X' miR-196a) (ZDW\ T, 6 P> Kras301 PDAC 7 v
& 4 JE Kras301 X7 v Mo CoORBELS gRT-PCR 2LV E
& L7, fiR% Table 2A 1~ 7, Kras301 PDAC 7 » bk Tld Kras301 xfH#
7 v MZHART miR-155 BENAEICHEETH 7= (Figure 3A), miR-21 ¥
L' miR-210 #EliX Kras301 PDAC 7 > k& Kras301 37 v k& O
THEZITRD b ->7223, Kras301 PDAC 7 v MIBWTEHEETH -7,
miR-196 X7 > MHTOZEITRD b/ > 72, PDAC & O Mk
HRBEEMA M E SN TS 4 D miRNA © 955 3 fHO miRNA FIN
Kras301 *tH&Z v MZH~T Kras301 PDAC 7 v FOIiGIZB W TEME T
bHoloZ et RETNLVEMWIZE b PDAC W OFBLNE A 4~ ——D

BRICAEH THD Z LR ENT-,
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Table 2. Serum miRNAs quantified by gqRT-PCR and their expression in the serum and
pancreatic tissues of Kras301 control rats and Kras301 PDAC rats

Serum (a) Pancreas (b)
Relative Intensity  Fold PDAC Relative Intensity  Fold PDAC
microRNA Control PDAC Change P patients (h) Control PDAC Change P patients (h)
(A) Serum miRNAs selected for quantification based on a previous report of increased plasma miRNAs in PDAC patients
miR-210 0.48 0.84 1.7 1 0075 1I[36] 0.68 0.69 1.0 0.959 135, 37, 38]
miR-21 5.25 7.98 1.5 17 0.062 1I[36] 28.24  453.46 16.1 T# 0.000 1[34, 35]
miR-155 0.08 0.11 1.5 T#0.002 1I[36] 0.02 () 0.05@c) 2.9 7T# 0.036 1I[34,35,37-39]
miR-196a 0.0021 0.0023 1.1 0.334 1I[36] -0.19  -0.03 0.094 1137, 38, 40]

(B) Serum miRNAs selected for quantification based on results of miRNA microarray analysis of serum in
Kras301 control rats and Kras301 PDAC rats
Up-regulated miRNAs (d)

miR-30b-5p  6.48 9.34 1.4 1 0.095 8.74 5.46 0.6 0.074
miR-24-2*  0.68 0.93 1.4 0.213 -0.33  0.34 T# 0.000
miR-20b-5p  0.81 1.10 1.4 0.216 0.57 -0.04 0.564
miR-874 0.007 0.008 1.2 0.181 0.73 0.05 0.1 0.218
miR-125b-3p 0.00034  0.00027 0.8 0.246 -0.31  -0.04 0.020
miR-125b*  0.006 0.005 0.1 0.325 0.95 0.29 0.3 l# 0.003
Down-regulated miRNAs (e)

let-7c 0.72 1.05 1.5 0.143 45.00  24.57 0.5 | # 0.030

let-7b 0.92 1.30 1.4 0.153 40.04  17.72 0.4 l# 0.007
miR-125a-5p 0.02 0.024 1.2 0.301 1.01 1.58 1.6 T# 0.018 1[35]
miR-375 0.16 0.11 0.7 L # 0.027 12.42  -0.01 L# 0.002 |I[35,37,38]

(C) Serum miRNAs selected for quantification based on results of miRNA microarray analysis of pancreatic
tissues in Kras301 control rats and Kras301 PDAC rats
Up-regulated miRNAs (f)

miR-541 5.00E-05 0.0029 6327 0.069 -0.29  0.02 T# 0.012

0.0005(c) 0.0039(c) 7.1 T# 0.019
miR-369-5p 1.00E-05 0.0001 12.2 T# 0.046 -0.09  0.06 T# 0.011

0.0002(c) 0.0010(c) 5.9 T# 0.020
miR-376a 0.002 0.017 7.4 T# 0.046 -0.26  0.18 T# 0.002 7[34]
miR-31 0.043 0.129 3.0 T 0.068 0.80 4.95 6.2 T# 0.000 1I[37,38]
miR-93 3.80 6.21 1.6 0.123 0.07 1.05 15.0 T# 0.000 1 [37]
miR-18a 3.38 5.50 1.6 T 0.069 -0.26 0.31 T# 0.002
miR-301a 1.25 1.99 1.6 0.130 0.09 1.26 14.0 T# 0.000 1 [34]
miR-542-3p  0.007 0.009 1.4 0.216 -0.19 047 T# 0.001
miR-203 0.158 0.205 1.3 T# 0.021 0.16 0.86 5.3 T# 0.011 11037, 41, 42]
miR-145 2.63 3.00 1.1 0.418 0.41 0.91 2.2 T# 0.030 11[37,38]
miR-205 0.018 0.019 1.0 0.468 -0.10 0.45 T# 0.003 7I[35, 37, 38]
miR-224 0.0003 0.0003 0.9 0.411 -0.23  0.01 T# 0.013 137
miR-222 0.433 0.265 0.6 0.099 -0.17 1.17 T# 0.000 7I[35,37, 40, 41]
miR-16 111.13 45.41 0.4 0.143 13.14  43.04 33 7T# 0.002 1[34]
Down- regulated miRNAs (g)
miR-29¢ 4.79 6.58 1.4 0.135 8.62 3.22 0.4 l# 0.027 |I[37]
miR-141 0.012 0.013 1.1 0.212 20.37  3.63 0.2 l# 0.004 |I[37]
miR-217 2.70E-05 2.60E-05 1.0 0.474 1.10 -0.07 L# 0.009 |I[37,38]
miR-216a 0.00028  0.00014 0.5 0.133 20.13  -0.07 L# 0.007 |I[37]

Fold Change: Calculated from the relative intensities of Kras301 control rats and Kras301 PDAC rats.

# Statistical significance (P<0.05), T Up-regulated; | Down-regulated

(a) miRNAs in the serum of 4 Kras301 control rats and 6 Kras301 PDAC rats were quantified by qRT-PCR.

(b) miRNAs in pancreatic tissues of 4 Kras301 control and 4 Kras301 PDAC rats were quantified by miRNA
microarray analysis.

(c) miRNAs in pancreatic tissue of 4 Kras301 control and 4 Kras301 PDAC rats were quantified by qRT-PCR.

(d) Up-regulated miRNAs in the serum of Kras301 PDAC rats as indicated by miRNA microarray analysis of serum
in 3 Kras301 control rats and 3 Kras301 PDAC rats.

(e) Down-regulated miRNAs in the serum of Kras301 PDAC rats as indicated by miRNA microarray analysis of
serum in 3 Kras301 control rats and 3 Kras301 PDAC rats.

(f) Up-regulated miRNAs in pancreatic tumor tissue of Kras301 PDAC rats as indicated by miRNA microarray
analysis of normal and tumor pancreatic tissue in 4 Kras301 control rats and 4 Kras301 PDAC rats.

(g) Down-regulated miRNAs in pancreatic tumor tissue of Kras301 PDAC rats as indicated by miRNA microarray
analysis of normal and tumor pancreatic tissue in 4 Kras301 control rats and 4 Kras301 PDAC rats.

(h) Up- and down-regulation reported in PDAC patients.
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Figure 3. Change in the expression of mature miRNAs in the serum of Kras301 control rats and Kras301 PDAC rats. The finding that
miR-375, miR-369-5p, miR-376a and miR-203 are differentially expressed in the serum of Kras301 PDAC rats is new. MiR-155, which is
known to be high in plasma of PDAC patients, was also elevated in Kras301 PDAC rats. * Significant with a P <0.05, T Data of
gRT-PCR,  Data of microarray.
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3-3 miRNA ~A 7 a7 LA f#hr (5 v hILiE)

3 Lo Kras301 PDAC 7> F& 3 PEd Kras301 xfH&Z > hOILTE Z 4
EHZ miRNA ~ A 7 a7 LA T 21T > 72, miRNA ~ A 7 a7 LA fi#fric ks
WTHE LI miRNA BELEOET — X 2 Wil LB 7 2% )
> 7N TIX Kras301 PDAC 7 > & Kras301 ®fZ7 v hEDr T 2%
— Xy i (Figure 4A), 21 H 2 DO strain & X375 M
miRNA 2PFET 5 ATREMEDS RIE S 7z,

B 2 DO strain & X7 5 MIE miRNA KT 5720, Hhild v
BEREHI Y Z A2 Y v T AT o T, Bl D BSERI Y Z A2 U v ZHTICIE
Kras301 %7 v MZH~_T Kras301 PDAC 7 v h® miRNA BB ENE
HICEED D VITKETH 72 15 > miRNA OB EZ H iz,
Kras301 PDAC 7 v MIBITH I 60O miRNA ZHEH&EiX Kras301 %~
v MZHART 1.3~14.4 % (miR-30b-5p, miR-24-2*, miR-20b-5p, miR-874.
miR-125b-3p, miR-125b*, miR-29a, miR-365, miR-370 ¥ X" miR-878)
BLO® 02~06 fF (et-7c. let-7b. miR-125a-5p. miR-375 ¥ L O
miR-466b) ThH -7z, Hiib D K7 7 A% U TN OFE R, Kras301
PDAC 7 v & Kras301 $ffZ7 v e D7 T AZ—DT w7 7 A4 VIR L
MNZFE 72 > Tz (Figure 4B), L7228 > T, 245D miRNA Bfix Kras301
PDAC 7 v & Kras301 7 v e ZXBTLH2DICHEHATHDL Z &30

NoTz,
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Figure 4. Hierarchical clustering of circulating miRNA profiles in the sera of Kras301
control rats and Kras301 PDAC rats. The heat map diagram shows the result of the
two-way hierarchical clustering of miRNAs and samples. Each row represents a
miRNA and each column represents a sample. The miRNA clustering tree is shown on
the left, and the sample clustering tree appears at the top. The color scale shown on
the right illustrates the relative expression level of the miRNA. A clustering
dendrogram shows differential expression profiles of circulating miRNAs in the sera of
Kras301 control rats and Kras301 PDAC rats. (A) Unsupervised hierarchical
clustering. (B) Supervised hierarchical clustering.
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3-4 miRNA ~A 7 a7 LA fEMTFERICY > 7 L7z qRT-PCR gt (Z v b
1f7%)

3-3 128 T Kras301 PDAC 7 v b & Kras301 xtfRT v k& ORI
BOFEZEPRO LN 156 DM miRNA © 55 10 O M{E miRNA
(miR-30b-5p, miR-24-2* miR-20b-5p, miR-874, miR-125b-3p, miR-125b*,
let-7c, let-7b, miR-125a-5p # & ' miR-375) ([Z2>\ T, 6 Pid PDAC
Kras301 7 v F & 4 JE® Kras301 %M 7 v b O MMiE miRNA %
qRT-PCR 12 LV E& L7z (Table 2B), %9 ® 5 > miRNA LK OHEH D
7= qRT-PCR fHT Oxt G HERIM LTz, $72 5. (1) miR-466b & miR-878
Xt N TORENAHTH D, () FoWEOIFIEEET Iz T
miR-29a & miR-365 ORI L OWFEF miR-29a & miR-370 D3
BUK T OMERH D [43, 44]| IEasfEFH BV TER T 5 miRNA [ FRGER &
DIEN LS DIFFEIZ BN T HEE T 5 a[REtENH Y | FFEMEZ K< L L
72

Kras301 PDAC 7 v FEB LY Kras301 %7 v b O 1Mm{E miRNA %
qRT-PCR f##T L 7o/t . Kras301 %7 v MZH~T Kras301 PDAC 7 v
N® miR-375 OFBUIAEIZME L (Figure 3A), miR-30b-5p DHILTIHE
TIEARVRENI AR ENT, RT-PCR I T S 7zi> miRNA (%,
miRNA ~ A 7 a7 LA TIERBZPBO ORI bbb
qRT-PCR fi##T TITHILLDBO b2 >7-, miRNA v A 7 a7 LA fE

tr& gqRT-PCR T O ROAN—HDJFEAIL miRNA ~A 7 a7 LA fiffr o
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RWERREIZH D RN B 2 b,

3-5 miRNA ~A 7 a7 LAfEHT (5 v FERRD

4 Pt Kras301 PDAC 7 v N ORED AUk LY 4 PEod Kras301 XA
v N OIEF R 2 A EHE mIRNA ~ A 7 07 LA fighT 4 F0i L 7= (Table
2C), miR-375, miR-376a, miR-203, miR-541 ¥ X ' miR-369-5p % & ¢
% < ® miRNA FEHLEIZ N KR & IRk & O THEZDNRD b,
BEANRD b= —# D miRNA OF —4% % Table 2C 1277,

HEIRFEBIMAZRD H7z miR-541 B XY miR-369-5p 13 AR T
DB EITIME ) > 72, F£72, miR-155 K% 72 —7 ) miRNA v~ 177
VAW TE o7, 6 LD Kras301 PDAC 7 v kN DOEDS AsH
k¥ LT 4 Lo Kras301 xR T v FOEFKHEMKICIK TS miR-541,
miR-369-5b £ X' miR-155 % qRT-PCR fi#hT L7=fER. Wi d 5
MR LA THER VKRR I I 1 23BN @D - 72 (Table 2C 3 LY Figure 3B),
qRT-PCR AT T/n SN AFHRRIZ B 1T 2 miR-541 B XY miR-369-5p

DOIEBFEENL, miRNA ~A 7 a7 LA THEONT-MELFE U TH-o T2,

3-6 miRNA ~A 7 a7 LA ITERICY 7 Lz qRT-PCR f##r (7 v b
M%)
Fekifk D miRNA ~ A 7 0 7 LA fENTIZ I TREDS AUFHLRE & IE 5 Rk & o

M CHERIEBENED Bz miRNA © 95 18 il miRNA 225\ T, 6
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IE» Kras301 PDAC 7 v b & 4 oo Kras301 %R T v b OMiE % £ &
L7- qRT-PCR fi##T TR EZ EE L7- (Table 20C), f#HTx5 D miRNA I
WL B MCHFETET D, Kras301 PDAC 7 v MRS AFERRIC I TR LR
L7 14 f® miRNA ® 5 %, Kras301 PDAC 7 » bk I {& Tl
miR-369-5p, miR-376a, miR-203, miR-541, miR-31 3L miR-18a D%
BISHIM L, miR-369-5p, miR-376a 35 LT miR-203 OFBUEMITIAE TH
o 7= (Figure 3A), FENAFRE TR TFRR O BN 4 O miRNA (W34
%, Kras301 PDAC 7 v MIJEIZEB W TREZ(EDFEO Dotz
Kras301 PDAC 7 v MEN AR E Kras301 X T ~ b oI5 kAR &
DRI THEREIZENH 72 18 D miRNA ®H 5 6 fHd miRNA X
Kras301 PDAC 7 v FOIIEIZHBWTH Kras301 7 » MiLiE & DT
¥HEAEL, 209 H 3 O miRNA ORBETIAFE o=, ZOER
FRIZIZ, FHTRRO miRNA [TWFib e MIUFET DI E2EBET 5
LR L O IE 28R 975 miRNA fi##rid e b PDAC O ifiEi2 kN

AT~ —I—RRBIZAMTHDLZ LR LTV D,

B4 B

PDAC H3& O MmiEIc B\ TSR MBI E S TnD 4 o
miRNA (miR-21, miR-210, miR-155 # X ' miR-196a) ® 5 & 3 fH D
miRNA (miR-155, miR-21, miR-210) 7% Kras301 PDAC 7 » FOIMiEIZEH

WTHIENBEINML TWAZ R bhoT-, ZOREIT. RETFT/LEIAE K

33



PDAC D MiEZWi D7D DFBINAA F~— I —RBIZHAEHATHLZ L ERL
TW5,

Kras301 PDAC 7 v FLIFIZE W THERFIEHZEIEZTR LT miRNA @9
H miR-155, miR-375, miR-369-5p, miR-376a % L% miR-203 i, Kras301
PDAC 7 v FED AMRRICI W T MLE & RRZRFEBH LA R LI &b,
ZAHDOME miRNA OFRBEITHED AR TORBRELICHKT 5 L%
26Nz, ZHO miRNA ® 955 miR-155, miR-375, miR-376a L O
miR-203 |£ PDAC B3 DN AMMRIZ W TH RO FRBELE LD HE S
TW2% [34, 35,37, 38, 41], miRNA ORBIEITFN A LBEH L TEH Y [45],
miR-155 |% p53 DFBLZHNHI L. in vivo TEEN MO A REST 5 Z &
[46], miR-203 OFRBFEMILE MR AR L OKIGD A BE OAELFFE L ADMH
Bnd 52 ERAmEsnTnsd [41, 47, Mm% miR-375. miR-369-5p.
miR-376a ¥ L' miR-203 OFBZ(IT PDAC BHICHNTINE TIIH
HEmie<, v b PDAC BWiOmMGE A A~ —h—OFHEHTH 5, migh
® miR-155 & miR-203 3R A LA DR AT THIEIR BN 5 2 &
NHEINTEY (X, KA Y L oREIZB 5 miR-155, JHERD AIZ
F1F %5 miR-203 [48]), FED AN 2 Fr MRV, L2y L, miR-375 [49] 72
EOIEH R R A~ —h— L BB DD 2 L TR Z H 5
REfMMRTZ 5200 LivZeV, miR-375 (X, Kras301 PDAC 7 v MO IiEE
FOWED AR I B W TR ELZ 7~ L, PDAC B3 OFEN AR 31T 21836

BHoWEnH5 [35, 37, 38], L7=2-T, PDAC BEofd miR-375 FEH,
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FRTTSE TSNS,

FLH5 e, PDAC BEOMIFICEBWTHRBBMNAHEESNTND 4 HO
miRNA ® 5 5 3 ¢ miRNA 78 Kras301 PDAC 7 v FOIMiFIcE T
HENEIML TV, KoT, KETFTLEMIEE & PDAC ZEro#imig N
A I~ =N —EMOWRIZERTH D L HFF &5, Kras301 PDAC 7 > ki
TEIZB W TGRS b7 1fE miR-375, miR-369-5p, miR-376a 35 X' miR-203
DR BLZEAIL PDAC BFE TOHRENR WO, & & PDAC ZWroFiH 1

F~—H—EMTH D,
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¥ 3 = t hPDACET VT v hORAZRa I I AT BL RN T R

V7 k7 AR

H1HE s

AL R w7 AENTIES R 1,000 BLT QARG PEY £ M7 I fRT
T 5, MITICITERGERIEE (NMR), # A7 u~< k7T 7 41— (GC) H5HWViE
k7o~ 777 40— (LC) LiE# LA-EESIE MS) BAHVLRD, A
ZRa T AL, N A~ — T — OERFE, EWFRIREE O, EHEE
Yo AT LAOBRIZIR 172 — T D [60], fif, A # AR I 7 AfFHTIC X
D IR DFISERRIS A A A~ — I —p A sz [51],

AHFFETIE. 5 2 ETHUW - Kras301 PDAC 7 v b & Kras301 xtfR7
FoMiER LML ) v 2 =Ty NI AR a~ N7 T 7 0 —ER&oH
(GC-MS) BLUH—4 v b GC-MS IZTAZARE I 7 AENZITV, E b
PDAC OFHMIGE AN T~ — I —fiztRE L7z, EHI1Z, mRNA v 7 &
T LA LY RO mRNA @@ T2 F T 027 U R X

AT 2 S L 7=,

w28 MEE Ik
2-1 @&

¥ 2 mETHWE 6 Lo Kras301 PDAC 5 v FB IO 4 Lo Kras301
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SHRZ » R L7= V2 E L,

2-2  FEHERERP X OUE (Kras301 PDAC 5~ . Kras301 %t > )

B 2 EECHUERAE L2 Mg & MRk A6 L7,

2-3 MR F—4# /L RNA (Kras301 PDAC T v~ k. Kras301 X<~ )

% 2 ECHERME LSk b —% v RNA Z{FE/H L7,

2-4 mRNA ~A 7 a7 LA (5> ~EEHRAR

EFLFR D b — %1 RNA % T GeneChip System (Affymetrix, Santa
Clara, CA) 125D mRNA <A 7 07 LA fight (31,000 #ETF) L7z, 5ug
? h—% v RNA » 5. SuperScript II Wiz 5 R KO T7-oligo (dT) 77
A~—%H\T 1 KD cDNA %E8k L, Escherichia coli (E. coli) RNase
H., E coliDNA RV A Z7—€ 1T BLW E coliDNA UV H—E%EH T 2 K
5 cDNA Z# 5 L7-, 2 A8 cDNA 76 B4 F ik 1 A8 cRNA % 1E
L. 156 ug O EAF 45 cRNA Wb L7z, Wrhfb sl et F 4%
i 1 &84 cRNA % Rat Genome 230 2.0 7 LA IINA TV XA B — 3
L. 7 LA % R-Phycoerythrin Streptavidin (Molecular Probes, Eugenem
OR). GeneChip Hybridization, Wash X' Stain Kit (Affymetrix) TH(
BILOBEE ATV, BURHEEEIC L 82 RS 872, Affymetrix

Genechip Command Console (AGCC) # X O GeneChip Scanner 3000
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(Affymetrix) Z ANV TT LA ZAX v Lz, AF ¥ THOLNZA A=V T
7 A V% Affymetrix data suite A7 A Expression Console (EC) /X—
Var 1.1 T Lz, 55O EUE (Signal) 3 X U OIS
(Detection Call) ®»F—# #4%57-, Signal £/ % 100 & L CHEMNIEZEUE4L,

L7,

2-5 T INLOFE

GC-MS 7 D7 IRk IS L QTG 2 R O FNETHEMRL Uz, BEHAR
(45-84 mg) DEEZWME L, KB LRNRDE x12 BED AKX J —/1[K/10 mM
2-hydroxyundecanoic acid (800:100:1, v/v/v) IEEN TR v X —RkxE VT A
P—IZTHREVT A A LT, BEVT A Xk, 15,000 r.p.m., 4C (2T 10 4
0o BE L 72, i (50 pL) 1 x8 AED A KX — /L /K/10 mM
2-hydroxyundecanoic acid (800:100:1, v/v/v) &R Z WML CTHLZ 7287 L,
15,000 r.p.m., 4°C (2T 5 4l .0453HE L7z, 2-hydroxyundecanoic acid %
WEREE & U L7, 0o o B 200 L 2 EasH L. 10
mg/mL @ methoxylamine hydrochloride (Sigma-Aldrich) vV ¥ &% 30
L AFEELA L LCHRNLT 30C T 90 B4 v Fa—k Liz, 20
#%. N-methyl-N-(trimethylsilyDtrifluoroacetamide (GL Science. H () 30 pL

PEEM LA E LTEHRIML, 40°C T 30 A vF a2 X— K L7,

2-6 GC-MS H#r
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Agilent Technologies VF5-ms ¥ £°7 U —7 7 A (A 0.25 mm x 30 m,
7 4 VAR 0.25 um) % HV T Bruker Daltonics 1200 GC/MS/MS + A7 A
(Bruker Daltonics K.K.) (2T GC-MS 7p#7 L7z, FEAIREX 230C, ~V ¥
LA AOFGEIT 1 mL/4y e Uiz, BT A4 —7 0 OiREIX 2 57/ 60C T,
10C/y D s T 300C £ TEFSHE, ZORET b iR Lz, B
BT XLX— 70 kV TA AU 2RAESHE, m/z70~800 OFIFH TA 4 58

Z Rl LT,

2-7T T — S fRAT

GC-MS 5 —# % LineUp (Infometrix. Bothell, WA) & PiroTrans (GL
Science) (ZHY IAZ, NEREHEM)E 2-hydroxyundecanoic acid O t'— 7 5RJE
ERFR A LI GIC /e~ N T b LT, ol —27 U R ME
Pirouette ¥ 7 k7 =7 (Infometrix, Woodinville, WA) (ZH Y Az, LA
BRNT LTc, Z2EREMNTCIX, Z2< OFMEZRHSZERDT —F & W ITHHE
DEEND 2N EE ORI £ & O D FIETH D ER TN principal
component analysis (PCA) Z17\>, Kras301 PDAC 7 » k& Kras301 *if#
Zy FORE (T AZ—) HIFICHEGT LRBEDEZHE LT, 20 HEU LoE
FHEART NANRE— BT 57 —4%7 477 Y — NIST 05 Mass
Spectral Library (NIST) 7> SACHTFEY 2 HEHI L 7=, REHED OHERIZIHB W T
I FREA 2 7SR SSAB T A 77 DRI A, BHIZ LD 2A~7 b

DFAPME 2 7 L7z,
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2-8 Palmitoleic acid D[FE & &&=

Lk 2-7 o NIST THONZHEMPEL W ZRIET 57202
palmiteladic acid 3 X OZF D ERMEKRTH 5 palmitoleic acid OS5 (MP
Biomedicals, CA) % kD 2\ 3ufig & —fiz s v~ Noodr Lz, RHEE
Me 2 DOOREMOREIGME 7T 7 A2 Mo F — U N REED & [FE LT,

6 EOBEAEE (0.05~100 p.p.m.) @ palmitoleic acid vV ¥ ik % H
W CIEHLAR 3 X Mg o palmiteladic acid Z & L7=, v 7o
palmitoleic acid #4142 &t (total ion current, TIC) 7 v~ 7/ 7

LdDHWNT m/z311 BEZ o~ 7T AOEREMRE L 0 RH L=,

2-9  HERHFEAIMEAT

R FEMO Y — 7 mE, TEMB X OELE IO Signal Iz >V T
Kras301 PDAC 7 v k& Kras301 xff@7 v & DT Student @ ¢ fE
AT T2, AEM O B — 7 SREIZ OV T, AEZEN < Kras301 &R
> MZHA72 Kras301 PDAC 7 v FOZAEERD 1.5 5Ll LB IO 0.7 524

ToHGEITE TR XK HR Th 5 & Al L7,

%3 HI MR

3-1 GC-MS 7#r
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WerBRk & g DR FEAZ GC-MS TIC 7 r~ hZF 4% Figure 5 TR L
72 PEMEYEME ORI IZ VTR ORIEICB W T BRI L Th - 72, ek
EIMIED 7 v~ § 7T LN F— IR R R > Tz, AR X OE O
WL, Kras301 PDAC 7 v h & Kras301 #ET7 v hor v~ b7 T A

NG = ANTITER RIS ER DR BT,
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Figure 5. Typical GC/MS total ion current (TIC) chromatograms of serum and
pancreatic tissues from Kras301 control rats and Kras301 PDAC rats. A: Serum from
Kras301 control rats (black); serum from Kras301 PDAC rats (red); overlapping
chromatograms of serum from Kras301 control rats (black) and Kras301 PDAC rats
(red). B: Pancreatic tissues from Kras301 control rats (black); PDAC lesions from
Kras301 PDAC rats (red); overlapping chromatograms of pancreatic tissues from
Kras301 control rats (black) and Kras301 PDAC rats (red). The internal standard,
2-hydroxyundecanoic acid, was detected at RT=14.47(min).
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3-2 Kras301 PDAC 7 v FEB LD Kras301 xff7 v hToHRxar77m v k

Principal component analysis (PCA) 7 /L3 Y ALK B A7 ey b &
Figure 6 |2 L7=, PCA 74 3Y XAIREND 1 HOAIT 1 o
DODRWED EREZRLTHEY (RaT7 vy hOKRIT 1 EOT v FER
T EWAR LIV A E OB TWD Z & &R, Mg (Figure
6A) B X OEEM (Figure 6B) OWT o227 7 rm v Mt Kras301
PDAC 7 v b & Kras301 M7 v Fd 2 DORRLEE (7 T A% —) 125
PITW D, Ko T, REIEM T 07 7 A /WIESTZDD strain [ TR S 2

Enbnrot,
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Figure 6. Score plots of PCA based on the metabolite profile data of Kras301 PDAC
rats and Kras301 control rats. The rhombus plots (filled and open) indicate the results
for Kras301 PDAC rats (n = 6) and Kras301 control rats (n = 4), respectively. (A) Score
plots of PCA based on the metabolite profile data for pancreatic tissues discriminating
between Kras301 PDAC rats and Kras301 control rats. The principal components PC1
(t[1]) and PC2 (t[2]) described 59.6 and 14.9% of the variation. (B) Score plots of PCA
based on the metabolite profile data of serum discriminating between Kras301 PDAC

rats and Kras301 control rats. The principal components PC1 (t[1]) and PC2 (t[2])
described 32.8 and 18.0% of the variation.
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3-3 Kras301 PDAC 7 v FB XLV Kras301 {7 v hTor—F 177
= b

PCA 7Na Y XLz Tr—FT 477y baffkliz,n—7 427
Try MIED, 2ar ey MIBWTSTEDOD strain WD T A% —0
DEECTFE LTAHIEM 2R E L, T ORBPEM DOE T EHBEART M aET —
427477V —0 NIST LG LAEDEL, Za77ry MIBW TS
D strain D7 T 22— 4B 5 LT PR P KON 2381 5 A E
Y7z Table 3 IZ/R L7z, Kras301 X7 » MIxf4 %5 Kras301 PDAC 7 v

MZBT D RMED O ERNZLEL LV P 2 GC-MS @ TIC XvHEHL
7=,

K301 7 v MIFIZH1FT %5 aminomalonic acid, 2-aminoethyl dihydrogen
phosphate, citrate 35 & O lanthionine 23 & 72881, chenodeoxycholic acid
DM 2R Le, Los L, BEDS VKRR R 7 v T2 b ORETEMIX
A9, aminomalonic acid O &EIZHEITK T L7z,

WL ODDAEIIEDSEN AFERE TR L7z, 97295, palmitelaidic acid,
linoleic acid, octadecanoic acid, myristic acid, arachidonic acid ¥ X
hexadecanoic acid [ZHEIZIL T L., tridecanoic acid, 12-methyl-, methyl
ester 35 X" heptadecanoic acid (FMK MEMZR L7z, TSRO 5 5,
MmyETHILT L72H Dl palmitelaidic acid 3 X arachidonic acid T -
72

Palmitelaidic acid # X O arachidonic acid PAAMZHERAAR & g Ol 7 C
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Ak U= EW I 2(0H)-pyrimidinone T&Hh -7z, Z OWVE IR IZ B W
THEIZK T L, MiFIcsW TR MEm 4 7= L7,

Beta-alanine, xanthine X" uridine (XESHARICI W THIMND 5 U T
I W 2 R Le 2y, i T L 72 o 72, Aspartic acid .
alpha-glycerophosphoric acid . tyrosine . 2-monopalmitin . adenosine
monophosphate 3 X purine [FFEFRICIB WV TIR T L7223, M CIHET
L7ehoic,

LLED L5102, Ffilfkds L O Mg oRBHEHD O 7 v~ 7 A /Lid Kras301
PDAC 7 v h& Kras301 x{f&T7 v M & D TR S>TEY W< OO
PEMIN T 0 T 7 A N DFEFITE G LTz, £, Kras301 T v MM
% Kras301 PDAC 7 v MZIT 5 R PEY O I L EM R & (i O T4

FTLHFECTE N7,
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Table 3. Fold changes for the discriminatory metabolites characterizing PDAC tissues

and serum.
Retention Serum Pancreatic tissues
Metabolites time PDAC/Control PDAC/Control
(min) Fold p-values Fold p-values
changes changes
Threonine 10.37 1.2 # 0.373 1.3 0.330
Beta-alanine 10.94 ND 1.7 # 0.072
Aminomalonic acid 11.46 1.3 0.011* 0.8 # 0.019 *
Aspartic acid 12.07 1.3 0.106 0.7 # 0.005 *
Tridecanoic acid, 12-methyl-, 1453 ND 01 # 0051
methyl ester
Alpha-glycerophosphoric acid 14.79 1.4 0.060 0.8 # 0.000 *
2-Aminoethyl dihydrogen 5 1.2# 0.035% 1.0 0.257
phosphate
Citrate 15.40 1.3 # 0.017 * 1.2 0.522
Tyrosine 16.67 1.2 0.086 0.3 # 0.024 *
Xanthine 17.45 1.1 0.405 1.7 # 0.016 *
Palmitelaidic acid 17.54 0.6 # 0.002 * 0.1 # 0.001 *
Heptadecanoic acid 18.62 0.9 0.277 0.3 # 0.062
Linoleic acid 19.24 0.9 0.683 0.2 # 0.000 *
Octadecanoic acid 19.57 ND 0.7 # 0.001 *
Lanthionine 19.87 14 # 0.027 * 1.0 0.949
Myristic acid 20.46 0.9 0.138 0.1 # 0.020 *
Arachidonic acid 20.56 04 # 0.098 0.6 # 0.021 *
Uridine 21.22 ND 3.2 # 0.001 *
2-Monopalmitin 21.97 1.0 0.205 0.05 # 0.001 *
Hexadecanoic acid 22.22 0.9 0.203 0.1 # 0.038 *
2(1H)-Pyrimidinone 23.96 0.5 0.316 0.5 # 0.000 *
Adenosine monophosphate (AMP) 25.55 0.9 0.304 0.5 # 0.000 *
Purine 25.85 ND 0.4 # 0.000 *
Chenodeoxycholic acid 27.14 1.9 # 0.148 1.1 0.643
Sera and pancreatic tissues from Kras301 PDAC rats (n=6) and Kras301 control rats (n=4) were
analyzed.

ND: Peaks were not detected.

#: Metabolites that contributed to the differentiation of PDAC and control samples in the
analysis.

*: p-values lower than 0.05

3-4 1N Z AW ELER T palmitoleic acid DIRIE R L OVE &

PCA

|

Kras301 PDAC T v b OB X OMIEICB W TAHRBEITIK T L-HE

¥i%. NIST (2L ¥ palmitelaidic acid & H#EH| 7=, Z OHERI A2 MEET 57

O, palmitoleic acid 3 XY palmitelaidic acid #1454 & LT GC-MS 75471

AT o0, B OERFERHE 7T 7 XA b XZ = 6 R ED T

palmitoleic acid & [FlE &7z,
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TEBOEMREFA2Y 0.1~100 p.p.m. (R2=0.9857) @ palmitoleic acid DO
BpAE AW TH 7L palmitoleic acid % E & L 7=, BEEAE & M5 O E A
#] palmitoleic acid JEfE % Table 4 (Z/rk L7z, MEFHAED palmitoleic acid
F£1% Kras301 PDAC 7 v F3B KO Kras301 xf# 7 v hCTZhZEh 7.5+
4.6 B LW 266.51186.2 p.p.m., P fi =0.069 TH -7, MiF?D palmitoleic
acid J=JZI1% Kras301 PDAC 7 v B XU Kras301 xtf7 v hTEhEh

1.240.1 BELO 2.6+-0.8 p.p.m.. P=0.031 TH-7=.

Table 4. Concentration of palmitoleic acid in the tissue and serum of Kras301 control
rats and Kras301 PDAC rats.

Concentration in tissue Concentration in serum
(ppm#) p-values (ppm$) p-values
347.72 2.77
Kras?()l 490.90 266.5+186.2 3.65 2.6+0.8
C‘“tm“’ 127.08 : : 197 <
ra 100.33 2.10
10.58 1.15
2.01 0.96
Kras301 3.78 1.34 .
PDAC rat  13.77 7.5+4.6 0.069 198 1.240.1 0.031
4.97 1.09
10.18 1.20

# ppm is pg palmitoleic acid per g tissue.
$ ppm is ug palmitoleic acid per mL serum.
*: p-values lower than 0.05

3-5 fiEkERE LN TCA [EIFIZI T 2R FEY

WS DI DENIEE DD /KRR TIR T Lz, BN IIMERER I MR bE Rk g &
BT 5, £z, AAMMETIEMRE?Ho G ST 2IRE T b Ml E L
BT DBEMEMRRE DN BEE TN 5, 77205 glucose 57 H < lactate ~
LHi9 5 Warburg 203705, 23 UM O IR B 72 R3S & L TR b Tnd
[52, 53], L7=#3>T, 3-1 THLML GC-MS 7 v~ b7 7 MBI Dk

FB LD trichloroacetic acid (TCA) [BIF&IZBEE T HREHFED O B — 7 % PR
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L7z & Z A, glucose, pyruvate, lactate, succinate, fumarate, malate ¥
L OV alpha-keto-glutarate O —27 % HOIF 45 Z LD TE 72, ZiLHREHE
WISV T, Kras301 T v MIxd % Kras301 PDAC 7 v b O
BLOMF IR T 5 E@EY O &ENE(LFEZ GC-MS 7 u~ 7740 TIC
K DOEMH L7 (Table 5), W oR#EYH K301 PDAC 7 v b & K301
KT > N EORICAEZEITRR D 0> 7275, Kras301 PDAC 7 v bk DOREN
AURlA% TlE malate EOK TEMAY, 1fE TliE succinate DK MEM 2358

O BT,

Table 5. Fold changes of the putatively identified metabolites related to glycolysis and
the TCA cycle.

Retention Serum Pancreatic tissues

Metabolites time PDAC/Control PDAC/Control
(min) Fold p-values Fold p-values
changes changes

glucose 16.17 1.0 0.510 1.0 0.940
pyruvate 5.87 1.1 0.177 1.0 0.198
lactate 5.95 1.0 0.456 1.0 0.373
succinate 9.46 0.6 0.065 1.1 0.693
fumarate 9.62 1.1 0.144 ND
malate 11.67 0.9 0.803 0.7 0.054
alpha-keto-glutarate 12.75 1.0 0.832 0.8 0.631
Sera and pancreatic tissues from Kras301 PDAC rats (n=6) and Kras301 control rats (n=4) were

analyzed.
ND: Not detected.

3-6 fihER. TCA I, NEMIREERRL. 7 7% FUBREB LI OX 7 LA T
ROMRIZE T 5 mRNA FBl

FEDS AR & B MR 12 B 1T 5 31,000 Ef5 - mRNA #8lz~A 7
a7 LA RET LTz, fEFESR. TCA [EI3&, MR AERL. 7 7% RUmiR#Es
FOX 7 VA F FMEHZEES 2 BIs 122\ T, EEBERRRI S 2 BEDs A

#fk > mRNA FHIAL{=% Table 6 TR L7z,
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BEDS AR I W T, BRKIFRE R ICEIE 3 5 % < D51 (hexokinase
(Hk). glucose phosphate isomerase (Gpi). phosphofructokinase (Pfkp).
aldolase (Aldo). glyceraldehyde-3-phosphate dehydrogenase (Gapdh) .
phosphoglycerate kinase (Pgk). phosphoglycerate mutase (Pgam). enolase
(Eno) . pyruvate kinase (Pk) ¥ X % lactate dehydrogenase (Ldh)) o
mRNA FEAH M L, TCA FIRICEHET 5% < O#E{s 1 (pyruvate
dehydrogenase (Pdh). aconitase (Aco). isocitrate dehydrogenase (Idh2,
Idh3B. Idh3g). succinate-CoA ligase (Sucl). succinate dehydrogenase (Sdh)
B L malate dehydrogenase (Mdh)) @ mRNA FHAME T L=, fEhEEAE

AR RS 5 E£3 D adenosine triphosphate citrate lyase (Acly)?> mRNA
UMK T, fatty acid synthase (Fasn) @ mRNA FEHLIIHEM L7,

7 7% FUmHHZ BT, arachidonate 5-lipoxygenase (Alox5) {&EMAKIC
V3572 arachidonate 5-lipoxygenase activating protein (Alox5ap) @ mRNA
FEBLDSPED AR CHEIN L 7=,

Purine 1 X O pyrimidine X 7 L A4 F FREHICEET £ < DEE T
(hypoxanthine phosphoribosyltransferase (Hprt), guanine deaminase (Gda).
adenosine monophosphate deaminase (Ampd3), adenosine deaminase (Ada.
Adarb1, Adarb2). hypoxanthine phosphoribosyltransferase (Hprt), xanthine
dehydrogenase (Xdh) . cytidine deaminase (Cda) ¥ X % uridine
phosphorylase (Upp)) @ mRNA FBLNEEM L7z, LA L. pyrimidine X7

A F K fiE @ betaalanine L Y T OMREICE T 5 & F
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(glutamic-pyruvate transaminase (Gpt)3 X % aldehydo dehydrogenase
(Aldh6A1)) ® mRNA FEHUTET L7z,
Abat, Alox5. Dpyd. Dpys. Nt5, Uox # X Upd EI& 22V Tid mRNA

FEBEDEEIAR D Tolod R E IEMECEHR T 5 Z LITR#ETH - 72,
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Table 6. Microarray anlysis of mRNA from pancreatic tissues from Kras301 control

rats and Kras301 PDAC rats.

g;:;iol gﬁg{isfgtatwe Gene Title Fold p-value
Abat U29701 4-aminobutyrate aminotransferase 0.0 0.077 §
Acly NM_016987 ATP citrate lyase 0.6 0.000 *
Aco2 NM_024398 aconitase 2, mitochondrial 0.6 0.000 *
Ada NM_130399 adenosine deaminase 3.9 0.000 *
Adar NM_031006 adenosine deaminase, RNA-specific 0.4 0.018 *
Adar BI292196 adenosine deaminase, RNA-specific 0.8 0.408
Adarb1 NM_012894 adenosine deaminase, RNA-specific, Bl 0.6 0.294
Adarb1 AW253867 adenosine deaminase, RNA-specific, Bl 0.1 0.066
Adarb1 AW522471 adenosine deaminase, RNA-specific, Bl 3.4 0.000 *
Adarb2 NM_133302 adenosine deaminase, RNA-specific, B2 3.3 0.012 *
Adat3 AT029510 adenosine deamipgse, tRNA-specific 3, TAD3 0.4 0139
homolog (S. cerevisiae)
Aldh6al NM_031057 aldehyde dehydrogenase 6 family, member A1 0.2 0.001 *
Aldoa NM_012495 aldolase A, fructose-bisphosphate 4.0 0.001 *
Aldob M10149 aldolase B, fructose-bisphosphate 0.0 0.146
Aldoc NM_012497 aldolase C, fructose-bisphosphate 0.6 0.100
Aloxb NM_012822 arachidonate 5-lipoxygenase 2.1 0.081 §
Aloxbap NM_017260 arachidonate 5-lipoxygenase activating protein 3.0 0.000 *
Ampd1 J02811 ?denosine monophosphate  deaminase 1 08 0.707
isoform M)
Ampd2 BE111787 ?denosine monophosphate  deaminase 2 0.7 0.029 *
isoform L)
Ampd2 BE100752 ?denosine monophosphate  deaminase 2 15 0.068
isoform L)
Ampd3 NM_031544 adenosine monophosphate deaminase 3 2.6 0.006 *
Cda AA859352 cytidine deaminase 2.7 0.031 *
Cs NM_130755 citrate synthase 1.1 0.119
Cs AI009657 citrate synthase 1.2 0.020 *
Cs H33235 citrate synthase 1.3 0.013 *
Dpyd NM_031027 dihydropyrimidine dehydrogenase 0.2 0.106 §
Dpys NM_031705 dihydropyrimidinase 0.0 0.377 §
Enol NM_012554 enolase 1, (alpha) 3.7 0.000 *
Eno2 AF019973 enolase 2, gamma, neuronal 5.9 0.000 *
Eno3 NM_012949 enolase 3, beta, muscle 0.7 0.457
Fasn NM_017332 fatty acid synthase 0.8 0.433
Fasn AI179334 fatty acid synthase 2.1 0.000 *
Fhi NM_017005 fumarate hydratase 1 0.9 0.355
Gapdh %ﬂFé(_Rat_GAP glyceraldehyde-3-phosphate dehydrogenase 3.0 0.001 *
Gapdh %ﬂFé(_Rat_GAP glyceraldehyde-3-phosphate dehydrogenase 2.7 0.003 *
Gapdh %ﬂF)l\(A_Rat_GAP glyceraldehyde-3-phosphate dehydrogenase 2.6 0.003 *
Gapdh /// glyceraldehyde-3-phosphate dehydrogenase ///
Gapdh-ps NM_017008 glyceraldehyde-3-phosphate dehydrogenase, 4.0 0.001 *
2 pseudogene 2
Gek NM_012565 glucokinase 0.3 0.152
Gda AF245172 guanine deaminase 3.8 0.001 *
Got1 D00252 glutamic-oxal(?acetic transaminase 1, soluble 11 0.589
(aspartate aminotransferase 1)
Got2 NM 013177 glutamic-oxaloacetic transaminase 2, 91 0.002 *

mitochondrial (aspartate aminotransferase 2)

Pancreatic tisses derived from Kras301 PDAC rats (n=6) and Kras301 control rats (n=4) were

analyzed.

§: Expression levels were too low to be analyzed accurately by microarrya analysis

*: p-values lower than 0.05.
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Table 6 (continued). Microarray anlysis of mRNA from pancreatic tissues from
Kras301 control rats and Kras301 PDAC rats.

Gene Representative

Symbol  Public ID Gene Title Fold p-value

glutamic-oxaloacetic transaminase 2,
mitochondrial (aspartate aminotransferase 2)

Got2 u /Il similar to Aspartate aminotransferase,
LOC2977 . . .
mitochondrial precursor (Transaminase A) %
93 /Il BI296539 . 1.6 0.029
(Glutamate oxaloacetate transaminase 2) ///
LOC3141 .. .
923 similar to Aspartate aminotransferase,
mitochondrial precursor (Transaminase A)
(Glutamate oxaloacetate transaminase 2)
Gpd1l NM_022215 glycerol-3-phosphate dehydrogenase 1 (soluble) 1.3 0.737
Gpd1l BI277042 glycerol-3-phosphate dehydrogenase 1 (soluble) 0.3 0.048 *
Gpi BI283882 glucose phosphate isomerase 3.9 0.000 *
Gpt NM 031039 glutcamlc-pyruvate transaminase  (alanine 0.1 0.009 *
aminotransferase)
Hk1 NM_012734 hexokinase 1 0.8 0.476
Hk1 AFFX_Rat Hex 1o\ kinase 1 24 0.056
okinase_3
Hk1 AFFX Rat Hex . okinase 1 0.8  0.559
okinase_5
Hk1 AFFX Rat Hex . rinase 1 0.7 0.319
okinase_M
Hk2 NM_012735 hexokinase 2 1.3 0.366
Hk2 BI294137 Hexokinase 2 1.8 0.001 *
Hprt1 M86443 hypoxanthine phosphoribosyltransferase 1 1.3 0.047 *
I1dho AT172491 15(?01trate . dehydrogenase 2 (NADP+), 0.5 0.000 *
mitochondrial
Idh3a NM_053638 isocitrate dehydrogenase 3 (NAD+) alpha 2.3 0.001 *
Idh3B AI171793 isocitrate dehydrogenase 3 (NAD+) beta 0.7 0.000 *
Idh3g BI277627 isocitrate dehydrogenase 3 (NAD), gamma 0.6 0.001 *
Ldha NM_017025 lactate dehydrogenase A 2.6 0.004 *
Ldhb AA848319 lactate dehydrogenase B 2.3 0.005 *
Ldhc NM_017266 lactate dehydrogenase C 0.4 0.334
Ldhd Al145761 lactate dehydrogenase D 0.7 0.380
Ldhd AI501131 lactate dehydrogenase D 0.4 0.051
Mdh1 NM_033235 malate dehydrogenase 1, NAD (soluble) 0.6 0.003 *
Mdh1 BG671530 Malate dehydrogenase 1, NAD (soluble) 0.6 0.004 *
Mdh2 NM_031151 malate dehydrogenase 2, NAD (mitochondrial) 0.6 0.009 *
Mel M30596 malic enzyme 1, NADP(+)-dependent, cytosolic 3.1 0.003 *
Mel NM_012600 malic enzyme 1, NADP(+)-dependent, cytosolic 2.0 0.035 *
Nt5c3 AlI409146 5'-nucleotidase, cytosolic III 0.8 0.151
Nt5ce3l BF412799 5'-nucleotidase, cytosolic III-like 0.9 0.360
Ntbe NM_021576 5' nucleotidase, ecto 1.1 0.745
Ntbe BI289470 5' nucleotidase, ecto 1.1 0.696
Pancreatic tisses derived from Kras301 PDAC rats (n=6) and Kras301 control rats (n=4) were
analyzed.

§: Expression levels were too low to be analyzed accurately by microarrya analysis
*: p-values lower than 0.05.

53



Table 6 (continued). Microarray anlysis of mRNA from pancreatic tissues from
Kras301 control rats and Kras301 PDAC rats.

g;;iol Eﬁg{isizgtatlve Gene Title Fold p-value
Ntbm AA819763 5' 3'-nucleotidase, mitochondrial 2.6 0.052
Oedh BI277513 oxoglutarate (alpha-ketoglutarate) 13 0.004 *
g dehydrogenase (lipoamide) ’ ’
Oedh BE103050 Oxoglutarate (alpha-ketoglutarate) 1.0 0.968
g dehydrogenase (lipoamide) ’ ’
Pc NM_012744 pyruvate carboxylase 0.4 0.016 *
Pdhal Al411413 pyruvate dehydrogenase (lipoamide) alpha 1 0.7 0.005 *
Pdhal BF561717 pyruvate dehydrogenase (lipoamide) alpha 1 0.5 0.006 *
Pdha2 NM_053994 pyruvate dehydrogenase (lipoamide) alpha 2 0.1 0.302
Pdhb BM389223 pyruvate dehydrogenase (lipoamide) beta 0.4 0.001 *
Pfkl NM_013190 phosphofructokinase, liver 1.0 0.952
Pfkm NM_031715 phosphofructokinase, muscle 0.8 0.001 *
Pfkm AI071717 phosphofructokinase, muscle 0.3 0.143
Pfkm BI291434 phosphofructokinase, muscle 0.4 0.165
Ptkp BM389769 phosphofructokinase, platelet 3.5 0.001 *
Pgaml NM_053290 phosphoglycerate mutase 1 (brain) 1.8 0.004 *
Pgam?2 NM_017328 phosphoglycerate mutase 2 (muscle) 0.7 0.287
Pgkl NM_053291 phosphoglycerate kinase 1 0.3 0.131
Pgkl NM_053291 phosphoglycerate kinase 1 3.4 0.005 *
Pgk1l BI279760 phosphoglycerate kinase 1 2.2 0.011 *
Pklr NM_012624 pyruvate kinase, liver and RBC 0.1 0.207
Pklr M17685 pyruvate kinase, liver and RBC 0.3 0.273
Pkm2 NM_053297 pyruvate kinase, muscle 7.7 0.001 *
Sdha NM._ 130428 succinate .dehydrogenase complex, subunit A, 08 0.009 *
flavoprotein (Fp)
Sdhb AT172320 §uccmate dehydrogenase complex, subunit B, 0.9 0.099
iron sulfur (Ip)
Sdhe AT009817 succinate dehydrogenase complex, subunit C, 0.7 0.001 *
integral membrane protein ’ ’
Sdhd AT410703 succinate dehydrogenase complex, subunit D, 10 0.911
integral membrane protein ’ ’
Sdhd AT176608 succinate dehydrogenase complex, subunit D, 0.8 0.009 *
integral membrane protein ’ ’
Sucla? BF412750 succmfate-CoA ligase, ADP-forming, beta 0.9 0.680
subunit
Sucla? H31112 succmfate-CoA ligase, ADP-forming, beta 06 0596
subunit
Sucla? AA923932 succmfate-CoA ligase, ADP-forming, beta 0.7 0.001 *
subunit
Suclgl NM_053752 succinate-CoA ligase, alpha subunit 0.5 0.000 *
Suclg2 AI237518 succmfate-CoA ligase, GDP-forming, beta 0.4 0.000 *
subunit
Tpil NM_022922 triosephosphate isomerase 1 3.0 0.001 *
Uox M24396 urate oxidase 0.1 0.221 §
Upbl NM_053845 ureidopropionase, beta 0.1 0.387 §
Uppl BI292558 uridine phosphorylase 1 9.8 0.000 *
Xdh NM_017154 xanthine dehydrogenase 2.5 0.001 *

Pancreatic tisses derived from Kras301 PDAC rats (n=6) and Kras301 control rats (n=4) were

analyzed.

§: Expression levels were too low to be analyzed accurately by microarrya analysis

*: p-values lower than 0.05.
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37 AZARuIIAFTBLO LT 27 YT b7 A M OFA T

AZRE I T AFRB IO T 27 U7 b7 AT &AL TR R
% Figure 7 12 L7, I ES L mRNA %8 Kras301 xtf 7 v k
& Kras301 PDAC 7 v ML OBICEWTHEENRD bl b DIFELL
CEEHIm L7z, Eio. AEENR S, EMER (R 1.5 FULE) BRI
A (EE 0.7 FLUT) 27 LERBPEIZOVWTHZNZENIEINE X
DMK L7z &34 L 72,

DS AR N T BEROIRRE R IS BEE T 5 % < DE{s 7 mRNA #EH
BHEIL, TCA [HHEICEEET 5% < OEIn O mRNA BEHPET L7
(Figure 7A), Malate DK F 28D L7243, glucose, pyruvale ¥ 2 Y
lactate DA LITFRO Do T, BIIEEASHIZEE T 5 5HEO
adenosine triphosphate citrate lyase (Acly) ® mRNA FILUIIK T, fatty
acid synthase (Fasn) @ mRNA ZEIIHEM L, W< O OREE O &K T
L7= (Figure 7A),

Arachidonate 5-lipoxygenase (Alox5) % 41k (2 & % 72 arachidonate
5-lipoxygenase activating protein (Alox5ap) @ mRNA I AKHRE T
Hm U7z (Figure 7B), 7 7% R BRI 235V T arachidonic acid 1%
linoleic acid & ¥ &AL 4L, Aloxb 12 &L - T leukotriene ~REH &b, L
7215 T, Aloxbap @ mRNA FEITIHENNIIEED AARRE D linoleic acid &35 L
' arachidonic acid E2O(E T EEE L TV D00 LiLzeuy,

BED AUFRRIZ BT, purine B L pyrimidine X 7 L AT R4y fiF (2 BHE

55



T 5% < OEME O mRNA FENEML7Z Figure 70), L L.

pyrimidine X 7 L4 F R43fiED beta-alanine XV FiK ORI 2 &
+® mRNA EHIFET L, ZhboZlid, BAAMKICK TS
adenosine monophosphate ™1& . xanthine, uridine & beta-alanine D

MEW S RBPAREIZBIE L TV D00 L7y,

Gpi
(A) LS <> <«2E— glucose
AV Pfk Gcek
Aldo
TH' Glycolysis
tGapdh
pd

Alpha-glycerophosphoric acid

Got ¥ Pk
aspartate lactate Jﬂ’ pyruvate 4L malate
|
v
pyruvate

aspartate Pc Mdh
Got / #Pdh

A/Mdh Cs
malate T

Fft citrate —— P citrate ——p> > <>

Acly Fasn

TCAcycle #ACO l
Sdf@ Fatty acid .
1dh /1dh biosynthesis ~ fatty acids
succinate
WCA' alpha-ketoglutarate
A Oyan
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(B)

Arachidonic acid metabolism

Linoleic Acid

i

Arachidonic Acid

(C) Purine nucleotide degradation
guanosine
Hprt f Hprt
v N v
G_da> xanthine 4&
Xdh
>
Pyrimidine nucleotide degradation
Cda idi U
—=aa_, uridine pp ; I I
Figure 7.

Ampd

AMP
Ampd

Ada
Ada

ﬁlthAl

l

4——)p Beta-alanine
Gpt

Schematic representations of the most relevant metabolic and
transcriptional differences in pancreatic tissues between Kras301 PDAC rats and
Kras301 control rats. Red, higher concentration in Kras301 PDAC rats. Blue, lower
concentration in Kras301 PDAC rats. Black, not changed. Grey, not determined or
unclear. 1 Pfkp was increased while Pfkm was decreased. 2 Idh3a was increased while
Idh2, Idh3B, and Idh3g were decreased. 3 Ampd3 was increased while Ampd2 was
decreased. 4 Ada, Adarb1, and Adarb2 were increased while Adar was decreased.
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%4 i #

P

o=y b GCMS AZARu 7 AT —42 D PCA A7 7 ny
NI, B MR, EREMERS L OmEOWThIZEN T, Kras30l
PDAC 7 v b & Kras301 7 v b7 724 —FH 6T EEL, A # R
B—AT a7y A NPRILD T ERDhoT,

DU T AE—OHBECE G LT-REEY & LT palmitoleic acid &3,
Kras301 PDAC 7 v FOIMETHEIZK T L, FES AR CIK MEm 27 L
72, Palmitoleic acid | palmitic acid 7>HAEAR S5 E / REFENEE T
& %, Palmitoleic acid X7 » FOEEHIE £ 572, palmitoleic acid &
DAL TIZHLE 2> B OWIUR TSR T 22000 LRV, £ 5 TH AT
& IMIFICH 1T % palmitoleic acid &K FIEIFRREE & B 2 L5725, D A
AZ BT DR T IZMIF IR THEE Th -2, BENAMIRD palmitoleic acid
DR TP IFAEEZEZDRBD o725, Kras301 PDAC 7 v F CTOfEEIX
13.77 p.p.m., Kras301 xf7 v F O&KEIZ 100.33 p.p.m. THY ., 7 5D
ENboTz, ZTNHDZ L, BENAMERIZIIT S palmitoleic acid DK
T, MGICBTL2E TR LEEZZOND, LoT, MEFD
palmitoleic acid 13t b PDAC ZWrONA F~—D—L720 9 5,

Z DMz 2 O EY . arachidonic acid & 2(1H)-pyrimidinone 723
Kras301 PDAC 7 > kO AR L OCMIFICB W TR 95 2 LR S
iz, T OREEM IR AVFRICB D TARICIKT L, migicsn» TR

TMEMZ R LTz, 77 % UK IZ88 V)T arachidonic acid 13 linoleic
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acid LV AARK S, Aloxb 12X > T leukotriene ~fRE#Hf &5, Aloxbap

I% Alox5 DOIEMALIZHETH D, L7ch > T, Kras301 PDAC 7 > F DN
AFEFRICE 1T D arachidonic acid &L FIZEN AMRRICEBIT D Aloxbap
B mRNA BEEMEBE L TWD00h Lty 28725 Aloxbap
DIEBHMIT LV Aloxb 2 IEMAL S VBN AL T @ linoleic acid &
arachidonic acid BEME T L7 &EZ 65026 ThDH, LA L, linoleic acid
& arachidonic acid IZMENEMETH D Z &6, HLE D D OWRIK FIZ
ERT 252 H Liv7Zely, Linoleic acid & arachidonic acid DX F237 7% K
YRR ISR T2 00 H 5 WIFHELE 2 b OWRIUE FIZEER 92 07
MR UETH D,

S /KR IETE DR OO E D3, de novo IRIIEE L TH D [54], Fix DN
MEBIORZENL ORINABREIZBW T, RIBRA A KEEZE (Aacetyl-CoA
carboxylase, Acly 3L O Fasn) (X5 citrate 7>5 D de novo RRIGFR A
WMMEES D [54], Lov L, REFZETIEW < D0 O IR IATE RN ARRRIZ 3
WTIRT L7z, Acly OFBUK T MENIBR G R DIK T 25558 L2 ATRENEN B 2

DS AUHBREHE T D O RFE DS . DS AUMIIE DY glucose Z 3 1X° <A L THEIC
lactate ~ZH#ad 25 Warburg ZWEDIFETH D [62, 53], ANMER A, KIEH
ABXOE RN AREON MM X OMIEICEIT 5 glucose DK T [55
56, 1 L OMEN A BFMIFIZH T S lactate BOIKT [57] 72 EBHAE ST
WD, AWIED T A7 VT R 7 AfEHTCIEL Kras301 PDAC 7 v b Ofj

AR B8 1T 2 BRI MRS R DR L LY TCA [ oMl 23 7R S
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727, glucose EDILTFI L lactate DL Kras301 PDAC T v F®
WS Aok ds L OMMTE A A BE & L 72 fi#AT TIERE O B LR o 72, Glucose 6 X
W lactate (& Warburg 2N 6N > 72BHIX, 7>~ FTO PDAC %
AENSEVIIRE (<2 B TIENA DT glucose &X° lactate & A fHEL
THIEZERD TR S 5,

Kras301 PDAC 7 v FZEBWT glucose &X° lactate EDLEIFED 5
e r o728 palmitoleic acid EDZEENDRIE I N2 WD T &3, EITHA
DHRETHR BN S glucose X° lactate D EMRZEH) [55-57] %, 23 ANHEST
LTWARWEE (BLOET 8 1BV TRDR< &, palmitoleic acid
BEOEMEZRD L AREMENRE 2 HiLD,

B ARLEKIC B T 2 X 7 L AT FAEHIBED 210 < 20 OBER O mRNA
FEOWEM, BLOX 7 VAT FofEEW D xanthine, uridine 3 L OF
beta-alanine & OHIMIL, BN AT D X 7 L AT R ONEE % 7~
LTS, X7 AT RoOEEIL, A MR 5 BERR G R O TUE I
K+2E&EBZBND,

JHH R D 7254 Td 5 chenodeoxycholic acid &74% Kras301 PDAC &
> NOMETEINT 5 Z EnmmeEivie, ZoOFTiX, Urayama HIC X 51
W ABEMIED A Z R e I 7 ZFEHT T O taurocholic acid # &
tauroursodeoxycholic acid EDHMMB RS NIfER E L TWD [58],

F LD L, Kras301 PDAC 7 v MILJED A Z AR v I 7 2t TERAYRK

FARIE S 17 palmitoleic acid (£, & v PDAC D2 Wi A 4~ — b —Ehf
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12720 9 %, 5612, Kras301 PDAC 7 v MENAKREKO v Z7 27 U 7 |
2 AITICR O T, IR R B L ONX 7 LATF R{GHL, TCA [, 7
7 F FOBAAHICREET 20V < O DB DRI Ok o7z, 2O DR
FIE, B FOREDAERICE T 55 AT LAOERFN O B 5 O

A CHEERIEBEMATH S,
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AHFFECTIE, B » PDAC €7 /7 v b (Hras250 3 L' Kras301 PDAC
Z v b)) BB LA K OMIEIZOWT, e T A X 7 AT GF 1
). miRNA gt (GF 2 |), AZ AR I 7 AfTELIRNN 7227 ) 7 h 3
7 Afgpr (5 3 ) EAiT-o7z.

a4 I 7 AENTTIE, Hras250 PDAC 7 v ks OFED AR X ONER
PSR O 7 a7 A — L7 a7 7 A V2l U, FEDS KRR 35 TR B BN
Lics ™7 30 flZRE L, 30 fHOZ X7 dH5E 21 fHok FAER
THENRTZIE, B FOBENRABICIBIT 2RBEENAHREINTED,
Hras250 PDAC 7 v bB LU FOREN AR TO X 7 BB T0 7 74
VBB LTS Z LRI ST,

miRNA f##7 T, Kras301 PDAC 7 v N O N AMHEE L OGO
miRNA #8717 7 A4 V% Kras301 ®R7 v h g L7z, FERABRED
M BV THREDENT 2 Z L RHRESNTND 4 fHDO miRNA O 955,
3 > miRNA 7% Kras301 PDAC 7 > MO MIEICHWTHIIAEML 7=,
Kras301 PDAC 7 v k LENRABEZEOIM T miRNA OB 707 7 A LiX
HLLLTRBY, AEF/LT v bdt b PDAC D= DFB A A~—T
—ERERICEHATH D Z Era vz, £7-. Kras301 PDAC 7 v hoifn
THIZBWT miR-375 OFBUL T, miR-369-5p, miR-376a ¥ L' miR-203

DORBIEMBFRDO ble, Zbidt b PDAC OFHUIMIE A 4~ — I — 15
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HWThod,

A& Ra 7 AENTClE. Kras301 PDAC 7 v k ORFEN AFRRE L O G
EMENCATER IS ISR T 2 REED O BE{L%E Kras301 &R T v k& g
L7, Kras301 PDAC J v F® M523 T palmitoleic acid DK F 2375
&7 Z 12 LY palmitoleic acid (Xt N PDAC WD 7= O
WA F~v—A—EfeEZ N, £lo, RET LT v MIt N OPEN AR

B DEFENH S AT LOKREZIFET DO 2 THEATH D,

N7 A7 VT 7 AEFTCIE, Kras301 PDAC 7 » b OBEN AR D

mRNA #8707 7 A V% Kras301 xtF&7 v b OIEF LR & i L7z,
PED AFRRRIC BT D FKMAFE R B L OX 7 LA T FREHICE D D # 510
mRNA OFBUFENN, TCA EKIZED 2 EInF D mRNA OFBUX T 5
iz, MZ T, IEMEAHICBE T 2510 mRNA BELOZ{L (Acly &
(B CIFHBUX T, Fasn BAZFTIZEBBEMN, 7 7 % FUmBRHICEET 2
Aloxbap HEin+® mRNA FIEIEMNAFRD Hivlc, A XA v I 7 Affffre 7
YAY YT NI AR OFA L, BERAERIZIS T 2SRRI BE Loy
B AT DO,

INSOEOMHTICE Y, B b PDAC £F /L7 v FAE b PDAC O
NS T~ — I — R OWRICAMNTH S Z EMFEH STz, EERIZ, AF%E
IZBWV T miR-375, miR-369-5p, miR-376a, miR-203 ¥ X % palmitoleic
acid 2t PDAC OMmAIZHE T DHHANAA A~ —I—ME LTRIE S

oo . TNOHHINA A~ —I—EMOFEMEL, & FoMmRY 7 ra
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AWTHGEET 20 E RS A 9,

AL THWZ PDAC E7 V7 v ORI AR ITHBERERFICE Fo
Panln EHRILCTWAHZ L6, PDAC £F7/V7 v h ORI AIRE & E#IC
BT 52212k, B Panln RBHINADAAL <~ — T —EM 2 TRET
LHTEMAMBTHDL EERZDBND, EHIZ, PDAC E7 VT v bDA I 7 A fif
PriZ. & F PDAC DORZWrLIGRENRHIE DA A~ — I —DOPRRIZT T <,

& & PDAC DIEMNAMKFF OfFI-CRIZBIFEIC RS Z E IR S LD,
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