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20144EE  AFERILI({ P = A b

rasH2= 7 A DFEBAMEIE X 7 R a — LENT

REEH A4 s

R X

HE

AR EEHEGEEFERZREBITILICADREL, FEFRMELERT 200 BECER 2RV ETRERTH
3, 7T LBBHRALPBPECL VRS D, BRI EETHS. 2070, FE, MKPERE A
THILTHAORMEREZ BIE L LRIEA TS, K RPICEBEIZ T 72 DI 139 A OEITICHE ) R ED
DORERFIZMEHSDICT B LVEETH 570, BHRTE, BADEFNL Y ARAVTE FTRITH 2 L2
L WEDBABRO MR ORERIIECORE & FRBANL T v —h —BEEZHWE LTTo 1,

AHECH G rasH2= 7 21k, &+ 70 FBeHarasB8BTF2EA LI VA 22y 220 ATHH, MNUKRS
BIBEMIZ0% DL LB 2 RIET 3 BADETATIRATH 5, ELRED S KHBARE : T2 268 °E
BTH5ZLBHRS LD, BBABBOBEDRHR NS —h —HFRICEL TV 3, rasH2< 7 A (0=60)&non Tg= "
A (n=20)% F V> C 2658 B IR 5 A MR SVER 2 1T R I MUAE 2 4R L 72, 7388 5 33 #0268 0 ) 57, 9,
13, 15, 17, 19, 25, 33BEEDMIE (=431 5 REYW % M L, CE-TOFMSIZ X Y PIERfT o 1.

MR RRED 2 RE L 72 /EE, non Tge VR LrasH2w 7 ADMERRI|I T 7 7 A LD3ER 5 T eghol,
non Tge 7 R LWL CrasH2w 7 A D MFRREFYIL, BAMEE EEEE2 LR -ATHRLEARCEREY
pyruvate DA & lactate DIFMAIA S N7z 2 L 925, rasH2? 7 R ZFEBAE ~NDOESZEN L35 720 Tldk L, BAM
FUOEWREHMRETH 5 Z E BRI I N, o, rasH2= 7 A TIRFEDARBICHECIERRI 70 7 74 DB L
Tz, Filcholine® 7 = / BRoRilL, VARER: SrasH2w 7 AR L il L CRIEEHTERCHI L, 2ho2HVT
ROCHIFRZEH L 72558, AUCHEHDOIU ETH oI &6, ITNOTYWHEEZEIT 3 2 L CRBARREZZSHHE S
ARSI I Nk,

Keywords : rasH2 ¥ 7 A, #3A, CE-TOF/MS, X¥Ru—A
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1 ¥

DA & EHAMMBDIER Lk BB AN TERFICHET 2 2 ik, ERLESBELHF2EROZ LT
5. PAMBBEFMEIEEFEREZBITI LTIV RET 2, AIEEHEB~OBRE, MEPY v K2 EL T
BBE2TILICKDETL, SMEAECEREIC L 3BMERFISRITILIIDE L 2BIEELLDS. B
£, HAOEHDEMNZEDZOBNATHY, HEACBOLTREHOE I CREEROB L 21300 E 00
Tdb 5 (A H%.2013; Thun er al.,2010), EBE2SABFFEHEE (International agency for research on cancer ; IARC)Z3%3 L 7=
WORLD CANCER REPORT 2008i= & % &, 20085 iZhSA L BMIE N AIZI270A, FBTHIZT60A, HEDLREIL2500

ALHEFHSNTED, 2030521354 L BW S N5 N3220055 A, DA BEDOREIZT5005 A £ T 5 (Bray e
al.,, 2012; Popat et al., 2013), 58 b BEROMMB TR NENAICN LT, BHRE - RHREOZESEECTHD,
HDARKED A, AbiA, WAL VoS OBATRBIFER - REAHIC X 2 PREEDEEROE FTHEE X
T V> B (Patru et al., 2013; Rebecca et al., 2012),

GH, BAORMBW L HIN L L THEERZHLNESRESTONATV 2, o OFHIZEEN - BRNEE:
REWED, L) SGEH - BUoWEEZRIEL 252 2 BARRBKESRONTHE, Z2OFED—DII LT
v—A—ZHNH L, N AN — L BEROBBRPICEINIYETHY, LEROEYENELE ERICEE
THEBEERDIYWED L THS, IHE, VBAORYBEIHEEL LY BIRFYL L OpFEIhTBY, EALD
EATYRS, 2011EICKOFE)SFIF L2 MiEh 7 S/ BOBE NS v AL SHMisA, EiA, KBHBA, LA,
BIZRDA DI R 2BWT 57 2 /4 V57 v 7 ZOBESR BB X L Miyagi ef al., 2011), ¥7-, KEGHAEER
XWRE LM X 5 R0 — LD 584 F 2 — 5 —f8#l & LC2-hydroxybutyrate, aspartic acid, kynurenine, cystamine
BROP>T B(Nishivmi et al, 2012), —HT, BADETICE VREYBED L HIZBILT 200 EERLHS Iic
BoTELY, kD RMICEBTIRMUYEHASHICT 52 LT, Firh L Fv—h —BHOKERDHADETO X
AZRALRRICEFEE TS LHFTE S, 220, APETIE, b TRIFENEETDH 2 HBBABBIB T3R80
KRB OBRAL NL A2 —h~BEEZHN L L, THRETOSVHEERPENAME ORI, RELLEBA
R & oo T RER  DOrasH2(CB6F1-Tg rasH2)? 7 A (n=60) &non Tg(CB6F1-non transgenic)< 7 A (n=20) ML Dl
E B RTo BRI OWLTHET 5,

2 BRETE
2.1 CBO6F1-Tg rasH2< 7 A

rasH2= 7 A1, 19894 1 EEREIY o R 75 AT (central
institute for experimental animals ; CIEA)Z & D PR X 7z b
FIVAY 2y R VATHY, E PEMRROE M B
A do@oni-e 7 a +BIWAERE Fc-Ha-rashSBA
TV B (Yamamoto et al., 1996), DSASBEFZEA LKL Z
ETCHRVBABZESEE D, 8, 7SEMREL BN
A3 AT SUER D> & BRI & KA L 7226 8GRI 23 A
PR L ITH LT E B, ras@fEFIZ, 72 FORA
Jfi(rat sarcoma) 25 FER I Nt 7-Oras & LT 57, Ras
8 vy 35 FRE21 kDa DGH v TH L DAY R
FEINTsY, AALR7 A0MBaM, ok, 78— 2%2HMI L, GTP(guanosine triphosphate)it &%l o iEH#ER
& GDP(guanosine diphosphate)f & RO RERIC & ) & 7 F MREDFM E T v> B (Castellano and Downward, 2011)(1
1). GDPHEEEIN S T 7= X 7 LA F PR F-(guanine-nucleotide exchange factors ; GEF)IZ & ) GDP & GTPD K
JEDTbi, BRI ) THRAY 7S VEEERIT ). ZDOHK, GTPaseiGt: ¥ 7% 2 B(GTPase-activating protein ; GAP)
DER THREEE OGDPRE A RLIZ IR 5 (Malumbres and Barbacid, 2012), Ras¥ 287 D2 F 12, 13ICERHIME S 18
R, BB LIEEIC X D T HiORas/Raf/MEK (mitogen-activated protein kinase)/ERK (extracellular-signal-regulated kinase)%#%
REU AL RESE B
2.2 MNU

KRBT VX AAGAICH BMNUIZ, EHEPICE W TDNA(deoxyribonucleic acid)ic AZERE B 2 ¢ EAZHAME

AR OTEBIE N R E TH 2 - O K ROBEBWE & LTHA L 2. MNUZrasH2° 7 2 Ic 85 L 356, 188
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DIRICSBOVAZFRET S 2 ENERINTE D, BEXERN LEEREY R0HEI, #ERIZECHY
(90%), JHIlR(76.7%), BRE(40%)T & - 7-(Adachi et al., 2002; Takaoka et al., 2003), MNUZ#ERWE & LTHWBHEE L
T, PURCKRE L BICEEECEENRET A L, MNUAKOBRICIDBET s 80w, BHTH
Ml a g Z L 3db T o h, BRI B WA R S T 3 Jaafar er al., 2009),
2.3 B

A R DrasH2 < 7 A (n=60) & c-Ha-rasBIET %2 TA L TR WA A Dnon Tg< 7 A (n=20)% A\, rasH2< 7 X Enon Tg<
T A% ZNENMHT, BRYWE TH SMNU 37.5 mg/kg, BENBYE L LT 7 2V BEEKEH 4.5) 37.5 mgke %
LTS H 2 A8 I HBIREREN RS U 72(R1),

#1.rasH22 7 A LnonTg = ™7 ADHHR

2 Al N
TRERE BrasH2 = 77 A 10
MNU" #5rasH2 7 2 50
B Snon Tg= 7 & 10
MNU#5:n0n Tg< 7 A 10

*non Tg ( non transgenic ), * *MNU ( N-methyl-N-nitrosourea )

BT BAMA L 778D 5338l b L (BT T 3 £ COBBIC L — VBB EAWTA VY 7 V5 VBKEET CHRE
HIRED S 150 pLERIM L 7=,

AR T, 268REHFESAETEREZ TV, TEB» 533809 57, 9, 13, 15, 17, 19, 25, EERO MY
VTN EBTIC AV, MNUB BrasH2 < 7 A OEFIRBIBITORER, 28 s3I hic 8T U, 220uhsahBRiiid 4
LU 7(K2). 17588 53T 2 EEsTHN, SEIBPICTE Le o 2132808, FHBHEAE L <7 R E02ET
bote. BEEE, XFERFSREE CH BCIEATITbi:,

AR
100
e
- !
b
80 zww%
7 -
60 - L,
" Tm’xm‘
40 -
20
Y "1 T Y T T Y T ¥ R
16 18 20 22 24 26 28 30 82 34 (EE)
A FHIR

X2 MNU# S.rasH2 2 ™7 2 O H: FR RS il 4
Hemhhs R, MR e £ 7,

AFZETIE, BB L ey 2% BT R ®0=28), RBHEZEEL -+ 2 2 BN ERE0=22) L

BERLE, NRELEY Y TLOFEMIIOVTREIACE LD, TRTCOTARRBIKTED L BRCRCSIRkE
EiE L, EEIERI N AR E 2 DB 2 IR L.
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2. WY

) AR N 7@ ol 138 158 178K 19EE 258k 33K
MNU#¢ 5 rasH2< 7 2 50 o o . o o . . .
BRI SrasH2 2 7 A 10 . o . . . . o .

MNU#¢Enon Tgw 7 R 10 . .
VB 5non Tg= 7 A 10 o . . . . .

HERTo Y Y N %o TR,

3. EESHEI NI T AK

<7 AR HIE 4| ek Jifi feafiz iig
MNU#t SrasH2 7 7 A 50/50 37/50 29/50 26/50 19/50 8/50
B BrasH2 2 7 A 0/10 0/10 0/10 2/10 0/10 0/10
MNU#5:non Tg< 7 A 4/10 0/10 0/10 7/10 0/10 0/10
BB Snon Tgv 7 A 0/10 0/10 1/10 1/10 0/10 1/10

BRI NT 2T AR/ <7 ABOBE

24 FWAHE
2.4.1 R

CIEATEHE e ADIMEIZHHEME L Db, BEBRRAARHEMBIEMENIGEN L, WEE T-80°CT
WHEGE L, bR 2 ERT 5 72 0 NBENEY) H(internal  standard ; IS)% fhHABICIRIML, #TQEZT -
7.

%7, 20 uMDIS1(methionine sulfone, MES(2-morpholinoethane sulfonic acid), CSA(10-camphorsulfonic acid))% é‘ﬁ- MeOH
BWEERL, 2mL Ty Y FA7F 12— 71220 pM DIS1% & {rMeOH 380 ul, M4 20 pl. %N Z 7= (M4 % 20 pLERELHS
WkZedpo Y 7VTIE 15 pL, 10 pL, 5 pLZ&MA %), R, Ty R FA7F2—7%#HRL, rvoiilh
(CHCI,) 400 pL & Milli-Q AK120 pLZMZSERICABT 5 T THHERL 20, 1000 g, 5 min, 4 COFRETELIHEL

Fotz., BODTKER, F2—70 LE2BENGHEF 2— 712250 wlBE L, 9100 g, 3.5 h, 4COFEGFTHLIHELT-
7. BAEEBF o — 7 THRBI N A E40°C, 1.5 hDFATHEOBELZEE >, ERE200 pMDIS2(3-
aminopyrrolidine, trimesate)% & {eMilli-Q7K40 uLZ A CVAEMR L CHIE Y >~ 7 VA IZAnion, Cation & H 12754 7)ILIC8 uL
FTONEL .

2.42 CE-TOFMSIZ & % JlI5E & MasterHands{< X % @t

BB R T o 720 ¥ T2 % ¥ €5 Y —BRIKE-RA TR REIBVE B’ 3472 B (capillary electrophoresis time-of-flight mass
spectrometer ; CE-TOFMSMZ & DHIE U7z, MIEZ, BESBRLAHMEMBEHATPEREFMEROEEOT
fTo7. CE-TOFMS IZ ko> THEL 72 7 — %13, BARBLKRLEFE L 28I 7 + 7 = 7 MasterHands % > THEHT L
7-(Sugimoto et al., 2010), MasterHandsiZ & § CE-TOFMSCEHIL 727~ % 28 L, FHlC L2 3 BBRRE O
E, ©—2 0% FftiF(sotopeRringing € — 7 DR, BEFHE, 7/ 5 —va (E—2oWHERE) 2T, v 7L
OE— 7 OEBEEHEL, HFE—2Om/z+ ZOYWEOMT2EEMED b D LK LRBBO 7/ F7—> a v &2
o, B TNCIEH O CHBERZRAB LIS 2MATHE1D, SOE-7HETTRCOE— VHBOMIELT>
7-. CationHIEDIS & L Tmethionine sulfone : m/z = 182.0482, 3-aminopyrrolidine : m/z = 87.0921% Fit>, AnionHll%EDIS
L LCMES : m/z = 194.04973, CSA:m/z=231.0703% fl\2tz, 7/ F—>avoounkYWHOERLH S U HBED
Sipo TS EEE RO Y — /R S BEEEREL, TRV,
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3 MRLE%
31 rasEETEHALREG ZAMEPRIY 707 74 VD E
7 rasBEFOEAK L DIERRIY 70 7 7 AN ED L S BEIBRN 20 2HE T 57002, 198

DVERIY SrasH2 = 7 2 L VRS Snon Tge 7 A MR O T — ¥ 2 HVTPCAR T, 2 OMR, AERS
rasH2? 7 A & YRIERY Enon Tg< 7 A CPCIURA D AMIZPCAD A 2 7 70 v b h24 - (K3).

£

PC2(21.9%)

“PC1(29%)

B3, VAR SrasH2< D R L IEER Snon Tg< 7 A DPCA
B E1ERSy, MEIE2ERTE2RT, BOWBER SrasH2w v R, BEOIWAEE Snon Tgvw 7 A2 ET,

B SrasH2 2 7 A L BB Snon Tg= 7 A DMUEEPREY OB EIH S 512 5 729, Mann-Whitney U testZ 17 o
TR, RREYTEREVA OGN, Z20F0 5, BERBERBYTH Spyruvete(P -value=0.00082) & lactate(P -
value=0.001)DRIWIBE R R U 72(K4), BERSnon Tge W A LB LT, EERErasH2w 7 2 Tldlactated S 53
AHRICE S, pyruvatel XBEPERIE» o 72,

lactate pyruvate
P=00011 P=0.00082
s d
T pr————— #00
B Fs
® - 400
#
: 300
'
. it
. 160
g : 5
B Enon Ty BER SrasH2 BRI Snon T BIEH SrasH2

X4 75185 SrasH2 = 7 A & R Einon Tg= ™7 R Dlactate & pyruvate i £
HOVBEESESnon Tgw 7 A, &brasH2? 7 ADMBFEEOFHHEERL, 7 —N"~IEHEREEZTY, P -value
{¥Mann-Whitney U test CEHH L, ***P <0.001, **P <0.01% R,

3.2 MNUBSrasH2? 7 A DFRBAIRE L inFh @370 7 » 4 LoE{k
EBABRZ L) IFERREY 70 7 A NDBED L I BT 2 0EZHSNIZT 572012, MNURSrasH22 7 A

DEERIUBIT % T o 7, BATWED S, 198HBEHICIE, REPARE TV 3B EEZLSN 3 - D19 OMNUBE SrasH2
2 A LIEER SrasH2 2 7 A TPCARAT - 72([5). i SrasH2~ 7 A, MNU SrasH2 = 77 2 O BRI 4 778,

MNU# SrasH2 7 7 2A D RIFEEBONHIZPCAD R a7 7y FIZPCIURTDH IS LTw:, BEZ2RELTCOL
WEBZL SN B EER SrasH2Y T AP G HBADETLTVE LEZ SN R T ANEPCADZ AT Sy |k
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DBOHEL T ORI LS, BBARIISETT 212 Lo TFEPREY 707 7 A VBEE LT3 2 LIR®BX
N,

PC2(15.8%)

A - ) ] (4 @

PC1(26.5%)

[X5.MNU#¢ SrasH2 < 7 2 & IR HrasH2 2 7 2 DPCA
BEhAE1ER Sy, MEPE2ERIZ R T, BOIRER SrasH2 v 7 A, HPRBRREER, ROBMFECRLET

RIZ, Steel-dwass test® {TORBIAMAFR, FWIFCH, AL SrasH2 7 A, BER SnonTg~ 7 AFED\F
N OB CHBELA S NREYEROTHRI ST 7 28R L,  198& & BRI 4 EH L R C#cE
BHENBREYERB L LR, MREYBERID o, Ths oYL, Steel-dwass test TISRBIAMETFR L B
HFECHTRERZEDLA S N d > 7253, Mann-Whitney U test TIX6fREHY CREMEGR L B THICB LW TER
BB B NI (X6) .

s L SRR R 2 V0RE
e S {:Emiﬁiﬁ

e g ey -
' ¢

BRI Boon Tpe ) 2
BBAE GrasH2v 7 A -
LS P =

o 1 e
Xe6. fRE@D 198k MM HIEE L ol 5 19880 RFRFIZE{L

W7 71k, v ORABRILORBYOFHBE, 57— N—3FERELRT. T 7 7 7, RBHREEREL R
WISECR O 9EED 5 198K ORRIVEN, =7 - N"—EREZLZRT. 7AY YR 7 3FRBRETE, SR
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B, VAR GrasH2BE, B SnonTg< 7 ABEIC DOV Tsteel-dwass testZ TV, *P <0.05, **P <0.01, ***P <0.001% T
T Yy =7, 198O SBRIAREFR & ST EIC OV CMann-Whitney U testZ TV>, #P <0.05, ##P <0.01, ##P
<0.001% 77,

RiZ, ThoORFYDO2—A— L LCOFRABEZRIET 27DI0 Y AT 4 v 7 BRI %217 R HEBER
(receiver operating characteristic curve ; ROCHH#R) % B L 7-(1X7).

A, B C ..
LA ; 106 R E—
3,90~ B9 : .50
3R DR .60
3G D70 8.0
" $.60 (2o I B . 0,604
gg‘é 5,50 ﬁ% 504 §% oo
M= o L]
240 340 B
£ 30 2,30 2.35
.30+ Q.20 4 0.3
.30+ .38 .10
00 AL S SLA Bt AL 2t Y .00 LA UL B N S I S Rt .00 R S A e e e
2006 L0 0 082 480 L0G QO3 G20 04 oA .80 100 03 020 040 080 QR0 3
19 1-RE LR

X7, MREH % v 72ROCHER
e BEcH D, BEIX-HREYRT. AR & AR A ER, BIXREIFE TR L B S5non T, C
3B IR A R L IR SrasH2 2 7 AROCHIER 2 7R3, AUC(area under the curve)fiid 2 #2410.91005, 0.88291,
0.98750CH o 7z,

ROCHIBEDAUCHHIZ, —BMIC0TU EERGHRE L 3h, SHOBHOKER, wTFnolardbytbi k2
0.9354 £(0.91005, 0.88291, 0.98750)THH, o DMREPEINAL A - —~RElE LTERATH S LHEINT,

4. R
4.1 BB SrasH22 Y A LBEB Snon Tge I RAD 70774 Y ¥

198 OB SrasH2 2 7 A LVEER Snon Tg< 7 A CPCAZ TR, 2a7 7ay Fanyd afarnsrshn
7o, B SrasH2 7 2 TIE33EE O FIRRFICBES BRI N\ 328, BEOEED Imm L HHORETH 2 &»
5, 198@ROR a7 70y  OMIIBEOIMEIC L 2 &R, rasBETFEHEALLZ L2k b AR
BRLEMREEZONS, lactateld, DBAMBKEORHTH BT -V TN THBIC > THMT 2R TH 3
(Warburg et al.,1927), 7 —A 7N TR, IEEMN L R L COAMBESTRNGEE T I BT OB Y VBLE
kD HBERE IESETIRINF —EEZ2TERHTHD, EBICHMBA L REBAMBCIZE M kL <
i E lactate DIFM & pyruvate DI 2388 X LT V> B (Hirayama er al., 2009), DSAMNEIC BT 2 = 028, BEROIT
HIZ X ) ALK REE-A (lactate dehydrogenase A ; LDH-A )R> FLERIE KB (L B2 S (lactate dehydrogenase 5 ; LDH 5) DFH
DML, pyruvated 5lactate ~DREHIEING 5 7:0DTH B L EZ SN T3 (Kim er al., 2014; Fantin et al., 2006; Lin et
al, 2014), & b OBAFRECBOTCEBRLEHZ b OPANBRET Ops3BEF 2 RBIEpS3/ v I 7T 2R
THREROIUEIC X D B Dlactate BEDS LR T 5 & v ) &35 5 (Zhang er al, 2013). (72, DBANEEETF
PTEN (phosphatase and tensin homolog deleted from chromosome 10)2HA L7 F IV AP 2=y 729 A TIIFKDBA DR
DIcdK, ZOEHLE LURERREZMFHL TV 720 TH S L v B b H 5(Garcia-Cao ef al,2013), X 5 ilrasilt
571X, Raf/MEK/ERK#%#E% /' L CIEBERFHHIH T(hypoxia inducible factor-la ; HIF-1a)% 358 L, HIF-1al3, EAE Y
B7t Fayr—¥X ) —¥E3{E T (pyruvate dehydrogenase kinase-3 ; PDK3)2 4/ L TR 2 FTIEX ¥ 3 (Lim, JH. e
al.2004; Lu, C.W. er al,2008), DA EDZ &5, rasH2w 7 R TR LTV 2 ATREEDSRIB X A, rasH2= 7 2
DML Dlactate DI L pyruvate DIFD IZMIBEARNRBHIC BT 3 BHBRONEOBENMUE R ENZEREEION
5, (7, BEROTEDasH2Y 7RI BOTHEDBAELE L B2 ERDO—> TR AVh EEIONS,
4.2 MNUBtErasH2= 7 A

TREYD S B, Thr, Met, Val, Tyr, Phe, Tipid, 7 I/ BEBELZAAL ZBADAZ ) —= Vv JFETH S
TI/AYTy 7 ALBOTHBARETHEILRD T 3 REYTH D Miyagi et al,, 2011), FBFFE T H AR SrasH2 v
I AL W L TR OB CERLB A SN, rasH2= Y ATiE, MNUBS13EE D AIC0%L Lo 2038
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VAZRIET B EDS, IN6T7 I/ BOEBLEEBADORESAICEEL ZIEREWOELTHS LH#EINh S,
%72, choline® 19BN CVAEER SrasH2 2 7 A & W L C AL CER LW A 6z, cholineld, SAKRBERD
O &2 TH D acetylcholineD AR, BARK, VVIREICE 3L 7 HVER, A FAVEOBRBRE LTHBELWHE L LAl
5TV B (Awwad et al,2012), cholineld, 4 ROSAMMBMNICHBEICEBL T 50, ZOEEZHM LEHERHA
PIIERCREEE U 72 choline® K 2 b+ v » Wif@ R i (positron emission tomography ; PET)iZ & H Bt 2PETZ¥I cEA S 1L
TV %(Glunde et al., 2011; Pegard et al., 2014), %7, cholincldfi#t## & il L TREMABEOMPHTHERICHIT 2
L DOFE D H % (Ayshamgul er al.2010), vV ADEFIZ, BENICIEE FOBRBBIENIL25H, BHRTAHAONE
cholineDWA 13, DBAMBIC & AN RAARIC L D IMFPCHBCBA L LEZ N, RICEPAICBEL -ZE T
Boh L HEINS,

43 B

VB ErasH2 2 7 A L5 Snon Tg= 7 A QISP & B U 7R, AR GrasH2 < 7 2 T3 HE Zlactate
DM & pyruvate DI & o = SAMBEE ORBERBAR SN, p53/ v 277 b o ARPTEN? 7 A% Wi
%20 S R DN RENAMICKEL LS Z LB TE Y, BERSrasH2Y 7 2 TH SN REROIT
ik, RBAMEZEO ZBRDID L 5T 5 ARBESAHROR R S bRgEnk, £, NEBUREEH, 28
SR, A SrasH22 7 A2 BV TPCAR T o 1 8RD 5, EMBADETT 212 Licdh-> TIEPRHYHLEH T 5
BRI AH SN, rasH2? 7 2RO MEEPRIY D 707 74 LTk, & FENRE UGBTI L AROBESB SN
Tedh, NAT2—h—EEMNRE L TrasH2w 7 ABEAREBRE TN TH 5 L EZ SN, ROCHBOAUCHED S, [t
#iDCholine £ 6D 7 I / R RET 5 Z & TrasH2 2 7 A DFEDARILZ BWF ¢ X 2 AHEMTE I iz,

5 #EE

AR D T iz H 7 D BYERZ T > CHEVG7CIEADER, 7 P4 — L LTiRER LCHEY 2 FlEEET
REICIZPED ST, FRAERCEL I CHECHE L CHEREBMEEICED E L. £, HEGEORTICD
WT7 AL 2% LTHEO - EHERSEERRICOD OB LB £9. BEHIV-T7, X Fu—2aN—70
BRICLZOB2E) CEHZHLETEY, 2Ll BRIV ES 2BRBEL2REL XS - - EBHBR
BEEWRERPRI 052 E ) CORCBEEEHL LFET

6 ZECW

B, SER24E A DBYERE A SEEET

Adachi, T. er al. (2002)Twenty-six week carcinogenicity study of ampicillin in CB6F-TgrasH2 mice., J Toxicol Sci.,27,147-63.

Awwad, HM. et al. (2012)The role of choline in prostate cancer., Clin Biochem.,45,1548-53.

Ayshamgul, H. et al. (2010)1H-MRS metabonomic analysis of plasma samples of esophageal cancer patients based on different pattern recognition.,

Zhonghua Zhong Liu Za Zhi.,32,681-4.

Balendiran, G K. et al. (2004)The role of glutathione in cancer.,Cell Biochem Funct.,22, 343-52.

Bray, F. et al. (2012)Global cancer transitions according to the Human Development Index (2008—2030):a population-based study., Lancet Oncol.,
13,790-801.

Castellano, E. and Downward, J. (2011)RAS Interaction with PI3K: More Than Just Another Effector Pathway., Genes Cancer.,2,261-74.

Cavuoto, P. and Fenech, MF. (2012)A review of methionine dependency and the role of methionine restriction in cancer growth control and life-span
extension.,Cancer Treat Rev., 38,726-36.

Fantin, VR. et al. (2006)Attenuation of LDH-A expression uncovers a link between glycolysis, mitochondrial physiology, and tumor
maintenance.,Cancer Cell.,9,425-34.

Garcia-Cao, L et al. (2012)Systemic elevation of PTEN induces a tumor-suppressive metabolic state., Cell.,30,49-62.

Glunde, K. et al. (2001)Choline metabolism in malignant transformation., Nat Rev Cancer.,11,835-48.

Graziosi, L. et al. (2013)Epigenetic modulation by methionine deficiency attenuates the potential for gastric cancer cell dissemination.,J Gastrointest
Surg.,17,39-49.

Hirayama, A. et al. (2009)Quantitative metabolome profiling of colon and stomach cancer microenvironment by capillary electrophoresis time-of-
flight mass spectrometry.,Cancer Res.,69,4918-25.

Ishimoto, T. et.al. (2011)CD44 variant regulates redox status in cancer cells by stabilizing the xCT subunit of system xc(-) and thereby promotes
tumor growth.,Cancer Cell.,19,387-400.

Jaafar, H. et al. (2009)The association between phenotype and size of breast tumors induced by 1-methyl-1-nitrosourea (MNU) injection in rats.,Med
Sci Monit.,15,129-34.

James, M.D. et al. (2004)The Utility of Genetically Modified Mouse Assays for Identifying Human Carcinogens:A Basic Understanding and Path
Forward., Toxicol Sci.,77,188-94.

Jemal, A. et al. (2008)Cancer statistics, 2008.,CA Cancer J Clin.,58,71-96.

Kim, H.S. er al. (2014)High lactate dehydrogenase 5 expression correlates with high tumoral and stromal vascular endothelial growth factor
expression in gastric cancer.,Pathobiology.,81,78-85.

Lim, JH. et al. (2004)Ras-dependent induction of HIF-1alpha785 via the Raf/MEK/ERK pathway: a novel mechanism of Ras-mediated tumor
promotion.,Oncogene.,23,9427-31.

Lin, G. et al. (2014)Reduced Warburg effect in cancer cells undergoing autophagy: steady- state 1H-MRS and real-time hyperpolarized 13C-MRS
studies.,PLoS One.,25, €92645.

181



Lu, C.W. et al. (2008)Induction of pyruvate dehydrogenase kinase-3 by hypoxia-inducible factor-1 promotes metabolic switch and drug resistance., J
Biol Chem.283,28106-14.

Malumbres, M. and Barbacid, M. (2012)RAS oncogenes: the first 30 years.,Nat Rev Cancer.,3, 459-65.

Miyagi, Y. et al. (2011)Plasma Free Amino Acid Profiling of Five Types of Cancer Patients and Its Application for Early Detection.,PLoS One.,
6,624143.

Nishiumi, S. er al. (2012)A Novel Serum Metabolomics-Based Diagnostic Approach for Colorectal Cancer.,PLoS One.,7,e40459.

Patru, C.L. et al. (2013)Current issues in gastric cancer epidemiology., Rev Med Chir Soc Med Nat lasi.,117,199-204.

Pegard, C. ef al. (2014)Study of inter- and intra-observer reproducibility in the interpretation of [(18)F]choline PET/CT examinations in patients
suffering from biochemically recurrent prostate cancer following curative treatment.,EJNMMIRes.,30,4-25.

Popat, K. et al.(2013)The global burden of cancer.,Best Pract Res Clin Anaesthesiol., 27,399-408.

Saeed, A L et al. (2003)TM4: a free, open-source system for microarray data management and analysis., Biotechniques.,34,374-8.

Takaoka, M. et al. (2003)Interlaboratory comparison of short-term carcinogenicity studies using CB6F1-rasH2 transgenic mice.Toxicol Pathol.,
31,191-9.

Thun, M.J. et al. (2010)The global burden of cancer: priorities for prevention.,Carcinogenesis.,31,100-10.

Warburg, O. et al. (1927)THE METABOLISM OF TUMORS IN THE BODY.,J Gen Physiol ,8,519-30.

Yamamoto, S. et al. (1996)Rapid induction of more malignant tumors by various genotoxic carcinogens in transgenic mice harboring a human
prototype c-Ha-ras gene than in control non-transgenic mice.,Carcinogenesis.,17,2455-61.

Zhang, C. et al. (2013)Tumour-associated mutant p53 drives the Warburg effect.,Nat Commun.,4,29-35.

182



