- 15y K

Gifu University Institutional Repository

N M B ME P A L2 0 9 2 AR G R AR EAR D
P AAE & = 2L F — (G

E:&: Japanese
HARE

~EH: 2016-07-11
F—7— K (Ja):
F—7— K (En):
ERRE: IR, 1&
X—=ILT7 KL R:
Firi&:

http://hdl.handle.net/20.500.12099/54543




e i i A S NI IRTS YD NS p

1]

TR IERR EIR DG AAEH & = 3L 2 — G

Anti-cancer effects of medium-chain fatty-acid derivative through perturbation of
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b NS AR TR, BRx IR ORIR & 7 D85 OHEILBRLSA 5 2
2720 . BANTKT DRIFEITFHEB AIZED D R T A4 N—BIEFEMICKTT 55
FEERNRIRIEDS b Lo R rodz, b Loy FIEERIRRIED 1 ShM @
BHEME A I (chronic myeloid leukemia; CML) (k454 ~F =7 Th 5,
CML IEt(9; 22) #nEH kD ¥ A 785 - BCR-ABL % 5 [RBE - & 9 % & M2 E
BTV, BCR-ABL OFIFR & v /X7 E R EFERI T v % —BIEMEIC
XV, BAUELTORELZEST S, A~F =%k LicFrir¥)—
BRHEAI (TKI) 1% BCR-ABL @ ATP fE G 2 @ INAYIZHE T 5 Z & THiD
27TV EANEAL LEZHEPEIHIER 2R3, TKI OEAIZ L - T CML DR
PR IR 0] b U 7228 TKHS 63 D P O MER-05%AF L 72 B L s i
(CEDBERENRBL 2> TEY | TKIHANZ L5 CML OIRIGIFEE LV, Z£D7
D, TKIFEEEMEMIEIZ s LT H ANRIBRIEORENEEN TN D,

Sy FRERTRIEIRIE R T A S —8{B T MO & 2 X7 BNLIREE ITRTE L CE
AT 2ZEnb, BRI DMEOERNEHETEL D, 7o, HREOFEK
LR oEpfiliElL, ~T R REBERTHEE A L R T A NN—B 5 FIFRERICALF
L TV D T2 Doy FARRTERRFEI T DI MRV, b o 2 &b, TKI
R MER IR DT ITAER DOFUA AAI & 13572 2 VEF M & FF D BRI 3L BT
bHHEBEZOND, TEHTERAFEO =7y e LTHEEINRTWD D0,
PDAKIRRO =N F—RFHTH D, DAMIITIKEESE « KRB ERE CAFT D

ROV T eI I T EITo TS, EOREHEEE X —F7 > hET
DIBFED A PR O 272 B9 A MR EMIIC b FZTH D Z L B35 MU
Sho2dH 5,

ABFFETIE, CML T 2 FBlin R ORIHE o — X L U TR Ek



DA MMEZ N L7z, 2V E TONE TITREE L OEEHIENRRICE R4S T
LNTEY., ZHODOENERICE L TN ATEEZ B & L TR A 25 /LA
BoNTVD, LML, & MIBT L THEEMRROAEITZNE T
FEAEREINTELT, FIBAKIDO—XE LTHIHEEINTI R0 ol
ABFZETIL, FEEIEMNIERFHEROTIN NG Z TN L, ZDOIEHA D =X 0%
TN —RHE WO BLENOMIA L (B3 F), i\ TA ~F =7 Ll
Wilkeh 8k & ORI R OB ZEE L, TERIENIERRFEEARD N T A N—E{51
PEVIIARGFHI B R 2 BN LTz (B 4 ), S HI2, DS AMIaR Ry =
T — RIS DS & S AL OiETE & OBIEMEIC DWW TR Z A, =%
NFX =R BB IABRO AR —7 v bl T & 2R L (355 &),
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LW SIS 7 4 57 47 (Philadelphia; Ph) Yefalk # L 422,
Z DEBEYL AR EIZTER S N D F A 78 5 BCR-ABL [Z.CML ® K A N—i&
Gl LTHRET B2 2 e b TWa (Fig. 1A) Y, F72. < OFETEEEIT
BE DB BB CE RN E LD Z & TRIET DHDICH L, CMLIZ 1o
DB BCR-ABL DA THRIET 5 Z L AL M EN T 5 Y, BCR-ABL
DEREEM B L OFIRZ R 7 E1Z, ABLEFD LD L I1Te BipAME %
R, ABL 2SHCFHEIMED U U ER(LAERZ 49 5 DIk L, BCR-ABL % BCR
DL OBEARICE Y ZEES L IIMNEERZEE L THFRITO Y Rk 7]
BelC/ B, IHENRTF r Y o F—PiEEE 7T, ZoFF—BiEkic &
D AERLIESE, AMRE IO, e 7T MARIRSE A~ OIRMEIC B Dk 2 72 T
FOUBNTEMAL &40, MR O BH 28RS FTREIC 22 % (Fig. 1B) 179,
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Fig. 1 Pathogenic mechanism of chronic myeloid leukemia (CML)
(A) The generation of the BCR-ABL fusion gene. (B) The molecular pathway activated by BCR-ABL.
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CML {Z WHO 77D BEHEIC KV EFR SN2 3 SOWB, 70b b AiR<eiL
IR DHENN 2 588D 2 28 B AR DZ LUME MR (chronic phase: CP), HEKIER D4y
BB 3T 24T (accelerated phase: AP), K3 b7 ZEER D EE N3 5 &k
fiZ{L 3 (blast crisis phase: BP) % #% THEAT9 % 9, #J 85% 0 #5743 CP i TRolbr &
N5 ZENS, CMLIBFEIZPhHIRD 22> b v — v LR #iE T oo [nlkE %2 H 1 L
LTIThbh s 9 ZhETOCMLIBETIE, 7ALT 70 Faxv oL
TIZ L Db, A v X —7 =1 o (IFNa) BIENTHhTE 2, L3Rk
TILPh it = b r— LIZATRE CTdr o 7203, 5 (I 38%, 10 FFAfF
KIL1T% T H VO AL OIER LR T I - 7, il TS L7z IFNa 1A TIE
5 AEAEAFRDY 63% & AFHIM OIER 23580 HALTZ S, 10 FFAEFRIZ 29% TH Y
B OSFCITE S -7 (Fig. 2) ™,

1.0
Primary imatinib, 2002-2008 (CML IV)
0.9 5-year survival 93%
0.8
>
£ o7
. 0.6 IFN or SCT, 1997-2008
Q (CML lIA) 5-year survival 71%
g 0.5 w-n....,.zl:
"
T 04 "+ IFN or SCT, 1995-2008 (CML IIl)
.g S, 5-year survival 63%
= 0.3 1 IFN, 1986-2003
N g2 E T ..., 5year survival 53%
-'—‘""\..,_.__ Hydroxyurea, 1983-1994
0.1 ] _:—1—._‘_.‘_'_ - -
0.0 Busulfan, 1983-1994 5-year survival 38%
0 2 4 6 8 10 12 14 16 18 20 22

Year after diagnosis (n=2830)

Fig. 2 Change of the treatment and survival of patients with CML

(German CML Study Group, 2008 X 1 £



BN LAEHERE TR, BARRE BIEE LTZABEIE R 7 A N—BIE51HEY

(X 2 3 FARRIRIRIED F Lo R e o7, CMLIZx3 % BCR-ABL IR
F o —EREHA (tyrosine kinase inhibitor; TKI) (%% DA 72 3KA| D 1
DThD, RUNCHFE SN TKI ThDH A ~F =71, 5HFAEFE 93%, 8 F4
1752 85% S BN - BRI Z R L2 2 £ 225 IFNo (28> T CP #o CML I
XY H BRI & 22 o7z (Fig. 2) P, BUEIL, oA ~F =7 F il
Ro=mF=7 FHF=7 KRRAF=7, HFZMHRORFF=T70NHEIN

TEY, =2uF=TBIO0FYTF=T7LF R L L TEREN TN D

BCR-ABL F 11 > > % — % ATP binding site {Z ATP Z#E& L. £DV R
K Ko THEOTF a v ka2 ) Vb T 2, A ~F =T %4k &7 2 TKI
I%. ATP binding site IZf5& 75 2 & TATP OB EBAWICIHE L, KEDV
VL & FRUCKE TS 7V OIEE L E BT % (Fig. 3A) ™, = DR,
Ph+HAFEIR A IS BTN & 7 R b — ANFEE N W, — oAt o3k
% (acute lymphoblastic leukemia; ALL) (23T % Ph @A BB <, [
HROERBET C TKI A MEE R~ T 2 &6 PhTALL IZX L TH TKI 23 H]
ShTng B,

TKI OEFEAIZ LY CML OIEFRAARIIARERAIC ) B L7223 TS it
DIEFFCWIERL OFRNPKE R L 72 o T D, A ~F =TT DED
JERSEERE & L TIE. BCR-ABLAKIFME L FEKFED b DONEZ N TS, Zh

[CHRE SN TV D % Table 1 I2F &7z,



Mechanism of imatinib-resistance References

BCR-ABL-dependent

¥ —8 FAA O FZEIRZH (Point mutation) 16.17)

BCR-ABL &1z 7D H#4iE (Amplification) 18)

BCR-ABL & {5+ Di&EREY A 7T A 27 (Alternative splicing) 19)

BCR-ABL-independent

F R AR (Stem cell) 20,21)

{f ~=F =T HEEH 737 a-1-acid glycoprotein DN 22,23)

multi-drug resistance (MDR) (Z & % 3&HI D HEH Uik 24)

7 R b= ZFHHERF Bim OEsF %M 29

RER S 7 L DIEMETLE 24,26)

Table 1 Mechanism of resistance to imatinib in CML

IS OEDH T, BCR-ABL 5 —8 KA A D SRZRER NI @ME T
BHDHZERRESNTND Y, FERERMNEL D LFF—F K AL VIHFE
TOT I BOLOMPROT I BICEBR S, F 3T ONARREENE T
%, TOFER, BCR-ABL & A ~F =7 L OFEABMMENMETFL, T
—BVEMEDORE & Z e < EEIEIE & TR F = ANRFEE I NI LD
(Fig. 3B), IMEDMEITRFC AP i, BP IDBHFIZE L, THREAE(LIED 2
LRSS TS D,

F72. CML OFFRICIE A MBI OEFNE G L TW\WD Z LR BTV
%o FMPTEHAIIIAIE DB L, F L (G ) Ik E - TV D70l
TKICHT 2R MEMSIERN T E R BTSN TS D, A sl <l
BCR-ABL O ¥ F—BVEMIHKAFHNMIA DA HERF S0 Z &ovh, TKIEE
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HITOWIRITREETH 2 20, & 512, TKI OIRFEZ il 2 & 2 4ELLNITHI 60%
DEFETHET L ENRESNTEY ®), BEOL ZAH TKI ZHIETE 55
T2, DTEEFNEERIDEONTHIRE LT 5 Z ENEw LR T
W5, —RIZH FIERTERIEITERE N SE TH D | RFRAHENARENT
EDOIRROBATNEELL Ro T LE I r—ABD R 200, 20w,
Y ZAMICIR AT 2 2 L TE . R ORI 2 B sl b A 20 722 8T
BURRIEOBE N EEN TV D, BRI A G S 25 720 OIRRIEDOH
2213, ITHEEACITDIL TV 5, BCR-ABL @ R4+ mTOR OFHLEH] & TKI
&P VAR A LR o0 A JE 1A A L s O E o JE B
L0 RIBE PN RRENT WD, £i2, EIIESHINE AN RAYHH LT
LVNRTF RO IAAZHE T HEF L TKI EOFHPAHTH L Z & b
EERTEY ¥ CML ORIBIC= 2 F— B OFIE A A F TH 5 TR R
BTV b,

(A) (B)

—T TKI sensitive cells } TKI sensitive cells I ‘L TKI resistant cells ‘—

Point mutation Imatinib

Imatinib |

e
\ 4

Cell growth & Proliferation Cell growth & Proliferation Cell growth & Proliferation

Fig. 3 Schematic mechanism of anti-cancer effects of imatinib and acquisition of
TKI resistance



5361 2N AR B A kL — AR A Warburg 20 R
T, DT 28T RAEE D 2 —7 > b LT F —REnER &

NTN5 P, BRAMRITKEEE - REREBICB D TRz R X%
AIFIHT D= OICREEED ) T 07530 72T T0n5 B, 2o 1 o0

[Warburg 285 LW 3R TH D, Warburg 20 5:1E. T3 AR REISM: T
[ZBNTH TCA YA 7 VG HICHKIREZFIH L T/ La—2 %
R L. REOHBE W 5] Lo BG4 OttoWarburg 23M2E L7- b D TH
% 33 58 ALY Warburg 5 R & JE45 4 5 DICEEAREEIZ R LT DT

73, pyruvate kinase muscle (PKM) T % 3%, Warburg 2 5 01544 % Fig. 4

W L7,
Warburg effect
Differentiated cells Tumor cells
c-Myc
Glucose receptor tyrosine kinase Glucose , (¢
U&C miRNAs \.)L)%})
v
PPP PTBP1 Pep Yy
(Biosynthesis) Alternative (Biosynthesis)
PKM gene 3P“°'“g
P
. High activity 8 ‘ ‘ 11 B Low activity W
tetramer PKM1 PKM2 1 monomer or dimer
Pyruvate Pyruvate
W A
cycle TCAcycle
v
% Lactate Lactate

Fig. 4 Cancer-specific energy metabolism “Warburg effect”
PKM, pyruvate kinase muscle; PTBP1, polypyrimidine tract-binding protein 1; PPP, Pentose phosphate

pathway; PEP, phosphoenolpyruvate
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PKM [ IfifBE R DEAEAT v T ThHHHRART ) —/LEVE VB (PEP) 105
BBV EEASORIGZ T 2 BER TH Y | REERORERER & LTl Y,
PKM (ZIZ PKM1 & PKM2 D 2 DDT A VA ABFIEL, AT T A v 7 ik
BN T=F V8, 9, 11 #HViATeE PKML, =% V> 8, 10, 11 ZH VA
Te & PKM2 2MEBH 115 299, 3 AMINBIC BV TIE A 75 A —Td % hnRNP AL,
hnRNP A2, polypyrimidine tract-binding protein 1 (PTBP1) 23@ #3425 & T=x
XV 9OV IAHRPAE S, =% Y 10 ZHY IAATE PKM2 B EFHEBLT 5
ZERMBN TG B EE L ITIFET R TONAFEITISN T PKM2 A3 %8
HLTWAHZ EEHERLTVS ),

TCAHA I NEN LT a—ZHTIE 7 v a—2 L'/ Y720 36 ATP 3
PEAESNDDICH L, fRERTIZ2ATP LEAT H 2 LN TE 2202 ATP
DPEEINRPRD, L L2 S, fRFERIZ TCA A 7LV & g L TRUS AT
> TINHMITH D72 ATP OFEAREN R . BNAMIIZZ Va3 —ADED A
B TS D L TRED ATP FEAZATREIC LTS ), £ bR o
FERIZIE 2 SOFLENFT BN S (Fig. 4), 1 D HIZ TCA Y1 7 L Ok THA
I 5 IEMERSFEFE (reactive oxygen species; ROS) OFAEZIH T 52 L THhD
3848) BN CHRIEAR SN2 ROS 1T R b —Y AR — R T 7 =R EDT
17T MHIMFEDIRIN & 7 5 72 ) iR &5 2 & T ROS DA Z
HLTNDEZEZBNTWD, 2 DBIL, fEFRO TR REEY 2RI A L7 ksi
BENFIREIC/2 D 2 L Tl % %9, PKML 35 ITTE MR O I B (A CTIEAET 2 DIC
X L. PKM2 I3 ATEE DRV L ER G L UL ZBIRTIHEET 5, ZOLER
LD HIEEEIZIE PKM2 OF m v > U UEBMERB G L TR Y, U Uik z321T
7= PKM2 |30 BAR O AR EEIC 72 5 %0, PKM2 % U v {5 sy & L

TIE. FGFR, JAK2 Offiic BCR-ABL 2355 ST 5 %, PKM2 D% —¥
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TEVEDMEVIRBBIZIR 72 D 2 & T AP TRt R o - EIEM 0351 L

S

T 725, MIIT Z O FRIREED Z X h—R Y CERRRE (PPP) IZEIE L.
AR 5y 24 L BEIR BRI DA I BE T LT B 39,

PKM BETF DR T T A H—Td % PTBPL DFEHIEICIL, c-Myc*, Z&HE&E

MFus o —8 Ve bolEERmLNTEY, EE550 PTBPL 24—~ v
k&4 % microRNA (MIRNA, miR) 1 J 2 FEBFHMH 2 85 L <5 * (Fig. 4),
MiRNA X 18~25 Hg K& 5% 5 —A8{ non-cording RNA TH Y | 1= L35
mMRNA @ 3 FEFHFRGER (UTR) SEIROFEMRIBLY ALICHE ST 5 2 & TEOF]
AR EITHIET 5 %P, mIRNA (85 ORGSR EHRBH 2> = & T, EHo
FeE 5D HIRASE 2D, Sk %), MIRAHESE 5O b o T A ES A I B 721 T
72 < DA DFIECHEST & DORFNE ) 4 RIE ST %, mIRNAICET 55—
4 ~X— Z  Target Scan 6.2 database (http://www.targetscan.org/) F JX " miRBase
(http://www.mirbase.org/) Ti%, PTBP1 Z £/ & 9% miRNA [X miR-1, miR-9,
miR-124, miR-133, MiR-137 ® 5 2HVRENTEY . ZDH H miR-124 B L
miR-133 |% PTBP1 ¢ 3'UTR fEIEANIC 2 2 Fr OARRHEIR SIS 2 A L T 5,
FHOIIKRIBD AVBE O AERIZEBW T miR-124 33 LV miR-133 ORBAME T L
THY BAEICHITHPKM2 O ERBUCHE L TWS Z L2 L Tx=®,
LALLM B, DRADOFIEBRRRIZIIT D 2 O miRNA OFEBEIT4S £ T
BT ST,

UL EDi@ v . Warburg 20 R VMBI OYESE, AA4F, =RV X—DBIGIZT R
N T —=Va 52 5D THERBM CH L, AR, KBS AZHBDE LT
Fex RIS AFEIC N T, FRBERLER OO IS AR DR E A2 @D 5 Z &)
e XTI Y 3D, Warburg 25 AR HE St 5 1BPRIE AN IR IR RS 0 )03 4 it
PEDFEARIZHIFF S LTV 5,
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7% 4 3 AR 38 1T 2 MR AR IR L D&

=

AR O Y | A ARAIZ IV TIE Warburg DR IC K D 7 v a—2 &b L
Tz X — T ATP BEAIND, LLARDBL, MIaNO ATP 75205
R 7N a—ADRROTIENEEZ =V F—i e LTATP ZpEAET D
TR BATUV D B JERGEEER(L. (fatty-acid oxidation; FAO) 1% Fig. 5 (2~
EORAT v TR TH#ITT 5, £, IEVIRRITMIREN TIENIEE T 2 /L-CoA
IZEHES L, INV=F U LR LTERIC hary RUTRHICRYAERD, &
DI INV=F > L OfEE Z i3 25 carnitine palmitoyltransferase 1 (CPT1) 23
RIS EEORE#EETHH O, I har NI 7o~ b v 7 ARICRYAER
T HE BT QMR G 7 S L-CoA ICFHAE S, kT v AN A LAk, 7K A,
ik b, AV ADADDAT v T &R T BALBINRICOIWT v, &Ry
IZ7 B FV-CoA 272D, TEF/L-CoA L TCA VA V7 Vah LicEBiE
L0 ATPICEM S NG, Fo, IR TA U % FADH, 58 X UV NADH, & %
GEREN L TATP &I SN,

FENERER L OBSEEE SR T D CPTLIZIZ 3 2D T A VY 7 4 —A, CPT1A (JIfhi
i), CPT1B (i), CPT1C (M) 2AF/ET 225, S AMIIZ 3T 2 NENIEER
{LDIEMEALICIE CPTIC OFEHLHEA G- LT\ 5 08 BCR-ABL i1
T S6K1 > 7 /L DRRFEIZ K0 it R A2 M0 L T & MiasElLFFE S 9, CPTIC
OFBIHNN 2 U BN (b oSEME L S, Ml = L —pEAE R LUV
TR SIS Z LR ST D 9, £z, BEIERER L OTE LI A i

ISR T D AR ZMEDO IR T 2FHET 52 bAMLA TS 2, 2AMIIC
BT 53X —HOMEIL, Z7ra—2R@EzPL0IcED LN TE D &
6 JEEEEREICEE U CIEEEm AR oL TV A b2V, ENTBRER L I3 AiF
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PERORME VRN & U CTHRET 2 Z L SBRICHE STV %25, Warburg 2521 &

A
DOERER 72 BIEM IR L TIZA S M STV 72 Wy,

o
/\/\/\/\/\/\)I\ heyrCon
o synthetase

\ ]
Fatty acid /\/\/\/\/\/\)\s—coa Fatty acyl-CoA
/\/\/\/\/\/\)‘j\ N ﬁamitine acyltransferase |
o (CPT1)
Fatty acyl-carnitine 00d Cytoplasm

AN
\ |

il I
JUUUUL \

( )

/\/\/\/\/\/i).i\ 3 —
0
Carnitine ood  acyl-CoA
acyltransferase || v o, dehydogenase o
/\/\/\/\/\/\)j\ (LCAD /\/\/\/W%)I\
$=—CoA STCoh
FAD FADH, Hydratlonl on o

NV\/M/U\S—CnA
Dehydrogenation l

o] o]
/\/\/\/\/\)J\)J\S_CDA

Thiolysis l
o} [o]
N\/W\)ks—:m + )|\s—c°.x

acetyl-CoA

Fig. 5 Metabolic pathway of fatty-acid oxidation (FAO)
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555 8 HEIENEE O AR

AENERIX, EAERERK T 2 FEHIC X v SRR (C6 LA ). W 8HisNime
(C8~14), EHUENINE (C16 UL E) I EE N5 ®, BRI ITH b sk
FovA U, U — ViR flEkO A a2 U (EPA), Rt
XY UfE (DHA) 7R ERDEEINS, 2o OEHBBRICE L Tl nE T
(R 222030 DAL, SRR K ORI e COM LN 255 5
T & 7= 50 R B L TH 7 FAME (C4) BLOZFOFHIKIC L 55
D AAENE, SFEISEER 72 ENHE SN TR . £OEHERA/H LN SN
2055 T, L Lans, PRIETEEL & k& OBD Y IOV T OIS
D CTORUTHE - T D, B hOAEERNIZE W CILABIEERLIZ £ —Rl
(SNBSS ET 208, FREIE E LTIhE D Z &7 < TEF/L-CoA £
TR#END (Fig.5). — 7. MR TIIY v 2 TOEERES 7 &5 B9 &)
PR TIZRBO 7 = 0T AN FHEIERR CHEER ST TEY 0 MR R
PSRRI 2 A ARPNIC O TR L. FEOLRAFICEL T TV D,

Z 2T, FEEOITE MIRT LB X O OFERO AL FRIE MO
A HEY & LCH) 800 FED HEHIE IR B 2 A pk L. HEHIE IR ER T 1
TV —HER LT, EFIFXZO OB 102 FEOFHERIZE L THAATEED A
) ==V T EITO, 3T & VEEHERICHROEEZ R Lz ™ (Fig.6), T
% (10-hydroxy-2-decenoic acid) XX Y _XFRNEDL v —Y LB U —HIZE&E N
LHEHIENECTH Y . PIBATEAZ AT 5 2 L ABRICIRE ST D A ™ 9%
MWRFI< L AEAA D= R LARRHATH o722 L0 2 O ARITEREA & D IS
¥E - T\, b  CML MRk K562 #ilfid 2 FH 7o &S T AR B OREHT K 0 |
BT R UVBPIINAEEOK LR oEETH Y | 7 I RELITZ AT AFHERIC
TS D2 L TEDIEWNBEEIZ LA T2 LEBP LN o7z, KT, T3
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RFBEIRTH 5 (E)-1-(azocan-1-yl) dec-3-en-1-one (AIC-47) 1% K562 (Zxf L BEAF
OIS AFITH DT bR FEIRIERZEOHN AMEMZ7 L ™ (Fig. 6). CML |2
R DRI DAIFE L — X & 72 DA HetE RN Rg S vz,

120 -
1004 o, AlC-47
2 . d )
3 a0 * M
g e0 g AIC-8 AlC-49
; *EE EE 2 L
= 401 VV’\/\/YO*n:H, \MMrO/
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Fig.6 Anti-cancer effects of medium-chain fatty-acid derivatives on K562 cells

Left panel shows growth inhibition at 72 h after treatment of medium-chain fatty-acid derivatives (AIC-8,
-18, -47, -49, -82), 3-decenoic acid, Cytarabine or Etoposide in human CML K562 cells. Data are
expressed as the means + SD of 3 different experiments. Right panel shows chemical structures of AIC-8,
-18, -47, -49, -82.

(Shinohara et al., 2013 X 1 $k#)

£ ZTAMIZETIX, CMLIZXTT 2HRIGIREE L L COAMMEI R S fuiz
SHNENIIEFREIR AIC-47 12D\ T
1) ZHE TR TH - 7= FEIEIRR OB ATEVEDIE FEFE 2 iR 25 = &
2) BN L L THEHIN TWDA~FT =7 EOEROENEZHLIZL,
A~ F =TGR R ARSI T 2 B AT S 2 &
FHEPE L. MO =L — R & D BLE B IR E R L7z,
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Y RERIZ AIC-A7 2R ST & 24, 10 pM LA T OfJE T 7RO
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Fig. 7 Anti-cancer effects of medium-chain fatty-acid derivative AIC-47 in
human CML cells and normal lymphocytes

Effects of AIC-47 on cell growth of K562 and KCL-22 cells, and mitogen-stimulated human blood

lymphocytes. Cells were treated with DMSO (Control) or AIC-47 for 72 h. Human peripheral blood

lymphocytes were stimulated with Concanavalin A for 48 h and treated with DMSO or AIC-47.
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Fig. 8  Schematic diagram of the autophagy signaling pathway.
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3-Methyladenine (3-MA) ZffH3 5 &, AIC-47 |Z X D MifuAEFRDIKT &
LC3B | 735 [l ~DBATH—EINH S47= (Fig.9C), A — F 77 TV —A1 LY
VY — ADOFE % H5E 5 Bafilomycin Al % G L7234 b A 1E=R o
FIE 23388 Hiu, LC3B Il OFEFEDM@BLEL iz (Fig. 9C), LA EDFERNG |

AIC-47 A — N7 7 P— L FHET L5 Z LR LN E o Tz,
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Fig. 9 Medium-chain fatty-acid derivative AIC-47 induced autophagic cell death
in K562 and KCL-22 cells.
(A) Effect of AIC-47 on autophagy flux and cell growth signaling. Proteins related with autophagy flux in
K562 and KCL-22 cells treated with AIC-47 for 72 h were examined by Western blot analysis. (B)
Morphological evidence of AIC-47-induced autophagosome formation in K562 cells. K562 cells were
treated with AIC-47 for 72 h and then examined by TEM. Scale bar, 1 or 2 um. The arrows indicate lipid
droplets. (C) Inhibition of autophagy by 3-methyladenine (3-MA) and Bafilomycin Al. Both K562 and
KCL-22 cells were pre-incubated or not with 150 uM 3-MA or 5 nM Bafilomycin for 8 h and then treated
or not with AIC-47 for 72 h, after which the cell viability was estimated. Expression of LC3B and p62
were examined by Western blot analysis. The numbers below LC3B indicate each band density relative to

that of the Control (taken as 100), which values were determined by densitometry.
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b 7= (Fig. 10B), % Z T, ¢-Myc & BCR-ABL s ¥ & OfEEMEE MFET 5
722 ChIP 7 v & A %47 - 72, BCR-ABL ® 7 17 & — & — KT c-Myc 255 A& L.
AIC-AT7 ZiNINT 5 Z & TEDREE DRI ND Z LN L E o7 (Fig.
10C), UL ED#EF 235, c-Myc 73 BCR-ABL D#REK & LTERALTEY .,
AIC-47 1% c-Myc DFEBUK T % /- L C BCR-ABL O3 A4 5 Z & ARIg &

iz,
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Fig. 10 Transcriptional repression of BCR-ABL by AIC-47 was induced through
down-regulation of c-Myc.

(A, B) Expression levels of BCR-ABL mRNA (bar graphs) and protein (Western blots) after

treatment with AIC-47 (A) or transfection with siR-c-Myc (B) for 72 h. (C) Real-time PCR analysis

of ChIP DNA. The data are plotted as the ratio of immunoprecipitated DNAvs. total input DNA.
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Fig. 11  Dys-regulation of PTBP/PKM axis through c-Myc and BCR-ABL
down-regulation induced autophagy.
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(A, B) Expression levels of mMRNAs (A) and proteins (B) after treatment of K562 and KCL-22 cells with
AIC-47 for 72 h. (B) The numbers below PKM1 and PKM2 indicate each band density relative to that of
the Control (taken as 100), which values were determined by densitometry. (C, D, E) Effects of silencing
c-Myc (C), PTBP1 (D) or BCR-ABL (E) on autophagy flux in K562 and KCL-22 cells at 72 h. (F) Lactate
production in K562 and KCL-22 cells after treatment of them with AIC-47 (5 uM) or transfection of them
with siR-BCR-ABL, siR-c-Myc, or siR-PTBP1 (5 nM) for 72 h. (G) The production of free-radicals was
measured by electron spin resonance spectroscopy (ESR). K562 cells were treated or not with AIC-47 (5
uM) for 8 h. The representative ESR spectrum for the Control and AIC-47 are depicted in the upper
panels. The intensities of the spin adducts are shown in the lower panel. (H) K562 and KCL-22 cells were
pre-incubated or not with 1 mM N-acetylcysteine (NAC) for 4 h and then treated or not with AIC-47 (5
uM) for 48 h. Thereafter, the cell viability was estimated; and the conversion of LC3B was examined by

Western blot analysis.
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ARE 2 i, 53 FIR LIZMiHE R S AIC-47 12 X D5 A 7 =X
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PEa e Lc, IR0 LAY OIER 51 ORI B — XKL EM E /S
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W5 8 AIC-47 & PPARy & OfEA — % /L-¥F —I%-7.60 kcal/mol T v | it %17
SRR T OHF Tl b @O RS G BIFMEZ 7R L7, AIC-47 & PPARy DFEEET
JV% Fig. 12A 2R LTz, DSAMIRIZEB W TR, 1EMEE S 4172 PPARY IZ X - T
B-catenin 23R N CorfiE S 4v, B-catenin (2 KX DEREN NI S LD Z ERNED
NTW5 8 c-Myc 1% p-catenin DEZERERI TH 5 Z LA ShTn5 ¥, %
ZC. AIC-AT IR DN F L OSHIIRN O & > /X7 8 % Syl L B-catenin
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DRTEE T LT L 2 A, MIBEN TOSRNRTTHE L, BN~OBAT A &
LTz (Fig. 12B), = 512, siRNA Z W\ T B-catenin OFsELZ /) v 7 X0
T 5 &, c-Myc DIBUKR T 2580 H vz (Fig. 12C), L EDOHFERS ., AIC-47
IL PPARy Z{EME(L &4, B-catenin DEENBAITZIHIT 5 Z & T c-Myc DR EUK
TZEFHFETLHZENRBINT, LU G, KETOMEHIRHER 72 TR
RICEDODTHLHD, S HITFHMRBRALETH D,
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Fig. 12 Degradation of -catenin after AIC-47 bound to PPARY induced the
down-regulation of c-Myc.
(A) Molecular model of PPARy binding with AIC-47. PPARYy is shown by a ribbon diagram. The top-scored
docking model was visualized. (B) Effect of AIC-47 on subcellular distribution of B-catenin. The expression
levels of cytoplasmic and nuclear B-catenin at 72 h after the treatment of K562 and KCL-22 cells with AIC-47
were examined by Western blot analysis. Cell lysates were collected and fractionated into cytoplasmic and
nuclear extracts. The efficiency of fractionation was verified by staining for Histone H3 as a nuclear marker
and for B-actin as a cytoplasmic marker and also as an indicator for contamination of the nuclear fraction with
cytoplasmic protein. (C) Effect of silencing g-catenin with siR-f-catenin on the expression of c-Myc at 72 h
after transfection. Effects of the silencing with siR-S-catenin on the expression of g-catenin and c-Myc were
examined by Western blot analysis. Numbers below blots in “B” and “C” indicate each band density relative to

that of the Control (taken as 100), which values were determined by densitometry.
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WY THbH, £7. AIC-47 1% PPARy Z{EM(bL =&, B-catenin 241 L T c-Myc &
FEBLZMHIT 5, T c-Myc OFEBUL T 3R 5AER) Td % BCR-ABL DIEHL
ZI SH D, c-Myc B LU BCR-ABL DR BUK F1E3E(Z PTBPL/PKM 5 A 47—
ROBLHIE 23535 L S AHIIED 7L a— 2R & fRBE R 75 TCA A 7 LI
AAf v FEHD, BEHIZTCAY A 7 ADLRAET S ROS BREF LAY 4
— F 77 V—HIIEENFFEESND EFE X b,

SRR RS 5 /81X BCR-ABL 33 X O Warburg 2058 & W 5 28 A AR fRr B A2 3%
BLTWOELEHALET25Z2 LT, DAMIROAZBERINICEFE L TEY .,

HRZ ENED = WA S — X L A D ATREME DS RIZ STz,
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Fig. 13 Schematic diagram of AIC-47-induced autophagic cell death in BCR-ABL
CML cells.
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CML OF—RIILL LTSN DA vF =71%. BCR-ABL ODFF—+
EEAIER E LTERIEETH 0 | IEFITENTIREREZ R LTV D, £D
—i T, BREORRK & 225 AiinEE I U TEsE R ME < . B IiA
RIS AN RIBIRIEDOFRB N EEN TV D, T, BAmEmaIiz 7
DIBFIEDOMEDREANATOIN TR Y | FEx 23D FZMEDHE ST
W5, ZOHT, =23/ F—RE 2 HH T 5 XL 0 RIBRIEBIREI N TE T,
Z 2T, RETIEE T HEHIBNEEH S AIC-47 & A ~F =7 DIFH A DEN
Ze TR — G & O BLE) B IFERMI D CML M CTHERRRT L, & 6
(2 A IMIFE AL 31T D AIC-47 DA MWEZ RRGE L7z,

528 HEURNIEERS SR LU v F =TI K DRSO g
K562 35 & TN KCL-22 12 AIC-47 E72i3A ~F =7 (IM) ZIANL, 48 KFfH]

%DM AR E Y R T — B RPERRBRIEIC L0 HIE L7z, AIC-47 3
LA ~F =732 N EHAT b A Z R BEGEmb] 2R L7z, 2 Fl 2 6P+
% Z I X 0 HEEEIEIE R OB R FE D b7z (Fig. 14A), = 2 T, OFHZhE
D EBAFEIE & 72 5 PR (Combination Index; Cl) 71~ h4 5 & Cl<
1 Toho7 (Fig. 14B), LA EDOFERMND | AIC-4T & A ~F =7 OFFHITHEEM
IRBEFEIAIER 2R3 2 E R B E Ao T,

eV C, A IEANC K D MASEDTERE A MRFE LTz, 77 h— ADIEIE L LT
PARP-1 %, A — 77 V—DHEEL LTpe2 DRIEEZINETNT = AHX LT
7y MCE VRN LTz, ZORES. AIC-47 HINHIAL Tl PARP-1 OB 53
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INT, p62 DRFREDHPBIEE S NN, A ~TF =7 Z I LT MifE Tl
PARP-1 O YT & p62 D3 fiE 13788 Hiv7e (Fig. 14C), X B2, & 7 BAMEEAE
P & 0 B 3EANAINE D K562 ML DT REFHIZEL Z FREE L7z, AIC-47 IRAN
MR T, 55 3 B8 3 Hi COMFGHER L AERICA— F 7 7 TV — L4 (AP) D
% & NENGTE O BRI MR S 7= (Fig. 14D), A ~ F = 7 USHHE T3z oW
ERFEOH B, TR b= AOFENRE I (Fig. 14D), £72. 2 FlOHF
FIZ LD AIC-47 DR TH 5 lipophagy & A ~F =7 DFHETH HEEDOW A
(B E—MIIENICBIEE S viz (Fig. 14D), RIZ, A ~F =712k B4 — 7 7
C—SHIEOAEFEED L < ITHIESEONWT IO 5 L TV D0 %R
AET 57D A= N7 7y U—HEAITHL 7 raxr L OAEREIT T2,
7 v nm X OFAHEL p62 D fiFIt A iR L Lic, 7 mu % O I &
D AIC-47 AN C LML AE =R E4E L (Fig. 14E), 5 3 F55 3 HiDfs R
LB LT, —H AT =7 IRIMHRTIIA— N7 7 V—OHFEIC XLV i
HEHERNESITIE T Lz (Fig. 14E), ZOfERNG ., A ~F =7 HMNAE T
TR S L COA— R 7 7 V=B E SN TND 2 EPREB I, 2
FTCOREL —F L, LLEOREREND, AICAT (34— k7 7 U—HifasE,
ASTF=TEFA— T 7 =% TR b= ATHIEMGIER 2R L Tk
D, FHEHN X HMRFEDIERED T2 > TWD Z & DNHER S LTz,
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Fig. 14 Morphological features of cells treated with AIC-47 and/or imatinib

Cells were treated with DMSO (Control; C), AIC-47 (47; 5 uM), imatinib (IM; 0.25 uM for K562, 0.1
uM for KCL-22) or their combination (47+1M) for 48 h. (A) Viability of K562 and KCL-22 cells treated
with AIC-47 and/or imatinib for 48 h. (B) Synergistic effects of AIC-47 and imatinib. Combination Index
(CI) was calculated by Chou-Talalay’s method. The dashed line indicates the zero interaction of the
isobole. (C) Effects of AIC-47, imatinib or their combination on apoptosis and autophagy. (D)
Morphology of the AIC-47 and/or imatinib (IM)-treated K562 cells at 48 h was determined by TEM.
Representative images (scale bar, 1 pm) are shown. N: nucleus, AP: autophagosome, AV: autophagic
vacuole. (E) Effects of inhibition of autophagy by chloroquine on cytotoxicity of AIC-47, imatinib or

their combination. Expression of p62 was examined by Western blot analysis.
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% 3Hi BCR-ABL & M RICKT 2 520 b
3 I A i T AIC-47 75 BCR-ABL OEZEHNHI A FHE L. 25 KA o fiths

S (Warburg ZhR) e s Z L &ML, 22 CA~vF =71k
% BCR-ABL I35 X U Warburg R ~D 528 A ik L7z, £3°. BCR-ABL D%
BB IOV UL~V oB ey = A2 7 my MIEXVETT 5 &,
AIC-47 1% BCR-ABL OFEHL & U AL L~V Dl 5 Z i 42 DIk L, A
~F =713V VLD A& L, BCR-ABL OFBLFZE L S\ 2 & 3
7z (Fig. 15A), F£7-. 2 FIOOFH TiZ BCR-ABL OF38HL, U kL
Jb & BB ISHNH] S 4Tz (Fig. 15A), il T, &35 D Warburg Zh 512
MO AMRELT, A ~F =71, FVva—A T AR—FZ—GLUT-1
DRBLEWD D Z L THIIRNA~D 7 /L a— 2O AL Z M5 Z &
ERAE STV 22 848 pPTBPLPKM 1 A7 — RITxtd B idzeny, # 2
TUxARZ 7y MIELNTZ1T o7& 2 A, AIC-47 L [RIERICA ~F =
7% PTBPL B LU PKM2 OFBLAK T S, PKML ORBLZINEE5 2 &
B BN E IR o7z (Fig. 15A), ZOBGIT AIC4A7 LV b A ~vF =7 TR
D BN, AN O PKML 3B X UPKM2 2t L= & 2 A, PKM2 15
PKM1 ~D3EHLA A » F M single-cell L~V THE I TWD Z ENHBLMMNE
72~ 7= (Fig. 15B), HEXAIREIE DEALFEY) T 5 L-lactate pEAE & K- FEAIN
BIZAHEIZHAD LT\ (Fig. 15C), KL ED#ERND, AIC-47T B LA ~F
=713 & HIZ Warburg 2R OEFE A FHES 5 Z L3 6028720 | BCR-ABL
12 &% Warburg Zh RO TTHEIZIZTF oo v U UEMENEETH D Z LR X
e,
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Fig. 15 Effects of AIC-47 and/or imatinib on BCR-ABL and Warburg effect.

Cells were treated with DMSO (Control; C), AIC-47 (47; 5 uM), imatinib (IM; 0.25 uM for K562, 0.1

uM for KCL-22) or their combination (47+IM) for 48 h. (A) Effects of AIC-47, imatinib or their
combination on expression of BCR-ABL and Warburg effect-related proteins. The numbers below PTBP1,
PKM1, and PKM2 indicate each band density relative to that of the Control (taken as “1”). (B)
Immunofluorescence of PKM1 and PKMZ2 in K562 cells. Representative images (scale bar, 50 pm) are
shown. (C) Lactate production in K562 and KCL-22 cells. The lactate production was normalized to cell

numbers.



A FRIEERR LI DR

RO FE T2 = 3 L X —FUTHE (v a—R) THHH, FEHHC XL 2 ATP
OPFEB AR T 2 LHEMIEECT X VB2 FH LT ATP ZEAT 5 2 &5
NTWo, AIFMEIZBN T OISR O ity &2 HEI % Z & TCPTIC
OFEBNEIMN L, IEBEmRL AL SN D Z EAREShTns %, 22
T, CPTICORBLEAZ V= A Z Ty MIRVETT5E, A1 ~F=T7%
HAITHRIM LI25E DI CPTIC OREIITLHENFTRD S L, AIC-47 RN L 7=
M TIXZ ORBLIH SN D Z LB B E e o7 (Fig. 16A), F IR AR
(23T D REEERR L DTEMHAL DML FIRIE TR 2 DR T & B - T
5T ENHE SN TVWS ) CPTL OFLEHITH % Etomoxir % FV>, [ iikmE
bz BLE 9 2 & AHHN K 2 Ma e /E ] OR300 H AL, £ OIEAIE
FRZA ~ T =7 THRWZ ERB B0t 7 o7 (Fig. 16B), LLEDFERNG ., A
~F =713 CPTIC ORBUEIN A I L CHENIBRER L 2 V& LT 2 DITkt L,
AIC-47 I ZEMAEER L Z Bl L T\ D 2 &R S iz, & 2 TR O A
WL, K2 UMD ATP LV ZRIE LTz, Zva—2R el
FEMFAET DilE OEF L (Glucose +, Fatty-acid +) TlX, Wi 7LD FEA| 2 RN
L7235 E I bl ATP LUK T L7z (Fig. 16C), 7V a2 — A DK% FR
W B (Glucose —, Fatty-acid +) TlidA ~F =7 IRIAIA D ATP L1738
BEEICHEINL . S BICHENIEE 2 HLIZBR< & (Glucose —, Fatty-acid —) A ~F =
TRNMFIETO ATP L~LOHEINANH S 47- (Fig. 16C), BLEDOFE RS |
A~ F =TI ZNENIEE 2 R0 LA O ATP L~ L 2R LT D =
EWIRE S LT,

AREFIHITA ~F =772 Warburg IR DRFE 255859 5 Z L A/RSh/z 2

LB, Warburg Zh S OffkE & AERhmEmE L DTG A & o BEE M & FRGE L 7,
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BCR-ABL 3 XN PTBP1 O¥BlA / v 7 XD Lick Z A CPTIC DR BT
Wi Bz (Fig. 16D, E), Z OfEEM 5, BCR-ABL/PTBPL 51 A 77— K &4t
L 7z Warburg 25 OGE S UBE R 72 RV (L OTEMEALIZH 5 L T\ b 2 &
DR ENTZ, Fiz, AIC-47 1X[F Ul A — KZ&Jr L C Warburg %) F: & e S
BH5IZH B 59 CPTIC OB AN I /20728, Warburg Zh & & (37
L 7o BB TR b OTE ML Z Il L T\ D 3B X BT,

ZI T, A7 a~ N7T 7 0 —I2L Y K562 HEN O R IAEREL AL 2 FREE L
72 AIC-47 IR DM T 8 D IR FEEDS 14 (C14) OfENIEE., T72bH
RUVARAFUBBIOIU A Mo A UBOGAHEENHEINT 2R 20RO bl
(Fig. 16F), AMiEEERIL OBRRIZH VT CL4 IEIIERIZR F = KU 7 NICELY
IAE 7. long-chain acyl-CoA dehydrogenase (LCAD) (Z L W @ s s (B
2 B A Hi Fig.5), AIC-47 73 C1l4 i DARHNTE L TV D RTEEMEDR B %
BN/ Eh, MR T LCAD OEERIEMEZJIE Lz, AIC-47 LfF T
I LCAD (2 &k % C14 BN DR S HA WIS S e (Fig. 16G), UL Lo
FERDNG | AIC-47 I LCAD O FHE A4 LC C14 ABHAEE DR % 4515, Warburg

RRIARAFHNNENIRRIR L 2 LE 95 Z L AVRIR STz,
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Fig. 16 Compensatory activation of fatty-acid oxidation after treatment with
imatinib and its suppression by AIC-47

K562 and KCL-22 cells were treated with DMSO (C; Control), AIC-47 (47; 5 uM), imatinib (IM; 0.25

uM for K562, 0.1 uM for KCL-22) or their combination (47+1M) for 48 h. (A) Expression of CPT1C.

The numbers below CPT1C indicate each band density relative to that of the Control (taken as “1”). (B)

Inhibition of FAO by Etomoxir. K562 and KCL-22 cells were co-incubated or not with 100 pM Etomoxir

and each agent for 48 h. (C) ATP production in K562 and KCL-22 cells after treatment with each agent

for 6 h. The cells were cultured in medium as described below the graph. The ATP production was
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normalized to cell numbers. (D, E) Expression of CPT1C in K562 and KCL-22 cells after transfection
with siR-BCR-ABL (D) or PTBP1 (E) for 72 h. (F) Fatty-acid composition analyzed by gas
chromatography. (G) Enzyme activity of long-chain acyl-CoA dehydrogenase (LCAD) with or without

AIC-47 (10 nM). The dimensions of apparent Vmax, Km, and Ki values were nmol min™(mg of protein)™

pM, and pM, respectively.
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FSHT AMREMiRIZIs T 5 AIC-47 DA M

F L AR 350 D Epfifia~ — 7 — (21X CD34 AW BTV 5, [ IR
HINIZ 31T D AIC-4T7 DA ZWEZIRFET 27212, CML B3 O fLEkARAE ) &
CD34™ oy DEL I A 7 A Tz, L L7273 & CML O R AR LA D 11 1.9 54550
E R U COIRHICEN T < AR OBE 2175 Z L BREETH - 72,
% Z T, Ph"ALL DET /L~ 7 A L O EEL 72 CD34" 53 Z F2BRITAE ] L 72,
FTZOBRMIBER S EIZR L AIC4T BEOA ~F =T 2EA S 2 A,
AIC-47 [T HMCH B MR AFREOE T RRBO bz, 0.5uM O A v F =
T TITMIN AT RICEITRD S ho 7= (Fig. 17A), FEspHilaM:O CML
[Zxt LCA ~F=7130.1 pM THEZREIEME 277 L T D (KRS 2 i Fig.
14A) Z LD, CD34 pHEIClEA ~F =71k T DS MERNME T LTV D 2
ERHBNERoT, FHWT, MIlRNS 7T AE T = A Z 7y MTED
fiENT LT, ZORER, W oA %2 s L 7= Milaiz T ¢ Warburg 25 2E
By F DI, 97245 PTBP1 OFEUR T & PKM2 725 PKM1 DIEHL A
A v FIFEOH G L LCEIE S (Fig. 17B), — 5. A ~F =7 ZHA|T
WL 7o/ AT CPT1C DR BLILEN G b7z (Fig. 17B), £ Z T,
Etomoxir Z FVVIEIGERIRL 2 THE L= & 2 A, BEAICITMIEOATFR 221k
SERPoTeA v F=TICBWNTHAH BRI AEFROKTRRD b
(Fig. 17C), LA EOFEFRNG | @MIZI T 5 A ~F =7 IFEZ DO
NENitRiR b DTG T 5 L TR 0 | et 2 A9 2 AIC-47 73 B LW
R LT b AN R In RS & 70 2 TREME DS R S AT,
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Fig. 17 Exvivo effects of AIC-47 on the CD34" fraction of Ph-positive ALL cells
(A) Viability of Ph-positive CD34" murine ALL stem cells treated with DMSO (Control), AIC-47,

imatinib (IM) or their combination for 48 h. (B) Effects of AIC-47, imatinib or their combination on

apoptosis, autophagy, Warburg effect-related proteins, and CPT1C. Cells were treated with DMSO
(Control; C), AIC-47 (47; 5 uM), imatinib (IM; 1 uM) or their combination (47+IM) for 48 h. The
numbers below PTBP1, PKM1, PKMZ2, and CPT1C indicate each band density relative to that of the
Control (taken as “1”). (C) Inhibition of FAO by Etomoxir. Cells were co-incubated or not with 100 uM
Etomoxir and AIC-47 (47; 5 uM), or imatinib (IM; 1 uM) for 48 h.
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NIRRT =RV F —PEAE D 772 54 NADPH Ol & L THBET 2
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LLEDZ Ent . AIC-47 1% Warburg 205 & ERGBRIERAL. D ] 7 2 HE S
HIRIN D= L F—Z Vg S5 & & 612 ROS OFFFEIZEI D 5 NADPH D%
AEEIIHIT D 2 & TR R AR L TS EB X B BEFIR & 1T D5
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HToH % AlEEED R S Tz,

45



Imatinib \}OGlucose

of |
//( CR-AQE) \

AIC-47 \
: _ \ Compensatory
PTBP1 Y o Fatty-acid oxidation

gl!ly Fatty-acid
Glycolysis

Oe pyruvate

/
. U

Lactate

- Imatinib

SAIC-47

Fig. 18 Schematic diagram of the effects of AIC-47 and imatinib on cancer
metabolism in BCR-ABL-transformed leukemia cells

AlC-47 Imatinib
Cell death Autophagic cell death Apoptosis
BCR-ABL Expression suppression Inhibitory phosphorylation
Glycolysis Dys-regulation Dys-regulation

Fatty-acid oxidation Inhibition Activation

Table 2. Differences in mechanism between AIC-47 and imatinib
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Fig. 19 Expression profile of miR-124 in human normal tissues.
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H3ET PHHIENEETSEARE L O ~F =72 X D miR-124 ORI,
AIC-47T B XA ~F =7 N L7- CML FiaN O miR-124 D3 H. %

Real-time PCR I(ZCTHRGRIE L 72, EDFER., A ~F =7 1TV ofMiatkizisn
THHER MR-124 ORBIIENNZ 7R LTz, AIC-47 EENMERIXFE O H 7223,
KCL-22 izt U CITAEZENRD Lz - 7= (Fig. 20), L EOFEFR S,
A = F =TT &L B Warburg 20 2R OAEHEIZ 1L miR-124 OFETIE M AT 5 L Ty
BHAREMEDS R S 7=, F7=. AIC-47 (2 X % Warburg Zh 5 OREFEIZ BV Tl
MiR-124 DFBEC DT HEPN/ NS WEEB R b,

K562 KCL-22
_ 3
[T 10 4 *kk
E 25 | ¥k
c 8
O 24 %
H .."EI 6 ok 5
5 ~7
xE 44 1
o5 -
= 2 4 0.5 |
=
[ 0 0
c C 47 M 47+M C 47 M 47+4M

Fig. 20 Effects of AIC-47 and/or imatinib on the expression of miRNA-124
targeting PTBP1.

Expression level of miR-124 in K562 and KCL-22 cells after treatment with DMSO (C; Control), AIC-47

(47; 5 uM), imatinib (IM; 0.5 uM for K562, 0.1 uM for KCL-22) or their combination (47+IM) for 48 h.
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FAHD NADOFIEBRICI T D miR-124 DIEH AL

23 ADFEAEITIX, initiation, promotion, progression &9 3 DD EMENAFTE
T 52 ENRF BTV D, miR-124 1% STAT3 72 EHfRIEGE I B 53 2 s %
B & LA AR HEBE T % mIRNA Th 0 %) K x 228 AFE CRELME T
LTWAZERRESN TGS 29, L Lanb, NAORIEBRICHENT
MiR-124 OFREUK T2 E D BFEICALE T D 0MIB 50 TR, £ 2 THRADFE
JEBFEIC RS 5 miR-124 DREBAALZMEET HZ & & Lz, CMLIZ1>DiE
{6772 5% BCR-ABL THRIAET D728 BRFEHIZR BN A D2 & B7a, £z,
E ML DONES CTh 572D F—BENOIEFEHMMREEL 2 & TER

. & Z T, adenoma-carcinoma sequence M iEfs 2 RO ZRIC L BRI

NG L U [ — B30~ b O IR kIS KOS AR ORI AT RE 72 KAG 28 A E
F ORI % FV -, Real-time PCR 12 X U ##Hf#kH 0> miR-124 OigHl &%
TR L, ERHARE S A CRILE it LTz, KK ST A—4 T LT
JEBIEL (n) &. 25 AR T miR-124 O3 EBIME T L CWJERIEE L OF D
|4 (%) 1 Table 3 1Z/RT5E Y & 722572, MiR-124 OFEBUE T 1% 81.8% 7D
adenoma JiE I THERR S 4L, miR-124 [T RVEMEE O BEPE )59 TIZRBLME T L
TWDZEBRABNE IRl ZDOMDERIKR/NT A —5 & OF B FHBIEER
I NoT=Z LD, miR-124 XN AMFAET HHIERE, 372D initiation
DEFFICB D TRIIMET L. BSAMH miRNA & LToOMREZR I LBEZD
iz,
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Characteristic n miR-124 (|) Case, (%)

Sex

Male 36 25 (69.4)

Female 19 12 (63.1)
Tumor

Cancer 33 19 (57.6)

Adenoma 22 18 (81.8)
Location

Right colon 15 9 (60)

Left colon 40 28 (70)
Depth in cancer

Mucosa (M) 5 2 (40)

Submucosa (SM) 5 3 (60)

Mucosa propria (MP) 5 5 (100)

Subserosa (SS) 9 4 (44.4)

Serosa exposure, Serosa onvasion (SE, SI) 9 5 (55.6)
Tumor diameter in cancer (mm)

<45 16 10 (62.5)

> 45 17 9(52.9)
Dukes classification system

A 18 11 (61.1)

B 1 1 (100.0)

C 14 7 (50)
Tumor diameter in adenoma (mm)

<10 10 8 (80.0)

>10 12 10 (83.3)
Grade in adenoma

Low-grade dysplasia 1 10 (90.9)

High-grade dysplasia 11 8 (72.7)

Table 3. Characteristics of study population and expression of miR-124 in
colorectal tumors
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958 miR-124 12 X 2 A3 AABNE 0D o= 0 L 3 — R 1]
EHLIXFET R TONAFD cell line (2B W TPKM2 @B LT 5D 2
EERELTHNDE P, oz b, IRETRTORART PTBPLPKM
T3 A — R&4 LT Warburg ZhRE DR L TWbH EE X B 2D, £ 2T,
MiR-124 (Z X %5 PTBP1/PKM 71 25— R D Hilf#l 2 CML fllfa & KRGS A AL T
RRFEL 7=, £9°. B F CML fAEkE K562 33 L OV KCL-22, b~ KHEGDS AMIARAK
DLD-1 3 X O'WIDr (2% L miR-124 Zi8 A LidRIFEHL S5 &, PTBPL D%
BUK T & PKM2 225 PKM1 ~D3ELA A~ FBlEL S vl (Fig. 21A), PKM
D2ODT A VYA LDFBAA v FIL, siRNA % AT PTBP1 DB % /
v I A LG ARICHLRO Bz (Fig. 21B), VL EOFER S, miR-124 73
PTBP1/PKM 7 2 - — ROFEBHIICEA G- L T\ D Z ENH LML o7,
Target Scan Database = C PTBP1 @ 3'UTR fEIk (21X 2 2°FT D miR-124 #5558
AR STz, £ 2T, Fig. 21C 23T & 9 122 NZE 0 miR-124 & fEik
ZEte X 9 IC PTBPL @ 3'UTR fHlk% 7 = —=1"7L. Luciferase L 7/R—% —
Ry B —THIA AT (wild), F 7=, PTBP1 LT miR-124 A& A3 2 fRAHAY
BB D —ERICE TR A A L, miR-124 BNEA TERWER~RY X — (mut) %
ERLL 72, 2B D7 % —% >, Luciferase reporter assay %17 72, miRNA
I TEEHEAS T DR B2 AIZHIE9 5, Wild type DECFNZIE miIRNA 35S L.
Z OFRELINHI S 5 728 Luciferase {EMEDME T35, —J7. PTBPL OEAID
—¥BCE R AL D Z LT mIRNA & OFEEDMER S, Luciferase 7& M DAL
THEREND (Fig. 21D), Z D FEERIZ LV . miRNA 2V ERER - ICHE S L.
AR TRHBEZHE L CWDENE I D EfERT 52 L TE 5, Wild type
® PTBPL S &7 57 % — (wild) & miR-124 % $:(ZE A L 7= K562 #llfy
Tl Luciferase ITMEDOH B RK FAFEO Hiv, BEREZ A= 7 ¥ — (mut) |2
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R % Z & TED Luciferase {EME DK T 23M#EbR S 47z (Fig. 21E), VT,
miR-124 inhibitor 2/ L. miR-124 OMREIG 2K F S w72 & & D PTBPL
B ZMFELT-, B F CMLEB XUt M REMSAMIZIZKR LT miR-124
inhibitor Z 3L A L72#6 2R, WL oMlafkiZis v Th miR-124 (I X % PTBP1
DIEBUK T AR S 72 (Fig. 21F), BL EOFER S miR-124 | PTBP1 ®
JUTR FEIRICHE S L. PTBPL OFEBLZHIHI L TWD Z LA BNE R oT2,
F72. CML MG & RIGA AAIIE TORMEHRE RS~ L2 Z £vb . miR-124
DOFEREILDS AMIREIC I\ THA T d D Al REME R S LT,

(A) CML cell lines Colorectal cancer cell lines

miR-124 _miR-124 miR-124 miR-124
o4 20 40 (nM) C 20 40 (nM) fod 20 40 (I'IM) c 20 40 (nM)

PTBP1 | W w ‘—-—‘ | - - ] [——— ]

PKM1 ‘ —-.‘ ‘ —-—--‘ l—'—---| l - e |

PKM2 | qm [_....-....| |-_.__|

B-actin [ ——— | s e |

® [ [z 1] [w9]

siR-PTBP1 siR-PTBP1 SiR-PTBP1

SiR-PTBP1
C 5 10 (nMm) C 5 10 (nW)

C 5 10@®M C 5 10 (nM)
PTBP1‘-—-‘ ‘———‘ |_ ||_ |

PKM1 | e — > e IT‘ Ij

PKV2 | CD— | | - — [ ——— | [ |

B-actin | PG — -—— ‘.-‘ ‘———-|

©
Human PTBF1 mRNA (NM_002819. 4}
. 2587 2896
107 a0 P sited | site2 3340 1407 1780 sitel site2 3340
H ORF | ‘ | | H ORF
- Mutation: CGG T —_ i

) . - Py Mutation: CGG
PTBPTmRNA SUTR 5", CGACUUGGCUUCCUU-~GUGCCUUA... PTBP1mRNA 3'UTR 5' ... GGCAUCGCCUCCGGUUGCCUUAC

) [ I
miR-124 " YN [T
- CCGUAAGUGGCGCACGGAAU miR-124 3- CCGUAAGUGGCGC——ACGGAALU
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Fig. 21 PTBP1 is direct target of miR-124.

(Aand B) Expression levels of PTBP1, PKM1, and PKM2 in K562 and KCL-22 cells after transfection
with miR-124 (A) or siR-PTBP1 (B) for 72 h. (C) Predicted binding sites for miR-124 in the 3’'UTR
region of human PTBP1 mRNA (site 1 and site 2) are shown. (D) Schematic of luciferase reporter assay.
(E) Luciferase activities measured after co-transfection with control RNA or miR-124 (20 nM) and wild

or mutant-type pMIR vectors. (F) Effects of miR-124 inhibitor on the expression of PTBP1.
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e /M
ARETIX, Warburg Zh R ORRALIZ B E 722 PTBPL/PKM 1 27— ROKALIC
mMiR-124 3B 5- L T\ 5 Z & ZFRAE L 72, miR-124 |3k % 7273 AFE TOFBLN
ETFLTWD ZERME SN TVDN, KAETORFOME, KEAAIcE
75 miR-124 OHBUR NI B MIEE OB TEZ > TWD Z ERH LN E
Slc, TOT END, D AR R = L 2 — SR Cd 5 Warburg %
FAVTTED A DRITELPE TG STV D ATREME D R Shviz (Fig. 22). F7-.
ZDOMDEFIR T A —2 L OFERMEBEITFRD NPT b, B
DOHERLCEMEFLIZEI D 597, miR-124 DFIUK N2 K 5 PTBPLPKM 1 A/ —
RS LT D EHEZR ST, CMLIZ L DO A AR TENAUICED T
O, FERADIERE L miR-124 DRBEAL & OBIEMEZMGEST 2 Z &N TE 2R
225 7253 . CMLABIEIZ 38\ T b KRGS MR & [AIARIC . miR-124 73 PTBP1/PKM
T A — ROFRBLHIENCE G L WD Z 6 Eolz, CML OF—3k
PEETH DA ~F=71E miR-124 DFEIAEALITHIN S E7225, AIC-47 (11
IMERIOBZDBFBD I, ZOZ b, A ~F =712 8L % Warburg Zh D
EHEIZ 1T miR-124 DR BIHEMAB G- L TV D AIREMES R S L7z, YLz
B MiR-124 |33 AFEIZHK 73 PTBP1/PKM 7 A -7 — R %41 L C Warburg
HREEHIE L TN D 2 ERHA LN E 7272 (Fig. 22),
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miR-124§ switch
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Warburg effect

P—

CML . Initiation / Progression

Fig. 22 Schematic diagram of association with Warburg effect and cancer
development.
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CML I t(9; 22) $EIZ £ 0 £ U 5 Ph Yefafka R & L, Z Ok ki
B S5 F A 785 T BCR-ABL & K7 A N—&InT & T D& MaESE TH D,
CML VB DO —EIRFE L LTS 5D TKI X, BCR-ABL OF 1 ¥ ¥ ) —
BIETEIZES > % ATP binding site 2 % —7" v R &35 FARFNEEITH U | It
K OALFEFE L IFN R & s U TN IR R AR 2 IO TE 72, L LR 5|
ATP binding site ™ miZ2IRZE FE0 F MUp Al AE O FR AT 72 LU X DI OS5
HINTEBY ., 2L DML TKI OWrEEIZ I 0 SENEINT 5 2 &7 CML
BT TKI Z IR LT 2 T U R 60 ONBLURTH 5, 0 FEERTEIR I
PEF AR BN RE N N6 | B ZIZ RIS 2 Z &R T, TKIHZH L
PP 2 JEAS L 72 M & A 2 T BB DB A R E N TV D

ABFFE T, TEAEIIIRFEIR AIC-47 DR A 1 = X L ORIA & BEAFESE L 0
ZRULZATV. CMLTK T 2 BT BB ORIFE S — X & L TOR AL BRE L
oo ZTHVETOMZETITE MIBIT 2 HENGNIE DA BTEMEDNIT & A S0
IZENTELT, PIBRAEERICE L UIe—PLEBY —IZE&En b T B RIS
ED2LDONRTAETATHESNTVWDIDHRATHT2, TEVEEICEALTY
PR IMMER DA T =X LB AHATHY , BHMO— e LTTaELERSR
TIhhol,

Z T TARFSCTIRE S THEARNIREEE SR X 25008 ATEMEO R & FH A
H = A LOfFAZ{T> 72, AIC-47 1Xt kN CML AfERRIZxF LC 1 uM 2L EORE
THEREEMEWERN 2R L, £ OMRIEDTEREN A — b7 7 U —MllaE Th
52 LEMLT LI (563 EE 281, &3, PHIENEESEEMARIL. 2 E

(CHIRAAER OWMED & 2588 - RSN & Hoig LT X 0 s AT
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BT ERHALNE R oT, VI F UL STAT3ICREAT 5 Z & TEH— |
Ty V=% ET 5L b STV A, AIC-47 1 STAT3 & OfE & BiFn:
PMELS . 7OV F UBR LIRS TR - TV D 2 EDURES LTz, AIC-47
DRER) 3£ L TIX PPARY B b FIREMED @V D 1D Th D T & PR X
o (35 3 % 6 8i) 2, RIS FORIEICITAZRFEMR RN LETH D, S
DIZA— N7 7 O—HIBIZED A I =AL L LT, CML D R7 A —8nT
Td % BCR-ABL ORGHHI & | 728 UMl Fr A 72 = 1)L % — (s T H 2
Warburg S B ORFENES- L CWAH Z L2 R Lz (B3 &5 4 8. %65 5 &),
AIC-A7 (X245 DO AUHIIARF EANCHBL L T DA ER A L T5 2 & T,
AN D I 2 FIRECE R LTV D EEZ BN (55 33 2 1), 7=,
AIC-47 |Z BCR-ABL D3 H A #55. L ~L Tl L. ATP binding site D&k
FLRWMERBT 2R T 52 b, RZERERIZI D TKIPED FUIRIC &
FFCELHEANTH D LRI T,

eV T, HEHARNIIER SR L BEFIECTH DA ~ F =7 DIEA O ZERI & i 2
oo AF=TIXCMLAMIRRIZKT LT AR b— 2AZHE L, siWESI 2 R 2R
FTIEDRMOLNTWDN, =X —E & OBEERIZIZE A EH LTS
TELT HIEAN~D 7V a— 2DV IAZLZHIT 5 GLUT-1 OFRBLZIK T S
HDHZEDOHNBHESNTND, £ TARIFLTITAICAT LA ~F =7 L DIE
HOENE =L —REE VD BLENG I LT, ZORER, mFEHIN &b
(2 Warburg Zh DO p%SZIZ B S-4 5 PTBPLIPKM 1 A 77— R & flkiE S, 28 A
DEBERT RN F—EGEECH L MIERZIMET DRSS Z L2 L
7= (56 4 55 3 8i), = ® Warburg Zh R OREFEDEA VX, PTBPL Z4ZEH) & 3%
miR-124 OFHLOE b E MBI LT Y (5F 5 &5 3 i, 55 5 &i). CML fifzic

BT H Warburg 20 O & miR-124 OIEFICEHEMENH 5 LB 2 bz,
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Flo, A~F =TT L D872 FAIRE R D—IK & LT Warburg £ 2R OHEHE A
BG- L CWAAREMEDN RIS Tz, S HIT, A ~vF =712 K % Warburg 2R D
e N ARER) 72 SRR R L DTEMAL A FHE T 2 DITx L, AIC-47 |% Warburg %)
R EMST U 7B TR L OIS AL Z M2 Z L 26 L (B4

4 ),

&

=

ZHVE TS A O IEIZ L0 TKI FREZEZ RS2 ERmb Tz H
MR IV T IEITRERR (L OTEME L b MBS I T B LT D 2 & 39
ST | ENER & IR L 2 HE 3 D 1RIEIE RN B Cd S rTRetE»
RS LT (O 4 B 5 EN), MENiRRRR KT Rk —EA D A2 59 NADPH
ORI & L CHET 5, BilpMiaic W CEBER LA 5 4 U7 NADPH
DSHIEAN  ROS ZAifite L I D A AFHERF T < 2 & 3 STV %, AIC-47
IZIEEED ROS 234X E D Z L Tl ZFET 2L LT (553
B 5 Hi) 25, TDRIKD 1oL UTHRER &I EmRc 2 HE T 52 L T
HIREPN O NADPH 23 L, TCA A 7 Luin b %4295 ROS DERENA 431
o TWNWDHZ ENEZ BT,

Flo. AT INE TICTRED Wil & LT, RIEBAIZEND
T PTBP1 ZAEHI & 9% miR-124 NN AMINAL T L TWH Z & (B5FEH 4
fffi). CML OJFK# s ¥ CTd 5 BCR-ABL 73 PTBPL/PKM 1 A 7 — K DiE (LIS
B LTWAZ & (BBEI3EESH) 2O LI, ZILHLOHEANG ., DS AM
J0D FEF g )L X — AR T & 5 Warburg 2R 0323 AL ORI ERNT L
23 A DR ICEI D O THEFRF SN O ThH 5 2 L 3R Sz, Warburg
IR OBEIFII = RN X —DREADH 72 5 AMB D EAF - HFHIZIER | E
IZBb>TNDHZ et S%DBPAMBOZX LV —R@eF—7 v he L
RN S DICHERIND Z LRI,
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AMFFE THTZAZ L U 7= BUIRNIIERE EUA AIC-47 DI ATEMEIE, CML @
R 7 A /"—ig{sF BCR-ABL DG & = /L % — REHHE OMGHE TR 3 5
HLOTHY, BEFHETHD TKI LT BRMEHNSEZHLTND Z &R L
METroTz (Fig. 23), ZNUHDOERANLOT e —FI2 L0 BIED CMLIA
TR & 72 > TW A IPE DS B R MiiEIC X 2 3 2 50k © & 2 Al6E
Ve LTH 0., PRI FHAEMARL CML 3T % Bia R oA F 72 A5 o
— R B L EFEIELT,

Imatinib _[ -7-\"\;
TS
&

miR-124 (BCR-ABL o&belucose

‘ N
A Y
Ay

\, acquired in initiation phase

6 /
¥4
S

\ - .
Glycolysis / ‘\ ey acid
(Warburg effect) ® atty-acid oxidation

& ‘ \

W
pyruvate J

U

Lactate

Fig. 23 Schematic diagram of the effects of AIC-47 revealed in this study.
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FEEAENERFE IR IT E b CML MRS 3 28RV ATEEZ /L, £ 0
TERBET 72 CML @ KT A /N—i&{5+ T % BCR-ABL DIRFHE & A A
AR B Y 70 = o L 2 — RS C & 2 Warburg 20 R ORHEIZ KX D ROS
DIAEZN LT bDTHDLZ EEHLMNIT L,

BILED CMLIRIEICH T 55— #IIETH H A ~F =713 Warburg 2h %
SR ITHEHE S, € OREMEMRE & L CIEmEB(LA2EE b5 2 & %
S U, BRSIRIC T D A ~F = 7 IERes O BAFIZIINENikieAL
DIEHAEABE LT D Z E2H LI Lz, —J7, HBIRIIRR EAIX
Warburg #52R &[RRI RN fele b 2 PRE L. BRIl L TH AR
ThobZ bamrLT,

PN A DFIEIBFRIZ I N T, Warburg 25RO GBI 59 % miR-124 D38
BALR D IO EBHIZIB N TAE LTS Z L2 LN LT, F,
CML ® R 7 A N—i#fs 1 Toh 5 BCR-ABL & Warburg 2h R OHERFICEF 5-
LTS ZEZ ML, = —REHsE O LA FD o & IR D
> TV D AREMED R ST,
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AIFFEDOEATI L OFRILDOIERIZH T2V | & TRER D TG, JHikEs
B0 £ LR RZEREFOES ARG R 7Ert RE S5l 2D X
DIEHOEZRXLET,

AWREED DIZHIZ0  ZRRTHIIL THEEWTEE £ L EDER
W EER 2 — EIL B PR, MERY MBI G 4
R ORI SGE AL, RERERRT: K B &, Wil A
iz, Ok w0 MEEER, IRRERIRT TE ST HdR. MR
R Il RS GERNCE S BILH L B £,

Flo, KRXOERICEE L, ZHEBIOIKEZBG Y £ LR KRR
Brd S RIRRER G AT IER b w3k #d%. feiE ER BdR. bW

BRI < EHW T2 L E T,

KRAFFEDZATIZH TV | WFZEiEEN 2 1T L T & ol R R AFFaE S A 3R =
PRIG AT IERIR AT TEE DO BERRIS D L W LR L L £,

BB, BIRFLDOWIZEATE DI & 72 - T2 FIHRIEH L £,

AWFZE DB B BEME A B OBREF S AL F D TFE~DO IO —B & 72 5 =
CERFAWVEEEE W2 LE T,
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EBROER

1. AIC-47 DEHk

0.1 mol @ 3-decenoic acid (D1186; Tokyo Chemical Industry, Tokyo, Japan) % 25
mL ¢ thionyl chloride (207-01116; Wako Pure Chemical Industries, Osaka, Japan) (Z
MZ, 2T 2 R RS S 724, 90°C D7k BT 1 IRFRNBGEDE L 72, 5l
72 thionyl chloride | I8+ N2 £ L BeE L) C & % 3-decenoic chloride %157z,
5 5 7= 3-decenoic chloride (5 mmol) % 15 mL @ tetrahydrofuran (THF) (2 fi# L .
heptamethylenimine (5 mmol; H0546; Tokyo Chemical Industry) & pyridine (400 mg)
5 te THF IR N %, 90°C DK BT 3 ReMEGEDE L 7=, THF ZUE FiZ
BMEL, KBXOEHER T TV E N2 TE-RBL 21T o 72, BEfg = TV 2 /Kt
BB L, B2 VNI a~ NI T T 0 — (BRI 7 ookivs) ©
F5H L C(E)-1-(azocan-1-yl) dec-3-en-1-one (AIC-47) % 157-,
B ONIALE Y OREIEIL MS B L OVH-NMR THER L7z, A7 MLT—H 1%
UTD@EY Thob, ' HNMR DL 7 ML SE (ppm) TR L=, £7-. RO
sa% FH\ 7=, d, doublet; t, triplet; br, broad; m, unresolved multiplet
HR-ESIMS (m/z): M+H" calcd. for C19H36NO, 294.2791; found, 294.2756;
'H-NMR (500 MHz, CDCls): & 0.88 (t, 3H, J=6.9 Hz), 1.05 (m, 1H), 1.11 (m, 1H), 1.17
(d, 3H, J=6.9 Hz), 1.22-1.38 (m, 10H), 1.47-1.84 (m, 8H), 2.03 (br d, 2H, J=5.8Hz),
3.04 (m, 2H), 3.46 (m, 1H), 3.96 (m, 1H), 5.51 (m, 1H), 5.56 (m, 1H)

AIC-47 X dimethyl sulfoxide (DMSO) (Z¥fi% L CFEBRIZHEH L 7=,
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2. MifaEs AR

b MEEEBENE A R AR K562 35 X OV KCL-22, & RS AUMakk
DLD-1 3 X O WiDr (& Japanese Collection Research Bioresources Cell Bank (Osaka,
Japan) LK VEEA L7, MAITHEATL 6 7 HLIN S L < IE MycoAlert Mycoplasma
Detection Kit (LT07-118; Lonza, Rockland, ME, USA) TEH L= D AEHH L7-,
K562 35 L O DLD-1, WiDr % 10%FBS & A RPMI-1640 medium (189-02025;
Invitrogen, Carlsbad, CA, USA), KCL-22 | 20%FBS & A RPMI-1640 #1C 5% CO,,
37°C D&M T CTHi&E LTz,

AL, YR — RIS L VR L7, BRE% ORI
WikZz N X7 — L ERERES L, MERGHRBIC CTAMBBEZ L, =

v~ e — Va9 A AR R (%) AR R L LT,

3. UxRHELUT 1y MEN
3-1 X R B

& %7 21X Protein lysis buffer (10 mM Tris-HCI, 0.1% SDS. 1% NP-40,
0.1% FAFT a—/fEE)F U 7 A, 150 mM NaCl, 1 mM EDTA) (Z 1% Protease
inhibitor cocktail, Phosphatase inhibitor cocktail 1l 33 X OV Il Z1RE& L CTHW=, #
X7 BRI 1B U 7o e 2 v X, 20 S0 FRDK SRR E S ¥ 72, £ D1k,
13,000 rpm. 4°C. 20 43fEme 0 Ayt Uiz, By L7z BiE&mI L, & o5y
BY o7l Ui, BB L OSHIRE D & X7 B O 4y EifH I X Cellytic nuclear
Extraction Kit (Sigma-Aldrich, St. Louis, MO, USA) Z & L7=, ¥ 37 B iE &L,
DC Protein assay kit (Biorad, Hercules, CA, USA) Z H\W\ {77z, E& LT H
7 '& % SDS sample buffer (62.5 mM Tris-HCI, 2% SDS. 10%7 U & = —/ L, 50 mM

DTT. 0.01% 7 2E 7 = / —/L7/b—) L&A LT 50 pug/uL (ZFH%& L. 98°C T5
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TR U722, K T 5 o MwkE L7z,

3-2 ERIKENF L OHRE

ERUKENIZ, A — 2 —F L — & — (Wako) I O Super Sep Ace (Wako) %
iz, vkEhtg. 71 % blotting buffer 25 mM Tris, 0.2M 7' U > 20% A #
J—V) 125538 L7z, PVDF x> 7 L (PerkinElmer Life Sciences, Boston,
MA, USA) I A F /7 —/WiZ 3 57[MiR L, BHlKIZ 5 [l L7z, £ D, blotting
buffer 12 5 /3 fHE L7=, FH#&MlA~ 5, blotting buffer (2{2 L 7= A&, PVDF X > 7

Ly, Fv, AONEICER, 15V, 370 mA T 40 5 MERE L,

33 vV REUTHYT 4T

Hr 5. 0.1% Tween 20 &4 50 mM Tris-HCI buffer (TBST) T L. 5% A %
AINVT IR L C LI 7 = v % 07 Uiz, TBST TH L. HURA IR
(2% BSA. 0.01%7 2{tF r U A, TBST) THIR L7 —RPULIZIE L T 4°C T
—WeSOG S 72, TBST THEA L7cf%. 5% A F A L7 B AR L7z Ikt
RIZIR L CEIRT 1R FFE S 872, T D% TBST TyEH L, Luminata Forte
Western HRP Substrate (WBLUFO0500; Millipore) T 72112, Luminescent
image analyzer LAS-4000 UV mini (Fujifilm, Tokyo, Japan) % AW T L7, =2

k & — 121 anti-B-actin antibody (A5316; Sigma-Aldrich) Z{#H L 7=,

4, E-BATSSEAENT
4-1 [EE

1x10° cells/mL D #HfE % EIY L, 1,500 rpm. 10 4y s Dy BE L 7-#% . FiE%2
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£ UTo, MR HTE EH 2%/ 8T RV LT LT e R 257 VA LT VT E R,
0.2 M PBS) % 1 mLJN1x THlAEZ 88 < 23 S, 2800 T 2 I [EE L 7o, [BER .
1,500 rpm, 10 43 T LB ATv, RiGZEBRE L7Z, & HIZPBS T 1 [EI%eHE L.
1,500 rpm, 10 ZpfliE-DaoEE L7, BiEZERE L. BREEKR (2% U2 b4 2
T LIKEEHR, 0.2M PBS) % 1 mL IR 7-1%. 4°C C 2 R EE L7z, BEER%. 1,500
rom, 10 53 CiLaBEZITV., EEERE L, PBS & 1mL %, 4°C T—Ht

HE L7,

4-2 ik

AR 30% =% / — Va4, L7 5 o fERE L7z, 1,500 rpm, 543
s OaBEA ATV, BIEARRE Lz, Rk, =% 7 —/VRE% 50, 7T0%& L.
WM L VEFN U721, 54 MEE. 1,500 rpm. 5 4 OSBEE 1T > 72, Hi T,
T & ) —)VIRE A 90, 100%& L., MifaA R0 L7, 10 4 [E#RE. 1,500 rpm,
5 oyl Doy BT D E AT 4 IR D I LTz,

4-3 TV a—)LViEHLE K OWEE

100% =% / —/L O f-EAFrRE L. QY-1(Nissin EM, Tokyo, Japan) =% / —
JVEERENNZ Tz, IR T A5 R E L, 2,500 rpm, 3 pfEmEik L%, EE%E
FrZE L. QY-1 2Nz CTRIERICERE. =ik L7-, EiE&EFRE L. QY-13 L O Epon
812 (TAAB Laboratories Equipment) @ 1:1 JRFR A Mz 7=, =RIE T 1 BRI E L
7e#%. 2,500 rpm, 343 L7c, EIEABREL. QY-1 3 LU Epon 812 d 1:4
R Z A, FERICHE, =ik L7z, BiEZBRE L, Epon812 Z A, [FAIAR

(CEE, ETE LT,
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4-4  EIRE X OB

BiEABRZE L, MRS Epon 812 & iz 7= . 2,500 rpm. 3 ZrfEEL L 7=, 60°C
T2 WA ¥ aX— ML BIEEZEEG S, BHEEORE 7 2 v 7 % 70 nm
DESTEYIL, HifEY 7 =)L « 7 T URENE BT - %, HiRE T

4% (TEM) Hitachi-7650 (Hitachi, Tokyo, Japan) % FWT#IZ2 L 7=,

5. Real-time PCR
5-1 RNA flitH
Hl s X ONERE T > RNA 1% NucleoSpin miRNA kit (TaKaRa, Otsu, Japan) % i

A L4 L 72, RNA £I% UV spectrophotometry (2 CEE L 7=,

5-2  mRNA OJE &

PrimeScript RT reagent kit (TaKaRa) Z{#H L, 37°C 155y, 85°C5%, 4°C T
RNA H > 7V OWHR G L 21TV, #3771 cDNA % & 1% L 72, Quantitative reverse
transcription-PCR (qRT-PCR) &2 1& Universal SYBR select Master Mix (Applied
Biosystems, Forester City, CA) 33X Table4 D774 ~—t v FEHEH LT,
GAPDH @ mRNA &% Wiz hrm—/L & Lz, 95°C 30 B CHIMI A M 41T > 7=
%, 95°C5 W DEMELUGI LTV 60°C 60 DT =— VU 7« iR SUG% 40 A
7 VAT, 95°C 15 #5, 60°C 30 £, 95°C 15 b D A 7 7 CRihfig it & 4047 L7z,

BV TNV DORIE 3 [FIT 1TV, AACEIEIZ T mRNA E25HE L7,

66



Primers Sequences

BCR-ABL forward 5’-TTCAGAAGCTTCTCCCTGACAT-3’
BCR-ABL reverse 5-TGTTGACTGGCGTGATGTAGTTGCTTGG-3’
PKM1 forward 5’-CGAGCCTCAAGTCACTCCAC-3’

PKM1 reverse 5’-GTGAGCAGACCTGCCAGACT-3’

PKM2 forward 5-ATTATTTGAGGAACTCCGCCGCCT-3’

PKM2 reverse 5’-ATTCCGGGTCACAGCAATGATGG-3’
GAPDH forward 5’-CAACCCATGGCAAATTCCATGGCA-3’
GAPDH reverse 5’-TCTAGACGGCAGGTCAGGTCCACC-3’

Table 4. Sequences of primers using in this study

5-3 miRNA O € &

MiRNA O & &2 1% TagMan MicroRNA Assays (Applied Biosystems) % H L7z,
% 4", TagMan MicroRNA Reverse Transcription Kit (Applied Biosystems), stem-loop
RT primer (Applied Biosystems) 3 X O'RNA ¥ 7L ZJRE L. 16°C T30 4.
42°C T 3047, 85°C T547, 4°C T10 4 DIATRT K% 4T-72, qRT-PCR IZ
X TagMan MicroRNA Assays PN PCR primer (Applied Biosystems) 35 & O
THUNDERBIRD Probe gPCR Mix (TOYOBO, Osaka, Japan) % {#H L7z, 95°C 30
BTS2, 95°C5 5, 60°C 60 DL % 40 V1 7 LATUN, AACEIEIC
T miRNA B2 GFHR L7-, RNUBB Z#= hr—/L b L, £ T ORIS

X 3ET o To72,

6. Efln T8 AT
KA L 0.5%10° cells/mL OFIfAEFETE 7 = /L L— NI#kfE L7-, DLD-1

BEOWIDNZI NI A7 27 varaz2d7H) 28 RFRIFNCEER L, 7 L — MTEE



% SHT-, ARBFZEICMEH L7 siRNA (Invitrogen) OECFIIE Table 5 (27~ L7z,
miRNA . mirVana™ miRNA mimic (Ambion) 5 X Ot mirvana™ miRNA inhibitor
(Ambion) Z{# ] L 7=, Control & 72 % FEH5 5 RNA 1% Hokkaido System Sciences
(Sapporo, Japan) £ Y A L7-, £ siRNA 35 T miRNA (3 Lipofectamine
RNAIMAX (Invitrogen) ZfEH L CAhHF A MY R Y — A &R SE, MANIC

BALT, B FEANEIToCMIZ 72 REF#IZEIR L, %7 v AIfEHL
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Gene Sequences

c-Myc 5’-UUUGUGUUUCAACUGUUCUCGUCGU-3’
PTBP1 5’-AUCUCUGGUCUGCUAAGGUCACUUC-3’
BCR-ABL 5’-GCAGAGUUCAAAAGCCCUU-3’

[-catenin 5’-UAAAGAUGGCCAGUAAGCCCUCACG-3’

Control (non-specific RNA)  5’-GGCCUUUCACUACUCCUCA-3’

Table 5. Sequences of sSiRNAs using in this study

7. WRHFHISRHT

HFEBII 3BT 1T o7, EEREEOERLR D S OIIFHEBICFEH L@ Y T
D, FEBREFEITEIE £ EAERFEZE TR L, FEHFEN 7 BRI Student’s t test
IZE VAT T fERFE SN A 2 A EEZH Y & LI, &7 T 7 DR EZEIT*P < 0.05,

**pP <0.01, ***P <0.001 T-RLTW5,
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o 3 IR 5 EER

=

WIETHDY = AZ LT 0y T 4 ZIZHWT-HiA LC3B (#3868). Akt (#9272).
phospho-Akt (Ser473; #4060), mTOR (#2983). Beclin-1 (#3495), PTBPL1 (#8776).
[B-catenin (#2698). Histone H3 (#9715) X Cell Signaling Technology (Danvers, MA,
USA) LY. Bcl-2 (sc-509), c-Abl (sc-131), CrkL (sc-319). c-Myc (sc-40) & Santa
Cruz Biotechnology (Santa Cruz, CA, USA) X ¥, PKM1 (NBP2-14833SS) ¥ LY

PKM2 (NBP1-48308SS) & Novus Biologicals (Littleton, CO, USA) L W lEA L7z,

2. miERER

= L& 2 Ficoll-Paque PLUS (GE Healthcare) # i1z, @ ik hRMMLD4
% 25 R E U= 1%, 2=1HC 3,000 rpm. 30 A a0 L7, U v 8Bk A a T
T 0.5 em EE To LEEZBREL., TRHEOZZ B O@EILE Y H L7,
By L7 R kg 2 PBS Ty L. 25IE.C 1,500 rpm, 10 yfil.O0 0Bk L7z, b
EEFRE L, k&% PBS CHEE IE7-%. FOEE, 1,500 rpm T 10 5[z
Do LT, BiEZFRE L, 5% FBS 2 & Te RPMI-1640 (CFRRE S 72 U 2/ EK
BRI AW, iy SMEEERl & L C Concanavalin A (Wako) % 75 pg/mL ¥
U7z, AIC-47 % 2, 5, 10 uM OJRE THMN UMIIREF=RZ R Y v T —1
FHERRBRIEIC X B LT,

3. PHEAIZEER
Z— ~ 7 7 U—OHE T 3-methyladenine (3-MA; Calbiochem, San Diego, CA,

USA) I X OF Bafilomycin A1(Sigma-Aldrich) Z 7z, 3-MA I J OF Bafilomycin
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Al1ZDMSO T THSR U Tz, MU B F i I 45 PLE A 2 N U 8 IRffE] 7% 12 AIC-47
RN LT, BiHi > DMSO I3HEIRE D 0.3% L F & 7e D K H 12 Lz, Mlaio
7 U —Z VA NAEREA & L CiX N-acetylcysteine (NAC; Sigma-Aldrich) Z{#H L
720 NAC IR BB MIAIZ THfR L 7=, AIC-47 SN 4 FERIRTIZ NAC Z iR L7-,

I EANTHIEOHIERS L OIS e 5 2 O RE TR L7,

4.ChIP 7 vt A

K562 35 L OV KCL-22 | AIC-47 Z s/ L, 5% CO,, 37°C T 72 FFfiE5H L7z,
ChIP 7 > & A {Z1& ChIP-IT Express Enzymatic (53009; Active Motif, Carlsbad, CA,
USA) I & TF c-Myc antibody (#9402; Cell Signaling Technology) = H\ 7=, F7-.
RYT 47 ha—/ L LT Antibody against Suz12 (39357; Active Motif), =
BT 473 hr—/LLt LT rabbit 1gG (53025; Active Motif) Z i/ L7-, %
VRS ClalY L 7= DNA X Real-time PCR (Z CHiME L. Input DNA DR E:(Z

PORERVAR: - TR ST N oYt

5. L-lactate 7 > & 1

K562 35 X OV KCL-22 (Zxf L, AIC-47 % 5 uM #ishl, & L < 13 siR-BCR-ABL .
siR-c-Myc, SiR-PTBP1 #5nM N7 A7 =7 v 3L, 5% CO,, 37°C T72
eI L7-, M@ B¢ L. L-Lactate Assay kit (700510; Cayman Chemical
Company, Ann Arbor, M1, USA) % W\ CTHIAZIN O L-lactate Z 4 Hi 35 K ONHIE %
Tolce WEMEIEASY > TV OAEMEETHIE L, MlapsLigEA R L L,
B T NATHKT B ERIT 4 BT DT o7,
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6. % 1A B 3L L (Electron Spin Resonance; ESR)

K562 iz AIC-47 (5 uM) ZiIN L, 5% CO,, 37°C T 8 Fpfjki#E L7, #H
faZ =L L, 5, 5-dimethyl-1-pyrroline-N-oxide (DMPO; D2362; Tokyo Chemical
Industry) TIAfE L CHIBINOEEE T ¥ AL L=, ESR A7 MU adE
/L (i.d.0.75 mm, JES-LCO01) Z v, =i T T JEOL JES-FR30EX free-radical
monitor (JEOL Ltd., Akishima Japan) (Z X 0 i€ L7z, HESRMHIZLLFOMEY Th
%, magnetic field: 336.000 £ 5.000 mT, power: 8.98 mW, sweep time: 4 min,
modulation: 100 kHz, 0.08 mT, amplitude: 4000, time constant: 0.3s
WELEE—7REZMEL, Y7 FAREE Lz, B, BBFET VLA i
L 72 flIEiE 12 DMSO &% 72 & & D ESR AT M JUITITZEALR 72 < | ARIFFE

THIELIBEFZE T HAFICOH TP IANREENRN & 2R LT,

7. o2/ - vIal—vaw

STAT3 (PDB code 3CWG)*? 3 J U8 PPARy (PDB code 2ZK0)*™ o % /3278
G L AIC-47 LD Ry F 7 - 23 2 L—1 3 i3 AutoDock4 % FVTHT
S B 10OV 2 b— g UERERICHAT R —ZFHE L, KD

i TR — L R HEE A Wk LTz,
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o 4 IR 5 EER

[EEN

. R

A UNVEEA ~F =7 (10936; Tokyo Chemical Industry) :5 L OV o w2
(Sigma-Aldrich) |X DMSO |Zi&fif L7z, 7 arXx> (1 uM) 1T AIC-47 (5 uM) £
O ~F =7 (K562:0.25 uM, KCL-22: 0.1 uM) #RIND 4 BT A0 R 208
L, A— b7 7 P—OHFEICHE M L7z, Etomoxir (Sigma-Aldrich) &k
FEEMAI AR U, BB L EAI E LT AIC-47 (5 uM) B O ~F =7
(K562: 0.25 uM, KCL-22: 0.1 pM) & [FIRFIZ, #IREE 100 uM & 72 D X D IR L
7o, HifiH o> DMSO ITHEIREEDS 0.3%LL T & 725 K oIz L. A HEHNITH O HE
JHE X OVHMEIC B A 5 2 7o W RE CER L7,

WABETOY = AZ 70 yT 4 v W ZHUA PARP-1 (#9542), p62
(#5114). Phospho-Abl (#2861)., mTOR (#2983). PTBP1 (#8776). PKM1 (#7067).
PKM2 (#4053), Phospho-PKM2 (#3827) (% Cell Signaling Technology & ¥ | c-Abl

(sc-131). CPTIC (sc-139480) % Santa Cruz Biotechnology kL Y A L 7=,

2. SREHOLYE

O Y813 Cell Signaling Technology @ 7 1 k =t —LIZfiE > 7=, K562 IZ
AIC-47 (5 uM) F 72131 ~F =7 (K562: 0.25 uM, KCL-22: 0.1 uM) % ¥RM0 L . 48
IR 1% O MR 2 (A1 L 7=, Smear Gell (SG-01; GenoStaff, Tokyo, Japan) % fu T
ATA RHT A RICHIlZ A S, 4% RV AT AT B RICRLTERT 15
Sy TR 2 B E L7z, PBS ICTHifd 2 e L, 7 v v % 73y 7 7 — (1xPBS,
5%IE # ¥ F ML, 0.3% Triton™ X-100) T60 471w v ¥ 7 Li-, FD%,

TayXx TNy Ty —%WEIREL, —RHLKET 7T A LT 4°C T—HEA
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V¥ a2 _X— kL7, —RPUEIZIE, Cell Signaling Technology & v A L 7= PKM1
(#7067). PKM2 (#4053) % f#H L 7=, PBS TUF L7=#. = A8k — Pk a2
Z CHEAT, IR T2 HEf A > % = <— b L7z, ZIRHUAIZIT Anti-Rabbit 19G (H+L),
F(ab’), Fragment Alexa Fluor 488 Conjugate (#4412; Cell Signaling Technology) % H
Wi, E7o, MlaEE oYLtz Hoechst33342, A E#S DYtz fluorescent F-actin
probe Rhodamine Phalloidin (Cytoskeleton, Denver, CO, USA) il L. —&kHiik
EREFICA v Fa— b Lo, BEREFZITV, EAMZRNLIZ D%

BIOREVO fluorescence microscope (Keyence, Osaka, Japan) (Z C#152 L7z,

3. L-lactate 7 v & 1

K562 35 & T KCL-22 12 AIC-47 (5 uM) ¥ 77134 ~F =7 (K562: 0.25 puM,
KCL-22: 0.1 uM) Z ¥R L. 5% CO,, 37°C THi# L7z, 48 Rff % (2 HMia % (a1
L. L-Lactate Assay kit (700510; Cayman Chemical Company, Ann Arbor, MI, USA)
% W THIIEN @ L-lactate % fifi i L 7=, Lactate Colorimetric/Fluorometric Assay kit
(#607-100; Biovision, Milpitas, CA, USA) % W CHIE L7z, HIEM XS 7 v

OERNE THIE L, MIaPNFLBEELAE S L,

4.ATP 7 v & A

K562 35 & OV KCL-22 (2 AIC-47 (5 uM) 721314 ~F =7 (K562: 0.25 uM,
KCL-22: 0.1 uM) Z ¥ L. 5% CO,, 37°C THEE L=, v 7 7 AMINIEIC &
% ATP DIEE 2B < 7o 1T 1575 6 IR 2 (ML A [=]1U L, ATP Determination Kit
(A22066; Invitrogen) (2T ATP L)L ZJIE L7, HIEMIZA V> 7 v oAl
BCHIIE LTz,

BEHUI DA N ORAE DY THEZE T L, 7V a— AR FEET HE5H
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(Glucose +) (Zi%, RPMI-1640 medium (189-02025; Invitrogen), 27 /L 1— & Z fRU>
7-H5 M (Glucose —) 121 Glucose-free RPMI-1640 (185-02865; Invitrogen) % {3
L7z, NENGERINIE(ES DEEH (Fatty-acid +) (213 fatty-acid-free albumin solution
(017-22231; Wako) | Lipid mixture (L-0288; Sigma-Aldrich) Z¥#00 L . A5HiEE % &
F A2 EEH (Fatty-acid —) (213 fatty-acid-free albumin solution ¢ A % A0 L C

AL,

5. FENAERs AT
K562 (2 AIC-47 Z¥RIN L. 5% CO,, 37°C T 48 W52 L=, AN DGR,
et KOH R 7 a~ N 7T 7 ¢ —I L 2 8RR NGBS /T 1 Toray Research

Center (Tokyo, Japan) (ZZ&FE L 7=,

6. BFFETEPEDFH

Long-chain acyl-CoA dehydrogenase (LCAD) Df#3R1EMEIL, Bi/KZE G & [FIFE
(AR FAD 75 FADH, IZZ&# S 2@ e ROs 2 A L, JIE L7-, 50 mM KPi
(pH 7.6). 1 uM FAD, 36 uM 2,6-dichlorophenolindophenol (CI,PIP), 0.3 mM
N-ethylmaleimide, 30 pg human recombinant LCAD, myristoyl-CoA % {E& L 72X
JEE &2 S L. 1.5 mM phenazine methosulfate % Il 2. C Sis % BiAR S H72, CLPIP
DFHETC I TEA T 72 D G % 600 nm O EE & L CHIE L, AIC-47 (10
nM) 7EE T & IEFFEAE R CH# L72, Vmax, Km, Ki ®#FHE B L OHE L2 ERR

DA B M EIZ1T GraphPad Prism 6.0 & /-,

7. BIMIREHAE ORI & 43 EL
Ph* ALL £7 /L~ 7 ZOFILE L OV CD34 45 D4y BT 4 1 R R E S
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AFTIT 72 b D &4y LT 2720z 3299 oy K4 NOD/SCID/IL2ry™"
(NOG) ~ 7 AIZ Ph" ALL FBFH OMIZ B4 L, Ph"ALL 7 /L~ U A &M L
7o, 8~10 & gD AR Z [E1YX L . erythrocyte lysis buffer (Qiagen, Hilden,
Germany) % FWCARIMERZ BRU N2, B iffpfliiao CD34" 45 Eil% MACS CD34"
MicroBead Kit (Miltenyi Biotech, Auburn, CA, USA) % W Tt L7=, &4 5

BZiZ. 10%FBS &4 RPMI-1640 medium (189-02025) % L 7=,

75



5 5 TR 5 KB

[EEN

BEETOUAX T80 vT 7AW HUR PTBPL (#8776). PKM1
(#7067), PKM2 (#4053) (% Cell Signaling Technology & V i A L7=, DLD-1 & X
Y WiDr @ PKM1 (NBP2-14833SS) 5 &L T PKM2 (NBP1-48308SS) D HiIZ %

Novus Biologicals & D g A L7 b D2 L7,

2. FRIRKRAA

TR T ORER AT A PR AR R, RIRERRZ MR IwET, KRBT
FEESKARFPEZ T, AFRHEBRE S L ISR FIRNOBRICERI L 72, EKHR
ROFMBAICE LTI, SO MIEEELZBRITEAR LG, TXTOEEI
AT FH—hF-arerhzlh, AESZVELEW, MRE%T 5RO
KIF723 A (cancer) 835 33 443 L ONEMERIE (adenoma) fEFH 22 A2 DWW T, Jil
Pl & EIEAE L TN VR IBHRE AR 2 [/ — A L0 EREL 72,

3. Luciferase reporter assay

Target Scan database T/~ & 4172 2 2 Al D miR-124 #% A 681k 2109-2116 (site 1)
J OV 2731-2737 (site 2) % & ¢¢ Luciferase L ik — X —_ 7 X —Z/ERL L 7=, site 1
1% 1803-2134 % site 2 |% 2587-2898 # Z €L/ m—=27 L, pMIR-REPORT
Luciferase miRNA Expression Reporter VVector (Applied Biosystems) (Z#HA A AT
(wild type vector), PrimeSTAR Mutagenesis Basal Kit (TakaRa) % >, wild type
R X —@OmiR-124fE & B DO —HE (TGCCTTA) IZA R (TCGGTTA) Z#E AL

7= (mutant type vector), FEM7ZeEIFIITE 5 B 5 Hi Fig. 21C 1~ L7, /ER L=
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%7 H— (0.1 pg/mL) &, miR-124 (20 nM) # L < % Control miRNA
(Dharmacon, Tokyo, Japan) % K562 (22 7 > A7 =7 ¥ 3 > L, Luciferase /&%
% Dual-Glo Luciferase Assay System (Promega, Madison, WI, USA) % fii i L T
iE L7z, Firefly ® Luciferase 7514 % Renilla ® Luciferase &M THIIEL, 7 —# &
L7z, BFEBRIZ4BIT AT,
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