
慢性骨髄性白血病細胞に対する中鎖脂肪酸誘導体の
抗がん作用とエネルギー代謝

言語: Japanese

出版者: 

公開日: 2016-07-11

キーワード (Ja): 

キーワード (En): 

作成者: 篠原, 悠

メールアドレス: 

所属: 

メタデータ

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



Anti-cancer effects of medium-chain fatty-acid derivative through perturbation of 
energy metabolism in chronic myeloid leukemia

2016



1 1

2

1 4

2 6

3 : Warburg 10

4 13

5 15

3

1 17

2 18

3 19

4 BCR-ABL 23

5 25

6 29

7 31



4

1 33

2 33

3 BCR-ABL 36

4 38

5 AIC-47 42

6 44

5 miR-124/PTBP1

1 47

2 miR-124 47

3 miR-124

48

4 miR-124 49

5 miR-124 51

6 54

6 56

60

61



62

3 69

4 72

5 76

78

86



1 
 

1

1

(chronic myeloid leukemia; CML)

CML t(9; 22) BCR-ABL

BCR-ABL

(TKI) BCR-ABL ATP

TKI CML

TKI

TKI CML

TKI

TKI

CML



2 
 

( 3 )

( 4 )

( 5 )



3 
 

(1) Perturbation of energy metabolism by fatty-acid derivative AIC-47 and imatinib in 
BCR-ABL-harboring leukemic cells.

Haruka Shinohara, Minami Kumazaki, Yosuke Minami, Yuko Ito, Nobuhiko Sugito, Yuki 
Kuranaga, Kohei Taniguchi, Nami Yamada, Yoshinori Otsuki, Tomoki Naoe, Yukihiro 
Akao.
Cancer Letters; 371 (1): 1-11 (2016).

(2) Anti-cancer fatty-acid derivative induces autophagic cell death through modulation of 
PKM isoform expression profile mediated by bcr-abl in chronic myeloid leukemia.

Haruka Shinohara, Kohei Taniguchi, Minami Kumazaki, Nami Yamada, Yuko Ito, 
Yoshinori Otsuki, Bunji Uno, Fumihiko Hayakawa, Yosuke Minami, Tomoki Naoe, 
Yukihiro Akao.
Cancer Letters; 360 (1): 28-38 (2015)

(3) MicroRNA-124 inhibits cancer cell growth through PTB1/PKM1/PKM2 feedback cascade 
in colorectal cancer.

Kohei Taniguchi, Nobuhiko Sugito, Minami Kumazaki, Haruka Shinohara, Nami 
Yamada, Yoshihito Nakagawa, Yuko Ito, Yoshinori Otsuki, Bunji Uno, Kazuhisa 
Uchiyama, Yukihiro Akao.
Cancer Letters; 363 (1) 17-27 (2015)



4 
 

2

1

CML t(9; 22)

(Philadelphia; Ph) 1,2)

BCR-ABL CML

(Fig. 1A) 3)

CML 1

BCR-ABL 4) BCR-ABL

ABL

5) ABL BCR-ABL BCR

6)

(Fig. 1B) 1,7,8)



5 
 

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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Fig. 3 Schematic mechanism of anti-cancer effects of imatinib and acquisition of
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3 : Warburg
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pyruvate kinase muscle (PKM) 39,40) Warburg Fig. 4

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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Warburg

Fig. 5 Metabolic pathway of fatty-acid oxidation (FAO)
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(E)-1-(azocan-1-yl) dec-3-en-1-one (AIC-47) K562

71) (Fig. 6) CML

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 )

CML

AIC-47

1) 

2) 
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2

2 CML K562 KCL-22 AIC-47 72

AIC-47 (Fig. 7)

AIC-47

Concanavalin A

AIC-47

(Fig. 7) AIC-47

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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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 The arrows indicate lipid 

droplets. (C) Inhibition of autophagy by 3-methyladenine (3-MA) and Bafilomycin A1. Both K562 and 

KCL-22 cells were pre-incubated or not -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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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 DNA vs. 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 mRNAs (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 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 

he 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 

eafter, the cell viability was estimated; and the conversion of LC3B was examined by 

Western blot analysis. 
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(Fig. 12B) siRNA -catenin

c-Myc (Fig. 12C) AIC-47

-catenin c-Myc

Fig. 12 D -catenin after AIC-
down-regulation of c-Myc.

(A) - a ribbon diagram. The top-scored 

docking model was visualized. (B) Effect of AIC- -catenin. The expression 

-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 -actin as a cytoplasmic marker and also as an indicator for contamination of the nuclear fraction with 

cytoplasmic protein. (C) Effect of silencing -catenin with siR- -catenin on the expression of c-Myc at 72 h 

after transfection. Effects of the silencing with siR- -catenin on the expression of -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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Fig. 13 Schematic diagram of AIC-47-induced autophagic cell death in BCR-ABL 
CML cells.
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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; IM; 0.2

-22) or their combination (47+IM) 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. 

Represen 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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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; IM; 0.2

-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 PKM2 in K562 cells. Representative images (scale bar, 5 are 

shown. (C) Lactate production in K562 and KCL-22 cells. The lactate production was normalized to cell 

numbers. 
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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; ; 0.25 

-22) or their combination (47+IM) 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 o xir

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-1(mg of protein)-1,
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Fig. 17 Ex vivo 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 IM; 1 their combination (47+IM) for 48 h. The 

numbers below PTBP1, PKM1, PKM2, 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 o

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

AIC-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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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; IM; -22) or their combination (47+IM) for 48 h.
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Characteristic n miR- ) 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 11 10 (90.9)

High-grade dysplasia 11 8 (72.7)

Table 3. Characteristics of study population and expression of miR-124 in 
colorectal tumors



51 
 

5 miR-124

cell line PKM2

45) PTBP1/PKM

Warburg

miR-124 PTBP1/PKM CML

CML K562 KCL-22

DLD-1 WiDr miR-124 PTBP1

PKM2 PKM1 (Fig. 21A) PKM

2 siRNA PTBP1

(Fig. 21B) miR-124

PTBP1/PKM

Target Scan Database PTBP1 3’UTR 2 miR-124

Fig. 21C miR-124

PTBP1 3’UTR Luciferase

(wild) PTBP1 miR-124

miR-124 (mut) 

Luciferase reporter assay miRNA

Wild type miRNA

Luciferase PTBP1

miRNA Luciferase

(Fig. 21D) miRNA

Wild type

PTBP1 (wild) miR-124 K562

Luciferase (mut) 



52 
 

Luciferase (Fig. 21E)

miR-124 inhibitor miR-124 PTBP1

CML miR-124

inhibitor miR-124 PTBP1

(Fig. 21F) miR-124 PTBP1

3’UTR PTBP1

CML miR-124



53 
 

Fig. 21 PTBP1 is direct target of miR-124.
(A and 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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Fig. 22 Schematic diagram of association with Warburg effect and cancer 
development.
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Fig. 23 Schematic diagram of the effects of AIC-47 revealed in this study.
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1. AIC-47

0.1 mol 3-decenoic acid (D1186; Tokyo Chemical Industry, Tokyo, Japan) 25

mL thionyl chloride (207-01116; Wako Pure Chemical Industries, Osaka, Japan) 

2 90°C 1

thionyl chloride 3-decenoic chloride

3-decenoic chloride (5 mmol) 15 mL tetrahydrofuran (THF)

heptamethylenimine (5 mmol; H0546; Tokyo Chemical Industry) pyridine (400 mg) 

THF 90°C 3 THF

-

( : )

(E)-1-(azocan-1-yl) dec-3-en-1-one (AIC-47)

MS 1H-NMR

1H-NMR (ppm)

d, doublet; t, triplet; br, broad; m, unresolved multiplet 

HR-ESIMS (m/z): M+H+ calcd. for C19H36NO, 294.2791; found, 294.2756;

1H-NMR (500 MHz, CDCl3): 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 dimethyl sulfoxide (DMSO) 
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2.

K562 KCL-22

DLD-1 WiDr Japanese Collection Research Bioresources Cell Bank (Osaka, 

Japan) 6 MycoAlert Mycoplasma 

Detection Kit (LT07-118; Lonza, Rockland, ME, USA) 

K562 DLD-1 WiDr 10%FBS RPMI-1640 medium (189-02025; 

Invitrogen, Carlsbad, CA, USA) KCL-22 20%FBS RPMI-1640 5% CO2

37°C

(%)

3.

3-1

Protein lysis buffer (10 mM Tris-HCl 0.1% SDS 1% NP-40

0.1% 150 mM NaCl 1 mM EDTA) 1% Protease 

inhibitor cocktail Phosphatase inhibitor cocktail II III

20

13,000 rpm 4°C 20

CelLytic nuclear

Extraction Kit (Sigma-Aldrich, St. Louis, MO, USA)

DC Protein assay kit (Biorad, Hercules, CA, USA)

SDS sample buffer (62.5 mM Tris-HCl 2% SDS 10% 50 mM 

DTT 0.01% ) 50 g/ L 98°C 5
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5

3-2

(Wako) Super Sep Ace (Wako) 

blotting buffer (25 mM Tris 0.2 M 20%

) 5 PVDF (PerkinElmer Life Sciences, Boston, 

MA, USA) 3 5 blotting 

buffer 5 blotting buffer PVDF

15 V 370 mA 40

3-3

0.1% Tween 20 50 mM Tris-HCl buffer (TBST) 5%

1 TBST

(2% BSA 0.01% TBST) 4°C

TBST 5%

1 TBST Luminata Forte 

Western HRP Substrate (WBLUF0500; Millipore) Luminescent 

image analyzer LAS-4000 UV mini (Fujifilm, Tokyo, Japan)

anti- -actin antibody (A5316; Sigma-Aldrich)

4.

4-1

1×106 cells/mL 1,500 rpm 10
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(2% 2.5%

0.2 M PBS) 1 mL 2

1,500 rpm 10 PBS 1

1,500 rpm 10 (2%

0.2M PBS) 1 mL 4°C 2 1,500

rpm 10 PBS 1 mL 4°C

4-2

30% 5 1,500 rpm 5

50 70%

5 1,500 rpm 5

90 100% 10 1,500 rpm

5 4

4-3

100% QY-1 (Nissin EM, Tokyo, Japan) 

15 2,500 rpm 3

QY-1 QY-1 Epon 

812 (TAAB Laboratories Equipment) 1:1 1

2,500 rpm 3 QY-1 Epon 812 1:4

Epon 812
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4-4

Epon 812 2,500 rpm 3 60°C

24 70 nm

(TEM) Hitachi-7650 (Hitachi, Tokyo, Japan) 

5. Real-time PCR

5-1 RNA

RNA NucleoSpin miRNA kit (TaKaRa, Otsu, Japan) 

RNA UV spectrophotometry

5-2 mRNA

PrimeScript RT reagent kit (TaKaRa) 37°C 15 85°C 5 4°C

RNA cDNA Quantitative reverse 

transcription-PCR (qRT-PCR) Universal SYBR select Master Mix (Applied 

Biosystems, Forester City, CA) Table 4

GAPDH mRNA 95°C 30

95°C 5 60°C 60 40

95°C 15 60°C 30 95°C 15

3 Ct mRNA
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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

miRNA TaqMan MicroRNA Assays (Applied Biosystems) 

TaqMan MicroRNA Reverse Transcription Kit (Applied Biosystems) stem-loop 

RT primer (Applied Biosystems) RNA 16°C 30

42°C 30 85°C 5 4°C 10 RT qRT-PCR

TaqMan MicroRNA Assays PCR primer (Applied Biosystems) 

THUNDERBIRD Probe qPCR Mix (TOYOBO, Osaka, Japan) 95°C 30

95°C 5 60°C 60 40 Ct

miRNA RNU6B

3

6.

0.5×105 cells/mL 6 DLD-1

WiDr 24
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siRNA (Invitrogen) Table 5

miRNA mirVanaTM miRNA mimic (Ambion) mirVanaTM miRNA inhibitor 

(Ambion) Control RNA Hokkaido System Sciences 

(Sapporo, Japan) siRNA miRNA Lipofectamine 

RNAiMAX (Invitrogen) 

72

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 siRNAs using in this study

7.

3

± Student’s t test

5% *P < 0.05,

**P < 0.01, ***P < 0.001
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3

1.

3 LC3B (#3868) Akt (#9272)

phospho-Akt (Ser473; #4060) mTOR (#2983) Beclin-1 (#3495) PTBP1 (#8776)

-catenin (#2698) Histone H3 (#9715) Cell Signaling Technology (Danvers, MA, 

USA) Bcl-2 (sc-509) c-Abl (sc-131) CrkL (sc-319) c-Myc (sc-40) Santa 

Cruz Biotechnology (Santa Cruz, CA, USA) PKM1 (NBP2-14833SS)

PKM2 (NBP1-48308SS) Novus Biologicals (Littleton, CO, USA)

2.

Ficoll-Paque PLUS (GE Healthcare) 

3,000 rpm 30

0.5 cm

PBS 1,500 rpm 10

PBS 1,500 rpm 10

5% FBS RPMI-1640

Concanavalin A (Wako) 75

AIC-47 2 5

3.

3-methyladenine (3-MA; Calbiochem, San Diego, CA, 

USA) Bafilomycin A1(Sigma-Aldrich) 3-MA Bafilomycin 
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A1 DMSO 8 AIC-47

DMSO 0.3%

N-acetylcysteine (NAC; Sigma-Aldrich)

NAC AIC-47 4 NAC

4. ChIP

K562 KCL-22 AIC-47 5% CO2 37°C 72

ChIP ChIP-IT Express Enzymatic (53009; Active Motif, Carlsbad, CA, 

USA) c-Myc antibody (#9402; Cell Signaling Technology)

Antibody against Suz12 (39357; Active Motif)

rabbit IgG (53025; Active Motif)

DNA Real-time PCR Input DNA

5. L-lactate

K562 KCL-22 AIC-47 siR-BCR-ABL

siR-c-Myc siR-PTBP1 5 nM 5% CO2 37°C 72

L-Lactate Assay kit (700510; Cayman Chemical 

Company, Ann Arbor, MI, USA) L-lactate

4
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6. (Electron Spin Resonance; ESR)

K562 AIC-47 ( ) 5% CO2 37°C 8

5, 5-dimethyl-1-pyrroline-N-oxide (DMPO; D2362; Tokyo Chemical 

Industry) ESR

(i. d. 0.75 mm, JES-LC01) JEOL JES-FR30EX free-radical 

monitor (JEOL Ltd., Akishima Japan) 

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

DMSO ESR

OH

7.

STAT3 (PDB code 3CWG)94) P (PDB code 2ZK0)95)

AIC-47 AutoDock4

96) 100
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4

1.

(I0936; Tokyo Chemical Industry) 

(Sigma-Aldrich) DMSO ( ) AIC-47 ( )

( - ) 4

Etomoxir (Sigma-Aldrich) 

AIC-47 ( )

( - ) 100

DMSO 0.3%

4 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) CPT1C (sc-139480) Santa Cruz Biotechnology

2.

Cell Signaling Technology K562

AIC-47 ( ) ( - ) 48

Smear Gell (SG-01; GenoStaff, Tokyo, Japan) 

4% 15

PBS (1×PBS

5% 0.3% TritonTM X-100) 60

4°C
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Cell Signaling Technology PKM1 

(#7067) PKM2 (#4053) PBS

2 Anti-Rabbit IgG (H+L), 

F(ab’)2 Fragment Alexa Fluor 488 Conjugate (#4412; Cell Signaling Technology)

Hoechst33342 fluorescent F-actin 

probe Rhodamine Phalloidin (Cytoskeleton, Denver, CO, USA)

BIOREVO fluorescence microscope (Keyence, Osaka, Japan)

3. L-lactate

K562 KCL-22 AIC-47 ( ) (

KCL- ) 5% CO2 37°C 48

L-Lactate Assay kit (700510; Cayman Chemical Company, Ann Arbor, MI, USA)

L-lactate Lactate Colorimetric/Fluorometric Assay kit 

(#607-100; Biovision, Milpitas, CA, USA)

4. ATP

K562 KCL-22 AIC-47 ( ) (

KCL- ) 5% CO2 37°C

ATP 6 ATP Determination Kit 

(A22066; Invitrogen) ATP
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(Glucose +) RPMI-1640 medium (189-02025; Invitrogen)

(Glucose ) Glucose-free RPMI-1640 (185-02865; Invitrogen)

(Fatty-acid +) fatty-acid-free albumin solution 

(017-22231; Wako) Lipid mixture (L-0288; Sigma-Aldrich)

(Fatty-acid ) fatty-acid-free albumin solution

5.

K562 AIC-47 5% CO2 37°C 48

Toray Research 

Center (Tokyo, Japan)

6.

Long-chain acyl-CoA dehydrogenase (LCAD)

FAD FADH2 50 mM KPi

(pH 7.6) 2,6-dichlorophenolindophenol (Cl2PIP) 0.3 mM 

N-ethylmaleimide 30 pg human recombinant LCAD myristoyl-CoA

1.5 mM phenazine methosulfate Cl2PIP

600 nm AIC-47 (10 

nM) Vmax Km Ki

GraphPad Prism 6.0

7.

Ph+ ALL CD34+
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32,97) NOD/SCID/I null

(NOG) Ph+ ALL Ph+ ALL

8 10 erythrocyte lysis buffer (Qiagen, Hilden, 

Germany) CD34+ MACS CD34+

MicroBead Kit (Miltenyi Biotech, Auburn, CA, USA) 

10%FBS RPMI-1640 medium (189-02025)
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5

1.

5 PTBP1 (#8776) PKM1 

(#7067) PKM2 (#4053) Cell Signaling Technology DLD-1

WiDr PKM1 (NBP2-14833SS) PKM2 (NBP1-48308SS)

Novus Biologicals

2.

(cancer) 33 (adenoma) 22

3. Luciferase reporter assay

Target Scan database 2 miR-124 2109-2116 (site 1) 

2731-2737 (site 2) Luciferase site 1

1803-2134 site 2 2587-2898 pMIR-REPORT 

Luciferase miRNA Expression Reporter Vector (Applied Biosystems) 

(wild type vector) PrimeSTAR Mutagenesis Basal Kit (TaKaRa) wild type

miR-124 (TGCCTTA) (TCGGTTA) 

(mutant type vector) 5 5 Fig. 21C



77 
 

(0.1 /mL) miR-124 (20 nM) Control miRNA 

(Dharmacon, Tokyo, Japan) K562 Luciferase

Dual-Glo Luciferase Assay System (Promega, Madison, WI, USA)

Firefly Luciferase Renilla Luciferase

4
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