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Ornithine decarboxylaseODC EC 4.1.1.17

Polyamine rate-limiting enzyme
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ODC

ODC
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ODC
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ODC

dimethyl sulfoxide DMSO

HL-60

RT-PCR ODC HL-60

ODC

ODC

SubG1 peak

ODC

Fas ODC Fas



Fas caspase 8, t-bid, Bax, caspase 9, 

caspase 3

ODC CCAAT/enhancer binding 

protein C/EBPs PU.1 HL-60

C/EBPα  C/EBPβ PU.1
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leukemia

hematopoietic stem cell

HTLV-1 HIV

acute lymphoblastic leukemia; ALL

acute myelogenous leukemia; AML

chronic lymphocytic leukemia; CLL

Chronic myelogenous leukemia; CML

2.3 63

9 1 1.3 1

40~60 %

20~30 %

 

polyamines

putrescine spermidine spermine

cadaverine polyamines

DNA

(Holtta et al., 1993; Pegg et al., 1982; Tabor and Tabor, 1984; 

Thomas and Thomas, 2001) 

rate-limiting enzyme

ornithine decarboxylase,EC 4.1.1.17; ODC



P25 ODC

dimer ODC N

ODC C ODC B6 pyridoxal 

5-phosphate; PLP Lys-69

Cys-360 ornithine putrescine

(Grishin et al., 1999; Pegg et al., 1994; Tabor and 

Tabor, 1984) ODC c-myc c-Myc

ODC  (Packham and Cleveland, 1997) 

Myc/Max ODC mRNA

Myc ODC

 (Nilsson et al., 2005; 

Rounbehler et al., 2009) ODC

 (O'Brien et al., 1997)  

ODC apoptosis

spermine ROS scavenger

(Ha et al., 1998) ODC reactive 

oxygen species methotrexate TNF-alpha

 (Huang et al., 2005; Liu et al., 2005)ODC

ODC DNA

ODC apoptosis

 (Gerner and Meyskens, 2004)

difluoromethylornithine DFMO ODC

DFMO  

(Meyskens et al., 2008; Simoneau et al., 2008)ODC

TPA 12-O-Tetradecanoylphorbol-13-acetate IL-6

interleukin-6 HL-60

ODC HL-60



polyamines spermidine

spermidine  (Gavin et al., 2004)

ODC

 9 Matrix metalloproteinase 9 MMP9  

(Liao et al., 2008) ODC DFMO

Friend’s  (Choudhary et al., 1999)

ODC  

CFU-GEMM cytokines

colony stimulating factor  CSF

transcription factor

A  dimethyl 

sulfoxide; DMSO  (Breitman and 

Gallo, 1981) D3  (Polli et al., 

1985) DMSO DNA

 (Tanaka et al., 1975) HL-60 Erythroleukemia

DMSO  (Collins et 

al., 1978)  

core-binding factor 

CBFs  CCAAT/enhancer binding proteinC/EBP c-Myb

 PU.1 (Clarke and Gordon, 1998; Lekstrom-Himes 

and Xanthopoulos, 1998; Tenen et al., 1997)C/EBP

C/EBP

C/EBPα  C/EBPβ  C/EBPγ  C/EBPδ  C/EBPε  C/EBPζ

C/EBPα C/EBP

C/EBPα



 (Flodby et al., 1996; Wang et al., 1995)

C/EBPα myeloblast

(Scott et al., 1992) C/EBPα CBFs PU.1

myeloperoxidase MPO

granulocyte-monocyte CSFGM-CSF  receptor macrophage CSF

M-CSF receptor myeloid  (Ford et al., 1996; Hohaus 

et al., 1995) C/EBPβ C/EBPδ

(Hu et al., 1998)C/EBPε

C/EBPα (Williams et al., 1991)

(Morosetti et al., 1997) C/EBPε

secondary granules tertiary 

granules  

(Lekstrom-Himes and Xanthopoulos, 1999) 

spi-1 PU.1 PU.1 Ets

U(PU) DNA (Chen et al., 1996; Ray et 

al., 1990) PU promoter

PU.1

(Nerlov and Graf, 1998; Nutt et al., 2005; Voso et al., 1994)

PU.1 (Back et al., 2005; 

Chen et al., 1995; Hromas et al., 1993) PU.1-/-

(McKercher et al., 1996; Scott et al., 1994)

PU.1

(Anderson et al., 1998)

PU.1

PU.1 (Mueller et al., 2006)

hematopoietic stem cell PU.1

PU.1 (Takai et 

al., 2006)  



50~60 %

 (Waugh and Wilson, 2008) -8

IL-8 5a

1-2 × 

1011 24-36

 (Savill et al., 1989)

Fas APO-1

 (Bhattacharya et al., 2010)

neutrophil extracellular trapsNETs (Hickey and Kubes, 2009)

oxidative burst

NADPH

Superoxide dismutates Cu/ZnSOD

MnSOD hydrogen peroxide HClO

MPO

 (Faurschou and Borregaard, 2003)  

 

 

 

 



 

leukemia

hematopoietic stem cell

c-Myc

ODC c-Myc

ODC ODC

 (Collins and Groudine, 1982; O'Brien 

et al., 1997; Wagner et al., 1993) ODC

HL-60 ODC Dominant-negative ODC與wild-type ODC

HL-60 dimethyl sulfoxide; DMSO

ODC

 

 

 

 

 

 

 

 

 



 

    

HL-吖0

RPMI1吖40

10 GIBCO BRL, Grand Island, NY

37 5 CO2 1.25

(DMSO) HL-吖0 (Reuben et 

al., 197吖)  

    

EDTA

15 ml 3 mL HISTOPAQUE 

®-1119 Sigma, St Louis, MO 3 mL ISTOPAQUE®-1077

Sigma, St Louis, MO ISTOPAQUE®-1077 HISTOPAQUE ®-1119

吖 mL EDTA

700 × g 30

HISTOPAQUE-1077 HISTOPAQUE-1119

HISTOPAQUE-1077

15 mL 10 mL

phosphate buffered saline PBS) 200 × g

10 5 mL RPMI1吖40

200 × g 10

10羧 RPMI1吖40  

    

10 µL 10 µL trypan blue

trypan blue 10 µL

hemacytometer

trypan blue

 



    

1 mL 4 90

GIBCO BRL, Grand Island, NY 10 DMSO dimethylsulfoxide

-20 1 -80

-17吖  

    

-17吖

10羧 RPMI1吖40

10羧 RPMI1吖40  

    

acridine-orange 10 µg/mL 

PBS 500-525 

nm ZEISS; AXioskop2

 

    

Liu s stain

Liu s A 

buffer 2.8 mM Eosin Y  1.3 mM methylene blue  100羧 

methanol 30 Liu s B buffer 91.8 mM KH2PO4  

27.5 mM Na2PO4  3.7 mM methylene blue

120

AXioskop2; ZEISS

    

    

5×10吖 PBS 1,000 

× g 10 50 L 0.5羧 

sarkosyl 50 mM pH 8.0 Tris-HCl 10 mM EDTA 5 L 

K proteinase K 0.5 mg/ml 55 1吖



1吖 0.5 g/mL  RNase A  2 Genomic 

DNA phenol-chloroformisoamyl alcohol 12000 rpm

10 DNA loading dye 2羧

agarose 50 30

Alpha imager 2000; Alpha Imager  

    

sub-G1 1 × 10吖

PBS 1000 × g 200 L

PBS 1 mL 100羧 -20 oC

1mL 0.5羧 

Triton X-100 PBS  0.5 g/mL RNase A 37 30

1 ml propidium iodide PI  solution 50 g/mL

30 FACSCAN Becton 

Dickenson, San Jose, CA WinMDI  

    

TPA 12-O-Tetradecanoylphorbol-13-acetate 100 ng

30 1 mg/ml nitroblue tetrazolium NBT

10 NBT  (O2
-) 

formazan AXioskop2; ZEISS

 

    

1.25羧 DMSO

GFP-E. coli

, , 

phagocytosis

Luria Bertani LB 100 µg/ml ampicillin PBS

RPMI

1 × 105



AXioskop2;  ZEISS

 

    

HL-吖0 4羧 paraformaldehyde Solution

cytospin 0.25羧 

Triton X-100 5 4oC

Triton X-100 blocking 

solution 1 4oC 1

CD11B ab吖332; abcam Fas sc-715; santa 

scruz biotechnology, inc. 4oC PBST

30 200 l PBST 1 l

FITC PBST FITC

30 ZEISS; 

AXioskop2  

Luciferase reporter  

CaCl2 15 µg pGL4.21-hFasp 5 µg pGL4.74

m-ODC WT-ODC 37

5  CO2 12 

1.25%DMSO 24 48

Relina luciferase internal control  Luciferase assay

renilla  firefly luciferase Promaga

TR 717 microplate luminometer  

RT-PCR  

1×106 Trizol MDBio, Taiwan

mRNA 500 ng

dT primer 90 42 PCR cDNA

40µl 75 mM Tris–HCl pH 8.8  20 mM 

(NH4)2SO4  0.01% Tween-20 (v/v) 1 mM MgCl2  0.2 mM dNTPs  



0.5 µM 1 U Taq MDBio

DNA 95 

48-60 30 

72 90 25-36

Mastercycler Eppendorf, Hamburg, Germany 2%

Alpha imager 2000; 

Alpha Imager :  

Genes Length of the PCR 

product (bps) 

Primer sequences (Forward/Reverse) 

β-Actin 309 5'-AGCGGGAAATCGTGCGTG-3' 

5'-CAGGGTACATGGTGGTGC-3' 

CD11b 570 5'-ATGGCTCTCAGAGTCCTTCTGTTAA-3' 

5'-CATCAAAGAGAACAAGGTTTTGGAC-3' 

C/EBPα 255 5'-AAGGTGCTGGAGCTGACCAG-3' 

5'-AATCTCCTAGTCCTGGCTCG-3' 

C/EBPβ 195 5'-ACAGCGACGAGTACAAGATCC-3' 

5'-GCAGCTGCTTGAACAAGTTCC-3' 

C/EBPδ 262 5'-ACATAGGAGCGCAAAGAAGC-3' 

5'-GCTTTATTCTTACAAATACTG-3' 

C/EBPε 305 5'-AGTCTGGGGAAGAGCAGCTTC-3' 

5'-ACAGTGTGCCACTTGGTACTG-3' 

PU.1 334 5'-ATGTGCCTCCAGTACCCATC-3' 

5'-TCTTCTGGTAGGTCATCTTC-3' 

Fas 635 5'-ATAAGCCCTGTCCTCCAGGT-3' 

5'-TGATGCCAATTACGAAGCAG-3' 



Immunoblotting  

lysis buffer 10% v/v glycerol 1% v/v 

Triton X-100 1 mM sodium orthovanadate1mM EGTA 10 mM NaF

1mM sodium pyrophosphate20 mM Tris pH 7.9 100 µM 

β-glycerophosphate  137 mM NaCl 5 mM EDTA 1 mM PMSF 10 

µg/ml aprotinin  10 µg/ml leupeptin  

12000 rpm 30  

loading buffer 95 10

50 µg SDS-PAGE PVDF

4oC 48 wash 

buffer 50 mM Tris-Cl  pH 7.5  150 mM NaCland 0.1% 

Tween20 (v/v) 5

horseradish-peroxidaseHRP 1 1000 wash buffer

wash buffer 5

Perkin-Elmer

 

 

 

 

 

 

 

 

 

 

 



 

ODC HL-60

wild-type ODC WT-ODC HL-60

12-O-tetradecanoylphorbol-13-acetateTPA

ODC

ODC -α TNF-α NF-κB

Matrix metallopeptidase-9MMP-9 (Liao et al., 2008)

1.25% dimethyl sulfoxide; DMSO

HL-60 HL-60

Dominant-negative ODC mutant ODC m-ODC WT-ODC

1.25 % DMSO ODC HL-60

Liu’s stain HL-60

m-ODC DMSO

A B CD11b

DMSO ODC

HL-60 RT-PCR CD11b m-RNA

CD11b

WT-ODC CD11b  

C/EBPs PU.1

RT-PCR HL-60 m-ODC WT-ODC

DMSO C/EBPs PU.1 RNA HL-60

ODC C/EBPs PU.1

0 12 24 48 ODC

C/EBPα  C/EBPβ PU.1

ODC HL-60 C/EBPα  

C/EBPβ PU.1  

(Nordenfelt et al., 

2009) ODC



12-O-Tetradecanoylphorbol-13-acetateTPA

m-ODC WT-ODC TPA

GFP-E.coli

ODC

Nitroblue tetrazolium NBT

NBT reactive oxygen 

species, ROS

m-ODC WT-ODC TPA

ODC

ODC  

HL-60 m-ODC WT-ODC

DMSO

Trypan blue exclusion assay HL-60 m-ODC

DMSO

HL-60

apoptosis HL-60 m-ODC WT-ODC DMSO

HL-60 m-ODC DNA

Sub-G1

HL-60 apoptosis

ODC apoptosis

acridine orange

HL-60 m-ODC

WT-ODC acridine orange HL-60

m-ODC ODC

HL-60 DMSO

ODC

apoptosis  

Fas  



(Liles and Klebanoff, 1995) ODC

Fas RT-PCR

Fas RNA Fas

caspase 8 t-Bid Bax caspase 9

HL-60 m-ODC

caspase 8 Bid t-Bid

Bax cleaved caspase 9 caspase 9

caspase 3 caspase 3

ODC Fas

Fas

Fas

ODC Fas  

ODC Fas PU.1 RNA

luciferase assay hfas promoter

WT-ODC hfas promoter

ODC fas ODC Fas

ODC Fas

Fas PU.1 NF-κB NF-κB Fas

PU.1 (Bonadies et al., 2010; Chan et al., 1999)

C/EBPα PU.1 (Kummalue and Friedman, 2003)

ODC NF-κB

PU.1 Fas ODC C/EBPα

PU.1 Fas ODC  PU.1

Fas PU.1 ODC PU.1 Fas

ODC PU.1 Fas PU.1 HL-60

ODC Fas PU.1 PU.1

Fas PU.1

ODC PU.1 NCBI

PU.1 NT_0092371.18 PCR 



5’- CTATGCTGAAGACCCTACACCT -3’ 

5’-CCAGCACAAGTTCCTGATTT-3’ HL-60 m-ODC 

WT-ODC Genomic DNA PU.1

47340602 47340018 525 bp PU.1

Annealing temperature 51  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



    

ODC

ODC

ODC

ODC Polyamine

promyelocye

DMSO HL-60 ODC  

ODC HL-60 DMSO

ODC

Fas HL-60 DMSO

Fas

ODC Fas

HL-60 ODC

ODC Fas

Fas Fas

PU.1 Fas PU.1 NF-κB NF-κB

Fas PU.1 (Bonadies et al., 2010; Chan et al., 

1999) C/EBPα PU.1

(Kummalue and Friedman, 2003)

ODC NF-κB PU.1 Fas

ODC C/EBPα PU.1 Fas

ODC  PU.1 Fas PU.1

ODC PU.1 Fas ODC PU.1

Fas PU.1 HL-60 ODC

Fas PU.1 PU.1 Fas

ODC

PU.1  

ODC

ODC

ODC ODC  



    

(A) 

（B） 

(A) B

ODC m-ODC

1.25% DMSO

HL-60

ODC ODC WT-ODC

Liu’s stain
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(RT-PCR)

CD11b RNA  
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Fas FITC,  
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PU.1 mRNA  
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100ng 12- -
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WT-ODC 1.25%DMSO

- -13-

Tetradecanoylphorbol-13-acetate; TPA

Nitroblue tetrazolium NBT

ODC WT-ODC 1.25%DMSO

 

1.25%DMSO

30

 

 

1.25%DMSO



 

HL-60, m-ODC WT-ODC 1.25%DMSO

DNA DNA agarose
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PI
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(RT-PCR) Fas

RNA  
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Immunoblotting A

caspase 8 B t-Bid Bax caspase 9 C caspase 3 
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Fas FITC,  

 

 

 

 

 

m-ODC WT-ODC

luciferase reporter gene plasmid Fas

1.25%DMSO

 



 

 

 

 

 

 

 

ODC PU.1 Fas

NF-κB PU.1 Fas

PU.1 Fas C/EBPα

PU.1 Fas  

 

 

 

 

 

PCR HL-60 H mODC m WT-ODC W

DNA Genomic DNA PU.1

47340602 47340018 525 bp PU.1 Annealing 

temperature 50.5 51 Mg2+ 1 mM

51 C control M marker  
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