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3’UTR  3' untranslated region 3’  
AGO  Argonaute 
CLL  chronic lymphocytic leukemia  
CMV  cytomegalovirus 
DFO  Desferrioxamine 
DMEM  Dulbecco's modified Eagle's medium 

 
EBV  Epstein-Barr Virus 
EPO  Erythropoietin  
ESCRT  endosomal sorting complex required for transport 
EVs  Extracellular vesicles 
FBS  Fetal Bovine Serum  
FITC  fluorescein isothiocyanate 

 
GLUT1  glucose transporter 1 
GM-CSF Granulocyte/Macrophage colony-stimulating factor 
   
hEGF  Human Epidermal Growth Factor  
HIF  Hypoxia-inducible factor  
HRE  Hypoxia response element  
HSP70  Heat Shock Protein 70 
ILV  intraluminal membrane vesicle 
IRE  iron responsive element  
IRP  iron regulatory protein  
ISCU  iron-sulfur cluster scaffold homolog 
MEBM  Mammary Epithelial Basal Medium 

 
MEP  megakaryocyte/erythroid progenitor cell 
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miRNA  microRNA RNA  
MVB  multivesicular body 
NDUFA4 NADH dehydrogenase ubiquinone  1 alpha 

subcomplex, 4, 9kDa 
NTA  Nano particle tracking analysis 
PBS  Phosphate Buffered Saline  
PHD  proly hydroxylase domain  
PHZ  Phenylhydrazine  
Pre-miRNA precursor microRNA 
pri-miRNA primary microRNA 
qRT-PCR Quantitative reverse transcriptase  

polymerase chain reaction 
RFP  red fluorescent protein 
RISC  RNA-induced silencing complex 
rRNA  ribosomal RNA RNA  
shRNA  short hairpin RNA 
siRNA  small interference RNA 
snoRNA  small nucleolar RNA 
snRNA  small nuclear RNA 
TCA  tricarboxylic acid 
TfR1  transferrin receptor 1 1  
TPO  Thrombopoetin  
tRNA  transfer RNA RNA  
TSG101 Tumor susceptibility gene 101 
U6  U6 small nuclear RNA 
VEGF  vascular endothelial growth factor 
VHL  von-Hippel Lindau 
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1-1. miRNA  

DNA

DNA RNA mRNA mRNA

1

1-1

1 1 9

60 cDNA

2 2 International 

Human Genome Sequencing Consortium, 2004

RNA non-coding RNA

Szymański 

and Barciszewski, 2002

Escherichia coli Saccharomyces 
cerevisiae 

Drosophila 
melanogaster 

Caenorhabditis 
elegans 

Takifugu 
niphobles Mus musculus Homo sapiens 

 

 4.64 15 170 100 400 2500 3000 

(mega base) 

4000 6000 13000 19000 21000 22000 22000 
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30% 2%

Szymański and Barciszewski, 2002 Cap Analysis of 

Gene Expression CAGE

70% RNA The FANTOM Consortium, 2005, Djebali 

et al, 2012 80%

The ENCODE Project Consortium, 2012 non-coding RNA

 

Non-coding RNA non-coding 

RNA ribosomal RNA rRNA transfer 

RNA tRNA RNA small nuclear RNA 

snRNA RNA small nucleolar RNA snoRNA

non-coding RNA

1-2 microRNA miRNA 22

RNA

5.8S, 18S, 28S rRNA Pol  160b, 1.9kb, 4.7kb 
mRNA-like noncoding RNA Pol  100 1kb 
snoRNA Pol  60 150b RNA
U1, U2, U4, U5 snRNA Pol  100 200b 
U7 snRNA Pol  60b mRNA3'
microRNA Pol , Pol  22b 
piwi-interacting RNA Pol , Pol  28b 
5S rRNA Pol  400b 
7SK RNA Pol  300b 
7SL RNA Pol  300b 
Rnase MRP RNA Pol  300b rRNA mtDNA
Rnase P RNA Pol  300b tRNA 5'
tRNA Pol  70 90b 
U6 snRNA Pol  100b 

1-2 non-coding RNA
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Filipowicz et al., 

2008, Sayed and Abdellatif, 2011 miRNA 1993 Ambros

Ruvkun 2 lin-4

Lee et al., 1993 lin-4 lin-14 lin-28

lin-14 lin-28

2001

Lagos-Quintana et al., 2001 microRNA

2013 2042

1281 http://www.mirbase.org; Release 19: 

Augast 2012 2008

5 3

2.5 1-3 miRNA mRNA

3’ 3’UTR

Filipowicz et al., 2008, 

Sayed and Abdellatif, 2011 1 miRNA 100

miRNA

miRNA

Croce CM. 2009 miRNA RNase

Dicer ES miRNA
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Harfe et al., 2005 2007 miRNA

miR-1

miRNA

miRNA Zhao et al., 2007  

 

1-2. miRNA  

miRNA RNA

primary miRNA pri-miRNA

RNA Drosha RNA DGCR8

70 precursor miRNA 

pre-miRNA 1-1 pre-miR RanGTP

Exportin-5 Dicer RNaseⅢ
21 miRNA

miRNA Argonaute AGO RNA-

22008 9

695 
488 
286 
154 

miRNA

187 

1-3 2008 2012 miRNA

2012 8

2042 
1281 
723 
368 
338 

http://www.mirbase.org/ 
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RNA-induced silencing complex; RISC

mRNA Rigoutsos I, 2009

3’

1-1  miRNA

miRNA

miRNA

pri-miRNA

1-1 mmiRNA  
miRNA RNA Pol II

Pri-miRNA Drosha/DGCR8 Pre-miRNA  
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Drosha pri-miRNA

miRNA

RNA Lin-28 p53 Smad

miRNA

miRNA Rybak et al., 2008, Suzuki 

et al., 2009, Davis et al., 2008

miRNA

 

 

1-3. miRNA mRNA  

1 miRNA mRNA

3’UTR

miRNA

Dicer

21 2 miRNA 2

5’ miRNA RISC

miRNA 4 AGO

Ago1 4 miRNA

mRNA mRNA miRNA 5’ 2

8 seed Pasquinelli, 2012, 

Czech and Hannon, 2011 miRNA mRNA 2
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A mRNA

mRNA 5’ 7-

Thermann and 

Hentze, 2007, Mathonnet et al., 2007 mRNA

miRNA mRNA 80S

Bazzini et al., 2012 miRNA

 

 

1-4. miRNA  

miRNA

miRNA

miRNA

miRNA

qRT-PCR

2004

miRNA Calin

161 miRNA miRNA

Liu et al., 2004

B chronic lymphocytic leukemia;CLL
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B CD5 B

miRNA B

B 55 29 miRNA

CLL

miRNA CLL

ZAP-70

66% ZAP-70

25% Calin et al., 2004 Calin

2005

miRNA

217 miRNA miRNA

Lu et al., 2005 2006 Calin

6

miRNA

Volinia et al., 2006 6

miRNA

miRNA
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miRNA Lu

miRNA

oncomiR miR-21 6

miR-21 Chan 

et al., 2005 miR-21 oncomiR

 

miRNA

3 5%

Rosenfeld

600 miRNA

Rosenfeld et al., 2008

Formalin-Fixed Paraffin-Embedded:FFPE

RNA RNA

11

FFPE miRNA
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22 FFPE

253 miRNA

48 miRNA

22 16

100% 131

100%

miRNA

miRNA
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1995 Semenza

 Hypoxia-inducible factor: HIF

Wang and Semenza, 1995, Wang et al., 1995 HIF α

b 3

α 1 β α

HIF1 HIF2 HIF3 HIF1

Semenza  

1-2 HIF-1α  
PHDs HIF-1α

VHL
HIF-1α PHD

HIF-1α
 

α

β α

α
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Erythropoietin: EPO

HIF1 HIF-1α

PHD proly hydroxylase domain 

1~3

VHL von-Hippel Lindau

PHD α

HIF1

Hypoxia response element: HRE  

5’-RCGTG-3’ R A G

EPO

vascular endothelial growth factor VEGF

glucose transporter 1 GLUT1 transferrin 

receptor 1 TfR1 Milani and 

Harris, 2008

1-2  

 

1-6.  
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4 g

DNA

Richardson et 

al., 2009

DNA

Fenton 1894

Fenton et al., 1894 2 Fe2+

OH

 

Fe2+ + H2O2  Fe3+ + OH + OH  

DNA

8-

Kasai 1997
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Akatsuka et al., 2012

 

2 Fe3+

1 Fe2+

2 divalent metal transporter 1 DMT1

Fe2+ De Domenico et al., 

2008 Fe2+ ferroportin

FPN hephaestin

Fe3+ FPN

Hepcidin FPN hepcidin

Nicolas G et al., 2001  

1

2 Fe3+

TfR1

4 g
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1-3  

 

 

1-3  
1~2 mg

TfR1
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2 miR-210  

2-1. miR-210  

miR-210

miRNA Kosaka et al., 2008

miRNA

MEP

megakaryocyte/erythroid progenitor cell

 EPO TPO: Thrombopoetin

EPO TPO miRNA

UT-7  Komatsu et al., 1991 3

Komatsu et al., 1993, Komatsu et al., 

1996, Komatsu et al., 1997 EPO

UT-7/EPO TPO UT-7/TPO

GM-CSF:Granulocyte/Macrophage 

colony-stimulating factor  UT-7/GM

UT-7/EPO UT-7 GM-SCF

interleukin-3

Glycophorin A

UT-7/GM EPO TPO
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MEP

UT-7/GM

UT-7/TPO UT-7/GM

4 IIb TPO c-mpl

324

miRNA

2-1 UT-7 miRNA 
UT-7 miRNA

UT-7/EPO miR-210
miR-362 miR-188

2008  
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UT-7/EPO UT-7/GM

miRNA UT-7/EPO

3 miRNA 3 miR-188 miR-362

miR-210 miR-210

PHZ:Phenylhydrazine

miR-210

PHZ 20 miR-210

miR-210

TER-119 Kina et al, 

2000

miR-210 TER-119

miR-210

miR-210

 

 

2-2. miR-210  

miR-210

miR-210

miR-210

miR-210
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Camps et al., 2008, Greither 

et al., 2010 Int J Cancer 1 miRNA

miR-210

miRNA

miRNA

miR-210 Kulshreshtha et al, 2007

1 miR-210

UT-7

miR-210

 

 

2-3.  

miR-210

miR-210

RNA miRNA miR-210

miR-210



2  

 28 

miR-210

miRNA
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3 miR-210  

3-1.  

miR-210 miR-210

 

 

3-2.  

3-2-1.  

PC3 PC3M PNT2

MCF7 MDA-MB-231 RPMI 1640 

medium Invitrogen HEK293 Dulbecco's 

modified Eagle's medium DMEM Invitrogen 10%

FBS  Invitrogen antibiotic-antimycotic

Invitrogen MCF10A Mammary 

Epithelial Basal Medium MEBM Lonza  1% GA-1000 50 μg/ml 

hydrocortisone 1 μg/ml Epidermal Growth Factor hEGF 500 

μg/ml insulin 4% BPE Lonza 37
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5%CO2  

 

3-2-2.  

9200E

Wakenyaku 37 5%CO2 1%O2 24

48  

 

3-2-3.  

Desferrioxamine:DFO  

Calbiochem 0.5 μM 50 μM 24

48  

 

3-2-4. qRT-PCR miR-210 pri-miR-210  

miRNA TaqMan MicroRNA Assay Applied Biosystems

7300 Real Time PCR System Applied Biosystems

RT-PCR Quantitative reverse transcriptase polymerase chain 

reaction : qRT-PCR U6 RNA U6 

small nuclear RNA; U6 snRNA Pri-miR-210 SYBR 

Green PCR master mix Invitrogen 7300 Real Time PCR System

β-actin

 

5’→3’  
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pri-miR-210: Forward, GACTGGCCTTTGGAAGCTCC  

             Reverse, ACAGCCTTTCTCAGGTGCAG 

β-actin: Forward, GGCACCACCATGTACCCTG 

          Reverse, CACGGAGTACTTGCGCTCAG 

 

3-2-5. HIF-1α  

HIF-1α HIF-1α

:54/HIF-1α, BD Biosciences

Actin

:C4, Millipore

IgG GE Healthcare ECL Plus Western 

blotting reagents GE Healthcare

LAS300 FUJI FILM  

 

3-2-6. siRNA  

HIF-1α HIF-1α siRNA MCF7

DharmaFECT1 transfection regent Thermo 

Scientific siRNA 100 nM

Allstar Negative Control QUIAGEN

HIF-1α siRNA

 

5’-GGAGGUGUUUGACAAGCGAdTdT-3’ 
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5’-UCGCUUGUCAAACACCUCCtg-3’ 

E2F1, E2F2, E2F3, siRNA

QUIAGEN HEK293  

E2F1: ACGCTATGAGACCTCACTGAA 

E2F2: ACCCATTGGGAATGAGTTTAA 

E2F3: CAGCGATCTCTTCGATGCTTA 

 

3-2-7. miR-210  

UT-7/EPO  6 Forward

1 Reverse miR-210

PCR Taq

3’ A pGEM-T Easy vector Promega

XhoI Hind III

pGL3-Basic vector Promega 96

Lipofectamine LTX reagent Invitrogen 100 ng/ 

well 48 Dual 

Luciferase Assay System Promega

PCR

Vector  
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3-2-8. In vivo miR-210  

pDsRed-Express-DR vector Clontech DsRed

miR-210 Hind III

Xho I CMV

pDsRed-Express-DR vector DsRed

miR-210 NotI  

:5’-AGTGATTCAGCCGCTGTCACACGCACAGACGCGTTCAGCCG

ATACTCGAGAGGATGTGGATATATCTTCT

ATACTCGAGCTTAGAGGCTCCTTCACGAC

ATACTCGAGGGTCAAACCGTCAAGGCTCC

ATACTCGAGGCAGCTGGCGCCCCGCAGGC

ATACTCGAGCGCGCGGCGGTGGGCGGGGCG

ATACTCGAGCACTGGCTGCGTTGCGGTAGG

ATTAAGCTTGCCCCCCGGCCCGACCCGAC

CGCCGGCCGGCCGCGCGGCGGTGGGCGGGGCGT

CTGCACGTCTTTTCTTGCGCGGCCGGCCGGCGC

GGGCCGCGGGGCGTCGCGAACCCCCC

GACGCCCCGCGGCCCTTCGCGGGCG

GACCAGGTGGGGCTGGGCGTGGAGCCGCGG

CAGCCCCACCTGGTCCCTCAGCCAATGGCC

CCGGGCAGCAGAAAAGAACGCGCCGG

TTTTCTGCTGCCCGGGGAGGGGCGG

GGGGTGGTCGTCCCGAGGACGCCGTG

CGGGACGACCACCCCCCGGGCGGCT

CCCGGGATCGCCGGGCGCCCAGCGGG

CCCGGCGATCCCGGGCCGTGACCCG
α

α

α
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CTGTCACACGCACAGATCGAA-3’ 

:5’-TTCGATCTGTGCGTGTGACAGCGGCTGAACGCGTCTGTGCG

TGTGACAGCGGCTGAATCACT-3’ 

MDA-MB-231-luc-D3H2LN

G418

6 5 x 106

60 mg/kg

 Pimonidazole 1

red fluorescent protein 

RFP abcam HIF-1α

Alexa594 IgG

 Invitrogen Alexa488 IgG  Invitrogen

DAPI Invitrogen  

 

3-3.  

3-3-1. miR-210  

miR-210

PC3 PC3

PC3M 2 PNT2

MCF7 MDA-MB-231 2

MCF10A 1% 24 48
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miR-210 3-1

1 HIF-1α

PHD1 3 prolyl hydoroxylase domain 1 3

HIF-1α -

Schofield and Zhang, 1999

24

48

 
3-1 miR-210  

PC3 PC3M PNT2 MCF7
MDA-MB-231 MCF10A DFO 500 mM 

ferric ammonium citrate FAC 1%O2 24 48
RNA qRT-PCT miR-210

U6 snRNA  
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DFO

DFO 0.5 μM 50 μM

24 48 RNA miR-210

3-1

20%02 5 miR-210

HIF-1α

3-2

miR-210

 

 

3-3-2. pri-miR-210  

miR-210

pri-miR-210

miR-210

non-coding RNA

http://genome.ucsc.edu 3-3

PCR

PCR UT-7/EPO 3

UT-7/GM UT-7/TPO 2 pri-miR-210

3-4 miR-210
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MCF7

48 RNA

qRT-PCR pri-miR-210

3-4

pri-miR-210 10

3 miR-210

 

  
3-2 HIF-1α  

MCF7 DFO 500 mM FAC 1%O2 48
HIF-1α

actin  

  
3-3 miR-210  

UCSC miR-210 miR-210 11
p15.5 miR-210 non-coding RNA

pri-miR-210
http://genome.ucsc.edu  

μ

α
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3-3-3. miR-210  

HIF-1α

pri-miR-210 HIF-1α

HIF-1α MCF7

HIF-1α siRNA HIF-1α

miR-210

3-4 Pri-miR-210  
Pri-miR-210 a

b UT-7 UT-7/GM UT-7/EPO
UT-7/TPO Pri-miR-210 UT-7/EPO 3
2 Pri-miR-210 c

3 pri-miR-210 MCF7
DFO 1%O2 48 RNA

qRT=PCR β-actin *DFO 0 μM
p<0.05  

 

0

5

10

15

0 10 50 100 Hypoxia
μ

相
対
発
現
量

  
β
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HIF-1α siRNA

siRNA miR-210 3 1

3-5  

miR-210 HIF-1α

miR-210

pri-miR-210

1700bp 170bp pGL3

5

3-5 HIF-1α miR-210  
MCF7 HIF-1α siRNA DFO 50 μM 1%

48 miR-210 qRT-PCR
U6 snRNA * siRNA

p<0.05  
HIF-1a

actin  

α

α

0 

5 

10 

15 

20 

25 

α

*

*
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MCF7

48

255bp 882bp

80bp

3-6

882bp HIF-1α

ACGTG GCGTG Wenger et al., 2005

3 3

5bp

3-6 miR-210  
MCF7 20%O2 DFO 10 μM

1%O2 24  
Luc:  
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3-7  

HIF-1

pri-miR-210

255bp 882bp

HIF-1α miR-210

PHD

3-7 miR-210 HIF-1α  
MCF7 20%O2 DFO 10 μM

1%O2 24  
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HIF-1α

miR-210

HIF-1α

Denko et al., 2008

HIF-1α siRNA MCF7

miR-210 7 3-5

HEK293

5 HEK293 48

3-8

255bp 882bp

170bp

255bp

255bp

UCSC Genome database

http://genome.ucsc.edu E2F

AP2 Oct-C 3-9

HEK293

48

HIF-1α

E2F
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3-10 E2F 8

E2F1 E2F8

Attwooll et al., 2004 E2F 4

E2F

E2F1 E2F3 siRNA HEK293

48 miR-210

siRNA E2F

miR-210 3-11 miR-16

E2F1 E2F2 E2F3 

3-8 HEK293  
3-6 HEK293 24

Luc:  
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miR-210

E2F1 3 miR-210

miR-210 E2F3

Giannakakis et al., 2008

 

  

3-9 miR-210  
UCSC miR-210

E2F AP2 OCT miR-210
miR-210 CpG

UCSC Genome database  
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3-10 miR-210  
255bp HIF-1α E2F AP2 Oct

HEK293 24

“+” “-”
Luc:  

3-11 E2F miR-210  
HEK293 E2F1 E2F2 E2F3 siRNA 48 RNA

miR-210 miR-16 miR-16 E2F
miRNA U6 snRNA  

3 10 iR 210
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3-3-4. miR-210  

miR-210 HIF-1

in vitro

miR-210

miR-210

miR-210

MDA-MB-231

(miR-210       ) (miR-210    )

DsRed DsRed

MDA-MB-231

(miR-210       ) (miR-210    )

Sensor-210

pCMV

DsRed

A

miR-210

miR-210

Control-Sensor-210

miR-210

DsRed DsRed

3-12 Sensor-210 miR-210  
Sensor-210 miR-210 CMV

DsRed-DR
DsRed-DR 3’UTR miR-210 2

miR-210
MDA-MB-231

DsRed-DR mRNA miR-210 miR-210
DsRed-DR

miR-210
miR-210  
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miR-210

miR-210 2

miR-210 1

cytomegalovirus CMV

DsRed-DR DsRed-DR

miR-210

pCMV_miR-210-Sensor miR-210

DsRed-DR mRNA

miR-210 miR-210

miR-210 DsRed-DR

3-12 miR-210

882bp DsRed-DR

pmiR-210-promoter_DsRed

HIF-1α

3-13

MDA-MB-231-luc-D3H2LN

DsRed-DR

pCMV_miR-210-Sensor DsRed-DR

3-14

24 RFP DsRed-DR
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DsRed-DR

DsRed-DR

miR-210

10mmHg

Pimonidazole

RFP HIF-1α

MDA-MB-231

(HIF-1α )
(HIF-1  )

DsRed DsRed

MDA-MB-231

Promoter-210

DsRed

A

miR-210

Without HIF binding site promoter-210

HIF-1
miR-210

(HIF-1α )
(HIF-1  )

DsRed DsRed

3-13 Promoter-210 miR-210  
Promoter-210 miR-210

DsRed-DR miR-210
DsRed-DR miR-210

3-6
HIF-1α DsRed-DR
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pCMV_miR-210-Sensor

RFP HIF-1α

RFP HIF-1α

pmiR-210-promoter_DsRed

RFP

miR-210

 

 

  

3-14 Sensor-210 miR-210  
Sensor-210 MDA-MB-231

24 DsRed-DR RFP DAB
Sensor-210

DsRed-DR
DsRed-DR  

: 500 μm 
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3-4.  

miR-210 miR-210

Vaupel et al., 

1991 miR-210

HIF-1α

Sensor-210 Control-Sensor-210

HIF-1α DsRed

DAPI Marge

HIF-1α DsRed

DAPI Marge

H H

Pimonidazole DsRed

DAPI Marge

Pimonidazole DsRed

DAPI Marge

Promoter-210 Non-HIF binding site promoter-210

H

H

3-15 miR-210  
Sensor-210 Promoter-210 miR-210

: 100 μm 
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miR-210 HIF-1α

miR-210

miR-210

miR-210 HIF-1α

miR-210

HIF-1α

Hung et al., 2009, 

Generali et al., 2006 miR-210 HIF-1α

miR-210

HIF-1α

RNA

miR-210

HIF-1α

HIF-1α

HEK293

E2F HIF-1α

HIF-1α

miR-210 E2F3
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ββββ αββββ α

3-16 miR-210  
miR-210 HIF-1α

HIF-1α
HIF-1α

E2F
HIF-1α

miR-210
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4 miR-210  

 

4-1.  

3 miR-210 HIF-1α

E2F

miR-210

miRNA

miR-210

miR-210

miR-210

miR-210

 

 

4-2.  

4-2-1.  

miRNA

TargetScan http://www.targetscan.org

version
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TargetScan version 

5.0 December 2008 2013 version 6.2 June 2012

mRNA 3’UTR miRNA

5’ 2 8 seed 3’UTR

Sanger MirBase version 5  

http://www.ebi.ac.uk/enright-srv/microcosm/htdocs/targets/v5/

miRanda  http://www.microrna.org/microrna/home.do  

 

4-2-2. qRT-PCR  

TaqMan Probe Applied Biosystems 7300 

Real Time PCR System qRT-PCR

β-actin  

 

4-2-3. 3’UTR  

3’UTR

PCR Taq

3’ A pGEM-T Easy vector 

XhoI NotI psiCHECK-2

 Promega

MCF7 96 DharmaFECT DUO Thermo 
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Scientific 100 ng/ well Pre-miR-210 ambion

Pre-miR-NC ambion 100 nM

48 Dual Luciferase Assay System 

 

 

4-2-4. Pre-miR-210 Anti-miR-210  

MCF7 96 DharmaFECT1 transfection 

regent Pre-miR-210 Pre-miR-NC Anti-miR-210 

ambion Anti-miR-NC ambion 100 nM

Pre-miR-210 Pre-miR-NC 

Anti-miR-210 Anti-miR-NC

48 RNA

qRT-PCR  

 

4-2-5.  

 

ISCU :FL-142, santaCruz  

TfR1 :H68.4, Invitrogen  

: EPR3004Y, 

EPITOMICCS  

IRP1  
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Actin

 

 

4-2-6.  

MCF7 MDA-MB-231 Pre-miR-210 Pre-miR-NC

48

2 1 FBS

30 37 FBS

Alexa 594 Invitrogen

50 mg/ml 45 37

4% 15

Phosphate Buffered Saline PBS

TfR1 :H68.4, Invitrogen

1 Alexa488

IgG 33342 Invitrogen

FLUOVIEW FV10i Olympus

 

fluorescein 

isothiocyanate FITC TfR1

:M-A712, BD Biosciences FITC
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IgG :G155-178, BD Biosciences 30 4

FACSAria II cell sorter BD Biosciences

TfR1  

 

4-3.  

4-3-1. in silico miR-210  

miRNA 21

21 1 seed

7 6 16384

4096 seed

“ ” miRNA

in silico

TargetScan miR-210

21

100

version 5.2 4-1 miRNA

21

ISCU iron-sulfur cluster scaffold homolog

NDUFA4 NADH dehydrogenase ubiquinone  1 alpha 

subcomplex, 4, 9kDa 3-2 ISCU

- Fe-S
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Fe-S

IRP iron regulatory protein IRP

IRP1 IRP2 TfR1

mRNA TfR1

mRNA 3’ UTR IRE iron 

responsive element IRP mRNA

mRNA 5’ UTR IRE IRP

Rouault, 2006

4-1 miR-210  
TargetScan miR-210 5.2

miR-210 21
Conserved sites

Poorly conserved sites
Total context score
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IRP1 tricarboxylic acid TCA

31% Fe-S

Fe-S

Fe-S IRP1 IRE

ISCU Fe-S

IRP1

IRE Tong and Rouault, 2006

miR-210 ISCU

NDUFA4 TCA NADH FADH2

4-2 miR-210  
NDUFA4 ISCU miR-210 miR-210

5’ 2 8 Seed
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ATP

miR-210 NDUFA4  

 

4-3-2. 3’UTR miR-210  

ISCU NDUFA4 3’UTR miR-210

3’UTR psiCHECK-

MCF7 ISCU

NDUFA4 mRNA 3’UTR miR-210

Pre-miR-210

3’UTR Pre-miR-210

Pre-miR-NC

3’UTR 3’UTR

Pre-miR-210

miR-210 ISCU NDUFA4 mRNA 3’UTR

4-3 NDUFA4

Pre-miR-210 MCF7

4-4 miR-210 NDUFA4
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4-3-3. miR-210 ISCU  

miR-210

ISCU mRNA qRT-PCR miR-210

4-3 miR-210  
NDUFA4 ISCU mRNA 3’UTR miR-210

mRNA 3’UTR
MCF7 pre-miR-210

pre-miR-NC 48
“+”

miR-210 pre-miR-210
“-” miR-210 pre-miR-210
pre-miR-NC  
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ISCU 4-5

Pre-miR-210 MCF7 qRT-PCR

3 4-6

Pre-miR-210 miR-210 1000

4-7

0μM� 100μM�
μ μ

相
対
発
現
量

  �
(I

SC
U

 / 
β-

ac
ti

n)

相
対
発
現
量

  �
(I

SC
U

 / 
β-

ac
ti

n)

4-5 ISCU  
MCF7 48 ISCU qRT-PCR

DFO 100μM MCF7 48
ISCU qRT-PCR β-actin

* 20%O2 DFO p<0.05  

相
対
発
現
量

  
(N

D
U

F
A

4
 /

 β
-a

ct
in

)
4-4 miR-210

NDUFA4  
MCF7 pre-miR-210

pre-miR-NC
48 RNA
NDUFA4

qRT-PCR
β-actin  
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miR-210

ISCU MCF7 Anti-miR-210

Anti-miR-NC ISCU

qRT-PCR ISCU

2 4-6 miR-210

相
対
発
現
量

  
(I

SC
U

 / 
β-

ac
ti

n)
相
対
発
現
量

  
(I

SC
U

 / 
β-

ac
ti

n)

4-6 Pre-miR-210 anti-miR-210 ISCU
 

MCF7 pre-miR-210 anti-miR-210 100nM
48 RNA ISCU qRT-PCR

Anti-miR-210 anti-miR-NC
1%O2 β-actin
actin *Pre-miR-NC anti-miR-NC

p<0.05  
 



4  

 64 

100 1 4-7  

miR-210 ISCU

ISCU miR-210

 

 

 

4-3-4. ISCU miR-210  

miR-210 ISCU

ISCU miR-210

ISCU Fe-S

miR-210

Pre-NC

Pre-miR-210
Anti-NC

Anti-miR-210

4-7 Pre-miR-210 Anti-miR-210 miR-210  
MCF7 pre-miR-210 anti-miR-210 100nM
24 48 qRT-PCR
Anti-miR-210 anti-miR-NC 1%O2
*Pre-miR-NC anti-miR-NC p<0.05  
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ISCU ISCU

相
対
発
現
量

  
(I

SC
U

 / 
β-

ac
ti

n)

相
対
発
現
量

  
(T

fR
 / 
β-

ac
ti

n)

4-8 ISCU TfR1  
MCF7 ISCU shISCU blastcidin

RNA TfR1
ISCU qRT-PCR β-actin

NC:
ISCU_KD:ISCU  *

p<0.05  
ISCU IRP1 TfR1

ISCU Fe-S IRP1
IRP1 TfR1 mRNA 3’UTR mRNA

TfR1 Wing-Hang Tong and Tracey A. 
Rouault Cell Metabolism 2006  
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ISCU

TfR1

ISCU short hairpin RNA vector shRNA vector

MCF7 ISCU

ISCU 4-8

miR-210 ISCU TfR1

Pre-miR-210 MCF7

ISCU TfR1 TfR1

相
対
発
現
量

  
(T

fR
 / 
β-

ac
ti

n)

4-9 Pre-miR-210 TfR1  
MCF7 pre-miR-210 48 RNA qRT-PCR

TfR1 β-actin *Pre-miR-NC
p<0.05 pre-miR-210 MCF

MDA-MB-231 48
TfR1 actin
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TfR1

4-9 MDA-MB-231 miR-210

TfR1 4-9

miR-210 TfR1 miR-210

TfR1

miR-210 TfR1

TfR1 mRNA 3’UTR

miR-210 4-10  

ISCU NDUFA4 3’UTR MCF7

3’UTR

TfR1 miR-210 4-11  

 

4-3-5. miR-210  

miR-210 ISCU TfR1 2

miR-210

4-10 TfR1 miR-210  
TfR1 miR-210 miR-210 5’ 2 8

Seed  
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TfR1

Pre-miR-210

Pre-miR-NC MCF7 MDA-MB-231 Alexa594

Pre-miR-210 Pre-miR-NC

TfR1

4-12

4-11 miR-210 TfR1  
TfR1 mRNA 3’UTR miR-210

mRNA 3’UTR
MCF7 pre-miR-210 pre-miR-NC

48
“+” miR-210

pre-miR-210 “-” miR-210
pre-miR-210 pre-miR-NC
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MCF7 Pre-miR-210

TfR1

37.5% Pre-miR-NC

2 69.4% miR-210 TfR1

4-13  

4-12  
MCF7 MDA-MB-231 pre-miR-210
48 Alexa594 50 μg/ml

TfR1 TfR1
; 50 μm 
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4-3-6. miR-210 IRP1  

mi-210 TfR1 ISCU

IRP1 TfR1

IRP1

mRNA 3’UTR miR-210

MCF7 Pre-miR-210 Anti-miR-210

pre-miR-NC

T
fR
1 69.4%

20.6%

1.6%

8.5%

pre-miR-210

37.5%

22.9%

3.9%

35.5%

0 1 2 4

TfR1

0 1 2 43

Pre-miR-NC

Pre-miR-210

T
fR
1

pre-miR-NC pre-miR-210

51.4%

40.7%

0.8%

7.1%

29.1%

46.8%21.9%

2.1%

TfR1

T
fR
1

T
fR
1

4-13  
MCF7 MDA-MB-231 pre-miR-210 48

Alexa594 50 μg/ml
TfR1 TfR1
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45kDactin

Ferritin 20kD

anti-miR-210anti-miR-NC

actin

Ferritin

45kD

20kD

pre-miR-210pre-miR-NC

miR-210

ISCU

anti-miR-210

不活性化

IRP1

フェリチン

mRNA

miR-210

ISCU

pre-miR-210

活性化

IRP1

フェリチン

mRNA

ン

4-14 IRP1  
MCF7 pre-miR-210 anti-miR-210 48

anti-miR-210
1%O2 IRP1

anti-miR-210 ISCU
IRP1 mRNA 5’UTR

pre-miR-210 ISCU
IRP1 mRNA 5’UTR

 
TfR1 TfR1
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Pre-miR-210 ISCU IRP1

4-14 Anti-miR-210

ISCU IRP1

4-14 miR-210 ISCU

IRP1

 

 

4-3-7. miR-210  

Pre-miR-210 1000 miR-210

4-7

miR-210 100 Pre-miR-210

Anti-miR-210 miR-210

Anti-miR-210 ISCU 4-6 IRP1

TfR1

miR-210 TfR1

Anti-miR-210 TfR1

TfR1

miR-210

Anti-miR-210 MCF7 TfR1 
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Anti-miR-210 Anti-miR-NC

mRNA

4-15 miR-210 TfR1

ISCU MCF7

相
対
発
現
量

  
(T

fR
 / 
β-

ac
ti

n)

4-15 miR-210 TfR1  
MCF7 anti-miR-210 1%O2 48 RNA

qRT-PCR TfR1
mRNA

miR-210 TfR1 IRP1
TfR1

n.s.;  
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Anti-miR-210

Anti-miR-210 ISCU TfR1

miR-210 TfR1

4-16 Anti-miR-210

TfR1 4-17

anti-miR-210 ISCU

anti-miR-210 TfR1

miR-210 TfR1

MCF7

IRP1 siRNA IRP1

IRP1 siRNA

anti-miR-210 anti-miR-NC

TfR1 4-16 siRNA

anti-miR-210 anti-miR-NC

TfR1 miR-210

TfR1  
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4-4.  

miR-210 HIF-1α

miR-210

ISCU TfR1 4-17 ISCU

TfR1

miR-210 ISCU Fe-S

IRP1

IRP1

4-16 ISCU IRP1 miR-210
TfR1  
ISCU MCF7 siRNA IRP1

MCF7 anti-miR-210 TfR1
TfR1
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miR-210 TfR1

4-17 miR-210  
HIF-1α

miR-210 HIF-1
miR-210 ISCU 3’ UTR

ISCU Fe-S
Fe-S IRP1 Fe-S

IRP1 Fe-S
IRP1 TfR1 mRNA 3’ UTR

TfR1 miR-210 TfR1 3’ 
UTR miR-210 ISCU

TfR1 TfR1 TfR1
HIF-1α

miR-210 TfR1   
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miR-210

TfR1 3’UTR miR-210

4-18 4T1 pre-miR-210

ISCU TfR1 qRT-PCR ISCU

TfR1

4-19 ISCU TfR1

miR-210

miR-210 TfR1

 

miR-210

NDUFA4

miR-210 3’UTR

NDUFA4
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MCF7 NDUFA4

qRT-PCR β-actin

1000 5000

3’UTR NDUFA4 3’UTR

T7

NDUFA4

miRNA

 

 

 

4-18 TfR1 miR-210  
miR-210 TfR1 mRNA

TargetScan
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4-19 4T1 miR-210
 

4T1 Pre-miR-210 48 RNA
ISCU TfR1 qRT-PCR β-actin

*Pre-miR-NC p<0.05  
 

相
対
発
現
量

  
(/

 β
-a

ct
in

)
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5  

 

5-1.  

1983 Johnstone 100nm

Pan and Johnstone, 1983

Exosome Johnstone et al., 1987

Exosome garbage bags

Exosome

Exosome

Raposo et al., 1996, 

Bobrie et al., 2011 Exosome miRNA

2007 Valadi Valadi et al., 2007

Exosome  

 

5-2.  

Johnstone Exosome 1983

1987 Ronquist Prostasome 40 500nm
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Ronquist and Hedström, 1977 Prostsome

microvesicle ectosome microparticle shedding vesicle

exosome

Exosome RNA

2011 ISEV

International Society for Extracellular Vesicles

Extracellular vesicles 

Extracellular vesicles EVs

100nm  

 

5-3. EVs  

EVs Raposo and 

Stoorvogel, 2013

intraluminal 

membrane vesicle ILV multivesicular body MVB

ILV Exosome
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microvesicle shedding vesicle

Ca2+ K562

Ca2+ EVs

Savina et al., 2003, Raposo et al., 1997

ILV

endosomal sorting complex required for transport ESCRT

Alix EVs

Géminard et al., 2004, Baietti et al., 2012, Tamai et al., 2010

ESCRT EVs

Trajkovic et al., 2008

neutral sphingomyelinase 2 nSMase2 EVs

GTP Rab

Rab11 Rab27a Rab27b Rab35

EVs Savina et al., 

2002, Ostrowski et al.,2010, Hsu et al., 2010

EVs

 

 

5-4. EVs miRNA 
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EVs EVs miRNA

2007 Valadi

MC/9 HMC-1 EVs RNA

MC/9 EVs 1300 mRNA

121 miRNA Valadi et al., 2007

EVs RNA

MC/9 EVs EVs

HMC-1

HMC-1

3 MC/9

EVs mRNA

MC/9 mRNA EVs

HMC-1

mRNA miRNA

miRNA  

EVs miRNA

2010

3 Pegtel EBV Epstein-Barr Virus

LCL EBV

EVs

EBV EBV

miRNA
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Pegtel et al., 2010 Zhang

THP-1 LPS

miR-150 EVs

HMEC-1

EVs miR-150 c-Myb

Zhang  et al., 2010 EVs

miRNA

miR-146a Lin et al., 2008

Kosaka et al., 2010 miR-146a

HEK293 COS-7

miR-146a

COS-7 miR-146a

PC3M miR-146a

ROCK1

miRNA

miRNA

miRNA EVs

EVs EVs

ESCRT

Alix Hurley et al., 2010 siRNA
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miRNA miRNA

nSMase 2

EVs Trajkovic et al., 2008

siRNA nSMase 2

GW4869 miRNA

miRNA

 

 

5-5. EV  

EVs miRNA EVs

EVs EVs

EV EVs

5-1 1 EVs 100

EVs

EVs

  



5  

 86 

  

α β

5-1 EVs  
EVs

 
 



6  

 87 

6 Extracellular vesicles  

 

6-1.  

5 EVs

EVs

EVs

EVs

CD63 CD9 HSP70 Tumor 

susceptibility gene 101 TSG101 Exosome marker

EVs EVs

EVs

EVs

”EVs Marker” EVs

EVs

EVs

 

 

6-2.  
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6-2-1.  

PC3 PC-3M-luc PC3M 22Rv1

PNT2

MDA-MB-231-luc-D3H1 MM231 MDA-MB-231-luc-D3H2LN 

MM231LN MCF7 MCF7-ADR MCF10A

PC3 IV

PC3M PC3

22Rv1 Prostate Specific Antigen

PNT2

SV40 MM231

MM231LN MM231

100% MCF7 MM231

MCF7-ADR MCF7

MCF10A

MCF10A RPMI 1640 medium 10%FBS antibiotic-antimycotic

MCF10A MEBM 1% GA-1000 50 μg/ml 
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hydrocortisone 1 μg/ml hEGF 500 μg/ml insulin 4% BPE Lonza

37 5%CO2

 

 

6-2-2. EVs  

EVs 15cm

80%

FBS Advanced RPMI1640 Invitrogen

antibiotic-antimycotic L- 2mM

48

2,000Xg 4 10 0.22um

Optima XE-90: BECKMAN COULTER

110,000xg 70 PBS

EVs EVs

Quant-iT™ Protein Assay with Qubit®2.0 Fluorometer Invitrogen

 

 

6-2-3.  

IgG GE Healthcare
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IgG GE Healthcare

CD63 CD9 CD81 Integrin beta 1

 

 

6-2-4. Nano particle tracking analysis NTA  

NTA Nanosight LM10HS NTA

60

EVs PBS

 

 

6-3.  

6-3-1. EVs  

4 5 EVs

PC3 22Rv1 PNT2 MM231LN MCF7 MCF10
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EVs EVs

EVs

50 nm 400 nm

6-1 EVs

22Rv1 MCF7 EVs

EVs PC3

EVs 400 nm

 

 

6-1 EVs  
EVs A PC3 EVs B 22Rv1

EVs C PNT2 EVs D MM231LN EVs E
MCF7 EVs F MCF10A EVs ; 100 nm 
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6-2 NTA EVs  
Nanosight LM10HS
EVs

A PC3 EVs B PC3M
EVs C 22Rv1 EVs D PNT2
EVs E MM231 EVs F

MM231LN EVs G MCF7 EVs
H MCF7-ADR EVs I MCF10A

EVs
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6-3-2. Nano particle tracking analysis NTA  

9 EVs Nanosight LM10HS

6-2

100 nm 170 nm

300 nm

MCF7-ADR MCF10A EVs

EVs

EVs

 

 

6-3-3. EVs  

EVs

6-3 2-

EVs EVs

EVs 500 ng/ 5 μg/

4 EVs

22Rv1 EVs 3

70kDa 30kDa 22kDa

3 3

140kDa 120kDa 60kDa
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6-3 EVs  
5 μg EVs500 ng 2-

1; PC3 2; PC3ML
3; 22Rv1 4; PNT2 1; MM231 2; 

MM231LN 3; MCF7 4; MCF7-ADR 5; MCF10A M; 
 

μ

μ
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MM231 MM231LN MCF7

MCF7-ADR

EVs  

 

6-3-4. EV  

EVs EV

Cytocheome C

EVs

Cytochrome C EVs

EVs

1μg Cytochrome C

EVs 6-4  

EV 11

Alvarez-Erviti et al., 2011, Atay et al., 2011, 

Bhatnagar et al., 2007, Bobrie et al., 2012, Clayton et al., 2004, 

Demory Beckler et al., 2013, Logozzi et al., 2009, Lu et al., 2009, Lv et 

al., 2012, Peinado et al., 2012, Qu et al., 2009, Bobrie A et al., 2012 2

11 CD9 CD81 Rab-5b Actin TSG101 CD63

Annexin 2 Integirn beta1 Heat Shock Protein 70 HSP70 Flottilin-1

Caveolin-1 EVs
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EVs EVs 4

 

1 9 EVs CD9 CD81

6-5 EVs

EVs EVs

6-2 EVs

μμ

μ

6-4 EVs  
cytochrome c Cytochrome c

EVs EVs 1 μg
1; PC3 2; PC3ML 3; 22Rv1 4; PNT2 5; MM231

6; MM231LN 7; MCF7 8; MCF7-ADR 9; MCF10A  
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2 EVs

Rab-5b Actin

TSG101 CD63 6-6 EVs

μ

μ

6-5 EVs 1  
A CD9 B CD81 EVs
5 mg EVs 500 ng

1; PC3 2; PC3ML 3; 22Rv1 4; PNT2 5; MM231 6; 
MM231LN 7; MCF7 8; MCF7-ADR 9; MCF10A CD9
CD81  
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3 EVs

Annexin 

2 Integrin beta1 6-7 Annexin 2 22Rv1

MCF7 EVs

EV EVs

 

μμ

μ
μ

6-6 EVs 2  
A Rab-5 B TSG101 C actin D CD63

EVs 5 μg actin 1 μg
EVs 500 ng 1; PC3 2; PC3ML 3; 22Rv1

4; PNT2 5; MM231 6; MM231LN 7; MCF7 8; 
MCF7-ADR 9; MCF10A CD63  
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4 EVs

HSP70 Flottilin-1 6-8 22Rv1

EVs

EVs

Vallhov et al., 2011, Aliotta et al., 2012, 

Segura et al., 2005 22Rv1

Caveolin-1 PC3 PC-3M-luc EVs

6-8 MCF10A

EVs  

μ μ

6-7 EVs 3  
A Annexin 2 B Integrin beta1

EVs Annexin 2 1 μg Integrin beta1
5 μg EVs Annexin 2 250 ng Integrin beta1 500 ng

1; PC3 2; PC3ML 3; 22Rv1 4; PNT2 5; MM231
6; MM231LN 7; MCF7 8; MCF7-ADR 9; MCF10A

Integrin beta1  
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6-4.  

9 EVs

EVs

6-3 “

” EVs

CD9

CD81

EVs

11

μ μ

μ

6-8 EVs 4  
A HSP70 B Flottilin-1 C Caveolin-1

EVs 5 μg EVs 500 
ng 1; PC3 2; PC3ML 3; 22Rv1 4; PNT2
5; MM231 6; MM231LN 7; MCF7 8; MCF7-ADR 9; MCF10A
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EVs

EV

CD63

EVs

PC3 PC-3M-luc

MM231LN MCF7-ADR EVs

PNT2 MCF10A

EVs CD63 tissue metalloprotease 

inhibitor protein-1 integrin beta1

Jung et al., 2006

CD63

Kwon et al., 2007

EV

Caveolin-1

PC3 PC-3M-luc EVs PC3

Prostasome Caveolin-1

Llorente et al., 2004 Prostasome Caveolin-1

EVs Prostasome

PC3 EVs

400 nm

Prostasome Poliakov et al., 2009
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CD9 CD81 EVs EVs

HSP70 Flottilin-1 22Rv1

EVs EVs

EV EVs

EV

EVs

CD9 CD81
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7  

1952 Alfred Hershey Martha Chase T2

DNA Hershey and Chase, 1952

James Watson Francis Crick DNA

Watson and Crick, 1953 50

DNA

International Human Genome Sequencing Consortium, 

2004 “ ”

DNA mRNA

miRNA

 

3 miR-210 HIF-1α
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E2F

miR-210

miRNA

miRNA

 

miRNA 4

miR-210 2

miR-210

miRNA

miRNA

non-coding RNA

miRNA 1
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non-coding RNA

miRNA 5

miRNA

miR-210

pre-miR-210

pre-miR-210

TfR1 4-9 ISCU-IRP1

miR-210 TfR1

TfR1

4-15 pre-miR-210

TfR1

7-1

miRNA

TfR1 7-2

pre-miR-210 TfR1

pre-miR-210
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30

EVs miRNA

Nanosight EVs

EVs

7-1 TfR1
 

MCF7 pre-miR-210
TfR1 siRNA siTfR

72
MTS

*Pre-miR-NC
siNC

p<0.05  
 

TfR1

actin

7-2 
TfR1  

MCF7 MCF10A
TfR1

actin  
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EVs

EVs EVs

EVs CD9 CD81

EVs

EVs

EVs

 

miRNA

miR-210

micromanaging miRNA
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