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Angiogenic Therapy for PAD 
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Arteriosclerosis Obliterance (ASO)

etiology - atherosclerosis
more than 2% in people 
older than 65 yr
~1/2 million in Japan

schema of leg arteries

angiography
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Buerger Disease (TAO)

normal

etiology is unknown
male, smoking
several thousands patients 
in Japan

TAO
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Therapeutic Angiogenesis
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Endothelial progenitor cells (EPC)

ischemia hind limb model

Asahara et al Science 1997

EPC is produced in bone marrow
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Results of clinical trial using BM-MNC

Tateishi-Y E et al. Lancet 2002

BM-MNC implantation improves ABI, pain free walking distance,
tissue O2 and ulcers.
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Hypothesis 1
Vasculogenesis by EPC

EPC
( Vasculogenesis )
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PBS BM-MNCPB-MNC

Neovascular formation is induced by 
PB-MNC as well as BM-MNC

Laser doppler imagings

Immunohistochemistry (CD31, brown)
0

200

400

600

800

1000

1200

1400

PBS PBMNC BMMNC

C
a
p

il
la

ry
 d

e
n

si
ty

/
m

m
2

** *

0

0.2

0.4

0.6

0.8

1

PBS PBMNC BMMNC

B
lo

o
d

 f
lo

w
 (

L
t/

R
t) ***

Although # of EPC is 1/100 in PB compared with in BM,
the effects are same!
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Collect PB-MNC by cell sorter

PB-MNC therapy is better
than BM-MNC therapy

1 less risk
1/2 ASO Pts have CAD

no general anesthesia
no bone marrow aspiration

2 no anemia
800ml BM vs 10ml blood

3 less expensive
$5000 vs $0
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Collect PB-MNC by centrifugation
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Injection of PB-MNC into ischemic skeletal muscle
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Before

After
PB-MNC
implant

Case1 (70F, ASO

Minamino et al. Lancet 2002
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After 
Implant

of
PB-MNC

Before

Case２ 67M,TAO

Minamino et al. Lancet 2002
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Results of PB-MNC implantation

ABI walking 
distance

pain 
at rest

ulcers no amputation
of legs

total

improvement (%)
31.0 51.7 84.0 66.7 85.7 72.4
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Moriya et al. Circulation 2010
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* p<0.05

Clinical parameters

VEGF IL-1beta implanted 
# of MNC

implanted 
# of CD34+
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PBS VEGFR2(-)VEGFR2(+)

EPC may not be necessary for 
BM-MNC-induced neovascular formation

Laser doppler imagings

Immunohistochemistry (CD31, brown)

Scale bar: 100μm * p<0.05 vs control** p<0.01 vs control
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Hypothesis 2
Angiogenesis by growth factors from MNC

growth factors

mononuclear cells and EPC
( Angiogenesis)
( Collateralogenesis)
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Regenerated skeletal muscle produces
IL-1b and VEGF

VEGF

AJP 2003,163:1417

IL-1beta

Scale bar: 100μm

Immunohistochemistry

Tateno et al. Circ Res 2004
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PB-MNC activate satellite cells

PBS treated MNC treated

Immunohistochemistry, N-CAM

Tateno et al. Circ Res 2004
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Mononuclear cells stimulate expression of 
growth factors in skeletal muscle

IL-1b

IL-6 CD31

VEGF

(-) (+)

PB-MNC
(-) (+)

PB-MNC

FGF

PDGF

HGF

GAPDH

(-) (+)

PB-MNC

Protection assay of myotube RNA

IGF

Tateno et al. Circ Res 2004
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Skeletal muscle regeneration is necessary 
for PB-MNC-induced angiogenesis

PBS 
PB-MNC 

Tateno et al. Circ Res 2004
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Hypothesis 3 
Angiogenesis by growth factors 

from skeletal muscle

VEGF IL-1β

implantation

skeletal muscle
regeneration

growth factors

angiogenesis

improvement

ischemia

Tateno et al. Circ Res 2004
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before after
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Evaluation of limb ischemia by 201TlCl

Moriya et al. Circulation 2010
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Cardiac ischemia is improved by implantation 
of PB-MNCs into ischemic limbs

before 8 w after

EDV 73 
ESV 34 
EF  53

STRESS

REST

8.1% 3.9%

16.5% 8.5%

81 yo F
ASO and IHD

EDV 92 
ESV 49 
EF  47

Moriya et al. Circulation 2010
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P=0.07

Stress Rest
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Cardiac ischemia is improved by implantation 
of PB-MNCs into ischemic limbs

Two for the price of one

Moriya et al. Circulation 2010



2010/4/29 27

after implantation

rabbit chronic ischemia model

Cardiac ischemia is improved 
by implantation of PB-MNCs? 
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G-CSF Therapy
for 

Myocardial Infarction
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G-CSF prevents remodeling after MI

Ohtsuka et al. FASEB J, 2004
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Mechanisms of GMechanisms of G--CSFCSF--induced induced 
prevention of LV remodeling after MIprevention of LV remodeling after MI

G-CSF

G-CSFR in CM

Jak/STAT3

Anti-apoptosis

Survival 
of CM

Angiogenic proteins

Angiogenesis
Survival of EC

PI3K, NO

BMC
EPC

?

G-CSF prevents LV remodeling after MI 
by protecting CMs not by inducing regeneration.

Harada et al. Nature Med 2005, Takano et al. J Mol Med 2009 
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Effects of GEffects of G--CSF on swine hearts after MI CSF on swine hearts after MI 

Iwanaga et al. BBRC 2004, Hasegawa et al. JACC 2006
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40 patients within 24h after onset of AMI
LAD culprit lesion, no Cx or RCA lesion
successful PCI to culprit lesion and clinically stable

22 assigned Control group 18 assigned G-CSF group

6 months’ follow-up assessment: CAG and SPECT

Exclusion
1 unstable angina
1 died at home

Exclusion
1 unstable angina
2 lost to follow-up

SPECT 4 days after AMI

19 completed 16 completed
LAD=left anterior descending coronary artery;   PCI=percutaneous coronary intervention; 
SPECT= single-photon emission computed tomography;   UAP=unstable angina pectoris; 
CAG=coronary angiography

Trial profile
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G-CSF

Control

Baseline(4 days) 6 months

Effects of G-CSF on myocardial perfusion after AMI
(99mTc-tetrofosmin SPECT)
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Ischemic area

5

%

2

Ischemic
area

saline G-CSF(+)

-1.5%
ns

-4%
p<0.05

comparison between 4 days and 6 months after MI

Takano et al. Int J Cardiol 2007
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Changes of EF

5

%

2

EF

G-CSF(+)

3%
ns

9%
p<0.05

10

saline

comparison between 4 days and 6 months after MI

Takano et al. Int J Cardiol 2007
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Mechanisms of Epo-induced cardioprotection

EC

cardiomyocytes

EPOR

antiapoptosis

bcl-2
cl.caspase3

VEGF
Ang-1

EPO

Shh

Shh

proliferation
maturation

angiogenesis

Ueda et al. J Clin Invest 2010 in press
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