Online publication November 16, 2006

e[J00O0e

O40000000C000 100000000O0O0COO

goodooobobbbboooooooooooon
goooooooooobn

00000 Ooo0o0o00o0oooo—oooooot
0o00o0o'0oooooo*moooooot

goooooooooooobooooooooooobOboooooOoboOooooOooooooboboOoooDo
gooooooooooOoOoooO0ooooOoOoOoOboOoOoOoOboOoOoOoObOObOOOoboOoOoon
gooooooooooOoOoooO0ooooOoOoOoOboOoOoOoOboOoOoOoObOObOOOoboOoOoon
gooooooooooOoOoooO0ooooOoOoOoOboOoOoOoOboOoOoOoObOObOOOoboOoOoon
gooooooooooooooOoooboooooboobooooon

0 J Jpn Coll Angiol, 2006, 46: 5956010

Key words: angiogenesis, erythropoietin, erythroblast, bone marrow implantation

gooog

gbooooboooobooooobooobooooboooobo
gbooooboooobooooobooobooooboooobo
gbooooboooobooooobooobooooboooobo
oooooooooooooooOob0@m™@™Oooomg
ooooooooooooooooOooboboooog
ooooooooooooooooOooboboooog
gboooobooooboooobooobooooboooobo
gboooobooooboooobooobooooboooobo
ooobooooooooomoooooooboboooo
00000000 mM0o00O0O0O0oD0ooooo*™mo
0000000000000000 O3 cell fateD O
ooooooooooooooooooboboooog
gboooobooooboooobooobooooboooobo
gboobooooooobooboooboobooboobo

00000 cell fated

gbooooboooobooooobooobooooboooobo
gbooooboooobooooobooobooooboooobo

‘0000000000000 DO0OOOO0
‘000000000000 DOO0O0DOO
‘0000000000000 0DDOoO0DOoOO

THE JOURNAL of JAPANESE COLLEGE of ANGIOLOGY Vol. 46, 2006

oooooooooooooooooobobooooa
gbooooboooobooooobooobooooboooobo
gbooooboooobooooobooobooooboooobo
gboooobooooboooobooi1bo0oo0o
0000000000000000O0DL 0O O3 stochastic
theorydO 0 DOO0ODO0ODOOO0OODOMODODOODO
omooooooooooooo@moooooog
ooooomoooooooomoobooooog
gooobmoooboooooooooobooboboooo
gboooboooobooobooobooobooboooobo
ooooooooooooooooOoobobooooa
goooooblioooooooboooooooog
ooooooooooooooooOoobobooooa
gboooboooobooobooobooobooboooobo
gboooboooobooobooobooobooboooobo
gboooboooobooobooobooobooboooobo
ooooooooooooooooOoobobooooa
ooooooooooooooooOoobobooooa
ooooooooooooooooOoobobooooa
gboooboooobooobooobooobooboooobo
gboooboooobooobooobooobooboooobo
gboooboooobooobooobooobooboooobo

20060 10 5000

595



go0o0ooo0o0oooooooocoOoooooboOooooooooOoOooooonoo

goodooooooooooooooooooooo
00000000000 000D0OdG-CSE granulocyte
colony stimulating factorl D 0 0 0 0000000000
000o000ooOooU0ooOoOoooooooooon
ooooOoOoooe-csFOOOoOoOoOoOooOoooon
000o000ooOooU0ooOoOoooooooooon
goodooooooooooooooooooooo
goodooooooooooooooooooooo
goodooooooooooooooooooooo
000o000ooOooU0ooOoOoooooooooon
000o000ooOooU0ooOoOoooooooooon
O000o0U00ooU00oooUoOoooOooooooo
goodooooooooooooooooooooo
goodooooooooooooooooooooo
goodooooooooooooooooooooo
000o000ooOooU0ooOoOoooooooooon
000o000ooOooU0ooOoOoooooooooon
000o000ooOooU0ooOoOoooooooooon
Joo0Moo0o0doOobOoDOoDmOooooDoo
goodooooooooooooooooooooo
goodooooooooooooooooooooo
000o000ooOooU0ooOoOoooooooooon
000o000ooOooU0ooOoOoooooooooon
0000000 D O0OVEGH vascular endothelial growth
factor M OO0 0000000000 DOOODOOOOO
VEGFO OODDODOODODOODDODOoOoooooooao
gooooboooooobooooooooooooo
000o000ooOooU0oooO0oooooooooo
000o000ooOooU0oooO0oooooooooo
000o000ooOooU0oooO0oooooooooo
gooooboooooobooooooooooooo
gooooboooooobooooooooooooo
gooooboooooobooooooooooooo
000o000ooOooU0oooO0oooooooooo
00000000000 ooooooooo*™ oo
000000ooOoOoU0ooOoOoooooooooon
goodoooooooooooooooooooo
goodoooooooooooooooooooo
Ooooooooboooooo

gobobooaoo

goboobooooboooooooooooooOnVEGE

596

goodoooooooooooooooooooo
Oo0ooooooobooooooooooooo
0000“000000000000 MO endothelial
progenitor cel: EPCCO 00000 OO EPCO O OO
0000000000000 0O0000O0Obone
marrow implantation: BMICO O O 0000000000
00 00000000000000EPCOOOOOO
goodooooooooooooooooooooo
goodooooooooooooooooooooo
o0ooooooUoooooooOoOoooooooo
000000ooO0o0o0ooOooooooooooon
000000000 00O0O0O0000O0O0OG-CsFO
goodooooooooooooooooooooo
000O0o0oo00oDoDOo0oDbOoDOoEPCOODOODOOO
gooopooooeG-csFfOODOOoDOoDOoOonDOon
O000O0o0oOoOEPCOOOOOOOOOOOODOO
ch34000000000D0UOOUOoOoooooonO
O000o0oU00ooU00oooUOoooOooooooo
Jo000opDOobOoOocbx0oooooooboooona
goodoooooooooooooooooooo
Joo0mooo0mooooboooooooo
O000O0o0oOoOEPCOOOOOOOOOOOOOO
000o000ooOo0oU0ooOoOoooooooooo
000o000ooOo0oU0ooOoOoooooooooo
OooooDooooooooooobooooooon
0o0o0Oo0ooOoDoDOoOoDbEeEPCOOODODDODOO
Jo00DOo0oOeEpPCODOO0ODOODOODOODDODOO
000000000000 00D0OO0O0Osingle cell culture
0000000000000 0000000A0single
celDD0D0O0OD0OU0ODOODOOODOOOOODOOOOO
Jo0o0O0o0o0o0oDOoO0bOoooOoePCODDOODOO
goodoooooooooooooooooooo
goodoooooooooooooooooooo
000o000ooOo0oU0ooOoOoooooooooo
000o000ooOoOoU0ooOoOoooooooooon
O0OEPCOOOOOOOOOODOODODOOG-CSFOO
goooooooooobooooooooooooo
000O0000DbOO0ODO0O0ODbEPCOODDOODODG-
CSFOOOOoDOODoOoDoOooDoonoooboon
00000000000 o00oooooooooo™
00000O0000o0oooOocb3400nooooon
00oo0o0oOoooooooooOoooo

0000 Vol. 46, 2006



goooooooen

5 p = 0.0004
45 |
T _
= \:
£
k!
2 J—
§35 L .\‘
[ ]
S|
£ ®
£25 |
H
H i
5%
& ‘:—__.___ -
15 —$
10

Ischemic limb Contralateral limb

Figure 10 Serum erythropoietin levels in femoral veins obtained
from patients with limb ischemia.
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Figure 20 Time course of erythropoietin levels in femoral veins
of ischemic limb after bone marrow implantation.
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Figure 30 A scheme of maturated blood cell mobilization from
bone marrow to peripheral blood.

White cells migrate into sinus, while platelets are segregated
from cell surface projections of megakaryocytes. Since eryth-
roblasts do not migrate, they form a packed erythroblast island”
and invite new vessels. Terminally differentiated nucleated red
blood cells passively lose their nucleus and are transferred into
sinus with the assistance of subendothelial macrophages.
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Figure 40 Capillary network formation observed in an ex vivo
angiogenesis culture. Dens capillary networks were observed
around a erythroid colony induced from human hematopoietic
stem cells. The capillary network formation was consolidated
in the presence of erythropoietin.
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Figure 50 Recovery from cyanosis of mouse ischemic limbs
after bone marrow cell implantation.

Erythropoietin administration alone (group EPO) failed to res-
cue ischemic limbs, while simultaneous administration of
erythropoietin supported the effect of bone marrow implanta-
tion (BMI). Both the erythroid-depleted bone marrow cells
(NE) and purified erythroid cells (PE) failed to rescue limbs,
however simultaneous implantation of erythroid cells with
bone marrow CD14-positive cells recovered the angiogenic
effects (PEM). Further addition of CD34-positive bone
marrow cells with erythroblasts and macrophages (PEMS)
expressed small cumulative effect.
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Figure 60 Histological analysis blood vessels in
the ischemic biceps muscles at 6 days of arterial
ligation. A
A: Number of vessels o
B: Mean area of vessels B

Groups C, E, B, and BE: injected with control me-
dium, erythropoietin (2,400 1U/kg), bone marrow
cells (1 x 107), and both, respectively.
*1p<0.05, **: p<0.01, ***: p <0.001
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Figure 70 A 69-year-old man with atheroscle- Al
rosis obliterans was treated with bone marrow ‘. Pulse wave

implantation into ischemic left leg.

Clinical symptoms relapsed, and he was treated

again with simultaneous administration of
erythropoietin (24,000 IU) and bone marrow

cells at a year of the first implantation. \g
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M echanism of the Angiogenesis by Bone Marrow Implantation,
and an Application of Erythropoietin for Angiogenic Therapy

Kiminori Kato,! Ken Toba,? Masato Oda,* Noboru Ikarashi,*
Shiro Minagawa,* Manabu Isoda,® and Yoshifusa Aizawa®

Divisions of *Cardiology, 2Hematology, and *Thoracic and Cardiovascular Surgery,
Niigata University Graduate School of Medical and Dental Sciences, Niigata, Japan

Key wor ds: angiogenesis, erythropoietin, erythroblast, bone marrow implantation

Erythropoietin, a growth factor firstly found as an erythropoietic cytokine, has recently been known to have biologi-
cal effects of anti-apoptosis, angiogenesis, and mobilization of endothelial progenitor cell. However, the direct effect of
erythropoietin itself on angiogenesis is found to be unexpectedly weak, and the major mechanism of the cytokine on
angiogenesis was an indirect effect through activation of erythroblasts when combined with bone marrow implantation.
We present the mechanism that underlie the angiogenesis by bone marrow implantation, and an application of erythropoi-

etin for angiogenic therapy.
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