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Figure 100 Schematized Tie2-Angiopoietin system for blood vessel formation.

There are two kinds of ligand for Tie2. Angl produced by mural cells (MCs) stimulates Tie2 and promotes
adhesion between endothelial cells (ECs) and MCs. In this situation, a blood vessel is structurally stable.
Ang2 is an antagonist of Angl and inhibits the binding of Ang1 to Tie2 receptor. Ang2 is produced in ECs
under tissue hypoxia and promotes dissociation between ECs and MCs. This inactivation of Tie2 triggers the
process of angiogenesis. Newly developed blood vessels are covered with MCs again.
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Migration of HSC

Ischemic region

Figure 200 Hematopoietic stem cells are
important for nest-like blood vessel net-
- work formation.

- Anterior cardinal vein from wild type
- (A) or AML1/RUNX1 mutant (B) em-
bryo was stained with anti-CD31 anti-
body. Arrows in B indicate insufficient
growth of branching vessels.

Network formation

Figure 30 Process of angiogen-
esis associating with hematopoi-
etic stem cells.

Hematopoietic stem cells
(HSCs) migrate into avascular
area before endothelial cells
(ECs) migrate in such hypoxic
region. HSCs produce Angl
and stimulate Tie2 on ECs for
the migration of ECs. Further

Ay TSI s are in the text.
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Figure 40 Mechanical stabilization of blood vessels by hematopoietic stem cells.

Brain ectodermal layer of embryo from wild type (A) or AML1/RUNX1 at E11.5 was stained with anti-CD31
antibody (dark blue) and anti-c-Kit antibody (red). Arrow in A indicates hematopoietic stem cell adhering to
endothelial cells. Note that blood vessels observed in ectodermal layer of AML1 mutant show disorganized shape

(B) and finally show rupture (C).
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Figure5
> Hematopoietic stem cell
(HSC) population differ-

entiates into mural cells
(MCs) as well as endot-
helial cells (ECs).
Fraction of hematopoi-
etic cells in peripheral
blood after induction of
ischemia (top left) and
schematic presentation
of differentiation path-
way of hematopoietic
stem cells into vascular
cells.
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Suppression of leakage  Induction of leakage

Figure 600 CD11b"/Mac-1"" hemato-
poietic stem cell population suppresses
Mac-1'o% vascular leakage through Angl.

from Ang1-/- mice Further details are in the text.
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Figure 700 SDF-1 traps proangiogenic hematopoietic cells (HCs).

A: A heterogeneous mixture of cells is recruited from the bone marrow to the peripheral blood in
response to overexpression of VEGF in ischemic foci. B: VEGF overexpression in ischemic foci
also induces the expression of SDF-1 in mural cells (MCs) around blood vessels. C: As a result,
recruited bone marrow-derived circulating cells expressing CXCR4, the receptor for SDF-1, are
entrapped and correctly positioned around the vessels expressing SDF-1. D: Such trapped HCs
produce proangiogenic cytokines and chemokines, resulting in the initiation of angiogenesis.

ocooooooooocpmnpooOOOOOOOOO
O000oo0o000ooo0ooocepibdbonon0nAngl
gooooooveerOOOOOOOOOOODDOO
Oo00o0o0mFrg6eMm 0000000000000
oooooooooooooooooooobobood
oooooooooooooooooooobobood
oooooooooooooooooooobobood
oooo

gooad

goodbobobooooboboooboboboooobooog
jddooooogoogog/ooooooooooooo
goooo0obO0oO0obO0oo0ooOOobOO0OoDOoG-CSsFk
[J granulocyte colony stimulating factorll D 0 00 O 00O
goooooboboboobooobobobobooo
gooooooooooboobbboooooboboo
godboboboooobobooooboboboooobooog
godboboboooobobooooboboboooobooog
godboboboooobobooooboboboooobooog
goooooboboboobooobobobobooo
gooooooooooboobbboooooboboo
Grunewald0* 0 0000000000 OVEGFOOO
godbobobooooboboooobobobooooobooog

252

OO0O0OVEGFODOOOODODOOOoOOoooooooooo
goodobbobboooouobobobooooooog
goodboboboooobobooooboboboooboog
gooooobooboooooooooooooooog
O0O0OOO0OO0OVEGFOOOUOOVEGFOOMROLO 2
O000o00o0o0o0ooOoOooOovVEGFKOODOOO
00o0ooo0ooOooooooOooooooooooo
0000000000OCXCR4O OO OO O SDE stromal
cell derived factor310 0 0000000 OSDF-10
CXCRAODOODOODOOOoooopoobooboboo
O000000O0000o00oooU0@mFe7MmOOonO
O0GrunewaldD D 0000 0D O OO O proangiogenic
accessory0 000000000000 OOOOOOO
goodboboboooobobooooboboboooboog
goodboboboooobobooooboboboooboog
goodobooboobboobooobooooboog
SDF-10 00 0000000000000 0000o
00o0ooo0ooOooooooOooooooooooo
oooo

oooo

100Takakura N, Huang XL, Naruse T et al: Critical role of
the TIE2 endothelial cell receptor in the development of
definitive hematopoiesis. Immunity, 1998, 9: 677—686.

o0oo Vol. 46, 2006



ooooo

2[0Takakura N, Watanabe T, Suenobu S et al: A role for he-
matopoietic stem cells in promoting angiogenesis. Cell,
2000, 102: 199-209.

30yamada Y, Takakura N: Physiological pathway of differ-
entiation of hematopoietic stem cell population into mural
cells. J Exp Med, 2006, 203: 1055—-1065.

40kamoto R, Ueno M, Yamada Y et al: Hematopoietic cells
regulate the angiogenic switch during tumorigenesis. Blood,
2005, 105: 2757-2763.

5CLindahl P, Johansson BR, Leveen P et al: Pericyte loss
and microaneurysm formation in PDGF-B-deficient mice.
Science, 1997, 277: 242-245.

6[Lindblom P, Gerhardt H, Liebner S et al: Endothelial PDGF-
B retention is required for proper investment of pericytes
in the microvessel wall. Genes Dev, 2003, 17: 1835-1840.

7Maisonpierre PC, Suri C, Jones PF et al: Angiopoietin-2, a
natural antagonist for Tie2 that disrupts in vivo angiogenesis.
Science, 1997, 277: 55-60.

8[Holash J, Maisonpierre PC, Compton D et al: Vessel cooption,
regression, and growth in tumors mediated by angiopoietins
and VEGF. Science, 1999, 284: 1994-1998.

9CRehman J, LiJ, Orschell CM et al: Peripheral blood “endot-

helial progenitor cells” are derived from monocyte/macroph-
ages and secrete angiogenic growth factors. Circulation,
2003 107: 1164-1169.

10[Fujiyama S, Amano K, Uehira K et al: Bone marrow mono-
cyte lineage cells adhere on injured endothelium in a
monocyte chemoattractant protein-1-dependent manner and
accelerate reendothelialization as endothelial progenitor
cells. Circ Res, 2003, 93: 980-989.

11[Randall TD, Weissman IL: Phenotypic and functional
changes induced at the clonal level in hematopoietic stem
cells after 5-fluorouracil treatment. Blood, 1997, 89: 3596—
3606.

120sner JM, Vale PR, Symes JF et al: Assessment of risks
associated with cardiovascular gene therapy in human
subjects. Circ Res, 2001, 89: 389—400.

130Thurston G, Suri C, Smith K et al: Leakage-resistant blood
vessels in mice transgenically overexpressing angiopoietin-
1. Science, 1999, 286: 2511-2514.

14Grunewald M, Avraham I, Dor Y et al: VEGF-induced adult
neovascularization: recruitment, retention, and role of
accessory cells. Cell, 2006, 124: 175-189.

Development of Regulatory M echanism for Angiogenesis
with Hematopoietic Stem Cells

Nobuyuki Takakura

Department of Signal Transduction, Research Institute for Microbial Diseases, Osaka University, Osaka, Japan
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In this study, the functions of hematopoietic stem cells for angiogenesis are discussed. Blood vessel formation
consists of the following two processes: vasculogenesis and angiogenesis. Multiple ligand-receptor systems, adhesion
molecules, matrix generation and degradation systems are involved in these processes. Hematopoiesis and blood vessel
formation are closely related. There are common progenitors termed hemangioblasts that can differentiate into hemato-
poietic cells aswell as endothelial cells. In addition, endothelial cells can support hematopoiesis. We have been investi-
gating a correlation between hematopoietic cells and endothelial cellswith aspecial focus on the functions of hematopoi-

etic stem cells in promoting angiogenesis.
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