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Figure 100 Delivery target of bFGF to develop functional collateral vessels.
A: Generally in ischemic tissue induced by atherosclerosis, certain volume of capillary bed remains preserved. Goal of angiogenic
therapy is to develop collateral vessels connecting donor artery and capillary network in ischemic tissue. Then, therapeutic target

should be distal extremities of donor artery (dotted circle).

B: If arteriogenesis is induced in small communicating vessels preexisting between donor artery and capillary network of ischemic
tissue (arrowheads), blood perfusion in ischemic tissue can be effectively improved.

C: If angiogenesis is induced in distal portion of donor artery, newly formed vessels can extend toward ischemic tissue (arrows).
Dark and bright shadow indicate ischemic tissue and tissue with improved blood perfusion, respectively.

©2004 American Heart Association, Inc. All rights reserved. Hosaka A, Koyama H, Kushibiki T: Gelatin hydrogel microspheres
enable pinpoint delivery of basic fibroblast growth factor for the development of functional collateral vessels. Circulation, 2004,

110: 3322-3328.

ooooooooooooooooobobobooooo
ooobooboooOoboobooboobooboooonogd
gboooboooboooooobooboobooooo
gboooboooboooooobooboobooooo
gboooboooboooooobooboobooooo
0000000000 OvasculogenesisDOOOOOO0O
0000000000000 0000 00 angiogenesis
ooooooooooooooooobobobooooo
gboooboooboooooobooboobooooo
0000000000000000000Y"9Fig 1AM
gboooboooboooooobooboobooooboo
ooooooooooooooooboobobbooooa
ooooooooooooooooboobobbooooa
oooooooocooooooo

gboooboooboooooobooboobooooboo
gboooboooboooooobooboobooooboo
gboooboooboooooobooboobooooboo
ooooooooooooooooboobobbooooa
ooooooooooooooooboobobbooooa
ooooooooooooooooboobobbooooa
gboooboooboooooobooboobooooboo

590

ooooO0oOoooOooooooooooooooo
0000000000000 oopoooooooo
ooooO0oOoooOooooooooooooooo
OO00OO0O0O0O00ODOarteriogenesisO 00000000
0 0 O O O vasculogenesist angiogenesisd O [0 0 O O
0DMOo0o0000o0ooo*™mo00oooooo
ooooOooOoooOooOoooOoooooooooo
ooooOooOoooOooOoooOoooooooooo
ooooOooOoooOooOoooOoooooooooo
goooboobobooooobobobobooooo
goooboobobooooobobobobooooo
gooo@moo0obO0o0omoobbooooobo
OO0 Darteriogenesis 0 00000000 O00O0OOO
000000000 0000000000 M Fig 1BM
ooooOooooooo0omoomooooooo
0000000000000ooooooooggdin-
flowDOOOOODODOODDOOOOOOOOOOOOOO
0000000000000 00000donor arteryd
oooooo*»"Mo0o0oo000o0oo0o0ooooooo
ooooOooOoooOooOooooooooooooo
00000000000 OOdonorarteryd D00 OO

0000 Vol. 46, 2006



oooOoo0o0ogo40

Oooooooooooboooooooooooooo
00000000000000o00o0OoOddonor artery
O000OOangiogenesisD OO0 00000000000
0000000000000 0O0O0O0Oddonorarteryd O
0000000 0O0OvasculogenesisO 00000000
0000000000000 0@mMFglCMOOoO
gooooooooooooooooooooooo
0oooooooooooobobooooooooon
Jo00o0oD0obOOoOOO0O0O0DOoO0mooooDo
J00MOD0O0OD0ODODO0000O0O0O0ODOD arteriogenesis
J0000000000DDO0OO0O0O0 Darteriogenesis
000000oooO0oooooOooooooooooon
0oooooooooooooooo

ooooooomooooboooooooon

01@oooDoooooooa

000000DDDO0O vasculogenesisCl angiogenesist]
000000oooO0ooU0ooOooooooooooon
JO00000Oarteriogenesis0 00 OO0 OOOOOOO
000000oooO0ooU0ooOooooooooooon
gooooooooooooooooooooooo
arteriogenesis0 0 0000000000000 00OOO
gooooooooooooooooooooooo
000000oooO0ooU0ooOooooooooooon
000¥go0oo000o0o0oo00oooooooooa
JO00000Oarteriogenesis0 00 OO OO0OOOOO
goooooooooooooooboooooon
gooooooooooooooooooooooo
gooooooooooooooooooooooo
000000oooO0oooooOoOoooooooooon
000000oooO0oooooOoOoooooooooon
00000000 0O0O00OVEGFObFGFO O OO OO
000000 Db000O000DbOO0O00O00DOVEGF
gooooooooooooooooooooooo
0000000000 OangiogenesisD 0000000
OJ0OO00ODEPCOODOODO O OvasculogenesisD 0 O O
000000000000 0O00OObFGFOOOOODO
0000o0oU00ooUo0oooUoOoooOooooooo
00000 Oarteriogenesisd angiogenesisD 0 OO0 0O O
oooo0ooOooOoOoOo®ooooooooooon
O0DO00EPCOEPCOOOODDOOODODOODOO
OJO0O0OO0OEPCOOODODDOODOO O vasculogenesis

0000 Vol. 46, 2006

goobooobooobooobboooobobooo
gOoepcOOO00O0O0DODOOOOOOOODODOOO
gboooooboooobooooboooboooboooobo
00000DO0O0Oo*Wo0oooooooooooo
000o0O000O0000000O0bFGFOOOO0O0
ooooooooo

gzoooooooooooOoooooDoooDboo
goobooobooobooobboooobobooo
ooooooooooooooooOooboboboooog
ooooooooooooooooOooboboboooog
ooooooooooooooooOooboboboooog
gboboooboooobooooobooobooooboooobo
oooooooooooooooOO@m@mOoooomo
gboboooboooobooooobooobooooboooobo
gooooocooooobocooooooXooooo
gooooocoooooboOoOoOoooooXoooo
ooooooooooooooooOooboboboooog
gboooobooboooooxXxgobooooooobo
gboboooboooobooooobooobooooboooobo
gboboooboooobooooobooobooooboooobo
ooooooooooooooooOooboboboooog
ooooooooooooooooOooboboboooog
oooooooooooooooO@mOooooooo
gboboooboooobooooobooobooooboooobo
Ooo0o0oooooooOinvireD OOOOOOOO
goobooobooobooobboooobobooo
ooooooooooooooooOooboboboooog
ooooooooooooooooOooboboboooog
ooooooooooooooooOooboboboooog
gboboooboooobooooobooobooooboooobo
gbooooboooboooboooboobooboooobo
gbooooboooboooboooboobooboooobo
gooboooobooooboobooboOoboobooog
oooooooooooooooooobbooog
gooomooooomoooooobooboooog
gboooboooboooboooboobooooobo
gboooboooboooboooboobooooobo
gboooboooboooboooboobooooobo
goooooooooooooooooboboooog
g

591



bFGFOO0 0000000000000 000O00000O0

bF GF-impregnated AGHM

Donor artery
Occlusion
=
—> Delivery
of bFGF
Ischemia

O03Mooboobo

goooboobobooooobobobobooooo
goooboobobooooobobobobooooo
ooooOooOoooOooOooooooooooooo
O000O0OOdonorartery0 00 0O0O0O0OO0DOOOOO
OO0 Darteriogenesis 0 00000000 O0O0OOO
0000000000000 oooooooooo
OO000OOdonorarteryd 00000000 O0OODO
0000000000 angiogenesisd O O O O O donor
ateryl 000000000000 OOODOOOOOO
angiogenesisdJ 0 O O donorarteryD 00000000
0000000000000 OdonorarteryD 0000
00000000000 00000D0Odonor arteryd
goboobobobooooobobobobooooo
goboobobobooooobobobobooooo
gMooboobmoooobooobboooooobo
ooooOoooooOooOoooOoooooooooo
0000000000 Oo0OOinviveDODODOOOOO
Oooooooooomo0oooooooooo
goooboboboooooboboboboooo
goooboboboooooboboboboooo
goooooooobOo0oOoooooooboboobomoo
00oooo0moOooooooooooooooooo
0000000000000 oopoooooooo
ooooO0oOoooOooOoooOoooooooooo
goboobobobooboooboboboboooo

592

Development of

collateral vessels

Figure 20 Pinpoint delivery of
bFGF by using acidic gelatin
hydrogel microspheres (AGHM).
bFGF-impregnated AGHM
(circle) are injected via donor
artery. AGHM are trapped in
distal portion of donor artery
(target of delivery) and continu-
ously release bFGF for 2 weeks.

Improvement of
blood perfusion
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Figure 30 Selective internal iliac arteriograms 28 days after AGHM (acidic gelatin hydrogel microspheres) administration in rabbit
model of hind limb ischemia. AGHM (3 mg) were treated with phosphate-buffered saline (A) or 100 wg bFGF (B).
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Pinpoint Delivery of Basic Fibroblast Growth Factor Promotes Development
of Functional Collateral Vessels
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Development of collateral vesselsisacrucial goal of therapeutic angiogenesis for the treatment of chronic ischemic
diseases caused by atherosclerosis. Development of functional collaterial vessels requires arteriogenesis, a process of
vascular enlargement and maturation, to be induced in small vascular channel connecting donor artery and capillary
network in ischemic tissue. This article summarizes therapeutic requisites for achieving the development of functional
collateral vessels, and presents a novel therapeutic strategy, in which basic fibroblast growth factor was continuously
delivered to distal part of the donor artery by using acidic gelatin hydrogel microspheres (AGHM) as carrier material.

(J Jpn Coll Angiol, 2006, 46: 589-594)
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