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Figure 100 Abnormal vascular structure in-

. duced by vascular endothelial growth factor
- 0 VEGF[Ogene transfer.

A and B: Cross section of human VEGF

. cDNA transferred rabbit carotid artery

0000000000000 0000O00000 Sev-
FGF2O VEGF +FGF-20 00000 M OOOOODO
0000000000ooo0oo0o000USev-VEGFDO
OVEGFOOOODOUOOoUOmooooooooooo
ooooooooooooon
o0o00o0ooo0oooooOooooooooooo
o0o00o0ooo0oooooOooooooooooo
0000000000 0OSeV-FGF20 O O O SeV-VEGF
00o000ooO0o0ooooos50000o000ooo
00o000oo0o0ooooo0ooooooooooo
000 0FGF20 O O PECAMI platelet endothelial cell
adhesion molecule310 0000000000 a-SMA
O smoothmuscleactinfD D 0 0000000050000
OO0ooOOoOoOOoO0OO0OVEGFOOOOODODOOOO?2000
O00000mMFg2000000oooooooo
0000000000000 0oOvVEGFOOOODODO
00o000oo0o0o0ooo0ooooooooooo
00oo0ooooooooooooooo
O0O0OOFGF20000000000OVEGFOO OO
oooooO0oOO0o0O0O0O00000O00O0OVEGFOODO
O000O00OVEGFOOOOUOOOUOOOOFRGF200

000 Vol. 46, 2006

(hematoxylin-eosin staining).

Modified from reference 2.

A: The intima shows markedly thickened and
. capillary-like proliferation of endothelial cells
is demonstrated.

Lu: indicates lumen, M: media, I: intima, Ad:
adventitia (x 40).

B: A high-powered view of panel A. Angiomatoid
proliferation of endothelial cells and extrava-
sation of red blood cells (arrowheads) are
noted (x 160).

C and D: At low magnification (C), tumor (blue
appearance with arrow) replaces large area of
left ventricular free wall. At high magnifica-
tion (D), tumor is composed primarily of dense
aggregates of dark-staining spindle-shaped
cells, similar histologically to endothelial cells.
Although there are numerous slit-like vascular
channels throughout cellular portion of tumor,
some neoplastic cells enclose large blood-filled
spaces (arrows designate same blood pool in C).
Bars =300 um

Modified from reference 15.
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Figure 200 Assessments of angiogenesis-related events after VEGF165 or FGF2 gene transfer in a severely ischemic hind limb
model.

A: Typical immunohistochemical labeling of SMA-positive cells (left, blue-labeled perivascular cells) and PECAM-1-positive cells
with circumference (right, orange-labeled endothelial cells) in serial sections, assessing maturation and quantitation of capillary
vessels. Typical lesion of FGF2-treated muscles with frequent double-positive vessels is demonstrated. Some PECAM-1-positive
vessels are apparently lined by blue-labeled cells (arrows), suggesting mature capillaries. Some other PECAM-1-positive vessles

luciferaseVEGF FGF2
165

are without blue cell lining (white arrows), suggesting immature vessels.

A: Original magnification, x 400.

B: Bar graph indicating quantitations of PECAM-1-positive vessels (red bars) and PECAM-1 and SMA-double positive vessels

(blue bars).
Each group included 10 mice, *: p <0.01
Modified from reference 11.
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Figure 300 PDGFRa/p70S6K is essential for FGF-2-mediated sustained/bi-phasic expression of VEGF in mesenchymal cells.
Forty-eight hours after preincubation with 100 FBS, cells were stimulated by 10 ng/ml of recombinant FGF-2. The cells were
harvested at each designated time point, and the bands were then visualized and subjected to densitometry using a photoimager. The
graph shows the quantitation of relative mRNA levels of VEGF, reflecting the results from triplicate experiments.

p70S6K inhibitor, RAPA: rapamycin, abolished the latter phase of FGF-2-mediated VEGF mRNA expression in MRC5 cells (human

fibroblasts)
Modified from reference 13.
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Figure 40 Schematic representation of hierarchical induction of endogenous angiogenesis-related
factors in each phase during FGF-2-mediated therapeutic angiogenesis.

At the “initiation’ phase (day 0—3), upregulation of endogenous VEGF and HGF are absolutely required to
start angiogenic responses, that completely governed by PDGF-AA/PDGFRa/p70S6K system. In tern,
paracrine postive feed-back loop of PDGF-BB and VEGF-C is absolutely necessary to form capillary
stabilization and lymphangiogenesis. When a factor related above was inactivated, vascular structure and
function underwent ‘abnormal,’” and FGF-2 regulates all these phases of therapeutic angiogenesis.

bobooboOrGrR-200000000000MCP-1

[ arteriogenesis[1J [J O VEGE! angiogenesis[1] 0 0 O OO
00o0o0oo0ooOoO0oooooOooooooooooo
gooodobobobobooooooobooo

gooboooboooboobooooboo

gobodooooooobbooboobobooboobo
gbobooooooboooooboodgrer200000
godooooobooboboboboboobobooooooooooo
oooooooooooooooooooobobood
gooooooobooooooooooooboood
oooooooooboooooooooobocoOodgd
goboooooooobboboboobooboobo
gobooooooooboooboooboobooobo
gboboobooooooboobooobooobo
gobooooooooooooboooodveGFO OO
goooooooooobooooooooooobod
oooooooooooooooooooobobood
goooooooobobobbboobooooooooooo

302

goboomooobomooomuoooooooooon
0000000000 Fe 4000000000
VEGFO OOO200000000000000000
0000O000o0oooOoOOOoOooDoOooooYo
ooooooooooooooooooooboood
ooooooooooooooooooooboood
ovecrOOOoOooooooooooooooog
gooooooooooooooooooboboboo
gooooooooooooooooooboboboo
goooooooodgrGr2000000
goooooobooooooooooooobooood
goooboodrGrR2000000000000000
ooooooooooooooobooooooboobooo
gbooobooooooooboooorerR20000000
ooooooooooooooooboooooooobooo
Mmooboboooomoooooooooooboood
gooooodgorcGrR2000000000000004
gooooooooooooboobooooboooood

o0oo Vol. 46, 2006



ooooo

good

oooooooooooooooboboooooooo
goboobooooooboobobooobooobo
goboobooooooboobobooobooobo
goboobooooooboobobooobooobo
oooooooooooooooboboooooooo
gooboooooooboboooorGr2000000
oooooooooooooooboboooooooo
goboobooooooboobobooooboobo
goboobooooooboobobooooboobo
gbooboobooobooboobooobooooda

goo
gooooboooooooboooooooboooooooooo
goboboooobooobooobooobooooooo
goboboooobooobooobooobooooooo
goboboooobooobooobooobooooooo
oooooooooooooboom@ooOooodME-21
oooooooooooooooOooooooooooo
oboobooboooooooooooo

gooao

1[Banai S, Jaklitsch MT, Casscells W et al: Effects of acidic
fibroblast growth factor on normal and ischemic myocar-
dium. Circ Res, 1991, 69: 76-85.

20Yonemitsu Y, Kaneda Y, Morishita R et al: Characterization
of in vivo gene transfer into the arterial wall mediated by
the Sendai virus (hemagglutinating virus of Japan)
liposomes: an effective tool for the in vivo study of arterial
diseases. Lab Invest, 1996, 75: 313-323.

3[Carmeliet P: VEGF gene therapy: stimulating angiogen-
esis or angioma-genesis? Nat Med, 2000, 6: 1102-1103.

40Yonemitsu Y, Kitson C, Ferrari S et al: Efficient gene trans-
fer to airway epithelium using recombinant Sendai virus.
Nat Biotechnol, 2000, 18: 970-973.

5Masaki I, Yonemitsu Y, Komori K et al: Recombinant
Sendai virus-mediated gene transfer to vasculature: a new
class of efficient gene transfer vector to the vascular sys-
tem. FASEB J, 2001, 15: 1294-1296.

6yamashita A, Yonemitsu Y, Okano S et al: Fibroblast
growth factor-2 determines severity of joint disease in
adjuvant-induced arthritis in rats. J Immunol, 2002, 168:

000 Vol. 46, 2006

450-457.

70keda Y, Yonemitsu Y, Sakamoto T et al: Recombinant
Sendai virus-mediated gene transfer into adult rat retinal
tissue: efficient gene transfer by brief exposure. Exp Eye
Res, 2002, 75: 39-48.

sgloooooooooooooooooooooo
goooboboooobobbooooooboog2o01d
410 501-5090J

JoooooooopoooooooOoobooooooDOo
goboboooooobooboooooooboboog
0 020020 70 53-560]

wmoooooooooooooooooooooooo

0oooooOooooOoBiodOOOOO20010 10
85-880

11[Masaki I, Yonemitsu Y, Yamashita A et al: Angiogenic gene
therapy for experimental critical limb ischemia: accelera-
tion of limb loss by overexpression of vascular endothelial
growth factor 165 but not of fibroblast growth factor-2. Circ
Res, 2002, 90: 966—973.

12[Onimaru M, Yonemitsu Y, Tanii M et al: Fibroblast
growth factor-2 gene transfer can stimulate hepatocyte
growth factor expression irrespective of hypoxia-mediated
downregulation in ischemic limbs. Circ Res, 2002, 91: 923—
930.

130rsutsumi N, Yonemitsu Y, Shikada Y et al: Essential role of
PDGFRa-p70S6K signaling in mesenchymal cells during
therapeutic and tumor angiogenesis in vivo: role of
PDGFRa during angiogenesis. Circ Res, 2004, 94: 1186—
1194.

14[Kubo H, Fujiwara T, Jussila L et al: Involvement of vascu-
lar endothelial growth factor receptor-3 in maintenance of
integrity of endothelial cell lining during tumor angiogen-
esis. Blood, 2000, 96: 546—553.

15[ ee RJ, Springer ML, Blanco-Bose WE et al: VEGF gene
delivery to myocardium: deleterious effects of unregulated
expression. Circulation, 2000, 102: 898—901.

16[Fujii T, Yonemitsu Y, Onimaru M et al: Non-endothelial
mesenchymal cell-derived MCP-1 is required for FGF-2-
mediated therapeutic neovascularization - critical role of
the inflammatory/arteriogenic pathway. Arterioscler
Thromb Vasc Biol, in press.

17[Carmeliet P, Ferreira V, Breier G et al: Abnormal blood
vessel development and lethality in embryos lacking a single
VEGEF allele. Nature, 1996, 380: 435-439.

303



O000000bFGRFGF20 00000000000

Angiogenic Factors: Basic Fibroblast Growth Factor (bFGF/FGF-2)

Yoshikazu Yonemitsu

Department of Gene Therapy, Chiba University Graduate School of Medicine, Chiba, Japan
Organizing Unit for Clinical Trials of Gene Therapy, Kyushu University, Graduate School of Medical Sciences, Fukuoka, Japan

Key words: bFGF/FGF-2, VEGF, PDGF, VEGF-C, angiogenesis/lymphangiogenesis

Cytokine-based angiogenic therapy, including genes or proteins, is now under clinical evaluation. The limited clini-
cal outcomes of angiogenic therapy, however, have been reported in multicenter and placebo-controlled trials to treat
peripheral arterial diseases, such asintermittent claudication and critical limb ischemia (CLI). During the developmental
process of treating peripheral arterial disease (PAD) with recombinant Sendai virus, a new gene transfer agent, extensive
screening of gene transfer of angiogenic growth factors using murine models of CLI revealed marked significance in
therapeutic effect of basic fibroblast growth factor (bFGF/FGF-2). We summarize the potential mechanisms of the thera-
peutic effect of bFGF/FGF-2 for functional neovascularization. (3 Jpn Coll Angiol, 2006, 46: 297-304)
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