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In vivo release profiles of growth factors and plasmid DNA from biodegradable hydrogel of various gelatins.
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Table Regeneration induction of several body tissues and organs by making use of biodegradable hydrogels for the controlled

release of bioactive growth factor

Materials Growth factors Animals Effects Objectives
Acidic gelatin - bFGF Mouse, Rat, and Dog Angiogenesis Transplantation of Langerhans islands
(P15.0) for diabetes therapy
Rat Angiogenesis Transplantation of hepatocytes for therapy
of enzyme deficiency disease
Rat Angiogenesis Transplantation of renal epithelial cells
Rat and Dog Angiogenesis Transplantation of cardiomyocytes
Rat and Guinea pig Angiogenesis Promoted repairing of skin dermal layer
Rat and Pig Angiogenesis Treatment of cardiac infarction
Rabbit Angiogenesis Treatment of lower limb ischemia
Rat, Dog, and Monkey Osteogenesis and Angiogenesis Repairing sternum and connective tissue
Rat, Rabbit, and Monkey Osteogenesis Repairing of skull bone
Rat, Rabbit, Dog, and Monkey Osteogenesis Repairing of long bone
Mouse Adipogenesis Repairing of breast and soft
tissue reconstruction
Mouse Angiogenesis and activation of ~ Promotion of hair growth
hair follicle tissue
Dog Periodontium repair Repairing of periodontium
Dog Peripheral nerve repair Nerve repairing
Dog Osteogenesis Treatment of dilated cardiomyopathy
TGF-B1 Rabbit and Monkey Osteogenesis Repairing of skull, long, and
mandiblular bone
Goat Chondrogenesis Repairing of tracheal cartilages
HGF Mouse Angiogenesis and activation of ~ Promotion of hair growth
hair follicle tissue
Rat, Pig Angiogenesis and inhibition of  Treatment of dilated cardiomyopathy
apoptosis
bFGF/TGF-B1 Rabbit Osteogenesis Repairing of skull bone
CTGF Rabbit Chondrogenesis Repairing of articular cartilage
Basic gelatin -~ BMP-2 Rat, Dog, and Monkey Osteogenesis Repairing of skull and mandiblular bone
(P19.0) Dog Chondrogenesis Repairing of tracheal cartilage
Collagen TGF-B1 Rabbit Osteogenesis Repairing of skull bone
VEGF Pig Angiogenesis Treatment of myocardiac infarction
Rabbit Angiogenesis Promotion of engraftment of
soft tissue grafts
Rabbit Osteogenesis Osteogenesis for spinal fusion
Mouse Angionesis and activation of Promotion of hair growth

hair follicle tissue

bFGF: basic fibroblast growth factors, TGF-B1: transforming growth factor 81, HGF: hepatocyte growth factors, BMP-2: hone
morphogenetic protein 2, CTGF: connective tissue growth factors, VEGF: vascular endothelial growth factors, PI: isoelectric point
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Figure3

A: Regeneration of collateral coronary arteries at the
infarction site of dog heart by intramyocardial injec-
tion of gelatin microspheres incorporating bFGF and
bFGF solution.

(1) bFGF in the solution form.

(2) Gelatin microspheres incorporating bFGF.

B: Left ventriculography of dog heart treated after
inframyocardial injection of gelatin microspheres in-
corporating bFGF and bFGF solution.

(1) bFGF solution.

(2) Gelatin microspheres incorporating bFGF (bFGF
100 wag/site).

C: Angiography of ischemic legs of diabetic rabbits
before and after inframuscular injection of gelatin
microspheres incorporating bFGF.

00000000o0o00ooooooooooooo
dodoooooooooooooooooooog
0000000oo0O0odobOoOoooObDNADOOOO
0 0 O O vascular endothelial growth facott] VEGFII O O
0 hepatocyte growth factarl HGFTO 0 00 0O O O DNADO O
000000000000 000oooooooYoo
O O bone morphogenetic proteill BMPD OO0 0 O 0O 0O O
0000000ooOodooODNADOODODDOOoOoo
O00000O0®™Mo0000ooo0o000oooooo

135



goooooOooooooooooooon

goooooboooboboooboobobooo
goooooboooboboooboobobooo
goooooboooboboooboobobooo
ODNAO OO M Fig 2l DNAO OO OOOOO
000000000000 %% fibroblast growth
factod FGFA O OO OODNAOOOOOODOO
gobooooboooboboooboobobooo
gobo0b0ooooooo3goooooodg
gobooooboooboboooboobobooo
0000000000000 DOODOODNAODO
goo0o00o0obO0o0obOoOooboobDboooo
O0ODNAODOOODOOODODODOODOODO
gobooooboooboboooboobobooo
O00000000oOo®00000000DDS
goooooboooboboooboobobooo
gopooo
gooOo0o0obO0o0obooOoobooboboooo
go0o00o0obO0o0obOoOooboobDboooo
gobooooboooboboooboobobooo
gobooooboooboboooboobobooo
goo0mboooboobomoooobobooo
Jodobho0oOoOmooboommooboooo
go0o00o0obO0o0obOoOooboobDboooo
goOoO0o0oO0oOO0obObOOoOooDooboboOoon
pDhSOO0O0O000D0O00O0O0ODOODOODOOO
gobooooboooboboooboobobooo
gobooooboooboboooboobobooo
0000000 Fg4AmOODOOOOOOO
gooooooODObOOoOoOoooooooao
OMMPOOOODOOODNADOODODODODOO
gobooobboOooobbooobobobooooo
gobooobboOooobbooobobobooooo
gobooobboOooobbooobobobooooo
goooobo0oobooobbooobboodnMMP-
1000000000b0O0bOoO0obOoOoboboOoooo
O0000"MFig 48 O000HGFOOOOOOOO
0000000000000 0O0O0oOoooo®4O
gooooobobooboooooboobobobooo
gooooobobooboooooboobobobooo
gooooobobooboooooboobobobooo
goOooo0obOO0bOOobDoboDooboOobobOobooo
ooOobbsSOOO00O0O0OOoOoOo®OooOooooa

136

(A] ekl Begaraten Pysaal Brzrerratin
o T | Lea s
L
l:llh-hl'll ﬁl =i S BE A .
) § (& e |
4 i (R o e
Himbrpradakie E 'H‘
Tk lirarrh feitai S - ~ =
LML q_l'_|
I Th i
LS A
W
i
l."!rl o 'r.f-lﬁ'
<
Mg rrrui o ol s e
(B i 14
Figure4

A: Surgical regeneration and physical regeneration.

B: Renal histological sections of mice pre-administrated with gelatin
microspheres incorporating pPCMV-MMP or other agents into the re-
nal subcapsule 28 days after STZ injection (50 ug pCMV-MMP/site).
Masson Trichrome’s staining (Bar; 50 wm).

(1)PBS

(2) Gelatin microspheres.

(3) Free pPCMV-MMP.

(4) Gelatin microspheres incorporating pCMV-MMP.
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Basic Technologies for Regenerative Medical Therapy in Vascular Diseases
Yasuhiko Tabata
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Tissue engineering (TE) is one of the biomedical technologies developed to assist regeneration of body tissues for
treatment of large-size defects that are incapable of self-repair. TE may also help damaged organs to function properly by
utilizing cells. Although there is no doubt that cells are important for the purpose, an artificially created site to induce
repair of the defect is a key factor for successful tissue regeneration. This can be achieved only by processing artificial
scaffolding materials into 3-dimensional structures for cell proliferation and differentiation as well as growth factors.
Growth factors are often required to promote tissue regeneration. They also can facilitate angiogenesis which requires
supplies of oxygen and nutrients for the survival of transplanted cells. However, one cannot always expect the biological
effects of growth factors to be fully exerted because of poor in vivo stability, unless the drug delivery system (DDS) of
growth factor isapplied. This paper describes recent experimental data on tissue regeneration that emphasizes the role of
DDS technology in tissue engineering, and briefly overviews biodegradable polymers used for this purpose.

(J. Jpn. Coll. Angiol., 2004, 44: 131-138)
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