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Fig.1 The development of the vascular systems During vasculogenesis, endothelial progenitors
give rise to a primitive vascular labyrinth of arteres and veins; during subsequent angiogenesis, the net
work expands, pericytes (PCs) and smooth muscle cells (SMCs) cover nascent endothelial channels,
and a stereotypically organized vascular net work emerges (Figure taken from Ref. 4 with permission
from the publisher)
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Fig.2 Schematic representation of the angiogenic

process showing  Angiogenesis starts . from
Tip cell pre-existing vessels (A), with the conversion of a
previously quiescent endothelial cell into a tip
(B). The latter forms filopodia that probe the
surrounding environment which is then invaded
by the endothelial sprout, where the tip cell is

followed by the migrating column, formed by
proliferating endothelial cell (C). During endothelial
sprouting, vacuoles forming within stalk cells
coalesce and give rise to the vascular lumen (D).

Upon formation of the new vessel, this undergoes

stabilization and maturation, a process mainly
(E)Maturation mediated by intercellular adhesion and mural cell
coverage (E) (Figure taken from Ref. 9 with

permission from the publisher)

Migrating column

(D)Lumen formation
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1.2

(angiogenic factor)

o

(vascular endothelial growth factor VEGF)

VEGF-B. VEGF-C. VEGF-D. VEGF-E,

o VEGF 7 VEGF-A.
(placental growth factor PIGF)

VEGF (snake venom vascular endothelial growth factor svVEGF).

VEGF-E  svVEGF VEGF o
(tyrosine kinases receptor) VEGFR-I (flt-1). VEGFR-2 (flk-1/ KDR)
VEGFR-3 (flt-4) nol, 1 °
1
Table 1 Pro-angiogenic factors
VEGF-A VEGEFR-2, , , 13
VEGFR-1,
Neuropilin-1
VEGF-B VEGFR-1, Neuropilin-1 14
VEGEF-C VEGFR-3, Neuropilin2, 15
(VEGFR-2)
VEGF-D VEGFR-3, Neuropilin2 15
PIGF VEGFR-1 16
FGF1 FGFR-1, FGFR-2 11
FGFR-3, FGFR-4
FGF2 FGFR-1, s 17
Angioprotein-1 Tie2 12
(Angioprotein-2)
Adrenomedullin / 18
IL8/CXCL38 CXCR1, CXCR2 19
PDGF 20
21

, ER46
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2 (basic fibroblast growth factor bFGF)

° 2
Bcl-2 i,
Angiopoietins e,
Angiopoietins-1 Tie2
- Angiopoietins-2 N

(angiogenesis inhibitors)

( 2. 27 2

2

Table 2 Antiangiogenic factors

TSP1 CD36, CD47, HSPG 23
TSP2 CD36 24
Platelet factor-4 CXCR3-B, HSPG 25
Interferon-a/p 26
Pigment epithelium- PEDF-R 27
derived factor

TIMP2 28
Angiostatin F-F,ATP , angiomotin 29
Endostatin Nucleolin 30
sFlt1 VEGFR-1 14
Arresten, Canstatin, Tumstatin 31
Vasostatin VEGF 32
Vasoinhibins s R 33
NK4 C-Met 34
Endorepellin a2bl 35

1 thrombospondin-1 TSP1
140 kDa, TSP1 =,
TSP2 o TSP1
TSP2 TSP2

[24]
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angiostatin o
endostatin XVIII
2 0 kDa o o
miRNA o miRNA
miRNA miR-17-92 cluster. miR-210. miR-130a B9, miR-17-92
cluster miRNA
- miRNA miR-221. miR-222.
miR-15  miR-1687, miR-221&222
1.3
70 N N N
A N 3 o o
rheumatoid arthritis RA
VEGF 38] 5 [39]
3
Table 3 Disease related to angiogenesis
HIV-Tat
-1 VEGF
( )
VEGF. Tie-2 PIGF
1 VEGFR-1 2 VEGFR-1
B_
( )
( )
flt-1 VEGF
VEGF -
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3. [40]
VEGF sFlt1
PLGF VEGF o sflt-1 ~ PLGF
VEGF flt-1 0
2
2.1 VEGF
VEGF VEGF receptor VEGFR
- VEGF 5 VEGF-A
1ol VEGFR-2  VEGFR-1, VEGF-A  VEGFR-2
-  VEGF-A  VEGFR-1
o VEGFR-1 VEGF-A  VEGFR-2
° VEGFR-1
0 VEGFR-1

o

3 VEGF. VEGF

VEGF BN VEGF N VEGF N VEGF
VEGF o
siRNA °
Semaphorin C
g semaphorin class 3 class 4 #, Sema 4
o Sema 3 o
Sema 3A
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Fig.3 Antiangiogenesis targeting VEGF and VEGF signaling These include monoclonalantiboies
targeting VEGF-A (A) or the VEGF receptor (B,C). (D) Chimaeric soluble receptors such as the
“VEGF-trap” (domain 2 of VEGFR-1 and domain 3 of VEGFR-2 fused to a Fc fragment of an
antibody). (E) Additioal extracellular inhibitors are aptamers that bind the heparin-binding domain of
VEGF165. A variety of small-molecule VEGFRTK inhibitors that inhibit ligand-dependent receptor
autophosphorylation of VEGFR-1 and VEGFR-2 are being tested. Additional strategies to inhibit VEGF
signalling include antisense and siRNA targeting VEGF-A or its receptors

with permission from the publisher)

(Figure taken fromRef. 41
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Avastin

[51
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angiocrine,
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vascular modifying cell . VEGF
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progenitor cells CEPCs . VEGFR-1" EPCs
VEGFR-2" EPCs o VEGFR-1" EPCs
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”

o 2 “ 0 Jain &7 o
4
Table 4 Angiogenic drugs on the market
2003 12 Thalidomide TNF-a, bFGF,
VEGF

2004 2 Bevacizumab/Avastin( ) VEGF-A
2004 11 Tarceva EGFR-TK

6 7- 2-

N- 3-
4- )

2004 12 Avastin( ) VEGF-A
2004 12 Macugen(aptamer) VEGF-A

( )
2005 1 Avastin( ) VEGF-A

@25 )

2005 9 Endostatin( ) Nucleolin
2005 12 Lenalidomide/Revlimid TNF-a, bFGF,

(Thalidomide ) VEGF
2005 12 Nexavar(Sorafenib) VEGF-1,-2,-3,

PDGFR

2006 2 Pegaptanib(Macugen) VEGF
2007 12 Panzem(2- )
avastin VEGF Flt-1 KDR
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- Avastin IFL
o avastin o
VEGF
VEGF FGF PIGF, -
avastin o
2 o
3 o o
o 2003 Thalidomide
(591 3~5 59
Endostatin
4 - avastin
- Macugen RNA
- VEGF165 B, 2004 12
FDA age-related
macular degeneration AMD o
o endostatin
XVIII C 20 kDa Folkman
- Eendostatin
- 2005 9
2009 KH902 - KH902
VEGF Fc VEGF - KH902
o KH902 N
[60]
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Abstract: Inhibiting angiogenesis is a promising strategy for treatment of cancer, whoes aim is to block
tumor blood vessels and allow tumor die from starvation. In 1971 Folkman hypothesed that tumor growth is
angiogenesis-dependent. In 2004 the first antiangiogenesis drug received approval from the US FDA for
cancer treatment. Angiogenesis is now a hot area of tumor biology. Various novel targets, mechanism and
inhibitors have been found. This review will focus on recent progress of these projects providing insight into
angiogenesis research.
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