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Angiogenesis and Metastasis of Malignant Tumor: Ohsaki Y (1st Dept of Med, Asahika- \

wa Med College) ‘
Cancer is a multistep process. Recent progress in the understanding of the molecular
mechanisms of the carcinogenesis revealed that cancer has a monoclonal origin and is charac-
terized by its heterogeneiety. The heterogeneity includes genetic and phenotypic heter-
ogeneities. The multistep genetic alterations result in the loss of control of cell division, lead-
ing to the initial tumor formation, which is followed by metastatic spread. The process of
metastasis includes invasion through the basement membrane, migration, cell transfer to the
site of metastasis, cell adhesion, and angiogenesis. A variety of angiogenetic factors involve
in the normal and carcinogenic angiogenesis. Among them, VEGF has been reported to play a
key role in the carcinogenic angiogenesis. The current review discusses the process of
metastasis and angiogenesis in malignant tumors.
Key words: Metastasis, Angiogenesis, Hypoxia, Angiogenetic factors, Growth factors
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MANTE 7 o — 2 (monoclonal) ICF&4ET 5 L REIRC, %t (heterogeneity) 2
B LW ERED. OB« 0T, b0 X REEANERHICR DL PR
EOPMBICREEINS. Licth-T, TEOBRAMBO X FEFEOBEZHS L, #
ADBEIO—VOREY O, E70—VOREEZ A OPEHLRIITES. JOLD
BHREOBE, PAMRREI O—VHTHEI EAREN:. E FOBAR—EOMIE
RREICLT, BETILEROTEVPERIN TRETSLEZLNTNAY.

SBEOBEFERERIC L - T, PAMITHEE A KT N E & DITRET OSSR
HABERT A, BEICERRETFERYIES Lc#iag, LA TEEMREEE T 5.
EEHTHAMBAEE AT 57D, TEBEOER»OHENEI L, EBPMOE
FAERBT R I ESELENERFEOLELRDS.
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1. HNADERLMERE

EBREAPER T 5O BAMEAFHEE» OFEE L <, EMNESECEIN TERED
M ETAUENSS (K1), BEBOWMERET, SAMBIIREET Mg s 0
BEwk>. Otk VETZ—%NH L CEHEMCESHEKO< T ) v 7 ARG
THLEZLNTWS. E-AFAY Vi, HilREOES ICEEIHREZHEOLEZLN
THEY, E-AFNYVEALTHBALESEET S L, f-H7=2vE Lef/Tcf 77 3
V—IKBTAEERETORRIC &L > THlIOHEIAH EhD. BAMBETIE E-2FA
) VOFREELR - FZVORERIIZED, E-A FANY VOBEREDRTY
3. TOESHBAMBICEENZI EANYVERRIREL L, BEESZONERR
%. RbBETF L cmyc BEFIZ AP-2 BEATFZN LTE-A FAY VBEFORBREZE
kB EmESh TS,

[EE AR & EE OB E/ERIC L 0, urokinase plasminogen activater (uPA)/uPA
L+ 7 &% — /plasminogen 3 v 77— & matrix metalloproteinase (MMP) 2 & % il
NOBEAOSERAMEN TS, MMP itk & % 17 #H @ zinc-dependent endopep-
titase b BB 77 I Y—T, as&¥yi—+, E5FF3—+H, RAr02Y /i igEh
A. MMP i bicfiiast~ by v 7 25 LY, ZOEMT tissue inhibitors of metal-
loproteinase (TIMP) IZ k- THHEX NS, MMP O4#E, EHHEERCEETS Y v
JNER (tumor-infiltrating lymphocyte) <, MIEMALOLSWENARERTFRHA +h
AVEALENASZ U /I THMENS., ThiClEEMEEES MMP 2E4£ 7%
C¢dBH5. MMP REZHREARET S & EIC, EEAREZRALTWEEEZXLN
TWwa. MMP-2 & uPA ZEEME» ORERER & L TELES N RICERBMROERE
TiEELEh, EFEfHSEER YW -> TRETAZEHATES. MMP-3 5BFIEAL S
NaoéE-AHENYVRGHRINAED., E-H Fr\Y voEREDNS & MMP-7 OiE#:
BEEDS EHEZIN TS,

HEREZHI THAHBICBA LA AMRT, Z0RICTE T IESRY VEILR
ATAH. RECRALBAMIEIE, MIESLY VATKICE > GEROIRBERIMEEE ~EL
5. BEBENETNCAAMRE, IERL) VNELLEBAICERBAL URELER T
5. CORBE, EEMk L ERENRSEOEYFEAFEOHREERIC K THEZ WS
LEZONTVWAS., ERELRZLIHECY M v 7 ARBICHAAMRAKETES LD
iZ, A VFZ7IVRETFORBOENMSRI S L3NS, ERFzHAVT, MMP-2 L
avB3 A VFZ U Vv EDREERIBET S &, BEREOBMEIAIGENS L SHEFESHh
o0 Eie, AS/—<HREERDO w3 A VT VL, U UNEIDOT Y v 7 REB
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SoTubie modiators MembraneBotna protemms,

VEGF avf3-Integrin
Angl avfi5-Integrin
Ang 2 a581-Integrin
aFGF, bFGF VE-cadherin
PDGF Eph—4B/Ephrin-B2
TGF-3 Ephrin-Al
TNF-a Eph-2A

EGF, TGF—«

G-CSF, GM-CSF

Angiogenin

Angiotropin

Tissue factor

Factor V

Prostaglandin
Nicotinamide
Monobutyrin

T3 % vitronectin & OHEEVEAIC & > T MMP-2 24 L TEEMIzBES L5 2#
HEnTn5Y,

CDESIT, ERHEESHIITIERCIIE s OEAPEROBEBLET, ThXh
DEL W SHIERETRAFEET 2 LEZ 6N TV,

2. MADOBBIEICH > MEE

PBAMRT B A 7-DICE, BRBAOESE & FK|H OfE S LU ERE P ILER
OHHEALETHS. FOLEDICMEFREARTRTHYD, MEHFEShZThITER
W mm THAELEELT 5.

T P D (3 % WEfR 4 B 7o diC, RO IEFHED S mEPEHAICEATS. C
OER % EE NS P4 (tumor angiogenesis) &5, [EREROWMICIE, EEIIEL
FOMEITE > CHET 57D MEDOH EILT L SLBETIE AW, BESERTS
Y, BFEOEMMERy FT7—2 »OMENRRATICS 22 EN5. BEOEOMEERE
VPR L EE RO S » SRR E N, FHidk TRAOMMEFICHFET S ME
P TER ML 25, MAFTAICEET 5L whha, EEAROFHFEMEIIEERE L peri-
cyte B 12, MAAEEICIHLOBBIVTWAZDHICE L  FBRERFH W,

3. MEIEZRIEERT

EGTOEERMEFHEICE, R2OXICEHONEFLERTFOHEELTWS. M
HEHARTIL, TEEORETLESEEORTHRFET A LENS. £0» T, BHM
EHEICEL b5 EEZ LN TWAETFICIZ, VEGF, FGF, heparanase, Ang 2, [L-
8, MMP-2 iz ¥ 3T o TWwWAW,

1) VEGF: Vascular Endothelial Cell Growth Factor

VEGF R ESMEOHFECEELREEZ - TWHLEELZLNTWD. H OREEE
P anBakkiE VEGF 2 E4 LD, idiA, APAZEDALELOL FHBATVEGF D
mRNA FRESTTHE L TWAE, i, EBEAESA T, EEMIRICX%S VEGF OF
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BHe, TOBEBBEAOAEMINIC L5 VEGF Lt 7% —ThH 5 Flk-1 DFEH, BLU, %
NOORAPEBEAOMEFEORE LHBT5Z LARESNTWAHD. VEGF I
Bl GELESINS2ZT Tk, EEMRORIMIC X > THEMRE» b ELE NS
LIESINTWAE,

VEGF ic & 5 #1413, ELBRFEOEIC L VAMENS. WEEYRLE
BCIRMBABA T 7D, FLOROMBBEFTEMESZB I LPMENTELY. %
D &SR MEA T, ERESEICEREO MG S ME 2 H4E 2 Mg ER SN THE S
5., ZJUF TS5 A—<TI3, BEIEEMICEEEE L/ -EBHEMA T VEGF ©® mRNA
BoamED, TORATOMEDOFHERFEINTWB0., ThbORHIE, EEM#M
TD VEGF ® mRNA EHAMEMEIC & > THINT 5 Z & 2R $20.

2) FGF: Fibroblast Growth Factor

FEE AR & 5 FGF oA, MEHEXFHE L TEBMEOLTF LHEERT &F
ZbhTwa. VEGF REZmMEFOHFLEIC, FGF X zoFHEMEOMRFICEDL S L#HEH
SN/, ERMmMEFEHMRTE, FGF #&m3 5 & VEGF OEABFEREI NS,
ChoDFERED, FCFIT k2 MEHREDFH DA TEAT45T, VEGF &3 kR L Tl
EHERRET S LEZLN TS,

Heparanase iC & 5 M&HF 41T bFGF #4435 & F X 6N TWw5. Heparanase |3 P H
MlaxHES5H & LbIC, Mlgst< YU v 7 AP T heparan sulfate {Z#5& L7z bFGF ©
SWERT & THEMICMEL2HFET 2. IliHA M DFGF © mRNA ZE4A T
% 25)

3) Ang2: Angiopoietin—2

Angiopoietin (Z EW#ARIC B W TIME#HET 5. Angl i3 Tie2 Ve /¥ —%4 LT
VI FIVEERL, PRI OMIIERIC &> THtshamErRELT
52, Ang? % Angl IKHEHI L TOE Z#ALENLT 5. Ang2d, VEGF BHFELEZWE
MEZHBSES2, VEGF OFET TlIMmE z#4 U T VEGF IC & 28RS % #5H
T5. B, REOMERETHME T 29MICE VEGEF 2 E4A € 3ic, MFIC
Ang ORBZ#FE L TMEZALEL LHEBAS RS, EENMEKT S L, EEMAH
VEGF % EE4A L CMEEH A L, FAEIMEOMNEMIaIC Ang2 OFBL % HE L TME %1
HERTH L EHICTAEREZ L4592, TOBRRICE- T, EEOESBE L nEE
WHEREMT S LEZLNTWSY,

4) IL-8: Interleukin—-8, MMP-2

SIRT7 7y —VOELETHIL-8H, BERECTOMEHRFELEET LI LAHESN
728, ZD#, IL-8 ® mRNA ZIE/NHIRMBADR A S ) —<0TREBHEINL T
D, EELERE LHET A EBRESNTHS.

IL8%AZ /—<filAIC+ S VA7 273 s v/35E, MMP-2 ® mRNA FEHR L)
BDEFLACE LD, IL-8 DIEAIT MMP-2 2/ 3 5R[EEHEDBHS. LHL, MMP-
2 OFEFHEMIZ VEGF % bFGF © mRNA £ & (3 4EBI L 72 5 7230, IL-8/MMP-2 %3
EEMEORECHEEBREHUZREOI LATHEINTWS.

5) PDGF: Platelet Derived Growth Factor, TGF-#: Tumor Growth Factor-g, An-
giogenin

PDGF, TGF-4, angiogenin & JEFMEHFAEICHETELEZLNTWS. LaL, i
BEMNTRAPERS & ORE#EII 5SS Twiwy. [BFEmEOHE L VEGF
BrLRY R E 2L, bFGE & IL-8, angiopoietin i3 VEGF & & dICMEFHEIC D
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HLEZBNTWA. ZTOMOETF S VEGF L HAMICMEFEXFHE T L EE LR
o

TLY

EFIC & 2mESFER, RFOLETH SEBRAFEMERZS| EATHE L, BEFOM
FICB-> THELCEESZOMEZ VET ) V7 LTEBOEICFVEZLSHESEL
HRTWVWAS. WTFhoH& L, EBERN#ME VEGF 281 & L mEHEBHEFHAEE KX
BEEEFD.

DA

1) Varmus H, Weinberg RA: Genes and the biology of cancer. New York: Scientific American Library,
1993 '
2) Christofori G, Semb H: The role of the cell-adhesion molecule E-cadherin as a tumor-suppressor gene.
Trends Biochem Sci 24: 73-76, 1999
3) Batsche E, Muchardt C, Behrens J, et al: RB and ¢-Myc activate expression of the E-cadherin gene in
epithelial cells through interaction with transcription factor AP-2. Mol Cell Biol 18: 3647-3658, 1998
4) Kahari VM, Saarialho-Kere U: Matrix metalloproteinases and their inhibitors in tumor growth and in-
vasion. Ann Med 31: 34-45, 1999
5) Lochter A, Galosy S, Muschler J, et al: Matrix metalloproteinase stromelysin—1 triggers a cascade of
molecular alterations that leads to stabel epithelial-to-mesenchymal conversion and a premalignant
phenotype in mammary epithelial cells. J Cell Biol 139: 1861-1872, 1997
6) Noe V, Fingleton B, Jacobs K, et al: Release of an invasion promoter E-cadherin fragment by matrily-
sin and stromelysin-1. J Cell Sef 114(Pt 1): 111-118, 2001
7) Silletti S, Kesseler T, Goldberg J, et al: Disruption of matrix metalloproteinase 2 binding to integrin
avB3 by an organic molecule inhibits angiogenesis and tumor growth in vivo. Proc Natl Acad Sci USA
98:119-124, 2001
8) Baffetti LM, Young TN, Itoh Y, et al: Intact vitronectin induces matrix metalloproteinase-2 and tissue
inhibitor of matalloproteinase—2 expression and enhanced cellular invasion by melanoma cells. J Biol
Chem 273: 143-149, 1998
9) Holash J, Maisonpierre PC, Compton D, et al: Vessel cooption, regression, and growth in tumors
mediated by angiopoieting and VEGF. Science 284: 19941998, 1999
10) Chang YS, di Tomaso E, McDonald DM, et al: Mosaic blood vessels in tumors: frequency of cancer
cells in contact with flowing blood. Proc Natl Acad Sei USA 97: 14608-14613, 2000
11) Rafii S: Circulating endotherial precursors: mystery, reality, and promise. [/ Clin Invest 105: 17-19,
2000
12) Benjamin LE, Golijanin D, Itin A, et al: Selective ablation of immature blood vessels in established hu-
man tumors follows vascular endothelial growth factor withdrawal. J Clin Invest 103: 159-165, 1999
13) Carmeliet P, Mackman N, Moons L, et al: Role of tissue factor in embryonic blood vessel development.
Nature 383: 73-75, 1996
14) Papetti M, Herman IM: Mechanisms of normal and tumor-derived angiogenesis. Am J Physiol Cell
Physiol 282: C947-C970, 2002
15) Senger DR, Perruzzi CA, Feder J, et al: A highly conserved vascular permeability factor secreted by a
variety of human and rodent tumor cell lines. Cancer Res 46: 5629-5632, 1986
16) Ferrara N: Molecular and biological properties of vascular endothelial growth factor. J Mol Med 77:
527-543, 1999
17) Takahashi Y, Kitadai Y, Bucana CD, et al: Expression of vascular endothelial growth factor and its
receptor, KDR, correlates with vascularity, metastasis, and proliferation of human colon cancer. Can-
cer Res 55: 3964-3968, 1995 ,
18) Fukumura D, Xavier R, Sugiura T, et al: Tumor induction of VEGF promoter activity in stromal cells.
Cell 94: T15-725, 1998
19) Thomlinson RH, Gray LH: The histological structure of some human lung cancers and the possible im-



154 (36)

FiOBEIR 55% %25 200245 A

plivations for radiotherapy. Br J Cancer 9: 539-549, 1959

20) Shweiki D, Itin A, Soffer D, et al: Vascular endothelial growth factor induced by hypoxia may mediate
hypoxia-induced angiogenesis. Natfure 359: 843-845, 1992

21) Kimura H, Weisz A, Ogura T, et al: Identification of hypoxia-inducible factor-1 (HIF-1) ancillary se-
guence and its function in vascular endothelial growth factor gene induction by hypoxia and nitric
oxide. J Biol Chem 276: 2292-2298, 2000

22) Compagni A, Wilgenbus P, Impagnatiello MA, et al: Fibloblast growth factors are required for
efficient tumor angiogenesis. Cancer Res 60: 7163-7169, 2000

23) Stavri GT, Zachary IC, Baskerville PA, et al: Basic fibroblast growth factor upregulates the expression
of vascular endothelial growth factor in vascular amooth muscle cells. Synergistic interaction with
hypoxia. Circulation 92:11-14, 1995

24) Vlodavsky I, Elkin M, Pappo O, et al: Mammalian heparanase as mediater of tumor metastasis and an-
giogenesis, Jsy Med Assoc J 2, suppl: 37-45, 2000

25) Toyoshima E, Ohsaki Y, Nishigaki Y, et al: Expression of syndecan—1 is common in human lung can-
cers independent of expression of epidermal growth factor receptor. Lung Cancer 31: 193-202, 2001

26) Suri C, McClain J, Thurston G, et al: Increased vascularization in mice overexpressing angiopoietin-1.
Science 282: 468-471, 1998

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

28) Koch AE, Polverini PJ, Kunkel SL, et al: Interleukin-8 as a macrophage-derived mediator of angio-
genesis, Sctence 258: 1798-1801, 1992

29) Yuan A, Yang PC, Yu CJ, et al: Interleukin-8 messenger ribonucleic acid expression correlates with
tumor progression, tumor angiogenesis, patient survival, and timing of relapse in non-small-cell lung
cancer. Am [ Respir Crit Care Med 162: 1957-1963, 2000

30) Luca M, Huang S, Gershenwald JE, et al: Expression of interleukin-8 by human melanoma cells up-
regulates MMP-2 activity and increases tumor growth and metastasis. Am J Pathol 151: 1105-1113,
1997

31) Kitadai Y, Takahashi Y, Haruma K, et al: Transfection of interleukin-8 increases angiogenesis and
tumorigenesis of human gastric carcinoma cells in nude mice. Br J Cancer 81:647-653, 1999



	2003152244cover
	2008年05月27日10時42分12秒

