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IN 1966 FOLKMAN ET AL12 observed that tumor cells
could not grow beyond 2 to 3 mm without neovas-
cularization of the tumor. This group postulated
that paracrine release of mitogenic peptides was
capable of stimulating new capillary networks.3
Multiple laboratories have not only corroborated
the importance of new blood vessel formation but
have also 1dent1ﬁed locally synthe51zed protems that
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CELLULAR BASIS OF NEOVASCULARIZATION

Blood vessels are formed by two separate, yet
synergistic, processes, vasculogenesis and angio-
genesis. During embryonal development, vasculo-
genesis is responsible for the original mesenchy-
mal differentiation of hemangioblasts to create
large capacity vessels such as the aorta and the
posterior cardinal veins.* As a compensatory

latter process, ermed recaputulated vasculogenes

differs. from true angiogenesis, Angiogenesis

derives exclusively from preexisting vascalature, I

¢ o dyiiami process involving the actve dissal
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Fig 1. Cellular events of angiogenesis, Endogenous angiogenic stimuli interact with the vascular endothe
livrm, resulting in vasodilaton aned the secretion of proteokytic enzymes [rom the microvasculature (A),
This cell-mediated dissolution of the endothelial basement membrane {5 an important initial step in
angiopenesis, As the formation of neomicrovasculature continues, the surounding extaceliular matnx
is broken down (B). Concarrently, the vascular endothelial cell undergoes mitosis and prolifemies. As
the surrounding basement membrane and extracellular marrix are dismantled, the endothelial cells
undergo chemotds toward the angiogenic stimulus (C). Migratory endothelial cells reform wibular
structures with a patent lumen, bunressed by newly constructed basement membrane (D), Ultimately, an
claborate network of microvasculaiure is established (E). Termination of vascular morphogenesis is

marked by tie influx af percytes that envelop the newly established microvasculatuee (F)

siretch, and inflammation.® The vascular endatlie-
livm secretes proteolytic enzymes, provoking disso-
luton of the vascular basement membrane (Fig 1,
A} Plasminogen activator is the most extensively
characterized protealytic enzyme of endothelial
origin. Urokinase plasminogen activatar (uPA) is
secreted as a proenzyme that binds to is receptor
on the endothelial cell membrane uPA receptor
(uPAR). Subsequently, the uPA-UPAR complex con-
verts plasminogen to plasmin.” Plasmin divectly
degrades matrix  proteins  including  fibrin,
fibronectin, and laminin.” Plasmin also activates
ather proteolytic enzgymes, including metallopro-
teases and elastase (Fig 1, H) 54

With the degradation of the surrounding base-
ment membrane, endothelial cells from adjacent
established vessels begin to proliferate and migrate
(Fig 1, €). Cellular migration relies on the expres-

sion of membrane adhesion molecules, termed
integrins, Expressed on several cell types, integrins
are transmembrane glycoproteins that mediate
interactions between cells and the extracellular
matrix. Integrins are classified according to the
combination of noncovalently linked alpha-beta
heterodimers. The Bl sublamily links the cell with
the extracellular matrix dictating tissue organiza
tion, position, differentiation, inflammation, and
growth.!” The B2 subfamily shares a common f
chain (CD18), is restricted to ]111:1-;r_|.':1_;[|:_~:-.r and is
central o firm leukocyte-endothelial adhesion.
The leukocyte B2 integrinsg (CD11 and CD18) have
been the target of several adult respiratory distress
prevention protocols. The B3 subfamily consists of
the platelet glycoprotein Hb/Hla complex and the
vitronectin receptor. Both the Bl and B3 families
recognize their ligands through a tripeptide recog-
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Fig 2. Positive and negative endogenous regulators of angiogenesis.

nition fequence in various matrix proteins termec
RGD (arginine-glycine-aspartic acid). In particular,
the ovp3 'rulq;rin 15 4 marker of ;111gif|grm—-.\ai.¢.“
When delivered 1o melanoma cells, monoclonal
antibodies against the avi3 integrin result in a
decrease in tumorassociated blood vessel density, !
Ligand binding of the avp3 integrin signals cellular
migration.'* In addition, the owfS integrin func-
tons as the endothelial cell receptor for fibrin and
fibronectin and therefore promotes extracellular
matrix formation.

The flinal phase of neovascularization is luminal
morphegenesis (Fig 1, D). A new basement mem
brane is constructed around the flattened, migral-
ing endothelial cells, thus establishing an entire
neovascular network (Fig 1, £). Angiogenesis ter-
minaies when an influx of pericytes envelops the
newly established microvasculature, These special
ized cells transform mature endothelium inte a
quiescent, nonproliferative state L4
MEDIATORS OF ANGIOGENESIS

More than 25 different endogenous regulators
of angiogenesis have been identified (Fig 2). Two
peptides, however, have received the most atten-
tion, basic fibroblast growth factor (bFGFE) aned vas-
cular endothelial growth factor (VEGF). Both
BFGEF and VEGF are synthesized and secreted by
numerous tumor ¢ell lines, healthy human peri-
toneal macrophages, and normal epithelial cells in
the brain, ovary, kidney, and heart, VEGE and bFGF
are similar in many of their cffects on vascular
endothelial cells. Both peptides influence prolifer-
ation, migration, and proteolytic activity by the tar-

get cell. Importantly, experimental inhibition ol
1515

either peptide prevents neovascularization.
Vascular endothelial growth factor. In 1983 a
protein was isolated from guinea pig umors that

caused the accomulation of protein-rich ascitic
fuid.'? Initially called vascular permeability fac-
tor, it was later found to be identical to VEGF. 18
Thus far, 4 different homodimeric isoforms ol
VEGF, formed by alternative splicing of VEGF
mBMNA, have been identified, with the 165 aming
acid variant being the most abundant, Whereas
angiogenic peptide secretion can be directly stim-
ulated by physiologic stressors such as hypoxia
and mechanical stretch, expression also increases
with stress-induced evtokines, VEGF appears to be
a central paracrine mediator of angiogenesis.
VEGF sclectively activates arterial, venous, and
|}JII!Jh.‘5rE:' endothelinm -,']-'if__: 1, A and 5.9 In
addition to ity mitogenic effects, VEGF is crucial
te the initial dissolution of the extracellular
matrnx and chemotaxis of endothelial cells (Fig 1,
H). VEGF up-regulates expression of dssue plas
minogen activator, uPA, and uPAR and increases
expression of the avfib integrin that promotes
both migration (Fig 1, ) and luminal formation
(Fig 1, D).2021

Fibroblast growth factor. Nine different mem-
bers of the FGF family have been identified. Basic
fibroblast growth [actor is synthesized by many vas
cular cells including macrophages, MOnocytes,
fibroblasts, endothelial cells, and vascular smooth
muscle cells.?? Four different FGF receptors have
been characterized, each with a transmembrane
domain linked to an intracellular prosine kinase,
Receptor isoforms occur in a cell- and tissue-specif-
ic manner.*® Ligand binding initiates sequential
phosphorylation and activation of intracellular sig
nals resulting in gene transcription and vasculas
cell proliferation. Irradiation or the exogenous
influence of fibrin-split products results in local vas-
cular FGF release * Similar to VEGE, bFGF also up-
regulates expression of uPA and the ow3 integrin,
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facilitating endothelial migration (Fig 1, €} and
luminal formation (Fig 1, p) 214

ANGIOGENESIS AND SURGICAL DISEASE

Although neovascularization is often interprit
ed by angiographers as indicating a neoplastic
pracess, sumulanon of the angiogenic cascade o
enhance vascular supply may be used therapeuti-
citlly in ischemic diseases. As molecular insight into
angiogenesis evolves, surpeons are uriguely posi-
tioned to access tissue, permitting us to tip the
angiogenic scale in favor of either inhibition o
promoton of new blood vessel formation,

Wound healing. The phases of normal wound
healing can be divided inte 3 phases including
iflammation, nuaturation,
Provoked by liberated angiogenic factors, vessel-

fibroplasia, and

dense granulation tissue is central 1o the process
of tissue Il:'].?'dil'. IF'he Formation of new hlood ves-
sels provides a route for oxygen and nutrient
delivery, as well as a conduit for components of
the inflammatory response, Experimental evi-
dence indicates that bFGF
wound hes ||1[||IT “ Nissen er al®™ have documented
peak levels of BFGFE in surgical incisions. These
elevated BFGF levels direetly correlate with an
increase in endothelial cell proliferative activity,
Neuwtralization of bBFGF results in a decrease in

instrumental in

endothelial chemotaxis in vitro and angiogeni
activity in vivo. Davidson and Broadlev®® prec og-
nized the constructve influence of recombinant
human BFGF on healing wounds, Treatment of
genetically diabetic mice with recombinant bFGE
not only increased fibrablast and capillary density
in the wound but also aceelerated wound clo-
sure. " Despite encouraging experimental results
to date, clinical application of recombinan
human bFGF has fallen short of expectations. In o
randomized  double-blind  placebo-controlled
stieedy, direct application of bFGE 1o nonhealing
ulcers of diabetic patients did not accelerate
wound healing !

Peptic ulcer discase. Chronic duodenal uloers
contain inflammatory cells, necrotic debris, and

granulation tissue. Endogenous bFGF has been
detected in high concentrations in human gastric
and duodenal mucosa. By administering an oral
torm of acid-stable BFGF, ulcer bed angiogenesis
was significantly increased and uleer healing was
accelerated.®! Folkman et al®? demenstrated that
aluminum sucrose octasulfate (sucralfate), a com-
monly used antivleer agent, maintains a high bind-
ing atfinity for bFGE. By binding endogenous bFGF
and protecting it from acidic degradation, sucral-
[ate may increase local levels of bFGE in the ulces

Suirger
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bed, indirectly stimulating anglogenesis and thus
promoting ulcer healing,

Cardiovascular disease. The observation that
intraplague  microvessels are associated with
atheromatous lesions dates back to 187643
Prometing collateral circulation by stimulating
-IHH"I(}F‘L nesis is an tlpi‘u‘rl.[l[!;, thers APeLt sStrateg)
for peripheral vascular oeclusive disease. Delivery
of both bFGF and VEGF has enhanced a angiogere-
sis in the ischemic hindlimb of a rabbit™
Furthermore, combined administration of VEGF
anl bl'L;} has demonstrated a syne rgistic effect in
vivo.™ Bauters et al®® have demonstrated hoth
anatamic and physiologic evidence of collateral
vessel formation via systemic administration of
recombinant human VEGF in the rabhit ischemic
hindlimb. Gene transfer techniques, using DNA
encoding the VEGF gene, have induced collateral
vessels and increased blood flow in the lowe:
extremity of a 7lvear-old patien A Sach promis-
Ing reports have led o phase I clinieal trials of per-

cutaneous catheter-based delivery of the gene
encoding VEGF into patients with chronic eritieal
leg ischemia ™ A single arterial bolus of recombi-
nant human VEGF resulted in angiographic,
hemodynamic, aned physiol gic evidence of aug-
mented collateral arterialization,

The induction of collateral bload ow and tssue
sl Tl Are also .-l]r l!li lI_E:Il.i_ Lo |1IH:I:I WY Air |_._~1'|I disease,
In 1992, Yanagisawa-Miwa et al™ reported improved

cardiac systalic funchon, decreased infarct size, and

increased capillary density in infarcted tissue after in
vivo intracoronary injection of bFGF in dogs.
systemic  administration of  bFGF  provoked
enhanced collateral coronary blood flow in dopgs
alter experimenital coronary occlusion.’ Conversely,
Shoa et al administered bFGF to animals with mature
collateral vessels alter coronary occlusion model ard
did not induce collateralization at 6 months, Thus
schemin may be required 1o smergiee with growth
factors to induce angiogencsis, These encouraging
preclinical studies offer the foundation for current
clinical tials in patients with coronary disease. Direct
injection of recombinant human bFGF into the
human heart, at the time of elective coronary artery
h‘.p 155 gmilmg has induced newly formed m[:u]l.in
networks. Y This neovascularization or dginates at the
proximal artery and extends into the myocardium,
bypassing areas of distal stenosts. Currently, however,
the physiologic effects of such neocollateralization
remain 1o be established.

Cancer. The importance of tumor neovascular-
ization is illustrated by both histologic and angio-

graphic inspection of surgical specimens. Weidne:
g g0 v
et al™ % demonstrated a positive

correlation
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between blood vessel density and the presence of
cither regional or distant meastatic disease in
prostate and breast cnrcinomia, Malignant cells may
induce angiogenesis by overexpression of angio-
genic molecules or, conversely, hy down-regulation
of normally expressed inhibitors. Basic FOF over-
expression has been localized 1o neoplastic tissue
and in the cerebrospinal fluid, serum, and urine of
patients with a wide variety of twimors.* Similarly,
VEGE overexpression has been demonstrated in a
targe number of human timors and is also posi-
tively correlated with regional lymph node and djs-
tant metastasis, B8 YEOF i primarily localized 1o
ischemic partions of the tumar near areas of
necrosis, 37 Interestingly, VEGF mRNA CXpression
was observed in tumaor cells selectively. In contrast,

the adjacent vascular endothelium lacked expres
sion of VEGF mRNA, while overexpressing mRNA
for the VEGF receptors fit-f and KDRS These
observations sugrest that tumor cells prelerentially
secrete angiogenic fictors (hat eogagre nearby
endothelial cells Apparently primed for growth fac-
tor stimulation, Finally, bFGF Appeirs to siimulate
VEGF synthesis in tmor cells, thus creatng angio-
genic synergy,

Functional blockade of ingegenic peptides rep-
PESCNLS an Attractive antmeoplastic Slrategy.
Therapy is directed at several levels: nentralization
of the angiogenic stimulus, inhibition of endothe-
lial cell activation (proliferation, migration, vascu.
lar morphogenesis), or inhibitian ol basement
membrane tumover or synthesis (Fig 1. neleed,
delivery of neutsizing antibodies 1o VEQE strp-
Pressed primary turmen growth, neovascularization,
and the nmumber and size of metastatic foc of
humian wmor cell lines injected inte nude mice 16
Sirnilarly, bFGF-neutralizing antibodies suppressed
neovascularization of  several malignant glial
tmors and inhibited primary tumor growth 3 1;,
addition, clinically aceessible immunomodulators
not only inhibit tumor eel proliferation bat also
down-regulate secretion of angiogenic mediators,
Both interferon-o and interfero, -f decrease BFGE

production in severl fuImors |ru'111:1jzjg__g CArCITHOm
1]

of the kidney, bladder, colon, and breast !

Ten antiangiogenesis agents are currently in clin-
ical trials. Most agents act at the level of the vasculay
endothelial eell response o angivgenic growth fac-
tars. Pentosan, a direct inhibitor of vascular
endothelial cel prolileration, was the first agent
examined clingcally _~"L[rhuugh demonstrating Exper-
imental use, phase 1 wials of Pentosan have heen
Magued by multiple toxicities without measurable
clinical efficacy.® TNP470. an analog of the woxi
tumagillin, has also shown laboratory promise, I
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directly inhibits endothelial activation in vitro (Fig 1,
A) and has antiangiogenic activity in miltiple in vive
assays.™ Phase [ antiangiogenesis trials are currently
underway treating patients with androger-indepen
dent prostate carcinoma and advanced SOUAMONS
cell cancer of the cepyviy .55 {'-|':mu.lm'j.'l.:q'n'n]d,
musscle weakness, an dose-limiting central Nnervous
system effects have been identfiable LoxIciTies,

An alternate antineoplastic stratepy is to aug-
ment I.Jl.'fi"-i_'l'_" obf natural :?Illii.tl:gjugrnit com
pounds. Anglostating a S8k internal fragment of
plasminogen, was first isolated trom the Lewis lung
carcinoma.® Angiostatin inhibits Lmor neovascu-
larization by direct inhibition of endothelial cel
proliferation. Systemic administation of angio-
statin has arrested furiher growth ol Lewis lung
carcinoma.® Endostatin, 2 20-kd peptide tha js
identical to a C-terminal fragment of collagen
HVIL, has recently been isolated from murine
hemangioendotheliomas, ™ Systemic adminisirg-
ton of endestatin inhibited primary tumaor growth
of the Lewis lung carcinoma by bloe King tumaor-
associated angiogenesis, 1y solation of hese
peptides sugpests thai endogenous inhibitors af
angogenesis, when delivered exogenously in sup-
raphysiologic doses, may avgmert the host's nat-

teal anttumor FESponse.

| I---ILm.un_j, Cole B, Zimmerman 5, Tumor behavior in jae

latied perfused organs. Ann Surg 196616 b4l a0,

L Gimbrione MA, Aster REL Cotran RS, Corken 1. Jandi [H,
Folkman J. Preservation of viscala WMERETIY in orgns prer-
tusedd in aoim with w platelerrich  mediym, Nature
e 22 2856

- Folkma |, Merzler E, .-".r---rn:lrhj. G, Willinms G Tsolstion of
8 tmor fictor responsible o anglogenesis. | Exp Med
1 FR B

- Schwarte 8, Liaw L, Growh coniral and morphogenesis in
the development and pathology of arteries | Chrdicnase
Fharmacol 1993,21 [suppl]:551-540

5, Hashimato E, Ogina T, Makaoka T, Matsualka B, Takan A,

Kira ¥ ]{.I|l:r| induction of vas ular endothielis] prowtli Fic-

tor expression by transient schemin in rat heart. Am |
Physiol 14267 pr 2):101 08-54,
Roldan AL, Cubellis MY, Masaee MT, Behrendr N Laired

LE, Dano K, et al Cloning and cxpression of the FECCptor
foir Tiamam urakinase plasminogen actimtor, o central mol-
coule in cell surfa e, J:-f.uul:in dependem Proteolysis. EMBO
J 1990:9: 46774,
- Werb Z, Banda M), Jones PA. I

skle matrices by macrophages. L. Proteolysis of elastin, gl

whation of connective s

coproteins and collagen by proeinases jsolaed from
macrophages. | Exp Med 1980:152: 194057

E. Eaton DL, Scon BW, Baker [B. Purification of human Gk
last wrokinase proeozvine and analysts of fs regulacion by
proteases and protease pexin T Bl Chem 1984:2509:694 1.5

- Chapiman HAJ, Stone 01, Carapermion hemweesn plasmin
anel elastase 5 elastin depradition by inrac e

macrophages. Biochem ] 1984;

e



948 Fimmerman, Selzmat, ard Herken

10

12

20.

29,

e
Juis

. Brooks PG, Clark RAF, Cheresh

 Granger DM, Kubes It The microcirculation ind inflamma-
tion: modulation of I.:-ukwﬂt—:nn!ulhu]i;tl cell adhesion. |
[eukoc Biol 19045 5:662-75,
DA Requirement of inte-
grin i3 for anglogenesis, Srjence 100420456071
Brooks P, Montgomery &, Rosenteld M, Reisfeld B, Huo T
Elier G, et al, Imegrin avild antagonisis promote tumos
regression by inducing apoprosis of angiogenic blood ves
sels, Cell 1004:79:1157-64.

. Leavesley D, Schwart? s, Rosenfeld Iy Cheresh D, Integnn

heta 1- and beta Smediated endaothelial cell migration is
trigrered through distinct stgmaling mechanizms. | Cell Biol
1994;121:163-70.

. Denekamp ], Hill 5. Angiogenic amackasa thernpeufic st

epgy for cander, Radiother Oneol 1991:20{suppl 1) 10312

Hord A, Sasada R, Marsutani E Nuito K, Sakuma ¥, Fujia T,

ct al, Suppression of salid tumor growth by immunoneu-
rralizing monoclanal antibody against human basic fibro-
blast growth fctor. Gancer Res 1921:51:6180-4.
¥am K, Li B, Winer |, Armanini M, Gillert N, Phillips H, el
al. Innhibition of vascular erndothelial growth feornduoed
angiogenesis SUpPresses tumor growth in viva. Natupe
15039628414,

. Senger I, Galli S, Dvorak A, Perruzzi ©, Harvey V, ok
H. Tumor cells secrele a vascular permeability factor that
prOmnLes accumulation  of ascites fluld, Science
19R%;219:95%-5

: Leung D, Cachianes G, Kwang Wi, Goeddel I, Fegrara N
vascular endothelial growth factor
mitogen, Science 105G 8461 060,

. Connolly T Hewvelman [, Nelson B, OMander |, Eppley B,

Delfino |, et al. Tumor vascular permeahbility factor stimiii-

{ates endothelial cell growth and angiogenesis, | Clin st

1080 84: 14708

Mandriot 5, Seghewni G, Vausalll J-T, Ferrar N, Wasi 5,

Mazrier B, et al, Vasculay endothelial growth factor increns-

is o pecreted angiogenic

¢s urokinase receplor cXprossion in vascular endeothelial
cells. | Biol Chem 1945,270:9700-16
 Friedlander M, Brooks T, Shafter R; EKincaid G, Varner §,
Cheresh [, Definition of two angiogenic pathwiys by dis-
et v integrins. Science 1049527 0: 15002
Weich H, Therg N, Klagsbirun M, Folkman |. Expression ol
anel basic [broblase growth factors in human and
Factors

acicic
povine vaseular
a0 2: 8120

OreUrteger &, Bedford M, Burakova T, Arman E, Zimmer
¥ Yayon A, etal Developmental loealization of the spliciang

emooth muscle cells Growth

Alternatives of fibroblast growth factar receplord, Dev Biol
1003 158:475-80:
Leirenzet 1 Sobel ], Bini A, Witte 1.. Low molecular weight
fibrinogen degradation products stimulate the release of
growth factors from endothelial cells Thromb Hagmost
1042-68:357-63
Pepper M, Ferpara N, Orci L, Montesana B, Vascular
endathelal growth factor (VEGF) induces plasminogen
activators and plasminogen activator inhibitor type 1in
micravascular endothelial cells, Biochem Biophys Res
Commun 19911810028
Brew E, Mitchell ME, Hurken AH, Fitroblast growth factors m
operative wound healing. | Am Coll Surg 190 L0 A0
_Wissen M, Palverini F. Gamelli B, DiMewrs Lo Tasic fibree

hlastic growth Factor mediates angiogenic activity in early
surgical wounds. Surgery 18961 1tk 457-65.

Davidson |, Broadley Ko Manipulation of the wanpd-healing
process with basic fibroblastie growth facior Ann MY Acacd
Sri 1949];635:306-15.

3

30

a1;

52

33

L

A5

38

Surgery
March 1999

Greenhalgh 1, Sprugel K, Muresay M, Ross R PDGF and

FOF stimulate waund healing in the genetically dinbetic

motse. Am | Pathol 1990: 1 56:1235-16. .

Richard L, Parer-Richard Daures [ Clouet 5,

Vannervau I Bringer J, et al, Effect of topical basic fibro-

blast growth factor on the healing of chronic diabetic neu-

rotrophic uleers of the fool. Diabetes Care 19495 LH:64-4,

Folkman |, Stabo g Stovrofl M, McNell P, Li W, Shing ¥.

Duadenal ulcer: discovery of 1 new mechanism and devel-

opment of angiogenic therapy that sccelerates healing, Ann

Surg 190121 4:414-27.

. Folkman |, Seabo 5, Shing ¥ Sucraliate affinity for fibroblast
growth factor [ahstract]. | Cell Biol 1990;111:225%

 Koester W. Endareritis and artes itts. Berl Blim Wochenschr
1876:145:454-5

Tukeshitz 5, Zheng L, Brogi I, Rearney M, Pu 1, Fermam N,
et al, Therapeulic angiogenesis: i single intraarterial haolus
of vascular endothelial growth fcior augments revascular

ization in a rabbit ischemic hind limb medel. | Clin Invest
1044:53:662-70.

. psahara T, Bauters G, Zheng L, Takeshita 5, Bunting 3,

Ferrarn N, et al. Synergistic efect of vascular endothelial

growth facton and basic Ahroblast growth factor on angio

gEnesis in v Circulation 1995;92:11565-71

Bauters G, Asahar T, £heng 1., Takeshim 5, Bunting 5,

Ferrera N, et ul, Sitespecific therppeutic angiogenesis after

sysiemic administration of vascular endothelial growth fa

or, | Vasc Surg 1005:21:514-24.

. Taner [, Pieezek A, Schininfeld B, Blaic B, Haley L, Asahara T,
et al. Clinical evidence of angiogenesis alter arterial gehe

Ll

trapsfer of 51h‘l.’1-'.t_‘.FtI|'3 in patient with ischaerme
Lapcer 1996, 3488704

: Isner ], Peiceek A, Cchainfeld B, Blair B, Haley L,
et al. Arterial gene transfer of naked DA 0P
critical limb ishoemia [abstract]. Circulation 19969 1:1-RE1

Asaharm T,
ients with

a0, Yinagisawa-hMivwa A, Uchida ¥, Nakamura F, Tanvaru T, Rido

H, Utswyama M, et al. Sabage af infarcted myocardium by
angiogenic aeton af basic fibrablast groweh Motor Selence
1942:257:1401-3.

A0, Lazarons D, Scheinowitz . Shou M, Hedge E, Sharmini

41

Hajapayagam M. Hunsberger 3, et al Fffects of chronic sys-
temic administration of basi fibrablastic growth fcwor an
collateral development in the canine heart. Circulition
'|':i"_'|-:"|;":'|:i-1-f?-5?i

Srhumacher B, Pecher
[nduction of neoangogenests il ischemic myocardium by
bueman growth factors, Circulation TH98;97:645.50.

P, von Hill'q'h! B, Stegman I.

49 Weidner N, Semple ], Welch W, Folkman |. Tumor angic-

46.

genesis and metastisiscorrelation in fnvisive breast carc-
noma. N Engl ] Med 1001324 18

- Weidner N, Carroll F, Flax . Bulmenteld W, Folkman _
Tumaor Angiogeness correlates with metastasis in invasive
prosuie carcinoma. Am | Pathal 1004; 1434014,

. Mguyen M, Wammnabe H, Budson A, Richie J, Hayes D,
Falkman | Flevated levels of an angiogenic peptide,
fihrohlast growth fceor in the urine of patients with 4 wide
SpHECLITE af cancers, | Matl Cancer Inst 199 1-86:956-61.

. Yoshiji H, Gomes 13, Shibuya M, Thorgeirsson 1.
Expression of vascular endothelial growth factor, aml its

(PR

receplons, ane ather :1r'|j;1l_'n|_{|'r|.i|.' [actors in hreast canoern
Cancer Res 1996;56:201 46

. Brown L, Berse B, Jackman R, Tognazzi K, dManseau E,
Senger T, et al Expression af vascular permeabifity facior
(vascular endothelial growth factor) and i receptors in
adenocarcinomas of the |.{;ut|-.|'11!.1r.ﬂlin;ﬂ tract, Cancer Bes
1949 5%:4727-05,




Surgery
Volume 125, Number 3

47. Phillips H, Armanini M, Stavrou D, Ferrara N, Westphal M.

48.

49.

50.

51.

Intense focal expression of vascular endothelial growth fac-
tor mRNA in human intracranial neoplasms: association
with regions of necrosis. Int ] Oncol 1993;2:913-9.

Tsai J-C, Goldman C, Gillespie G. Vascular endothelial
growth factor in human glioma cell lines: induced secretion
by EGF, PDGF-BB, and bFGF. ] Neurosurg 1995;82:864-73.
Gastl G, Hermann T, Steurer M, Zmija ], Gunsilius E, Unger
C, et al. Angiogenesis as a target for tumor treatment.
Oncology 1997;54:177-84.

Stan A, Nemati M, Pietsch T, Walter G, Dietz H. In vivo inhi-
bition of angiogenesis and growth of the human U-87
malignant glial tumor by treatment with an antibody against
basic fibroblast growth factor. ] Neurosurg 1995;82:1044-52.
Singh R, Gutman M, Bucana C, Sanchez R, Llansa N, Fidler
I. Interferon & and B down-regulate the expression of basic
fibroblast growth factor in human carcinomas. Proc Natl
Acad Sci USA 1995:92:4562-6.

54,

55,

56.

R7

Limmerman, Selzman, and Harken 240

Inhibitory effect of angiogenesis inhibitor TNP-470 on
tumor growth and metastasis of human cell lines in vitro
and in vivo. Cancer Res 1993;53:2566-70.

Zukiwiski A, Gutterman J, Bui C, Sella A, Ellerhorst J, Tu S,
et al. Phase I trial of the angiogenesis inhibitor TNP-470
(AGM-1470) in patients with androgen independent
prostate cancer (AIPCa) [abstract]. Proc Am Soc Clin
Oncol 1994;13:252.

Levy T, Kudelka D, Steger M, Mante R, Gutterman I
Piamsomboon S, et al. A phase I study of TNP-470 admin-
istered to patients with advanced squamous cell cancer of
the cervix [abstract]. Proc Am Assoc Cancer Res
1996;37:166.

O’Reilly M, Holmgren L, Shing Y, Chen C, Rosenthal R,
Moses M, et al. Angiostatin: a novel angiogenesis inhibitor
that mediates the suppression of metastasis by a Lewis lung
carcinoma. Cell 1994;79:315-28.

HAalmmarwan T Fatl: PONL L EPRNR ¥ QRN A0S | BUUUEEES  A ~




