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During angiogenesis — the sprouting of new capil-
laries from existing blood vessels — endothelial cells
of an existing vessel invade the surrounding tissues
and proliferate at the tip of the new capillary. Both
processes are continuously repeated until a new
blood capillary is generated.

In the healthy organism, angiogenesis is self-lim-
ited and restricted to a few conditions such as cor-
pus luteum development or placental growth. Oth-
erwise angiogenesis is virtually non-existent: of all
vascular endothelial cells present in the healthy or-
ganism, only 0.1 percent or fewer actively prolifer-
ate. All other endothelial cells are in a resting state,
and their turnover rate is measured in months to
years [2].

However, in pathologically altered tissues, an-
giogenesis is dramatically enhanced and no longer
self-limited: ten percent or more of the vascular
endothelial cells in these tissues do actively prolif-
erate [2]. This opens up the opportunity for selec-
tive therapeutic inhibition of capillaries proliferat-
ing in the diseased tissues [7]. Pathological angio-
genesis is seen during the development and pro-
gression of various diseases, including rheumatoid
arthritis, psoriasis, bartonellosis, the rejection of
organ transplants, retrolental fibroplasia, diabetic
retinopathy, hemangiomas, and many more dis-
eases. Probably one of the most impressive mani-
festations of angiogenesis is seen in the vicinity
of solid tumors; it is then called tumor angiogene-
sis.

So far, much of the pathological basis for tumor
angiogenesis is unknown. However, through the
pioneering work of Judah Folkman it has become
clear that tumor angiogenesis can be mediated by
soluble molecules called angiogenesis factors [3].
Thus far about a dozen or more such factors have

been identified, the most prominent and best char-
acterized being basic fibroblast growth factor
(bFGF) [8], one of the eight currently known
members of the fibroblast growth factor family [5].
Some of the bFGF-related angiogenic molecules
are products of oncogenes, including INT2, HST/
KFGF, FGF35, and FGF6. These molecules are
present in many normal tissues where their activity
appears to be tightly controlled. When these con-
trols break down, however, the oncogenes may un-
leash runaway activity, eventually resulting in tu-
mor angiogenesis.

Until recently it was thought that inadequate
activity of such oncogene-encoded angiogenic mo}-
ecules might play the main role in tumor angiogen-
esis. However, recent data suggest that angiogene-
sis is the result of a delicate balance between
growth-stimulatory and -inhibitory molecules, rep-
resented by the angiogenesis factors [3] and angio-
genesis inhibitors [1]. Although little known, the
therapeutic effects of some established cytostatic
agents, such as methothrexate, daunorubicin, and
adriamycin, appear to be mediated, at least in part,
by the inhibition of tumor angiogenesis. However,
the serious side effects of these agents are disadvan-
tageous. This may not be the case with endogenous
anti-angiogenic compounds. Some of these com-
pounds — vitamin D3 and retinoic acid, for exam-
ple — are well known, but their anti-angiogenic
properties have only recently been recognized.
Other recently discovered endogenous anti-angio-
genic compounds include thrombospondin, plate-
let factor-4, cartilage-derived inhibitor, tumor ne-
crosis factor-o [1], and tetrahydrocortisol [3]. Te-
trahydrocortisol is present in human blood and
urine, from which other extremely potent endoge-
nous anti-angiogenic substances have also recently
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been isolated (T. Fotsis and L. Schweigerer, un-
published). Interestingly, some of these substances
are of dietary origin, suggesting a possible explana-
tion for the long-proposed relationship between
diet and tumor development.

A recent international symposium in St. Gallen
(Switzerland) on angiogenesis and its therapeutic
modulation (““Angiogenesis: Key Principles, Sci-
ence, Technology and Medicine™) has revealed
more insight into ways to prevent pathological an-
giogenesis. There are increasing attempts to iden-
tify and develop substances aimed at fighting neo-
vascular diseases. One of the more promising can-
didates is fumagillin, a substance derived from a
fungus discovered as a growth-inhibitory contami-
nant of vascular endothelial cell cultures [4]. In
the meantime, more potent analogs have been de-
veloped which inhibit angiogenesis in vivo at ex-
tremely low concentrations, while at the same time,
but with higher concentrations, also inhibiting tu-
mor growth [4, 6]. These analogs are currently be-
ing analyzed in phase 1 and 2 studies, and clinical
trials will soon follow (J. Folkman, personal com-
munication).

As more and more anti-angiogenic compounds
are found, anti-angiogenesis will soon become es-
tablished as a new concept for the therapy of an-
giogenic diseases. There are many indications for
anti-angiogenic therapy in virtually all fields of
medicine: diabetic retinopathy in internal medi-
cine, abdominal adhesions in surgery, rejection of
cornea transplants in ophthalmology, angiofibro-

ma in otolaryngology, hemangioma in pediatrics,
and solid tumors in all clinical specialties.
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