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Does Improved Control of Tumour Growth
Require an Anti-cancer Therapy Targeting Both
Neoplastic and Intratumoral Endothelial Cells?

Giampietro Gasparini and Adrian L. Harris

INTRODUCTION
MOST HUMAN metastatic solid tumours are not currently curable
with any kind of systemic anticancer therapy (i.e. chemotherapy,
hormone therapy and immune therapy), and the mortality
caused by the “four major killer tumours” (lung, colorectal,
breast and prostate cancers), has not significantly decreased in
recent years [1]. This is due to the fact that some solid epithelial
tumours are not sensitive to chemotherapy [2, 3], and that those
which are initially sensitive may develop acquired resistance
after exposure to drugs (see {3] and references therein). Thus,
there is now a critical need for new therapeutic strategies in the
hope of improving tumour growth control in the future. It seems
appropriate to speculate that the search for the genetic and
biochemical changes that lead to malignancy is an important
strategy to identify the key stages of tumour transformation and
the process of metastasis [4]. Identification of specific biological
targets could also provide new opportunities for developing
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rationally designed biological therapies for cancer [4-6]. These
new targets include oncogenes, growth factors and their recep-
tors, signal transduction pathways, cell differentiation signals
[6, 7], antisense inhibitors of gene expression [8], gene deletion
[9] and tumour angiogenesis [10].

One of the most promising of these is the discovery of specific
angiogenesis inhibitors. As stated by Marx [4], “researchers are
sufficiently hopeful about the anti-angiogenesis approach to
cancer therapy that they are beginning clinical trials”.

THE BIOLOGICAL BACKGROUND

Before the 1960s, it was believed that the only relevant
phenomenon related to tumour vascularisation was the dilation
of blood vessels from normal tissues surrounding the tumour
(hyperaemia) {11].

Research begun about 25 years ago by Folkman and associates,
and successively carried out by several other groups, has revol-
utionised this concept. These studies show that angiogenesis,
the fundamental process leading to the formation of new blood
vessels by sprouting from pre-existing endothelium, is stimu-
lated by tumour cells, and that it is of critical importance in the
processes of tumour invasiveness, progression and metastasis
[10].

It is now assumed that carcinogenesis and tumour progression
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are multi-step processes involving both the loss of normal control
of cell proliferation (which may be the result of an activation of
growth-promoting oncogenes or of a downregulation of tumour
suppressor genes [12]) and the induction of tumour angiogenesis
[13]. Tumour growth is a dramatic example of an angiogenesis-
dependent disease [14]. Most solid tumours are first character-
ised by an avascular phase (such as early in situ carcinomas)
during which tumour growth and invasiveness are low and
confined to a few millimetres [15]. The switch from the prevascu-
lar to the vascular phase is followed by rapid tumour proliferation
and progression, and contributes to the development of distant
metastases [13, 14]. The induction of proliferation of the endo-
thelial cells is probably due to an imbalance between positive
and negative growth regulators [15]. The angiogenic phenotype
may be achieved by tumour cells via several mechanisms,
including paracrine production of angiogenic factors [such as
basic fibroblast growth factor (bFGF) and vascular endothelial
growth factor (VEGF); but we now know several other angiog-
enic peptides); by recruitment of host cells (macrophages)
attracted by chemotactic stimuli and induced to release angio-
genic molecules; or by mobilisation of specific peptides from the
extracellular matrix [16, 17].

Alternatively, there are also both soluble molecules [such as
activated transforming growth factor beta (TGF-g)] {18] and
inhibitory genes [19] that act as negative regulators for endo-
thelial cell growth.

Moreover, there is now increasing evidence that the determi-
nation of the angiogenic activity (quantified using immunocyto-
chemical methods and counting microvessel density within the
tumour) has clinical application in predicting development of
metastasis and prognosis in several human solid tumours [20].

THE PHARMACOLOGICAL RATIONAL TO USING
ANTI-ANGIOGENESIS DRUGS AS A NOVEL
ANTI-CANCER STRATEGY

As early as 1971, Folkman wrote [21] that “the population of
tumour cells and the population of capillary endothelial cells
within a neoplasm may constitute a highly integrated ecosystem”
and that “it seems appropriate to speculate that anti-angiogenesis
may provide a form of cancer therapy worthy of serious explo-
ration”. However, only very recently has it become evident that
intratumoral neovascularisation may be a new target for anti-
cancer therapy. After the discovery, in 1975, of the first angio-
genesis inhibitor in cartilage [22], Folkman and colleagues,
and other groups, identified several classes of angiogenesis
inhibitors, which showed antitumour efficacy both in in vitro
and in vivo experimental models [10, 23].

As recently reviewed by Bicknell and Harris [24], there are
several potential targets for intervention in tumour angiogenesis,
including inhibition of production of angiogenic factors, neutral-
isation of angiogenic peptides by specific antibodies, inhibition
of endothelial cell growth, migration or formation of differen-
tiated tubes or initiation of blood flow. In Table 1, the known
anti-angiogenic agents are classified by their mechanism of
action. Interferon-a is the first of such drugs which showed
activity in a clinical setting. In fact, it was used to successfully
treat babies with life-threatening haemangiomas [25], a disease
characterised by uncontrolled vessel proliferation. Moreover, at
least three other more potent angiogenesis inhibitors
(AGM 1470, recombinant platelet factor 4 and linomide) [26-32]
have already been approved for clinical trials as novel forms of
anti-cancer therapy.

Although endothelial cells may themselves be targets for
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chemotherapy if proliferating, they may also express drug
resistance mechanisms such as glutathione transferases or multi-
drug resistance. Since endothelial cells represent the first protec-
tion barrier (to toxins and circulating foreign substances) of
tissues and organs, it is quite likely that they may be relatively
resistant to a range of conventional chemotherapeutic agents.

There are at least five lines of experimental evidence support-
ing the potential therapeutic usefulness of specific angiogenesis
inhibitors for human anti-cancer therapy: (i) the switch from the
prevascular to the vascular phase is a critical step for rapid
growth of a primary solid tumour and for the development of
metastasis [13]. In fact, both these phenomena are angiogenesis-
dependent [14]; (ii) tumour angiogenesis may be induced by
several different mechanisms, each one representing a potential
target for the anti-angiogenic therapy (see Table 1); (iii) we are
now probably only at the “dawn” of the discovery of the
angiogenesis inhibitors, but several agents able to inhibit tumour
angiogenesis in vitro and in vivo with specific and different
mechanisms of action [10, 23] have recently been identified.
Recently, research by Hori and colleagues [33] and Kim and
colleagues [34] has documented that it is possible to inhibit
vascular endothelial growth, and consequently to suppress
tumour growth in vivo by using monoclonal antibodies able to
neutralise specific endothelial growth factors (bFGF and VEGF,
respectively). Such a strategy may be successful in those types
of tumours secreting a single common angiogenic growth factor
that may be targeted (for example, VEGF, which is secreted in
most human breast and brain tumours) [24]; (iv) inhibitors of
angiogenesis which are not effective against tumour cells ir vitro,
induce tumour regression in vivo [10, 23] and (v) the majority
of angiogenesis inhibitors in animal models presents a good
therapeutic index, having few and manageable systemic side-
effects [23]. This is related to the fact that in adults endothelial
cells represent a quiescent cell population, and that physiological
angiogenesis occurs infrequently, under brief and highly regu-
lated processes [35, 36]. Deneckamp and Hobson [35] suggested
that the proliferating endothelial cells in tumours would be a
target for therapy by direct killing of such cells (i.e. vascular
targetting).

Since the most promising angiogenesis inhibitors are effective
against specific angiogenic peptides (i.e. bFGF and VEGF) or
proliferating endothelial cells, this constitutes the basis for their
expected low systemic toxicity in adults. Table 2 shows the main
differences between chemotherapy, presently the most widely
used form of systemic anti-cancer therapy, and anti-angiogenic
therapy, as extrapolated from experimental models.

THE HYPOTHESIS

The novel concept reported here is that most solid tumours
are made up of two different target cell populations for therapy:
(1) tumour proliferating cells to be killed by conventional
therapies and (2) endothelial proliferating cells, the specific
target for angiogenesis inhibitors. The main pharmacological
differences between chemotherapy and anti-angiogenic therapy
are summarised in Fig. 1, and they reveal an expected better
therapeutic index for the angiogenesis inhibitors (systemic side-
effects found in animal models are amenorrhoea, infertility and
perhaps a delay in bleeding wound repair) and the lack of
resistance to therapy by endothelial cells [23, 25]. Potential
problems with maintenance therapy using anti-angiogenic agents
may be wound healing, and the necessity for laparotomy or other
surgical interventions. However, it may be that temporary
cessation of the administration of these drugs would be accept-
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Table 1. Anti-angiogenic drugs classified by their mechanism of action
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General category* General mechanisms

Drugs

Anti-switch inhibitors Block the production or export of
angiogenic peptides (bFGF,

VEGF)

Inactivate angiogenic factors after
their release from tumour cells,
macrophage or extracellular matrix

Anti-in transit inhibitors

Make endothelial cells unable to
respond to angiogenic and growth
stimuli

Inhibitors of proliferating
endothelial cells

No agent yet discovered

(1) Antibodies against bFGF {33}
(2) Antibodies against VEGF [34]

(a) Inhibitors of synthesis and
turnover of collagen, and of vessel
basement membrane:

—Cartilage inhibitor [22]
—Minocycline [47]}
—Medroxyprogesterone [48]
—Sulphated carboxylmethyl chitin
[49]

—Angiostatic heparin steroids
complexes [50, 51]

—Beta cyclodextrin-tetra
decasulphate + steroids
(hydrocortison {50-52])
—Proline analogues [51]

(c) Direct inhibitors of endothelial
cells proliferation:

—-Angiostatic antibodies [31, 32]
(AGM-1470)

—Linomidet [26, 27]
—a-Interferont [25, 59, 60]
—D-Penicillamine [61]
—Recombinant platelet factor 4
[28-30]

~—Tamoxifen [38]
—Isoflavonoid genestein [62]

(d) Molecular complexes
inactivating bFGF:

-—Sulphonic derjvatives of
distamycin A [63, 64]
—Suramin and analogues [65]

~—Kerestint [53, 54]
—Linomide} [26, 27)]
—Razoxane [55, 56]
(e) Cytokine activators
—Krestin {53, 54, 66]
—a-Interferon [25, 59, 60]
~—Tumour necrosis factor o [67]

(b) Heparin-binding molecules:
—Protamine (22, 57]
~—Thrombospondin [58, 28]
-—Recombinant platelet factor 41
[28-30]

*From [23] by Folkman and Ingber. {+Drugs with multiple mechanisms of action.

able in such a situation. Regarding chemotherapy, it is well-
known that systemic side-effects, mainly myelosuppression, are
dose-limiting, and that primary or acquired chemoresistance is
the major cause of treatment failure [2, 3].

A recent experiment [37] demonstrates that the two targets
(i.e. tumour cells and endothelial cells) may be succesfully
attacked by the concurrent administration of chemotherapy and
anti-angiogenic therapy. This supports the development of a
new therapeutic strategy for the treatment of cancer. Teicher
and colleagues [37] first found that an association of different
angiogenesis inhibitors potentiates the efficacy of conventional
chemotherapy in an animal model. In an elegant experiment they
showed that the combination of minocycline + B-cyclodextrin-
tetradecasulphate + tetrahydrocortisol (angiogenesis inhibitors)
and cyclophosphamide induced a significantly higher growth
delay of primary Lewis lung carcinoma in C57 BL mice, when
compared both with angiogenesis inhibitors or with chemo-
therapy given alone. Toxic side-effects were not increased by
the co-administration of the two modalities. Moreover, the
combination significantly reduced volume and number of lung
metastasis in tumour-bearing mice. These results clearly docu-
ment that the concurrent administration of angiogenesis inhibi-
tors can potentiate the efficacy of chemotherapy without an

increase in toxicity. These results have been confirmed and
duplicated using novel and more potent angiogenesis inhibitors,
such as AGM-1470, co-administered with cyclophosphamide
(Teicher, personal communication).

Gagliardi and Collins [38] documented that part of the action
of the anti-oestrogens is due to a direct anti-angiogenic effect,
which is dose-dependent. The angiostatic action of tamoxifen
and related drugs does not seem to be altered by the presence of
oestrogens [38]. Moreover, Noguchi and colleagues [39] found
that tamoxifen may act also by decreasing transforming growth
factor (TGF-a) production in oestrogen-positive and progester-
one-positive breast cancers. Since TGF-a stimulates breast
cancer growth through epidermal growth factor receptor [40] or
by stimulating angiogenesis [41], its downregulation seems to be
involved in the growth inhibitory effect of tamoxifen. Alterna-
tively, tamoxifen may enhance TGFP levels in oestrogen-nega-
tive breast cancers which is another way to inhibit growth and
tumour angiogenesis [39]. These observations may, in part,
explain why tamoxifen has been shown to be partially active in a
percentage of patients with oestrogen-receptor negative breast
carcinomas, as well as in other neoplasms which do not express
large amounts of the receptor, such as metastatic malignant
melanoma [42]. Indeed, Toi and colleagues [43] have docu-
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Table 2. Comparison between chemotherapy versus anti-angiogenic therapy
Toatiivra Chomathasas Anti anmincamin thawaee,
L calulc LILRIVLLCIap Y llllu'dllsl\lsc yyisy ulclayy

Target-cell type

Main effect

Specificity*

Systemic toxicity

Therapeutic index

Predictors for response

Resistance

Duration of therapy?

Potentiation of the efficacy by combining
agents of the same categoryt
Patentiation of the efficacy by combining
two different categories of drugst

Most appropriate therapeutic setting

Potential usefulness for chemoprevention§

[
=
"

Various, but gener
tumour cells
Proliferating tumour cells

On both primary tumour and metastases

Low

High and dose-limiting
Low

P-glycoprotein (?)

Yes

Relatively brief

Yes, but with enhanced toxicity

Yes
Adjuvant
No

Various, but generally
growth or migration
Proliferating or migrating endothelial cells
On metastases and primary

High

Low

High

bFGF level in fluids; microvessel density (?)
No

Long

=
-
5
g
=%
m
3
=%
=1
=]
o
[R
B
=X
(e}
[
o,
=

Yes

Yes
Adjuvant
Yes

*Chemaotherapy also interferes with cell renewal of normally growing tissues whereas, in aduits, endothelial cells are quiescent under physiological
conditions [35]. +Speculated from data on c-interferon in life-threatening haemangiomas in infancy [25]. }Speculated from [37] and [43]. §By

preventing the passage from the prevascular to the vascular and invasi

mented that in dimethylbenz[a]anthracene (DMBA)-induced
rat mammary carcinomas, there is an additive inhibitory effect
of AGM-1470 when given together with tamoxifen. This exper-
iment suggests that the concurrent administration of two or
more anti-angiogenesis drugs with different mechanisms of
action or of an anti-angiogenic agent and hormone therapy may
lead to potentiation of their antitumoral effect in hormone-
sensitive neoplasias.

Possible hypotheses explaining the enhanced antitumour
effect by combining chemotherapy (or hormone therapy) and
anti-angiogenic therapy may be: (i) the simultaneous inhibition

-
)

N/
\\ //

W Y

~
v

nassage from the prevascular to the vascular and invasive phase (e. g. switch inhibition).

et

of growth of both proliferating tumour cells (by chemotherapy or
hormone therapy) and of proliferating intratumoral endothelial
cells (by angiogenesis inhibitors) may induce an inhibition of the
production of cytokines {which stimulate endothelial cells) by
the neoplastic popultion, and the arrest of the proliferation of
their target cells (endothelium); (ii) if the courses of chemo-
therapy are intermittent, the tumour can grow back between
courses. The continuous administration of anti-endothelial
agents, by inhibiting revascularisation, may also inhibit tumour
regrowth; (iii) reduced vascularisation may also lower interstitial
pressure. There would be a balance between a low number of

> )

\ /
VS, /

n
v

Fig. 1. Neoplastic and endothelial cells. Two different target cell populations in the tumour for the pharmacological effect. H, host; PTC,
proliferating tumour cells; PEC, proliferating endothelial cells; D, drug. Pharmacological interactions in vivo: (a) D—H, therapeutic effect

with high systemic toxic side-effects; H—D, possible drug metabolism, possible immune reactions, etc; D—>PTC, antiproliferative effect on
mmonr cells {activity): PTC—oD_ chemaoresistance: PTLC—oH_effects of disease on the host: HoPTC_ natural defenceg of the hogt acainet the
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tumour, immune response. (b) D—H, therapeutic effect without relevant systemic toxicity; H—D, possible drug metabollsm, possible

immune reactions, etc; D—PEC, inhibition of intratumoral endothelial cell growth (activity); PEC—D, lack of resistance to therapy; PEC—H,

effects of the proiiferation of vesseis on tumour growth and its effects on the hosi; H—>PEC, possibie naturali controls on proliferating vessels,
immune response.
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of the two pathways; (iv) by increasing hypoxia, anti-endothelial
agents could synergise with hypoxia-activated anticancer drugs
[44]. This could greatly increase the differential toxicity by
having two classes of agents which show marked differences
between normal tissues and tumours; and finally, (v) duration of
the efficacy of chemotherapy is generally brief in time due to the
emergence of chemoresistance followed by tumour regrowth
[3, 6], but this does not seem to occur for endothelial cells versus
angiogenesis inhibitors {23, 25].

In conclusion, emphasis must be made on the importance of

nat ucing antianainoanic driige alana hut hy truvine ta kill calle
oot using ant-angiogeniC arugs aione, oul oy wying o Kiu C&us

in a synergistic approach, because either anti-angiogenic therapy
and conventional anti-cancer therapy alone may have major
disadvantages.

APPROACH AND PROSPECTIVES

Which are the most promising prospectives for the future
therapeutic application of angiogenesis research? (i) From a
hypothetical point of view, a drug able to prevent the switch
from the prevascular to the vascular phase of tumour growth
should be an effective chemopre'ventive agent, thus preventing
tumour invasiveness and prcgressmn In this settmg mape'w"Skl
and colleagues {45] have proposed that one of the possible

mechanisms for the anti-neonlastic nroperties of retinoids and
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beta-carotene, which are now under clinical evaluation as chemo-
preventive agents, is the inhibition of tumour-induced angiogen-
esis, as found in a model of cutaneous angiogenesis in BALB/c
mice. Testing a combination therapy of these compounds with a
more specific angiogenesis-inhibitor agent [26-32] is warranted;
(ii) a possible synergism between two or more angiogenesis
inhibitors, with diverse mechanisms of action, may occur with-
out enhancement of acute systemic toxicity or cumulative tox-
icity for these compounds {37, 43].
to believe that such a combination may be given for long periods
of time as a maintenance therapy in some solid tumours. This
could be an advantage over chemotherapy which, in some
instances, must be discontinued in responding patients due to
the development of dose-dependent toxicities (i.e. cardiotoxicity
for anthracyclines and nephrotoxicity for cisplatinum), (iii)
because the main effect of some angiogenesis inhibitors (such as
AGM 1470) is the antimetastatic action, one could expect that a
combination of these compounds with chemotherapy or hor-
mone therapy should be particularly effective in an adjuvant
setting, for example, in breast and colon cancers with an elevated
frequency of post-operative recurrence; and finally (iv) it will be
of interest to verify in future studies if the immunocytochemical
assessment of intratumoral vascularisation may be useful
(predictive value) in selecting patients whose tumours have the

highest microvessel counts for anti-angiogenic therapy [46].
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