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INTRODUCTION

The ability of malignant tumours to metastasise largely is

responsible for their lethality. Such is the intransigent nature

of this process that patients with metastatic disease from a

solid tumour almost invariably are incurable. Thus, despite

the advent of better local treatment in the form of surgery and

radiotherapy and systemic chemotherapy, the clinical chal-

lenge in oncology remains that of combating metastatic

spread. There is, therefore, a pressing need to understand the

underlying molecular and cellular mechanisms of tumour

dissemination so as to develop novel therapies based on this

knowledge. This review cannot be exhaustive and instead will

focus on several selected areas of investigation which may,

eventually, hold potential for intervention.

THE METASTATIC CASCADE

The metastatic cascade is illustrated schematically in

Figure 1. Having disengaged from its primary site the meta-

static tumour cell must invade the surrounding stroma, enter

the vasculature or lymphatic system, survive and arrest at a

distant site. From here it extravasates into the tissue and,

after elaboration of a blood supply, grows and develops into a

secondary mass. The parallels between many of these steps

and those involved in the migratory behaviour of leucocytes

during in¯ammation or the initiation of new tissue growth

and angiogenesis during wound healing have provided the

identity of many of the molecules thought to be involved in

tumour dissemination. Key processes involved include changes

in cellular adhesion, the production of proteolytic enzymes

capable of degrading the stroma and the secretion of a variety

of cytokines which attract and activate stromal cells and

endothelial cells during invasion and angiogenesis.

CELL ADHESION MOLECULES (CAMs)

The initial escape of a tumour cell from its primary site

requires the loss of cell±cell attachment which, in epithelial

tumours, is mediated largely by the members of the cadherin

family and in particular by E-cadherin. Alterations also occur

in the nature of adhesion events between the released tumour

cells and the extracellular matrix which allow the motile neo-

plastic cells to migrate over underlying substrates. Integrins

are of prime importance in these cell-substrate interactions.

Other adhesion molecules, such as those of the immunoglob-

ulin superfamily and/or the selectin family, are involved in

several heterophilic cell±cell interactions including the

adherence of tumour cells to the endothelium. There are then

many steps in tumour cell spread which involve cell±cell and

cell-substratum adhesion receptors and which may depend

upon changes in the functional status of these molecules.

CADHERINS

Cadherins are a family of calcium-dependent cell adhesion

molecules which mediate predominantly homotypic cell±cell

interactions and play a key role during morphogenesis as well

as in maintenance of the diVerentiated phenotype. They are

trans-membrane glycoproteins with a highly conserved cyto-

plasmic tail which interacts with the cytoskeletion via the

intracellular proteins a, b and g catenins. Deletion of the

cytoplasmic tail, or modi®cation of the catenin, abrogates

cadherin function suggesting that the catenins have a major

role in regulating adhesive activity. The cadherin family con-

tains several members, including E-cadherin which is

involved in epithelial cell±cell adhesion.

Following the demonstration that diVerentiated kidney

epithelial cells (MDCK) adopted a ®broblastic morphology

and became invasive in collagen gels in response to mono-

clonal antibodies (MAb) against E-cadherin [1, 2], additional

in vitro evidence of the importance of this molecule in con-

trolling cell invasion was soon acquired. Loss of E-cadherin

in breast cancer cell lines was correlated with the presence of

other markers of the metastatic phenotype such as vimentin,

in vitro invasiveness and a ®broblastoid phenotype [3]. In an

oesophageal cell line, E-cadherin negative clones lacked

intracellular adhesion and had increased invasiveness [4],

whilst the de novo expression of E-cadherin in the breast line

MDA MB 231 reduced the ability of tumour cells to form

osteolytic bone metastases in nude mice [5]. Interestingly, in

the breast cancer cell subline MCF7/6 tamoxifen was found

to restore E-cadherin expression and to suppress the invasive

phenotype [6, 7]; an unexpected eVect which might partially

explain some of the antimetastatic eVects of this drug.

These experimental results have been paralleled by an

ever-growing number of immunohistochemical studies doc-

umenting loss or reduction of E-cadherin expression in
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malignant disease. Consistent loss of E-cadherin expression

has been reported in lobular breast cancer [8±10], although

expression is also reduced in poorly diVerentiated ductal car-

cinoma in situ [11] and invasive ductal carcinoma [9]; in the

latter, such reduction has been found to correlate with other

poor prognostic indicators such as grade [9]. Similar correla-

tions between loss of E-cadherin protein and increasing

malignancy have been demonstrated in carcinoma of the

prostate [12±14], stomach [15], bladder [16±18], colorectum

[19, 20] and pancreas [21].

However, loss of E-cadherin protein is not the only way

that cell±cell cohesion could be abrogated. Changes in catenin

expression could also lead to loss of cadherin function. In

squamous cell carcinoma of the oesophagus, reduction of alpha

catenin correlates with poor prognosis [22] and, in a small

series, reduced alpha catenin was found to be associated with

metastasising breast carcinomas [23]. The ®ndings that the

adenomatous polyposis coli (APC) gene product, which is

mutated in many sporadic and inherited tumours, associates

with a and b catenin was the ®rst indication that the catenins

might have a wider role in malignancy than simply through

modulating cellular adhesion [24]. In a recent series of

reports [25±28], it has become clear that b-catenin also binds

to the DNA binding proteins of the T cell factor-lymphoid

enhancer factor (Tcf-Lef ) family. Normally the APC protein,

in concert with glycogen synthase kinase (GSK)-3b, binds

and regulates levels of free b-catenin by regulating degrada-

tion. In APC mutant cells, the levels of free b-catenin rise

and, by binding to Tcf-Lef, drive gene expression. It has been

shown that some of the genes expressed as a consequence of

these events may be involved in inhibiting apoptosis or in

stimulating cellular proliferation. Since mutations in b-cate-

nin also can activate this b-catenin-Tcf signalling pathway

[27] it is clear that this protein also can act as an `oncogene'.

Thus, the role of the cadherin-catenin complex in regulat-

ing tumour progression is not attributable solely to eVects on

cell adhesion and migration [29], but probably also encom-

passes modi®cation of neoplastic cell growth and survival.

INTEGRINS

Integrins comprise a diverse family of receptors that

mediate adhesion between the cell membrane and the extra-

cellular matrix (ECM) or other cell adhesion molecules

(CAMs). They are composed of two non-covalently asso-

ciated a and b subunits and the combination of 8 b subunits

with at least 14 a subunits generates an heterogeneous family

of over 20 heterodimers. Ligand speci®city is determined

largely by the subunit composition and whilst some receptors

are promiscuous and bind a wide range of ligands, others are

more speci®c. It was initially thought that integrins func-

tioned merely as transmembrane rivets linking the cells to the

ECM, but in recent years it has become evident that integrins

can transduce signals [30] and in¯uence functions as diverse

as migration, diVerentiation and apoptosis [31±33]. Further-

more, the cell is able to activate or inactivate certain integrins

in response to other signals, thus allowing rapid modulation

of adhesive and de-adhesive activity. Evidence that integrins

are involved in metastasis comes from both histological and in

vitro studies.

DiVerences in integrin expression between normal and

malignant tissue have been documented for many tissue

types. In epithelial tumours, there is a considerable amount of

heterogeneity, but some consistent patterns have emerged. A

reduction or change in the distribution of laminin and col-

lagen receptors has been found in breast [34, 35], pancreas

[36, 37], colon [38±41] and lung [42, 43] cancers suggesting

that loss of attachment to the basement membrane, which is

composed largely of laminin and type IV collagen, is impor-

tant for facilitating tumour development. Intriguingly, Natali

[44] has observed normal levels of expression of the laminin

receptor, a6b4, in breast cancer metastases in the lymph node

compared with that observed in the primary tumour or

Figure 1. Stages of metastasis.
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pleural metastases where levels were reduced. This raises the

possibility of this occurring by clonal selection (i.e. the transit

to or the arrest of speci®c subsets of tumour cells by diVerent

organs) or modulation of integrin expression by the host tis-

sue micro-environment. Not all tumour types manifest a

generalised down-regulation of integrin expression. Thus, in

contrast to epithelial tumours, melanoma has been shown to

exhibit an up regulation of integrins, including avb3, during

the vertical growth phase of tumour growth and in the

metastases [45].

There is much experimental data supporting the probable

role of integrins in modulating metastasis. Several studies

have examined the eVect of over-expressing integrins in recip-

ient tumour cells. Transfection of transformed Chinese ham-

ster ovary cells with the ®bronectin receptor, a5b1, reduced

their migration, their proliferation rate and rendered them

non-tumorigenic [46]. Similarly, re-expression of a2b1 in a

poorly diVerentiated mammary carcinoma caused the cells to

revert to a more diVerentiated phenotype and to exhibit loss

of tumorigenicity [47]. Although these data ®t well with the

naturally occurring observed changes in human disease, other

investigators have shown that the adhesive interactions

mediated by integrins are a necessary requirement for metas-

tasis formation. Thus, the co-injection of a peptide, contain-

ing the recognition site of many integrins, the so-called RGD

binding motif, with B16-F10 murine melanoma cells inhib-

ited the formation of experimental lung metastases in reci-

pient syngeneic mice [48]. Both subcutaneous tumour

growth and experimental lung metastasis, resulting from the

implantation of the human M21 melanoma line into nude

mice, were inhibited by 17E6, a MAb directed against the av

subunit [49]. Similarly, with a human breast cancer cell line,

experimental metastasis was inhibited by MAbs against the

a5b1 ®bronectin receptor [50], whilst inoculation of nude

mice with a polymeric form of ®bronectin inhibited the sub-

sequent formation of metastasis by melanoma, osteosarcoma

and colon carcinoma cell lines [51].

There is an apparent paradox here, with integrins being

down-regulated in the more progressed stages of many

human tumours and yet apparently being important mol-

ecules for facilitating the occurrence of metastasis. It recently

has been shown that integrin-dependent migration is aVected

by three variables, namely substratum ligand density, level of

integrin expression and integrin-ligand binding aYnity [52].

These diVerent parameters may have a profound in¯uence

upon the behaviour of diVerent tumour types. Clearly the

nature of the substrate will vary according to anatomical

location and both integrin expression and integrin aYnity can

be modulated by local cytokines [53, 54]. Thus, although

immunohistochemical studies imply that changes in integrin

expression are important, they cannot tell us anything about

the functional activity of such molecules. It may be that a

receptor is highly expressed but has a low level of activation

or vice versa. We have observed this phenomenon in breast

cancer cell lines which express the vitronectin receptors avb1

and avb5. Those lines derived from tumours adhered well to

vitronectin via these integrins yet the cell line MCF10A,

derived from benign breast disease, adhered poorly to the

same substrate despite exhibiting equivalent levels of cell

surface expression of these molecules [55]. Another study

utilising breast cancer cell lines has shown that the level of

a2b1 integrin expression is not clearly related to any par-

ticular phenotype, but mediates binding to collagen by all

expressing cells. However, this receptor was found to bind to

laminin only in the more diVerentiated lines that were shown

to be E-cadherin and oestrogen receptor positive [56].

Clearly the simple immunohistochemical measurement of

receptor levels alone must be interpreted with caution in the

absence of much of this additional information.

THE IMMUNOGLOBULIN SUPERFAMILY

A number of cell adhesion molecules have been shown to

contain one or more Ig-like domains and thus are classi®ed as

members of the immunoglobulin superfamily. These cell

surface receptors are involved in both homophilic and het-

erophilic interactions with a variety of diVerent ligands and

play major roles in determining embryonic and neural devel-

opment, wound healing and in¯ammation.

It has been proposed that these molecules are involved

speci®cally in the process of leucocyte interaction with, and

extravasation across, the endothelial wall. During in¯amma-

tion, cytokines including TNFa and interleukin-1, induce the

expression of such immunoglobulin family members as

ICAM-1, ICAM-2, V-CAM and PECAM on the endothelial

wall. These interact with a number of integrins expressed on

the surface of leucocytes causing them to arrest prior to

extravasation. This physiological process has provided a

paradigm for the way in which haematogenous metastasis

might occur. ICAM-1 and ICAM-2 bind to the b2 integrins

expressed on circulating leucocytes [57] and, since ICAM-1

has also been shown to be a marker of progression in malig-

nant melanoma [58], it is conceivable that an indirect inter-

action with leucocytes may mediate binding between the

tumour cell and the endothelium, thus allowing its enhanced

extravasation at a metastatic site. Equally the integrin a4b1,

which binds to VCAM [59], may subserve a similar role in

renal cell tumours, melanoma and sarcomas where a4b1 has

been found to be upregulated in more advanced disease [60±

62]. PECAM has also recently been shown to bind avb3 [63],

an integrin which, as already stated, appears to be expressed

at an enhanced level at the cell surface in advanced malignant

melanoma. Direct evidence for the role of this family of

adhesion receptors in the metastatic process is, however,

scant and most of the attributed activities are based upon

speculation.

SELECTINS

Members of the selectin family were identi®ed initially on

platelets, leucocytes and endothelium (P, E and L selectin,

respectively). The calcium-dependent lectin domain situated

at the distal end of the extracellular portion of the molecule

binds to the carbohydrate ligand sialyl-Lex which is expressed

on neutrophils and monocytes. During in¯ammation, selectin

expression is induced and is then responsible for the low

aYnity binding which initiates leucocyte rolling, which is fol-

lowed by arrest and extravasation mediated by the integrin, Ig

superfamily interaction. Again, this process may serve as a

paradigm for the mechanisms involved in tumour cell arrest

and extravasation.

Sialyl Lex and its isoform sialy-Lea have been found on

several diVerent carcinomas (colon [64] and stomach [65])

and such cells have been shown to bind to activated endo-

thelium [66] by this mechanism. In colorectal cancer, the

increased expression of sialy-Lex has been shown to correlate

with clinical stage and metastatic potential [67] and, in a

study of selectin ligands in skin tumours, metastatic
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squamous cell carcinomas were all found to express sialyl-Lex

whereas it was absent from normal skin and basal cell carci-

noma [68].

OTHER CELL ADHESION MOLECULES

Several other CAMs, including CD44 and the 67±69 kDa

laminin-elastin binding protein, have been implicated as

having a role in metastatic spread, but examination of their

involvement in this process is beyond the scope of this review

and the reader is referred to other sources for further discus-

sion [69, 70].

THE ROLE OF PROTEOLYTIC ENZYMES

An essential step in the metastatic cascade is breach of the

basement membrane and invasion of the surrounding stroma.

There are a wide range of proteolytic enzymes that might

contribute to this process. Many of these have been shown to

have prognostic implications when identi®ed in tumour sam-

ples or to increase the invasiveness of cells in an experimental

setting.

There are three main families of proteolytic enzymes

thought to be involved in tumour malignancy: (1) the serine

proteases which include urokinase plasminogen activator

(uPA), elastase, plasmin and cathepsin G; (2) the matrix

metalloproteinases which comprise the gelatinases, the inter-

stitial collagenases, the stromelysins and matrilysin; and (3)

the cysteine proteases, the cathepsins B and L.

The regulation of enzyme activity is complex and is a

function not only of the level of expression of the enzyme

itself, but also of the concentration of activating and inhibi-

tory factors; the production and secretion of any of which

could be aVected during malignant transformation.

UROKINASE PLASMINOGEN ACTIVATOR AND

ITS RECEPTOR

The uPA/uPAR system has been shown to play a key role

in many physiological processes including embryogenesis,

angiogenesis and wound healing and there now is consider-

able evidence for its importance in a wide spectrum of

tumour types.

uPA is secreted in an autocrine or paracrine manner as an

inactive single chain precursor pro-uPA which binds to a

glycosyl-phosphatidyl-inositol (GPI) linked membrane

receptor (uPAR) [71]. On binding it is cleaved to an active

two chain enzyme by membrane bound plasmin and, in this

form, catalyses the conversion of plasminogen to plasmin.

Plasmin in turn can directly degrade circulating or tissue

proteins as well as activate zymogens, mainly of the matrix

metalloproteinase family, or growth factors. The activity of

uPA also is regulated by four inhibitors, plasminogen acti-

vator inhibitor (PAI)-1, 2 and 3 and protease nexin 1. PAI 1

is associated with the extracellular matrix protein vitronectin

which acts as a carrier molecule and forms a complex with the

receptor-bound uPA. The complex is then internalised, par-

tially degraded and the uPAR re-expressed on the cell sur-

face. The conversion of receptor bound pro-uPA to its active

form proceeds at a rate 20-fold higher when bound to its

receptor rather than when in solution and the system thus

provides a means of initiating a cascade of proteolysis which

can be focused at a particular point on the cell surface. In

vitro, it has been noted in several cell types that uPAR local-

ises to focal contacts where it is associated with integrins

[72, 73]. Furthermore, the uPAR is able to serve as a cell

surface receptor and mediate adhesion to vitronectin [74] and

in¯uence integrin function [75]. In summary, the uPA/UPAR

system provides a means of directing proteolysis at sites of

focal contacts and could well be a pivotal feature of neoplastic

migration.

Immunohistochemical studies have revealed components

of this proteolytic system to be located at the invasive edge of

cancers and also in the associated stromal cells [76], suggest-

ing that complex interactions exist between tumour and

stroma during the invasive process. In several tumour types,

uPA, uPAR and PAI 1 have emerged as prognostic indica-

tors. In breast cancer, for example, higher tumour levels of

uPA have been associated with higher relapse rate [77] and,

in univariate analysis, found to be a better discriminator for

disease-free survival than lymph node status, tumour size or

oestrogen receptor levels [78]. High uPAR levels in breast

cancers have also been linked to a worse prognosis [79] and,

in one study, the expression level in the stroma was found to

correlate more positively with relapse than did expression in

the neoplastic cells themselves [80]. Similar observations

have also been made in colorectal cancer [81] and gastric

cancer [82].

Experimental data also suggest a role for the uPA/uPAR

system in modulating the aggressive behaviour of tumours

and this knowledge oVers some prospects for future thera-

peutic intervention. In a rat breast cancer model, over-

expression of uPAR increased the in vitro invasiveness of such

cells and also led to the growth of larger tumours and the

enhanced occurrence of metastasis [83]. Moreover, uPA

over-expression in human prostate cells led to earlier spinal

cord compression and more widespread skeletal metastases

when such transfected cells were injected into the left cardiac

ventricle of nude rats [84]. Conversely, MAbs against uPA,

when injected into mice inoculated with syngeneic tumour

cells, signi®cantly inhibited the development of lung metas-

tasis [85]. Recently antisense technology has also been used

to down-regulate uPAR expression in human glioblastoma

and human squamous cell carcinoma cell lines resulting in

decreased in vitro invasiveness of treated cells relative to their

control counterparts [86, 87].

MATRIX METALLOPROTEINASES

The matrix metalloproteinases (MMPs) are a diverse

family of zinc-dependent endopeptidases with a broad spec-

trum of activity. They can be divided according to their sub-

strate speci®city into the gelatinases, the collagenases and the

stromelysins and they are secreted as inert zymogens which

become activated by cleavage of the amino terminus in the

extracellular milieu. In vitro their expression can be increased

by a variety of growth factors and cytokines and their con-

version to active enzymes can be induced by plasmin or

trypsin. Equally their activity can be inhibited by three known

tissue inhibitors of MMPs (termed TIMP 1, 2 and 3) whose

own expression also is in¯uenced by local cytokines and

growth factors. Thus, during normal physiological events the

activity of these enzymes is tightly regulated. In malignant

disease this regulation can be disrupted, contributing to the

increased invasion and tissue destruction which is a hallmark

of malignant disease.

The best evidence for the importance of these enzymes in

the metastatic process comes from work on the type IV col-

lagenases or gelatinases (MMP-2 and MMP-9) whose

expression is increased in several tumour types compared
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with normal adjacent tissue [88]. The metastatic potential of

many neoplastic cells can be blocked by the introduction of

cDNAs encoding for the TIMPS [89]. Expression of the

degradative enzymes is not, however, restricted solely to the

tumour and, in colorectal cancer for example, high expression

of MMP-2 and TIMP-2 has been documented in the adja-

cent stromal cells [90].

As mentioned above, the activity of the MMPs and TIMPs

can be in¯uenced, often diVerentially, by growth factors such

as TGF-b and bFGF which are released from the ECM dur-

ing degradation. This phenomenon may serve to amplify the

degradative process and also emphasises the dynamic nature

of the metastatic cascade whilst illustrating the importance of

the micro-environment.

Stromelysin 3 initially was identi®ed speci®cally in the

stromal cells associated with breast carcinoma tissue [91] and

subsequently has been found in a variety of other tumour

types, including squamous cell carcinoma of the head and

neck [92] and colon cancer [93]. Recently, we have shown

that reporter genes placed under the transcriptional control of

the Stromelysin 3 promoter can be upregulated by con-

ditioned medium from some breast carcinoma cell lines.

These results suggest that the tumour releases cytokines

which are capable of stimulating the stromal cells to upregu-

late proteases and thereby participate in matrix degradation

[94].

The possibility of blocking matrix degradation as a thera-

peutic strategy is currently being explored in phase 2 clinical

trials. The MMP inhibitor, Batimastat, has been shown to

inhibit human tumour growth and spread in nude mice [95]

and its orally administered derivative, Marimastat, is under-

going clinical evaluation.

ANGIOGENESIS

It is now well established that for a tumour to grow beyond

1±2 mm in diameter, an independent blood supply is required

[96] and this neovascularisation is itself an important pre-

requisite for the release of tumour cells into the circulation

[97].

The impact of angiogenesis in clinical terms has been

demonstrated in many tumour types, including breast and

lung, in which microvessel density has been shown to corre-

late with metastasis and survival [98].

Both tumour cells and stromal cells, including the endo-

thelial cells themselves, each produce a number of positive

and negative regulators of angiogenesis which act in either a

paracrine or autocrine manner to control endothelial cell

growth. It is the ®ne balance between these various factors in

the local environment which seems to be crucial in deter-

mining the eventual angiogenic response.

There is an ever growing list of so-called angiogenic factors

(VEGF, bFGF, FGF, PDGF, ILGF 1 and TNFa) although

the validity of this speci®c label is, in many cases, uncon-

®rmed by experiments of appropriate rigour. One angiogenic

factor which is not subject to such caveats is vascular endo-

thelial growth factor (VEGF) [100]. The action of this

growth factor appears to be restricted to endothelial cells and

its production is stimulated by hypoxia, as occurs frequently

in tumours, making it likely to play a major role in determin-

ing neovascularisation in vivo. Indeed the inhibition of this

growth factor using antibodies has been shown to slow

tumour growth in selected experimental models [101].

The presence of angiogenic factors alone may not be suf-

®cient to induce new vessel formation in that such stimulating

agents have to function in the presence of inhibitory factors.

One such angiogenesis-inhibitory factor is thrombospondin

which is produced by normal cells, but often is down-regu-

lated in tumorigenesis [102]. Interestingly thrombospondin

expression appears to be regulated by p53 and ®broblasts

from patients with Li-Fraumeni syndrome, which have lost

functional p53 and have low thrombospondin levels, can be

rendered non-tumorigenic by the re-introduction of cDNA

encoding for p53 which allows re-expression of thrombos-

pondin [103]. Another inhibitor, angiostatin, recently has

been identi®ed in the murine Lewis lung carcinoma tumour

model [104]. This protein, which is present in the circulation

of tumour-bearing animals but disappears when the primary

tumour is removed, appears to suppress the induction of

angiogenesis. Removal of the primary tumour led to a decline

in levels of angiostatin and a concomitant increase in metas-

tasis development [104]. Thus, local production of VEGF,

which has a half life of three minutes and very low levels in

the circulation, has been suggested to be suYcient to main-

tain angiogenesis in the primary tumour but angiostatin,

which has a half life of 2.5 days, suppresses angiogenesis in

metastatic tumours [104]. The precise signi®cance of this in

human tumorigenesis is unclear at the present time, but it not

only serves as an example of the complex interactions

between various factors in the maintenance and growth of

metastases, but may also help to explain the apparent dor-

mancy of metastasis on the one hand and, on the other hand,

the metastatic burst sometimes observed following primary

tumour clearance [105]. A number of other inhibitors of

angiogenesis also have been identi®ed, including a- and b-

interferon, Interleukin-8 and endostatin [106], which gives

rise to the hope that such naturally occurring substances may

hold potential for therapy.

As a therapeutic target, tumour angiogenesis has several

attractions. It is envisaged that because only proliferating

endothelium is targeted, toxicity would be low. Additionally

the problem of drug resistance is overcome because endo-

thelial cells lack the inherent genetic instability which facil-

itates the emergence of drug-resistant clones in populations

of transformed cells. Tumour penetration would not be so

important for any anti-angiogenic drugs which would natu-

rally reach the endothelial cells lining the blood vessel

lumena, while any such approach might be used in combina-

tion with conventional cytotoxic chemotherapy [107].

Several compounds already have shown promise in in vivo

models, including fumagillin [108] and platelet factor-4

[109], and it is likely that many more such drugs will be

developed in the next few years. It is worth noting, in this

context, that inhibitors of proteolytic enzymes, designed to

prevent tumour cell-mediated destruction and invasion, also

will block endothelial-cell derived proteases involved in the

invasion of these blood vessel cells during the neovascular-

isation process. The search for antigens speci®c to proliferat-

ing endothelial cells has identi®ed the vitronectin receptor as

a possible target [110]. Antibodies directed against avb3 have

been shown to inhibit cytokine-induced angiogenesis in the

chick chorioallantoic membrane model [111] and the growth

of breast cancer in a human chimera model in the SCID

mouse [112]. Recently, subcutaneous injections of a cyclic

peptide containing the RGD sequence have successfully

inhibited retinal neovascularisation induced by hypoxia

[113]. These encouraging preliminary results suggest that the
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targeting of the tumour-associated angiogenic response may

provide a means of regulating cancer growth and metastatic

development.

CONCLUSIONS

Improved understanding of the molecular basis of meta-

static spread promises to identify novel targets for therapy.

Already agents developed from such knowledge have found

their way into the clinic and this situation is likely to accel-

erate in the near future with the identi®cation of novel gene

products involved in regulating tumour malignancy.
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