
Ann R Coll Surg Engl 2006; 88: 525–529 525

Angiogenesis, the process of new blood vessel formation
from pre-existing vessels, and vasculogenesis, the process
of vessel development from progenitor cells, are both
important in a range of physiological and pathological
conditions, including cancer formation.1,2 An understanding
of the mechanisms involved in angiogenesis is vital to
surgeons involved in the management of patients with
malignant disease.

Literature search

A comprehensive Medline search was performed using the
terms ‘angiogenesis’ and ‘neovascularisation’. Further
searches were performed by combining these terms with
several other key terms, for example ‘tumour’, ‘anti-
angiogenic therapy’, and ‘surgery’. Article reference lists were
also reviewed. This article represents the authors’ collation
and interpretation of data from recently published studies.

Angiogenic mediators and mechanisms

Angiogenesis may be a physiological phenomenon associated
with wound healing, inflammation and menstruation, or it

may be a pathological process (when it is often termed neovas-
cularisation), in conditions such as diabetic retinopathy,
rheumatoid arthritis, and cancer.3 Physiological angiogenesis
is tightly controlled; however, in the pathological setting, it
escapes regulation and excessive neovascularisation
ensues.4 The angiogenic cascade involves a complex
interaction between tumour cells and host immune cells
and stromal cells, namely endothelia and modified smooth
muscle cells called pericytes. Throughout the angiogenic
process, the cellular and molecular mediators are regulated
by autocrine and paracrine mechanisms, resulting in a
coherent interplay between pro- and anti-angiogenic
factors (Table 1).

One of the most extensively studied angiogenic factors is
vascular endothelial growth factor (VEGF), which is
thought to have a role in many of the steps of the angiogenic
cascade. It is a protein secreted by nearly all cells2 and
occurs as several isoforms.5 Its release is regulated by
cytokines, oncogenes, and tumour suppressor genes,6 and
its action is to activate endothelia and increase the vascular
permeability, allowing escape of proteins into the extravas-
cular space to provide the lattice needed for endothelial
migration.7 The conversion of immature to mature vessels
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requires the migration of pericytes and other accessory
cells under the influence of angiopoietin-1 and platelet-
derived growth factors (PDGFs).8 Many other angiogenic
mediators are involved in endothelial activation and migra-
tion, as well as extracellular matrix invasion and capillary
tube formation (Table 1). The important thing to consider is
that these processes are not the result of a single mediator,
but result from the interaction of multiple factors.

Angiogenic mediators produced by tumour and host cells
diffuse to nearby existing vessels and bind to endothelial
receptors, resulting in endothelial activation and anti-apop-
totic molecule expression, an effect mediated primarily by
VEGF and bFGF.9,10 The proliferation of activated endothe-
lial cells characteristically leads to sprouting of microves-
sels (Fig. 1), involving initial basement membrane degrada-
tion (secondary to proteases such as MMPs and plasmino-
gen activator11), destabilisation of the endothelial lining
(under the influence of VEGF and angiopoietin-2), and
finally migration of activated endothelia along a fibrin
skeleton of extracellular matrix (facilitated by the release of
adhesion molecules such as αv1β3 and αv1β5 integrins12).
The new vessels formed are leaky as they have an incom-
plete basement membrane, and so are stabilised by recruit-
ment of smooth muscle cells and pericytes via cytokines
such as PDGF.13

Tumour angiogenesis

Angiogenesis is fundamental to tumour growth, invasion
and metastasis. For a cancer to grow more than 2–3 mm3, it
requires its own blood supply to meet the demands of
tumour cell metabolism.14 The rich vascular network

typical of solid tumours allows entry of tumour cells into the
circulation, thereby facilitating the metastatic process.2

Similarly, micrometastases need to acquire a circulation at
a site distant to the primary tumour in order to survive.
Angiogenesis is, therefore, associated with all stages of the
angiogenic cascade,15 and involves a gradual loss of cell cycle
regulation, with an imbalance of pro- and anti-angiogenic
factors. For most tumours, the switch to an angiogenic
phenotype is a discrete step in the malignant process,16 and

Angiostimulators Angio-inhibitors

Vascular endothelial growth factor (VEGF) Thrombospondins-1, -2
Basic and acidic fibroblast growth factors (bFGF, aFGF) Endostatin
Platelet-derived endothelial cell growth factor Angiostatin
Matrix metalloproteinases (MMPs) Interferons α and β
Insulin-like growth factor (IGF) Interleukin-12 (IL-12)
Epidermal growth factor (EGF) Tamoxifen
IL-1, IL-4, IL-6, IL-8, IL-15 Thalidomide
Angiogenin Captopril
Integrins αv1β3 and αv1β5 Dexamethasone
Endotoxin Indomethacin
Endothelin-1 Diclofenac
Angiopoietin-1 (Ang-1) Angiopoietin-2 (Ang-2)
Tumour necrosis factor (TNF)-α (in vivo) TNF-α (in vitro)

Table 1 Pro- and anti-angiogenic agents4,17

Figure 1 The stages of neovascularisation (BM, basement membrane).



ATKIN CHOPADA TUMOUR ANGIOGENESIS: THE RELEVANCE TO SURGEONS

Ann R Coll Surg Engl 2006; 88: 525–529 527

may be brought about by changes in the local tumour
environment, such as inflammation, hypoxia, and acidosis, as
well as altered gene expression by tumour and host cells,
such as the loss of the tumour suppressor gene p53.17 Once
the angiogenic switch has occurred, tumours grow
exponentially due, in part, to the symbiotic relationship that
exists between tumour and endothelial cells, in that
angiogenic factors secreted by tumour cells result in an
increase in the number of local blood vessels, which in turn
secrete paracrines that increase tumour growth.18

Pro- and anti-angiogenic therapies

There has been considerable recent interest in anti-
angiogenic therapies, with a wide range of agents being
devised that inhibit one or more steps of the angiogenic
process. Direct anti-angiogenic agents, such as thalidomide
and endostatin, specifically inhibit endothelial cell
proliferation, whereas indirect agents, such as the VEGF
monoclonal antibody bevacizumab, inhibit the endothelial-
tumour cell communication which co-ordinates the
angiogenic response.19,20 Anti-angiogenic therapies can also
be classified as true angiogenic inhibitors, which halt vessel
sprouting but have no effect on established vessels, vascular
targeting agents, that target pre-existing vessels and result
in tumour necrosis, and non-selective anti-angiogenic
agents, which exert a range of effects on a number of cell
types, not just tumour vessel endothelia.3 Optimal anti-
angiogenic agent selection as well as dosing schedule and
timing of administration have yet to be determined.
Combinations of agents, each with a different mechanism of
action, may be synergistic;21 similarly, combining anti-
angiogenic agents with standard chemotherapy22 and
radiotherapy23 regimens may be beneficial. Further clinical
studies are needed to optimise patient selection for anti-
angiogenic therapies, and determine their contribution
alongside standard treatment modalities, as inhibition of a
single agent is unlikely to affect the complex interaction of
the multiple factors characterising the angiogenic process.

Promotion of angiogenesis may actually be therapeuti-
cally desirable in ischaemic conditions such as coronary
and peripheral artery disease. There has been recent inter-
est in gene therapy techniques aimed at increasing the con-
centration of angiogenic mediators such as VEGF and FGF
in ischaemic tissues, in order to augment new vessel formation
in response to ischaemia.24 In contrast, the inhibition of delete-
rious genes has been investigated in vasoproliferative disorders,
such as those occurring after vascular bypass procedures lead-
ing to restenosis and graft failure.25 Pro-angiogenic therapies
involve administering a viral or plasmid vector containing the
target gene to the region of interest, either by intravascular infu-
sion or intramuscular injection, and the vector DNA encoding
the gene becomes incorporated into the host tissue DNA. An

alternative approach is to deliver recombinant protein
directly to the ischaemic tissue, but this requires prolonged
administration of high concentration protein to ensure ade-
quate tissue uptake, thereby increasing the likelihood of
adverse effects.24 Safety concerns regarding pro-angiogenic
therapy have been raised,26 such as non-specific vascular
stimulation resulting in conditions such as angiomas and
diabetic retinopathy.27 Infection resulting from administra-
tion of an adenoviral vector has also been reported,28 and
local effects of VEGF administration have been document-
ed, such as increased vascular permeability leading to
oedema following intramuscular injection.26 Controlled
clinical trials are being conducted into the efficacy of gene
therapy techniques for ischaemic heart and brain diseases
as well as peripheral vascular disease.

The effect of surgery on the angiogenic cascade

Surgical wounds are perfect environments for tumour
growth and metastases.29 A colonic anastomosis or
laparotomy wound is a thousand times more likely to
develop a metastatic deposit from circulating tumour cells
than normal tissue.4 This is because the physiological
angiogenesis evident in surgical wounds creates suitable
conditions for implantation and subsequent proliferation of
circulating cancer cells, thereby increasing the likelihood of
local tumour recurrence.30 In addition, primary tumours
may inhibit the growth of metastases through the actions of
the anti-angiogenic mediators angiostatin and endostatin,31

which act to keep a metastatic cell cluster in a state of
dormancy. Subsequent resection of the primary tumour
may, therefore, favour metastatic growth by creating a pro-
angiogenic environment. This has been demonstrated in

Figure 2 Histological rectal carcinoma section showing blood ves-
sels stained by the endothelial marker CD31 (diaminobenzidine
labelled, x100).
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renal cell and breast carcinomas,32 as well as in the residual
liver following resection of colorectal metastases.33

For patients undergoing major surgery for malignant
disease, there appears to be a theoretical balance between
the physiological angiogenesis needed for wound healing,
and the concurrent facilitation of tumour progression sec-
ondary to angiogenic promotion. This latter concern might
suggest the need for intra- or peri-operative anti-angio-
genic therapy, but at the expense of impaired wound heal-
ing. Animal studies suggest anti-angiogenic agents do not
significantly impair cutaneous wound healing,32 but are
deleterious on intestinal anastomotic healing;34 however,
the paucity of human data in this area prevents firm conclu-
sions being drawn.

Measuring angiogenesis

The angiogenic potential of a tumour may be measured in
order to predict prognosis, monitor the tumour burden, and
assess the response to anti-angiogenic therapy. Direct
methods assess angiogenic mediators in actual tumour
samples, whereas indirect methods involve radiological
imaging of the tumour vasculature or measurement of
circulating angiogenic mediators.35 Direct methods, such as
immunohistochemical staining of tumour sections (Fig. 2),
have been considered the gold standard, but are limited by
the need for repeated invasive sampling procedures and the
lack of data on the functional status of the tumour
vasculature.36 Imaging modalities, such as CT and MRI,
have the advantage of being non-invasive and can be
repeated on multiple occasions in order to monitor disease
progression and the response to therapy. Conventional
angiography is too insensitive for accurate visualisation of

tumour microvessels,3 but ultrasound has been used to
measure tumour blood flow and volume, as well as deriving
a vascularity index.37 CT and MRI techniques involve
observation of changes in tissue enhancement following
intravascular contrast administration, with quantification of
tumour vascular estimates by mathematical modelling of
the contrast enhancement patterns (Fig. 3). Both have
excellent spatial resolution, but MRI is non-ionising, thereby
allowing repeated imaging without biological sequelae.
Nuclear medicine techniques, such as positron emission
tomography (PET) and single photon emission computed
tomography (SPECT), have also been investigated as
angiogenic imaging modalities.38 PET imaging in particular
appears promising for the measurement of tumour perfusion
and hypoxia.39,40

Conclusions

Angiogenesis is an important aspect of tumour biology, and
surgeons need to be aware of the mechanisms involved in
order to understand the pathophysiology of the disease
processes encountered in surgical practice.
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