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The Role of Angiogenesis 
in Cellular Processes  
and Disorders 

What is Angiogenesis? 

White Paper

Angiogenesis is the physiological develop-
ment of new blood vessels from existing ones 
– an essential process for embryonic and fe-
tal development, organ and skeletal growth, 
wound healing, and the menstrual cycle. 

Physiological angiogenesis is a highly orga-
nized sequence of cellular events, triggered 
by tissue hypoxia or insufficient oxygen ten-
sion, and is highly regulated and balanced by 

pro- and anti-angiogenic factors. Pathological 
angiogenesis however is less well controlled, 
in this state vessels rarely mature, remodel or 
regress in response to disease. Understanding 
angiogenesis more thoroughly will give re-
searchers insights into new therapies and tis-
sue engineering. While scientists have alrea-
dy made significant process in understanding 
angiogenesis, it is a complex process that is 

highly regulated, meaning there are many 
factors still to understand. Various assays are 
available to study the process, which we will 
cover in more detail below. 

Read on to discover more about how an-
giogenesis works, what causes angiogenesis 
to occur and the assays you can use to study 
angiogenesis. 
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While there are three processes that occur in 
the body to form new blood vessels (vascu-
logenesis, arteriogenesis, and angiogenesis), 
angiogenesis is the only process that occurs 
in adults. While angiogenesis typically occurs 
during processes we think of as growth (such 

as fetal development) it is also an integral part 
of the menstrual cycle. Once angiogenesis 
has occurred, newly formed blood vessels 
lined with endothelial cells enable immune 
surveillance and removal of waste products.

The process of physiological angiogenesis 

occurs in a highly organized and regulated 
sequence of events. These include vascular 
initiation, sprouting, formation, maturation, 
remodeling and regression. Each stage is re-
gulated to meet the requirements of the tissue 
angiogenesis is occurring in.

Figure 1: Image analysis of endothelial cell tube formation. (Left) Light microscopy image of PromoCell HUVECs cultured on Basement 
Membrane Extract for 17 hours. (Right) Calcein staining of PromoCell HUVECs cultured on Basement Membrane Extract for 17 hours using 
PromoCells’s Angiogenesis Assay Kit.

Sprouting angiogenesis was discovered 
around 200 years ago and is characterized 
by sprouts made up of endothelial cells that 
typically grow towards an angiogenesis 

stimulus like vascular endothelial growth fac-
tor A (VEGF-A). This kind of angiogenesis can 
enrich previously vessel-free tissue with blood 
vessels. 

Intussusceptive angiogenesis was only disco-
vered around twenty years ago and involves 
the splitting of interstitial tissues to form trans-
vascular tissue pillars.

Types of Angiogenesis? 

The Process of Angiogenesis
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Other factors inhibit angiogenesis. These include: 

 ■ Angiostatin
 ■ Endostatin
 ■ Interferon
 ■ Platelet factor 4
 ■ Thrombospondin-1 protein
 ■ Prolactin
 ■ Interleukin-12

Anti-angiogenic Factors 

Angiogenesis in Disease 

While angiogenesis is a necessary physio-
logical process, it is also involved in various 
diseases. In fact, it is the hallmark process of 
many diseases, in which angiogenesis should 
not be occurring under physiological con-
ditions. While physiological angiogenesis is 
highly controlled, pathological angiogenesis 
is less so – the vessels often do not mature, re-
model or regress. The ‘angiogenic switch’ re-
fers to the balance between angiogenic and 

anti-angiogenic factors, when unbalanced 
this can lead to disease. Over-proliferation of 
blood vessels caused by prolific angiogenesis 
is involved in several disorders, including: 

 ■ Hypertension and atherosclerosis 
 ■ Diabetes and obesity
 ■ Asthma and arthritis
 ■ Psoriasis, dermatitis and lupus
 ■ Cancer  

Of significance, cancers require the for-
mation of new blood vessels to grow and 
metastasize, therefore cancerous cells se-
crete substances that stimulate angiogenesis. 
When travelling to new sites, metastatic cells 
bring new blood vessels with them to enable 
growth in their new locations. A blood supply 
is essential to the survival of cancerous tissue, 
and therefore of great interest to researchers 
looking for cancer therapies.

Figure 2: Tumor angiogenesis. In order to grow and spread, a small localized tumor induces angiogenesis by secreting various proteins/growth factors (e.g. 
VEGF). Newly formed blood vessels provide a better supply with nutrients, oxygen and growth factors.

The Angiogenesis Market

As the global incidence of cancer continues 
to rise, the market for anti-cancer therapies 
increases concomitantly. Angiogenesis inhibi-
tors have potential as a unique cancer thera-
py – rather than attacking the cancerous cells, 

they target the pathological angiogenesis 
that allows the cancer to grow. As they are a 
new class of anti-cancer therapy, they have a 
great deal of potential. There are several anti-
angiogenesis factors under review, including 

growth factors, receptor kinases, transcription 
factors and molecules in the MPK and PI3K sig-
naling pathways. 
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Assaying Angiogenesis

Appropriate selection of an assay for angio-
genesis is crucial to successful research, 
and depends on various factors inclu-
ding the scientific question being asked, 
the precise molecular mechanism being  
studied, and the final scientific or clinical goal.

For example, investigating the molecular 
mechanisms occurring during angiogenesis 
required an assay to resolve individual mole-
cular steps accurately and reproducibly. If you 
wish to understand how a specific pro- or an-
ti-angiogenic factor works, you would need 
an assay that replicates the angiogenic steps 
as seen under the physiological or pathologi-
cal state being studied. 

Tube Formation Assay

This assay allows measurement of the capa-
city endothelial cells have to form tubes (ca-
pillary-like structures), and therefore undergo 

angiogenesis. This assay is commonly used to 
determine if a compound inhibits or promotes 
angiogenesis, in addition it can determine:

 ■ Which genes or pathways are involved 
 ■ What effect given factors have on tube 

formation 
 ■ How signals are transduced during 

angiogenesis 
 ■ The cytoskeletal effects of angiogenesis 
 ■ Identification of endothelial progenitors

Migration Assay

During angiogenesis, endothelial cells break 
down the basement membrane using pro-
teolytic enzymes and migrate in response to a 
gradient of angiogenic factors (such as VEGF). 
Assays exist to assess this endothelial cell mi-
gration in response to angiogenesis inducing 
or inhibiting factors. 

Invasion Assay

Assays are available to measure the capacity 
for endothelial cells to invade the basement 
membrane. Understanding the invasion pro-
cess enables study of the mechanisms of an-
giogenesis in injured tissue and cancer. 

Proliferation Assay

Proliferation of endothelial cells is needed to 
allow capillaries to develop. Whether factors 
are pro- or anti-angiogenic can be measured 
by direct cells counts, metabolic activity and 
DNA synthesis. 

Other assays to study angiogenesis inclu-
de the aortic ring/arch assays or the in vivo 
chorioallantoic membrane (CAM) and corneal 
angiogenesis assays.
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The Future of 
Angiogenesis 

As we have seen, angiogenesis is a complex and fascinating process. Fully understanding it 
could enable the development of further anti-angiogenic therapies, especially in cancer the-
rapy. Restoring vascular homeostasis also holds great potential in the treatment of ischemic 
disease, and angiogenesis could even be used to develop engineered tissues. Assaying angio-
genesis is crucial to researching it, and appropriate assay selection an important step. 

 ■ Cell type 
Tube-forming capacity varies between endothelial cell types, therefore assay conditions and 
cell types should closely mimic the disease or angiogenic conditions being studied. 

 ■ Basement Membrane-Like Matrix  
Different matrices cause different rates of differentiation, so choosing the right matrix is im-
portant. In tube formation assays, the basement membrane can be prepared from tissues or 
tumors, or a gel matrix layer of fibrin/fibronectin, laminin, collagen or BME/Matrigel. 

Factors to Consider  
when Assaying  
Angiogenesis 

Angiogenesis is stimulated by proteins via signalling pathways, including:

Hypoxia upregulates the expression of different genes which lead to in-
creased expression of these agents. 

 ■ Vascular endothelial growth factor (VEGF)
 ■ Platelet derived growth factor (PDGF) 
 ■ Basic fibroblast growth factor (bFGF)
 ■ Transforming growth factor (TGF)
 ■ Tumor necrosis factor (TNF)
 ■ Epidermal growth factor (EGF)
 ■ Hepatocyte growth factor (HGF)
 ■ Granulocyte colony-stimulating factor (G-CSF)
 ■ Placental growth factor (PIGF)
 ■ Interleukin-8 (IL-8)
 ■ Various other cytokines and enzymes

Angiogenesis Stimuli
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Figure3: Cell invasion assay protocol using a Basement Membrane Extract-coated Boyden Chamber.
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search with a world-class portfolio of human 
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timized cell culture media. With over 30 years 

of expertise, we are recognized globally for 
supplying scientists with the tools and training 
they need to do groundbreaking research.
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