
Angiogenesis
By Carol Rosenthal, Director of Research & Development

All cancers begin in cells, and normally cells grow and divide to form new cells that eventually 
die off as they age and as new cells are produced.  When the cell loses the ability to cycle as a 
normal cell, a cluster of abnormal cells or a tumor can begin to grow. The cancer can begin in any 
organ or tissue of the body as a primary cancer or tumor. It can be benign or malignant: capable 
of metastasizing to other areas of the body. When cancer cells spread and invade new tissue as 
a new tumor in a different organ, the new tumor is a metastatic tumor. It is this ability to spread to 
other tissues and organs that makes cancer a potentially life-threatening disease, so there is great 
interest in understanding what makes metastasis possible for a cancerous tumor.

Cancer researchers studying the conditions necessary for cancer metastasis have discovered that 
one of the critical events required is the growth of a new network of blood vessels. This process 
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(See ‘Angiogenesis’ ... continued on page 2)

Oncology Research
& Treatment
Oncology research and treatment is constantly evolving. Staying current with advances in the field 
is a significant challenge for the central laboratory.  The abundance of research has helped shed 
some light on how cancer develops and to identify specific mechanisms that turn a normal healthy 
cell into a malignant cancer. It is important for the central laboratory to follow current therapies, 
understand the targets of the most common compounds, and continue to identify biomarkers and 
analytical platforms required to monitor treatment in a clinical trial.

More than 100 distinct types of cancers exist and subtypes of tumors can be found within specific 
organs.  Various tumor cells may use different mechanistic strategies to develop, but from an 
overall prospective, malignant growth can be described by a manifestation of seven fundamental 
alterations in cell physiology.

These hallmarks include:	 1)	 Self-sufficiency to growth signals
	 2)	 Insensitivity to antigrowth signals
	 3)	 Evading apoptosis
	 4)	 Escape from immune defense
	 5)	 Limitless replicative potential
	 6)	 Sustained angiogenesis
	 7)	 Tissue invasion and metastasis1

Footnote: The Research and Development department at ICON Central Laboratories is currently focused on 
developing new assays to monitor two of these physiological mechanisms: angiogenesis and apoptosis.

1.Hanahan D, Weinberg RA. The hallmarks of cancer.  Cell 2000:100 (1):57-70
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Angiogenesis ... continued from page 1

of forming new blood vessels 
is called angiogenesis. Tumor 
angiogenesis is the proliferation 
of a network of blood vessels that 
penetrates into cancerous growths, 
supplying nutrients and oxygen and 
removing waste products. Tumor 
angiogenesis actually starts with 
cancerous tumor cells releasing 
molecules that send signals to 
surrounding normal host tissue. This 
signaling activates certain genes in 
the host tissue that, in turn, make 
proteins to encourage growth of 
new blood vessels.

Angiogenesis is not only associated with cancer metastasis, it also 
plays a crucial role in normal growth and development, and in wound 
healing. The walls of blood vessels are made up of rarely dividing 
endothelial cells, and a series of activator and inhibitor proteins control 
the growth of these cells. Normally, the inhibitors predominate.

In early experiments, researchers asked whether cancer growth 
requires angiogenesis. Scientists removed a cancerous tumor from a 
laboratory animal and injected some of the cancer cells into a normal 
organ removed from the same strain of animal. The organ was then 
placed in a glass chamber and a nutrient solution was pumped into 
the organ to keep it alive for a week or two. Scientists found that the 
cancer cells grew into tiny tumors but failed to link up to the organ’s 
blood vessels. As a result, tumor growth stopped at a diameter of 
about 1-2mm. Without angiogenesis, tumor growth stopped. 1    

A follow up experiment placed two tumors into a normal organ, 
one within close proximity to blood vessels and the other without a 
blood supply.  While the tumor without proximity to a blood supply 
failed to grow, the tumor close to the blood supply continued to 
grow, suggesting where angiogenesis is possible, tumor growth will 
continue. So what prompts angiogenesis?

It is now known that cancer cells can release molecules to activate 
the process of angiogenesis. After many years of research, more than 
a dozen different proteins, as well as several smaller molecules, have 
been identified as signals, or activators for angiogenesis. Among 
these molecules, two proteins appear to be the most important 
for sustaining tumor growth: vascular endothelial growth factor 
(VEGF) and basic fibroblast growth factor (bFGF).2  These proteins 
are synthesized and secreted by tumor cells. When they encounter 
endothelial cells, they bind to specific receptors on the cell, which 
activates a series of signals into the nucleus of the endothelial cells. 
The nuclear signal ultimately prompts new endothelial cell growth. The 
activation of endothelial cells sets in motion a series of steps toward 
the creation of new blood vessels. First, the activated endothelial 
cells produce matrix metalloproteinases (MMPs), a special class of 
degradative enzymes. These enzymes are then released from the 
endothelial cells into the surrounding tissue, permitting the migration 
of endothelial cells. As they migrate into the surrounding tissues, 
activated endothelial cells begin to divide. Soon they organize 

into hollow tubes that evolve 
gradually into a mature network 
of blood vessels.3 Understanding 
this cascade of events has lead 
to additional research on how to 
control and manipulate this system.  
What about the inhibitors?  Could 
they be used to target this cascade 
and cut off the blood supply to 
metastatic tumors? 

The most common inhibitors 
identified to date are the TIMP 
molecules, Thrombospondin, 
Interferon, and Endostatin. Early 
studies with endostatin in particular 

showed that the inhibitor could actually reduce the amount of 
metastasized tumors in animal models, which gave researchers the 
hope to believe that angiogenesis inhibitors might therapeutically halt 
or restrain cancer’s growth.  It is believed that the inhibitors either 
block the signal cascade that leads to endothelial growth, or they 
block the activation of the endothelial cells and the breakdown of the 
matrix, that would otherwise form new blood vessels.4

Since these early discoveries, there have been numerous clinical 
trials assessing therapeutics that interfere with angiogenesis, thereby 
slowing metastasis. It is not known whether using angiogenesis 
inhibitors to treat cancer will trigger unknown side effects, nor how 
long treatment will need to last, so to help answer these questions, 
the central laboratory has had to bring in many new biomarkers 
to help the investigators monitor all aspects of the therapy.  There 
are biomarkers that measure the amount of activator and inhibitor 
proteins in the serum, as well as the amount of receptors existing 
in the blood and tissue that are required for signal induction.  The 
laboratory can assess the cell signal pathway to determine the 
amount of cell growth and cell death.  The immune system can be 
monitored for safety, and the amount of circulating tumor cells can 
be assessed to monitor the prognosis of the patient.  

As researchers continue to successfully combat cancer with novel 
agents, our research and development team will continue to expand 
our testing portfolio to monitor therapeutic treatments, from the 
cellular level to the genetic level, with new biomarker assays and 
state of the art equipment, eventually providing gold standard assays 
to assess all seven hallmarks involved in the growth and metastasis 
of cancer cells.  

1. Huston LM. Seven strategies for cancer inhibition. 2006. http://e-articles:

info/e/a/title/Seven-strategies-for-cancer-inhibition.

2-4. Lewis J. Kleinsmith, Ph.D. Donna Kerrigan, M.S. Jeanne Kelly Brian 

Hollen. An illustrated description of angiogenesis and its importance in cancer 

research. 2006. National Cancer Institute.
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By Thomas W. Mc Closkey, Ph. D.

Introduction to Apoptosis
Apoptosis* is a word derived from the Greek words apo meaning 
“off” and ptosis meaning “fall”.  Thus, it refers to a falling off, in terms 
of modern cell biology the word is used to describe the falling off 
of cellular viability.  The origin of the term apoptosis is linked to 
the observation that in the autumn, the leaves fall off the trees; in 
fact, we now know that the cells in the leaves of deciduous trees 
are programmed to die upon exposure to colder temperatures 
and reduced periods of light.  Another well known occurrence of 
apoptosis is the death of the cells in the tadpole’s tail as it matures 
into a frog.  Cell biologists would describe apoptosis as an active 
process of gene-directed cellular self-destruction.  For example, 
human T lymphocytes which are self-reactive undergo apoptosis in 
the thymus and are not released into the peripheral circulation; this is 
a mechanism which has evolved to prevent autoimmunity.  

From a theoretical point of view, apoptosis has been called 
programmed cell death or cell suicide.  It is the death of particular 
cells for the benefit of the organism as a whole and often refers to 
death of particular cells designed to occur as part of a developmental 
sequence.  For example, cells that don’t divide correctly and acquire 
a mutation are destined to undergo apoptosis; if those cells don’t 
die, they represent the origin of cancer.  It is important to understand 
that apoptosis is a normal, physiological process that is supposed 
to take place.  

From a clinical point of view, apoptosis has attracted widespread 
interest due to the fact that abberations in apoptosis result in disease.  

Apoptosis: An Important Mechanism 
of Cell Death

Deficient apoptosis can result in autoimmune disease or cancer, 
while augmented levels of cell death destroy the immune systems of 
those individuals infected with HIV.  Potential to modulate apoptosis 
therapeutically represents an attractive target for new areas of 
treatment for human disease.  Tumor cells often have anti-apoptotic 
mechanisms in place, thus they continue to divide.  Therapeutic 
modalities which overcome these anti-apoptotic mechanisms will 
allow these cells to die, theoretically eradicating the cancer.  

Laboratory Identification of Apoptotic Cells
The hallmark for identification of apoptosis is fragmentation of the 
cell’s DNA via endonucleases.  The actual process of apoptosis 
involves an extracellular trigger or initiating signal which activates 
pre-existing intracellular endonucleases.  These endonucleases 
cleave the cell’s DNA into multiple fragments thus ensuring death 
of the cell.  The classic assay for the determination of apoptosis is 
gel electrophoresis; a “ladder-like” banding pattern, which appears 
due to the presence of DNA fragments, indicates the presence of 
apoptotic cells.  

Flow cytometry is very adept at measuring characteristics of cells in a 
quantitative manner and many flow cytometric methods to determine 
the amount of apoptosis in a cell population have been developed 
[2].  The characteristics that cells acquire as they undergo apoptosis 
have been utilized to identify the dying cells within a population.  For 
example, due to the cleavage of chromatin, apoptotic cells have 
reduced DNA content which can be determined flow cytometrically by 
using dyes such as propidium iodide [3].  By inserting fluorochrome-
conjugated nucleotides into strand breaks present in chromatin 

Figure 1.  Multiple cellular signal transduction pathways regulate the process 
of apoptosis and the balance of pro- and anti-apoptotic molecules controls 
a cell’s ultimate fate. 

Figure 2.  Example of a powerful, multiparameter flow cytometric assay which 
has combined immunophenotyping [CD4], cell cycle analysis [DAPI], and 
apoptosis [annexin] which is able to differentiate either a proliferative or a 
death response to stimulus of T helper lymphocytes. 

(See ‘Apoptosis’ ... continued on page 4)
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Apoptosis ... continued from page 3

in apoptotic cells, the TUNEL [TDT-mediated Nick End Labelling] 
method can quantify apoptotic cells [4].  Fluorochrome-conjugated 
annexin V binds specifically to the plasma membrane phospholipid 
phosphatidylserine, which is exposed on the outer surface of the 
cell membrane only during apoptosis [5].  Thus, these methods 
are capable of quantifying the percentage of cells within a mixed 
population which are currently undergoing programmed cell death.  

Apoptosis and Treatment of Cancer
Apoptosis is more than an interesting process for cell biologists to 
study.  It is a true pharmacological target, as there is great interest 
in the ability to modulate apoptotic pathways.  Browsing the 
oncology pipelines of pharma or biotech companies will reveal many 
compounds designed to destroy tumors by inducing apoptosis.  
For example, the oncology pipeline for Amgen* [www.amgen.com] 
includes rhApo2L/TRAIL, which is a recombinant human protein 
that targets death receptors 4 and 5 and induces apoptosis in 
sensitive tumor cells.  rhApo2L/TRAIL is being investigated as a 
cancer treatment.  As an example of signal pathway modulation, 
Astra Zeneca* [www.astrazeneca.com] lists in their phase I oncology 
pipeline the compound AZD8330, which is a MEK inhibitor for 
treating solid tumors.  MEK is a molecule responsible for transmitting 
intracellular signalling pathways.  Apoptotic regulatory compounds 
are an emerging area for therapeutic products and therefore 
represent potential players in upcoming clinical trials.  

Apoptotic Biomarker Development
The Research and Development Group at ICL strives to work with 
clients to develop key biomarker assays relevant to their clinical trial 
designs.  In a theoretical example, how might the ICL R&D Department 
play a role in the clinical testing of the two above-mentioned drugs?  
For the first compound, rhApo2L/TRAIL, the clinical investigators 
might wish to know whether the drug is saturating its cognate 
receptors on the tumor cells and also whether it is inducing death 
in the tumor cells.  The first question could be addressed by the 
R&D team developing and optimizing a flow cytometric receptor 
occupancy assay, which would enable us to determine the percentage 
of tumor cell receptors which actually have drug bound to them.  
The second question could also be answered by flow cytometry, 
by marking the tumor cells phenotypically and then choosing an 
appropriate apoptosis assay to quantify the amount of cell death 
within the cancer cell population.  For the example using the MEK 
inhibitor, how might ICL theoretically play a role?  It is possible to 
measure activated MEK flow cytometrically by using the cytometric 
bead array method on cell lysates.  Potentially, the ICL R&D team 
could develop and optimize an assay to determine whether MEK is 
activated or in its resting state.  This test, applied to actual patient 
blood samples following treatment with the novel therapy, would 
indicate either that the drug is working appropriately [blocking MEK] 
or that it is not working and MEK is becoming activated.  

Future Clinical Trials
As new areas for treating human disease come into focus, the central 
laboratory must exhibit the capability to develop and apply assays 
appropriate for these new compounds.  Apoptosis is an exciting area, 
with tremendous potential to provide new cancer treatments as we 
learn to modulate those intracellular signal transduction pathways 
which either induce or prevent cell death.  The ability to accurately 
identify and quantify apoptotic tumor cells is certain to increase in 
importance in coming years.  
 

Footnote:
The question often arises as to the correct pronunciation of the word 
apoptosis.  Working in Scotland in 1972, Kerr, Wyllie, and Currie [1] 
wrote, “. . . we propose that the stress should be on the penultimate 
syllable, the second half of the word being pronounced like “ptosis” 
[with the “p” silent], . . . ” thus    ap uh TOE sis.  
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*ICON Central Laboratories does not currently support Amgen or Astra 
Zeneca with either of the compounds mentioned in the above examples.

For more information about ICON Central Laboratories Research & 
Development services, please email carol.rosenthal@iconplc.com.

Coming in the Next Issue of R & D Solutions
The next issue of R & D Solutions will 
explore molecular diagnostics:
	 •	 How to test for oncology risk 
		  factors.
	 •	 How HLA typing can support 
		  oncology programs.


