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Angiogenesis in ischemic heart disease

More than 6 millions world population died from ischemic heart disease in 1990 (1).
It remains the leading cause of morbidity and mortality worldwide beyond 2000. The
improvements in survival of patients with acute myocardial infarction, mainly by coronary
reperfusion and revascularization interventions, and of the aging population cause
increasing the numbers of patients who suffered from chronic myocardial ischemia. Many
of them are not candidates for any conventional revascularization treatments including
coronary artery bypass graft surgery and percutaneous coronary intervention (2). These
patients comprised 5-15% of patients underwent coronary angiography. New treatment
modalities for myocardial ischemia has been recently developed and one of these most
promising interventions is therapeutic angiogenesis.

Angiogenesis is the growing of new collateral vessels from pre-existing blood
vessels. It is one of the processes for developing coronary collateral circulation which
provide perfusion to ischemic myocardium. The new therapies for ischemic heart disease to
enhance angiogenesis are therapeutic angiogenesis by gene or angiogenic growth factors
therapy to stimulate the growth of collateral vessels and transmyocardial or direct
myocardial revascularization (TMR or DMR) using lasers to punch holes in the
myocardium and promote channels or induce collateral circulation.

Many angiogenic growth factors have been demonstrated to generate angiogenesis
in animal models; however, only vascular endothelial growth factor (VEGF) and fibroblast
growth factor (FGF) have been focused on recent clinical trial in ischemic heart disease.
Intramyocardial, intracoronary, intrapericardial or intravenous administration of VEGF-A,
VEGF-C or FGF-2, FGF-4 genes (naked DNA, plasmid-liposome complexes, adenovirus
mediated gene tranfer systems) or recombinant proteins (VEGF or b-FGF; FGF-2) in
myocardial ischemia patients has resulted in successful therapeutic angiogenesis (3-6). The
3-yr follow-up after intramyocardial injection of human FGF in ischemic myocardium
showed an increase in left ventricular ejection fraction and improvement in clinical
appearance (7). However the first randomized controlled study :VEGF in Ischemic for
Vascular Angiogenesis (VIVA) trial has not demonstrated clinical benefit (8). Recent trial
on direct myocardial injection of VEGF gene in chronic myocardial ischemia patients who
refractory to conventional treatments showed improvement of ischemia by clinical and
perfusion scan studies. The average ischemic area decreased from 6.45 + 1.37 to 0.95 +
0.41 cm” at day 60 after therapy ( p = 0.001). The numbers of angina free patients increased
from 0 to 62%, the angina episodes decreased from 48.1 + 4.9 to 2.0 + 0.8 episodes per
week after 180 days of gene therapy ( p < 0.0001 ) (9).

One of the major concerns on growth factors therapy in human is the possible
increase risk of malignancy, or proliferative retinopathy especially in diabetic patients.
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Therefore all patients eligible for angiogenesis trial must have no evidence of malignancy,
renal insufficiency or proliferative retinopathy and so far there is no report of such
complications in the patients dfter the therapy. However the long term efficacy and safety of
this new intervention still have to be close monitored.

In canine model of chronic ischemia, transmyocardial laser revascularization
(TMLR) significantly enhances angiogenesis and increased blood flow capacity during
stress.(10) The results of clinical trials on TMLR either by surgical or percutaneous
procedures has been controversial (11-13) related to the disproportion of symptoms and
myocardial perfusion improvement, placebo effect and the unproven mechanism of action.
However TMR using holmium:yttrium-aluminium-garnet (YAG) and carbon dioxide lasers
has been recently approved by the United States Food and Drug Administration for the
treatment of medically refractory angina in patients without conventional options (14).

Despite the promising early clinical results, there are still so many questions to be
answered before therapeutic angiogenesis and TMR can be prescribed for ischemic heart
disease patients. These unresolved issues are the biology of angiogenesis, the selection of
appropriate patients, choice of end points and means of assessments (clinical outcome or
coronary angiographic study or perfusion scan etc.), choice of treatment strategy (gene or
protein, which gene or peptide, naked DNA or liposome or viral vector), route of

administration (intracoronary or intravascular or intramyocardium) and side effect profile.
The large-scale clinical trails are needed to validate these therapies which will be the new
way for refractory coronary ischemic syndrome treatment in the near future.

Pharmacogenomics in cardiovascular disease:

Thanks to Human Genome Project that accelerate the progression of population
genetics and polymorphism. The numbers of publications indexed in MEDLINE which
related to genetic polymorphism were more than 6000 in the year 2000. These gave rise to
the increase important in clinical practice of “pharmacogenomics”. Pharmacogenomics are
the studies of molecular and genetic factors that determine drug efficacy and toxicity. The
response of drug in each individual is depended on the heterogeneity of pharmacokinetic
and pharmacodynamic determined by genetic polymorphism. For example, heart failure
patients who carried the ACE gene polymorphism of DD genotype had a significantly better
event-free survival when treated with beta-blockers than those not received therapy p =
0.007) but the /7 and /D genotype patients did not show these survival benefit with beta-
blockers(1s). Regarding adverse drug reaction (ADR), pharmacogenomics also play an
important future role: for example, CYP2C19 polymorphism that produced the poor

metabolizer in 16-23% of Chinese and Japanese people may determine the ADR of
isoniazid in Asian population, CYP2C9 polymorphism which associated with lower
CYP2C9 enzyme may increase the prevalence of warfarin overdose ADR (16). In the near
future, we may have to screen for genotype of certain gene to determine the most
appropriate drug with the most effective and least ADR for each individual.
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