Therapeutic Myocar dial Angiogenesis by Catheter-Based
Transfer of Vascular Growth Factor Gene and Bone Marrow
Stem Cells
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ABSTRACT

Therapeutic angiogenesis, in the form of
growth factor protein administration or gene
therapy, has emerged as a new horizon of the
treatment of patients with severe, inoperable
coronary artery disease. Improved myocardial
perfuson and  function after the
administration of angiogenic growth factors
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or gene transfer, such fibroblastic growth
factors (FGFs), vascular endothelial growth
factors (VEGFs), has been demonstrated in
animal models of chronic myocardia
ischemia models. Angiogenesis by gene
transfer is currently under investigation using
a variety of growth factors, the way of gene
transfer and awide array of potentia delivery
system. These include application of gene as
naked DNA, or by viral vector. The deliver
systems include intracoronary,
intrapericardial,  direct  intramyocardial
techniques. The significance of endothelial
progenitor cells in the enhancement of
neovascularizetion is aso  promising.
However, the optimal way to achieve the
"functional and sustainable” angiogenesis is
still unclear.

We propose that administration of
replication-deficient ~ adenovirus  vector
expressing VEGF165 cDNA in combination
with vascular endothelial progenitor cells
directly into ischemic myocardium which is
defined by catheter-based electromechanical
mapping would enhance collateral vessel
formation, regional myocardia perfusion,
and cardiac function.

Keywor ds. Coronary artery disease,
angiogenesis, endothelial
progenitor cells, gene therapy



BACKGROUND INTRODUCTION

Coronary heart disease is one of the
leading causes of death in Tawan.
Classically, patients with coronary heart
disease require a revascularization procedure,
such as coronary artery bypass surgery or
percutaneous transluminal balloon
angioplasty. However, a large population of
individuals with severe diffuse coronary
artery disease exists for whom conventional
therapies provide little or no benefit. It has
been shown that incompl ete revascularization
is a predictor of a worsened outcome,
including recurrent angina, myocardia
infarction, congestive heart failure, or even
death.

We have known for a long time that
many patients with ischemic disease develop
angiographically visible collateral vessels!
Recently, investigators have tested the
hypotheses that the ischemia could be
attenuated or abrogated by “therapeutic
angiogenesis'. Therapeutic angiogenesis, by
stimulating the growth of new vessels that
collaterize the affected vessdl, in effect
producing a "biologic bypass' -
collaterization around a site of coronary
occlusion, with concomitant improvementsin
regional myocardial perfusion and function,
represents a theoretically attractive and
intuitively rational new approach.?

In the last few years, clinical trails have
been initiated with the goal of enhancing
angiogenesis to treat periphera vascular
disease and ischemic heart disease. Although
basic research in the field has provided
several  potential  biologic agents to
stimulating vessel growth, significant
technical barriers remain in term of safe and
practical local delivery® An even more

important issue is the function of new vessels.

Some reports show the vessels formed by
VEGF are leaky and tortuous. Whether this
abnormal vascular morphology can lead to
impair micro-circulation is not known.*
Another outstanding question is whether a
single angiogenic factor will be able to
stimulate "functional and sustainable"
angiogenesis.

Human gene therapy has been

extensively studied for its potential to serve
as an alternative method of modern medicine
to treat inherited and acquired diseases.
Through specific vehicles, such as liposome
and vira derivative vectors, target DNA can
be transferred to cells or tissue. Since 1993,
first generation of the replication-deficient
human subgroup C adenovirus have been
evauated in phase | triads for cancer and
cystic fibrosis gene therapy.® In recent years
gene therapy has become one of the most
prospective and rapidly evolving field in
biomedical and clinical research.

The investigation of angiogenesis in the
heart is an exciting area of research, not only
on the basis of scientific interest, but also in
the potential for improving and reducing the
cost of care of patients with ischemic heart
disease. It is unlikely that therapeutic
angiogenesis will significantly reduce the
need for CABG or PTCA in the near future,
but it has the potential to augment these
treatment modalities and may be one of the
treatment options to patients who are not
candidates for conventional methods of
myocardia revascularization.

RESULTS

Expression of VEGFs in HUVEC by
Adenoviral Gene Transfer

To test whether VEGF can be expressed
in endothelial cells by adenovira (Ad) gene
transfer, HUVEC cells were infected for 0 ~
72 hours with a recombinant adenovirus
containing the cDNA encoding VEGFss
(Ad-VEGFs). At each time point, total cell
lysate was harvest and the expression of
VEGF protein was detected by western blot
analysis. As shown in figure 1, VEGF protein
was first seen in the cell lysate 24 hours after
infection; its expression increased with time
and reached maximum a the 48" hour.
Furthermore, HUVEC cells infected with
Ad-VEGF5 survived longer in regular
endothelial cell culture medium compared to
those infected with Ad along.

MW
35- , &
30- '

B \VEGF

15 -



Figure 1. Western blot anaysis of VEGF
protein in the cell lysate of HUVEC infected
with Ad-pGK (vector alone) for 72 hours
(lane 1) or Ad-VEGF¢s for 0, 12, 24, 36, 48,
and 72 hours (lanes 2-7).

Pig Model of Myocardial I schemia

Chronic occlusion of coronary artery
was induced in 6 miniswines with the use of
an ameroid constrictor. Regional myocardial
ischemia was seen by catheterization in al
animals two weeks after the implantation of
the constrictor. However, one anima had
already developed collateral and two others
died after catheterization. Consequently, only
three miniswines were available for further
mani pul ation.

Angiogenic Cell Therapy

After catheterization, al animals (n=3)
underwent a midline sternotomy and
autologous bone marrow derived
mononucleated cells (BMN) (n=2) or normal
saline (n=1) was injected directly into the
ischemic myocardium. The presence of
collateral in each animal was monitored by a
second  catheterization. Unfortunately,
collatera development was seen in two
animals, one injected with BMN and the
other injected with normal saline.

DISCUSSION

In the present study, we have
demonstrated that adenoviral vector is able to
deliver exogenous genes into endothelia
cells. Furthermore, VEGF65 Seemed to have
preferential effect on the survival of HUVEC
cells, which is consistant with the suggestion
that autocrine endothelial VEGF contributes
to the formation of blood vessals in a tumor
and promotes its survival.® Because the
endogenous VEGF is a secreted cytokine, it
IS necessary to investigate whether VEGF is
also present in the conditioned medium from
cell infected with Ad-VEGFgs.

Recent studies showed that
transplantation of young bone marrow
restores the pathways critica for cardiac
angiogenesis in aging host.” In the present
study, we tried to induce angiogenesis in
ischemic myocardium with autologous bone
marrow derived mononucleated cells. The
initial results were not promising. However,
the sample size was too small to make a
conclusion. To improve our study, severd
things need to be determined in the future: (1)
the best timing for initiating angiogenic cell
or gene therapy, (2) the type and number of
cells to be implanted, and (3) the route of
administration.

SELF EVALUATION

In the last year, we had generated a
protocol for adenoviral gene transfer and
established a pig model of myocardia
ischemia. It will take us more time to find out
the conditions for combined angiogenic cell
and gene therapies.

REFERENCES

1. Kersten JR, Pagel PS, et a. Cardiovasc
Res. 1999 Jul;43(1):44-57.

2. Waltenberger J. Circulation. 1997 Dec
2;96(11):4083-94.

3. Kornowski R, Fuchs S, et al. Curr Interv
Cardiol Rep. 1999 Sep;1(3):199-204.

4. Jain RK, Munn LL. Nat Med. 2000
Feb;6(2):131-2.

5. Robbins PD, Ghivizzani SC. Pharmacol
Ther. 1998 Oct;80(1):35-47.

6. Helmlinger G, Endo M, et a. Nature.
2000 May 11;405(6783):139-41.

7. Edelberg M, Tang L, et a. Circ Res.
2002 May 31;90(10):E89-93.



O 0O 0O o

\ O
NSC 90-2320-B-002-240
9 08 01 91

91

07

10

31

31



