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Gene therapy with VEGF 165 for angiogenesis in
experimental acute myocardial infarction
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Abstract

Objective: Evaluate coronary angiogenic response to
transmural injection of plasmid encoding VEGF 165 in acute
myocardial infarction (AMI) zones in a canine model.

Methods: The heart of eleven dogs was exposed and AMI
was induced by occlusion of the diagonal branch of anterior
descending coronary artery. For each of 10 selected points in
the infarction area and its peripheral zone injections of 1 ml
of saline solution (control group: five dogs) or 1 ml of plasmid
encoding VEGF 165 solution (200 pg/ml) (VEGF group: six
dogs) were introduced. Tecnecium myocardial scintigraphy
was performed immediately after animal recovery and 14
days later to evaluate the myocardial perfusion. The animals
were sacrificed and the hearts were submitted to a histological
study of the infarcted area, peripheral zone and normal
posterior ventricular wall, to evaluate the number of arterioles
and capillaries.

Results: Immediate modifications in myocardial perfusion
found in scintigraphic studies were similar in both groups.
In the second evaluation at 14 days, hypoperfusion of ischemic
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area had recovered by 70% to 90% when compared to the day
of AMI. Histologic evaluation of the peripheral area of AMI
indicated a larger number of vessels in the VEGF group when
compared to controls (mean: 123.81 +21.48 and 40 + 6.13,p <
0.01, respectively). This increase resulted mainly from an
increase in the number of capillaries (97.5 + 16.04 in the
VEGEF group and 22.18 + 3,25 in control group, p < 0.01), as
the number of arterioles did not increase significantly. In
the VEGF group, a comparison in the number of vessels of
the AMI peripheral area and normal myocardium revealed a
non-significant increase of vessels in the ischemic area
(123.81 + 21.48 and 95.14 + 41.19).

Conclusion: An intramural injection of plasmid VEGF
165 resulted in a significant increase in the number of
capillaries in the peripheral AMI area. This increase may
have a beneficial effect in the reduction and recovery of the
ischemic area secondary to AMI.

Descriptors: Gene therapy. Angiogenesis. VEGF. Acute
myocardial infarction.
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Resumo

Objetivo: Verificar a inducio de angiogénese miocardica pela
inje¢dio transmural de plasmideo VEGF 165 (Genentech/ USA)
em zonas do infarto agudo do miocardio (IAM) de ciies, mediante
avaliacdo por cintilografia miocardica e estudo histologico.

Métodos: Em onze caes anestesiados o coracio foi abordado
em toracotomia antero-lateral esquerda e produzido IAM pela
ligadura simples de ramo diagonal da artéria coronairia
descendente anterior. Em cada de 10 pontos selecionados da
area infartada e sua periferia foi realizada a injecio de um
total de 1 ml de solugdo salina (grupo controle: cinco cies)
ou de solugio contendo plasmideo VEGF 165 na concentragio
de 200 ug/ml (grupo tratado: seis cdes). Os animais foram
recuperados e realizada cintilografia miocirdica com
Tecnécio imediatamente e 14 dias apés IAM. Os animais
foram sacrificados e o coragio retirado para estudo histolégico
da drea de infarto, de sua periferia e de area da parede
ventricular posterior, visando contagem eletronica de capilares
e arteriolas

Resultados: Cintilografia mostrou modifica¢cdes na
perfusdo miocardica comparaveis entre os grupos quanto ao
estudo imediato e 15 dias apés IAM, sendo que os dois grupos

INTRODUCTION

Gene therapy represents a new treatment modality for
coronary disease due to exogen angiogenic factors (or genes
which codify these factors) to develop new arterial vessels or
to promote the reshaping of the existing vessels [1]. This
treatment is based on experimental studies of ischemia that
demonstrate angiogenic interventions such as a form of
improving the myocardial perfusion [2-5]. Angiogenic agents
were efficacious both by direct trans-myocardial injection of
nude plasmid DNA, as through viral vectors or liposomes.
Trans-myocardial injection has the advantage of low
potentiality in the generation of side effects and, depending
on the form in which the transfection is performed, it is possible
to use it as an adjuvant therapy in existing treatments.

Vascular endothelial growth factor (VEGF) is one of the
most widely angiogenic agents studied [2, 6-8], partially
because its mitogenic activity is specific for endothelial cells
and its expression is induced by hypoxia, which denotes it to
be a natural mediator in angiogenesis as a response to ischemia.
More commonly, the protein is a polypeptide homodimer with
165 or 121 amino acids (VEGF165 and VEGF121), with both
capable of improvements in the collateral blood flow in
experimental models.

In an earlier study [9], we developed a canine model of
ischemic heart disease with scintigraphic control and we
tested the transfection of the gene responsible for the

mostraram uma recuperacio de 70 a 90 % da hipoperfusio
demonstrada no 1o exame. O estudo histolégico da area de
transi¢io do IAM revelou um maior nimero de vasos no
grupo tratado em relaciio ao grupo controle (média de 123,81
+ 21,48 e 40 + 6,13, respectivamente; p <0,01). Este
crescimento do nimero de vasos é atribuivel principalmente
ao aumento do nimero de capilares (97,5 + 16,04 no grupo
tratado e 22,18 + 3,25 no grupo controle, p <0,01), sendo que
em relagdo ao numero de arteriolas o aumento nio foi
significativo (25,16 + 10,89 e 16,8 + 4,75; NS). A comparacio
entre a regifio de transi¢cio do IAM do grupo tratado e de area
normal, revelou um maior niimero de vasos na regido tratada,
ainda que a diferenca nio fosse significativa (
respectivamente 123,81 + 21,48 e 95,14 + 41,19, p > 0,05).

Conclusées: Injecio transmural de plasmideo VEGF 165
resultou em significativo aumento no nimero de capilares
na zona de transicio do IAM experimental. O aumento de
capilares pela terapia génica tem presumivel efeito benéfico
na reduciio e recuperagio da area isquémica.

Descritores: Terapia génica. Angiogénese. VEGF. Infarto
do miocardio

production of fluorescent green protein. In this work we
demonstrated an effective protein production in the treated
area, and thus, the efficacy of the process of genic transfection
of this model.

The objective of this study was to evaluate the reperfusion
and the formation of new vessels (capillaries and arterioles)
after plasmid VEGF 165 transmural injection in a canine model
of acute ischemic heart disease.

METHOD

Experimental Technique

To perform this experiment 11 mongrel bitches with weights
between 11 and 21 kg (mean 14.36 + 3.13) were operated on in
the animal experimental laboratory of the Cardiology Institute
of Rio Grande do Sul / University Foundation of Cardiology.
The handling of the animals followed the norms established
by the “Guide for care and use of laboratory animals” of the
Institute of Laboratory Animal Resources, National Academy
of Sciences, Washington D.C. and by the ethical principles
for animal experimentation of the Brazilian Code on Animal
Experimentation (COBEA).

The anesthetic procedure was performed using xylazine
(1 mg / 5 kg intramuscular), propofol (0.5 mg/kg EV) and
fentanyl (1 ml/10 kg EV). The animals were intubed and the
surgical approach of the heart was made by lateral thoracotomy
in the fifth left intercostal spacing. To induce myocardial
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infarction, a simple ligature of the main diagonal branch of
the anterior ascending coronary artery with 5-0 monofilament
polypropylene thread.

The dogs were divided into two groups:

The control group, formed by six dogs that were injected
with 1 ml of saline solution split into 10 points in the infarcted
area and the peripheral region.

The treated group formed by six dogs that were injected
with 200 pg of plasmid containing VEGF 165 suspended in 1
ml of saline solution also divided in ten points in the infarcted
area and the peripheral region.

On finishing the procedure, the dogs were recovered and
myocardial scintigraphy with Tecnecio was performed. At 14
days from myocardial infarction, the scintigraphic study was
repeated. After the dogs were anesthetized and sacrificed for
the removal of the heart, which was stored in formal to make
the histologic study.

Synthesis of VEGF 165

The DNA used in this experiment was constructed by the
insertion of the VEGF 165 gene in the skeleton of plasmid
with eukaryotic pCIS expression supplied by Genentech USA.
The plasmid was introduced in competent bacteria XL1-Blue
(Stratagene, La Jolla, California) by thermal shock and
purification with the use of the DNA preparation kit Maxiprep
(Qiagen, Valencia, California) according to the manufacturer’s
instructions. Doses of 200 milligrams of DNA were re-
suspended in 1 ml of saline solution with the objective of
using it in the experiment.

Histological Analysis and Capillary Count

For the histological study samples of the transition area
(ischemic) whose average size was 2.67 £+ 0.15 cm? in the
control group and 2.44 + 0.53 cm? in the treated group (not
significant) were removed. Also a sample of the myocardium
from the posterior wall of the left ventricle was evaluated.
After, staining with hematoxylin-eosin and Masson’s
trichrome stain, was made.

Vessels with sizes less than 25 p were considered to

be capillaries, between 25 and 100 p arterioles and greater
than 100 p arteries [10].

Statistical Analysis

The data obtained were registered on individual record
cards, contingency tables and they were submitted to
statistical analysis using student t-test and the chi-squared
test. An o of 5% (p-value < 0.05) was considered as a
significant variation.

RESULTS

Myocardial Scintigraphy
The scintigraphic examination was effective in three of
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the dogs from the control group and three from the treated
group. The immediate control examinations demonstrated
moderate to severe hypoperfusion in the antero-lateral-apical
zone (Table 1, Figures 1 and 2). These findings are explained
by the perfusion area of the occluded coronary artery. The
late control examinations demonstrated a recovery rate of 70
to 90% of the infarcted area, but in some cases there was
persistent lateral hypoperfusion (Table 1, Figures 1 and 2).

Table 1. Results of myocardial scintigraphy.

Dog 1* examination 2™ examination
Control 1 Moderate latero-apical hypoperfusion, Recovery of 90% of the
Group mild septal hypoperfusion infarcted zone

3 Severe antero-latero-apical
hypoperfusion

Recovery of 70-80% of
anterior wall

5 Severe antero-latero-apical
hypoperfusion

Recovery of 70% high anterior,
50 % latero-apical

Treated 7 Severa antero-latero-apical Recovery of 80% antero-lateral,
Group hypoperfusion persisting lateral
8 Moderate antero-latero-apical Recovery of 80% high anterior

hypoperfusion and 50% latero-apical

9 Severe antero-latero-apical hypoperfusion Recovery of 90 % da lesion,
persisting lateral hypoperfusion

Fig. 1 —Myocardial scintigraphy performed in a dog of the control
group demonstrating: (a) Severe and extensive antero-latero-apical
hypoperfusion in the acute phase, soon after the induction of
infarction; (b) Recovery of 70-80% of the anterior wall with
persistence of lateral-apical hypoperfusion 15 days after.

Fig. 2—Mpyocardial scintigraphy performed in a dog of the treated
group demonstrating: (a) severe antero-latero-apical
hypoperfusion soon after the induction of infarction; (b) recovery
of 90% of the acute lesion, persisting mild lateral hypoperfusion
15 days after.
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In both the early and late control examinations, no
statistical difference evidenced between the control and
treated groups, demonstrating the appearance of similar sized
infarction zones and with the same pattern of reperfusion.

Anatomicopathological Study

The pathologic examinations revealed transmural
infarction in seven dogs (63.6%) and subendocardial infarction
in four dogs (36.3%), where transmural infarction was
considered as that which covered more than 50% of the wall.

The histological study of the transition area of the acute
myocardial infarction (AMI) revealed a greater number of
vessels per cm? in the treated group compared to the control
group (mean 123.81+21.48 and 40.00 £ 6.13 respectively: p-
value <0.01). This increase in the number of vessels is mainly
attributable to an increment in the number of capillaries (97.5
+ 16.04 in the treated group and 22.18 + 3.25 in the control
group: p-value < 0.01). The difference in the increase in the
number of arterioles was not significant between the two
groups (25.16 + 10.89 and 17.89 + 4.75). The comparison
between the AMI transition region and the normal myocardial
area of the posterior wall of the treated group, showed a
greater number of vessels in the treated area, even though
the difference was not significant (123.81 +21.48 and 95.14 +
41.19 respectively - Table 2 and figures 3 and 4).

Table 2. Histologic study — Comparison between the AMI
transition area of the control and treated groups. Data
expressed as mean and standard deviation.

Group Vessels per cm? Capillaries Arterioles Area removed
per cm? per cm? as sample
Control 40 + 6.13 2218 + 3.25 17.89 + 475 2.58 + 0.27
Treated 123.81 + 21.48 97.5 + 16.04 25.16 + 10.89 2.44 + 0.53
Significance P < 0.05 P <0.05 NS NS
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Fig. 3 — Number of vessels per cm?: Comparison between the
control and treated groups.
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Fig. 4- Number of vessels per cm?: Comparison between the AMI
transition area and of the normal area of the posterior ventricular
wall of the treated group.

A statistically significant difference was evidenced in the
mean size of the vessels between the control group and the
treated group with mean sizes 0f27.37+17.96 p and 22.08 +
18.15 prespectively (p-value <0.01).

DISCUSSION

The use of recombinant genes and growth factors in the
form of recombinant proteins is efficient both as intramural or
coronary artery injection. The first, even though it implies
thoracotomy, which in the extrapolation from the experimental
model to human entails the use of an associated process,
gives the advantage of a localized delivery with less systemic
leakage. Even so, a study performed with a pericardial injection
of FGF (which links to heparin in the same way as VEGF, and
thus has a similar distribution) demonstrated through
immunohistochemistry that only 19% of the total injection
remains in the myocardium after 150 minutes [11]. Its
endovenous use seems limiting, both for “the first elimination
in the lung” through low-affinity receptors [12], which limits
the percentage of the dose to reach the myocardium [13], as
in the already proven hypotensor effect of FGF and VEGF
[14-17]. As possible complications of this therapy, the
angiogenic factors, as they are implicated in tumoral growth,
can accentuate sub-clinical neoplastic processes, or even act
in a possible acceleration of the formation of arteriosclerotic
lesions and to promote the destabilization of arteriosclerotic
plaque [18,19].

The optimum method of evaluating the angiogenesis in
the tissue perfusion is not totally clear. Simple angiography
is not capable of detecting changes at the microvascular level,
but contrast myocardial echocardiography in conjunction
with “radio-marked” micro-spheres, was successfully used
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to evaluate the benefits of therapy with VEGF 121 [8]. Studies
demonstrated the capacity of VEGF 165 and other angiogenic
factors, whether in the form of recombinant proteins or by
gene therapy, to generate new vessels in experimental models
ofischemic heart disease [4,10].

The most important findings of our study are:

1) Inthe canine heart, the injection of plasmid containing
VEGF 165 in the infarcted area and the peripheral region
resulted in a significant increase in the number of capillaries
of the treated region in relation to the control group.

2) The neo-vascularization was not capable of
determining statistically significant alterations in the
myocardial scintigraphy.

The growth of the capillary network, without a significant
increase in the number of arterioles, after 15 days, reflects
the incapacity of the isolated administration of this
angiogenic factor to create a more complete collateral blood
flow in the short space of time of this study.

The incapacity of myocardial scintigraphy to
demonstrate differences between the groups has
complementary explanations: 1) The already referred to
incapacity of generating a more consistent collateral blood
flow. 2) The limited sensitivity of the examination, in part
due to the artifacts generated by our model, such as the size
of the biliary vesicula, which retains a significant part of the
contrast. 3) The small area of infarction created by the
ligature of the main diagonal branch of the anterior
descending artery, in conjunction with the recognized facility
of the canine myocardium to establish collateral blood flow
[10]. This contributes to a total proximal reperfusion in both
the groups and made the comparison of the results difficult.

In relation to clinical applications of the agents such as
VEGF, many questions remain to be answered: 1) Will multiple
agents be necessary? 2) Does the agent need to be delivered
locally? 3) Is it better to deliver the agent as a recombinant
protein or by gene therapy?

Additionally, the most appropriate outcome to evaluate
the efficacy of angiogenic therapy is still controversial [8]
in part because the ideal method to evaluate the response in
terms of blood vessels is not clear. The microvascular level
in which the growth factors act is not completely
understood, and there are no methods of in vitro imaging to
evaluate vessels with diameters of less than 200 p.

In conclusion, the transmural injection of plasmid VEGF
165 resulted in a significant increase in the number of
capillaries and in a non-significant increase in the number
of arterioles in the experimental AMI transition zone. The
increase in the number of capillaries by gene therapy
presumably has a beneficial effect in the reduction and
recovery of the ischemic area.
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