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Abstract

Severe ischemic heart disease with refractory angina,
occurs in increasing incidence Alternative forms of
treatment, in an attempt to reduce myocardial ischemia and
relief of symptoms has been studied. In this context, gene
therapy is an option, for the possibility of inducing
angiogenesis, establish collateral circulation and reperfuse
ischemic myocardium. Several clinical trials have been
conducted and, except for specific cases of adverse effects,
there is indication of safety feasibility and potential
effectiveness of therapyThe clinical benefit, however is
not yet well established. In this article we review the clinical
trials of gene therapy for patients with ischemic heart
disease. The approach includes: (1) myocardial ischemia
and angiogenesis on the pathophysiological aspects involved,
(2) growth factors, dealing with specific aspects and justifying
the use in cardiac patients with no option for conventional
therapy, (3) controlled clinical trials, where a summay of
the main studies involving gene therapy for severe ischemic
heart disease is presented, (4) our experience, especially on
preliminary results of the first gene therapy clinical trial
in Brazil and (5) future prospects.
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Resumo

Cardiopatia isquémica grave com angina refrataria a formas
convencionais de tratamento apresenta-se em uma crescente
incidéncia. Para tratar angina refrataria, terapias alternativas
na tentativa de reducdo da isquemia miocérdica e alivio de
sintomas tém sido estudadas. Neste contexto, a terapia génica
representa uma opg¢éo, pela possibilidade de induzir angiogénese,
estabelecer circulagédo colateral e reperfundir miocardio
isquémico. Diversos ensaios clinicos tém sido conduzidos e, com
excecdo de casos isolados e especificos de efeitos adversos, ha
indicacdo de seguranca, viabilidade e potencial eficacia da
terapia. O beneficio clinico ndo esta bem definido. Neste artigo,
revisamos 0s ensaios clinicos que utilizaram terapia génica para
tratamento de pacientes cardiopatas isquémico8. abordagem
inclui: (1) isquemia miocérdica e angiogénese, sobre os aspectos
fisiopatolégicos envolvidos; (2) fatores de crescimento, tratando
sobre aspectos especificos e justificando a utilizagéo em pacientes
cardiopatas isquémicos sem op¢es pela terapéutica convencional;
(3) ensaios clinicos controlados, onde é apresentado um resumo
dos principais estudos envolvendo terapia génica para tratamento
da cardiopatia isquémica grave; (4) nossa experiéncia,
especialmente sobre resultados preliminares do primeiro ensaio
clinico de terapia génica do Brasil e (5) perspectivas.

Descritores: Terapia de genes. Isquemia miocardica.
Angina pectoris.
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INTRODUCTION

Itis estimated that cardiovascular disease (CVD) cause
approximately 17 million deaths worldwide each yeaih
higher prevalence in developed countries [1]. CVD should
be leaders in mortality in the developing world within the
next decades, reaching epidemic levels [1]. Coronary artery
disease (CAD) is a problem of increasing prevalence,
especially in large cities and the populations of older age,
its mortality is 80% of deaths from CVD [2,3}ngina
refractory to traditional forms of treatment in cardiology
including percutaneous and surgical revascularization and
optimal drug therapyrepresents up to 15% of all cases of
angina [2]According to statistics from themerican Heart
Association [3], the prevalence of refractory angina in the
U.S. population is 4.6%, affecting 58% of patients with CAD
and growing rapidly with increasing age. Despite advances
in treatment modalities, it is estimated that the incidence of
patients with refractory angina will increase in coming years
[4,5], pointing to the need for new treatment options.

In this context, gene therapy could be an option, due
to the potential to induce myocardial angiogenesis and
establish collateral circulation [5]. Gene therapy can be
defined as a set of techniques that allow the insertion and
expression of a therapeutic gene in target cells that have
some kind of disorder of genetic origin (not necessarily
hereditary), enabling the correction of inappropriate gene
products that cause diseases, therefore being an
alternative for the treatment of diseases based on the
transfer of genetic material [6-8]. Studies have tested the
effects on ischemic heart disease patients using different
growth factors, several doses, vectors and routes of
administration. It can be emphasized the vascular
endothelial growth factor (VEGF), a regulator of
endothelial cells, which has the property of mediating
angiogenesis during tissue repair [4].

The availability of vectors with tropism for the
myocardium, capable of a long and stable protein expression
[9], and the isolation of progenitor cells with regenerative
and angiogenic potential [10] offers possibilities for
development of therapy based on protection and
regeneration of ischemic myocardium.

Although promising, the clinical effects on the
myocardial vasculature provided by gene therapy remain
to be clarified fully The aim of this study is to review the
clinical trials of gene therapy for the treatment of ischemic
heart disease patients.

GENE THERAPY APPLIED TO
CARDIOMYOPATHY

ISCHEMIC

Myocardial Ischemia andAngiogenesis
In the pathophysiology of ischemic heart disease, two
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processes are involved: supply and demand of myocardial
oxygen. Myocardial ischemia occurs when there is
imbalance between supply and demand for oxygeo.
situations alter the oxygen supply to the myocardium,
ischemia and hypoxia. In some conditions, the impairment
of oxygen is secondary to decreased blood flow and in
other situations, the increase in oxygen demand is the main
responsible for myocardial ischemia [11].

Features of molecular biology and gene therapy have
been developed for application in cardiovascular therapy
in situations where there are no options, or when these
conventional methods have limitations. The main area of
development of gene therapy in cardiology is the induction
of myocardial angiogenesis with potential benefits in end-
stage ischemic heart disease, after exhaustion of
pharmacological, surgical and interventional resources
using catheteiie, in those refractory cases to all forms of
treatment, where only the use of cardiac transplantation
would be possible[4].

Angiogenesis, the formation of new vessels from
existing endothelium of blood vessels, has an important
role in embryonic development, tissue repair and progression
of a variety of pathological processes [12,A8lgiogenesis
induced by administration of growth factors is intended to
promote the formation of new blood vessels, capillaries
and arterioles.

The mechanism of angiogenesis can be initiated by
factors of a mechanical nature, by inflammatory or hypoxic
process (energy imbalance). The process of angiogenesis
occurs in stages (Figure 1) comprising: vessel dilation,
endothelial cell activation, platelet activation, secretion of
plasminogen activators and proteolytic enzymes, mast cell
degranulation, activation of macrophages, disruption of
the basement membrane and increased permeability with
release of fibrin and other proteins. Following, formation of
pseudopodia occurs, degradation of extracellular matrix,
migration of endothelial cells to the extravascular space
with the same proliferation and formation of shoots of
vascular tissue. Finallyhey form new basement membrane
and maturation of the new establishment of the vascular
wall to blood flow formation of tubes and conections,
establishing new vessels [14].

The idea that angiogenic factors may promote
revascularization of ischemic tissues is called therapeutic
angiogenesis [15]. The concept of therapeutic angiogenesis
in humans through clinical trials phase | went ahead with
the idea of testing this strategy in ischemic cardiomyopathy
Therefore, therapeutic angiogenesis is a strategy designed
to amplify the natural process of angiogenesis and reperfuse
ischemic tissues, which may represent a new process of
revascularization in these high-risk patients [16].

There is a direct influence of inflammation and hypoxia
on angiogenesis. Inflammation increases the production
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of PR-39nacrophage-derived peptide, this inhibits the
degradation of HIF-& (hypoxia-inducible factor @9 leading
to increased expression of VEGF and its receptors [17].
Inflammation induces the production of cytokines that
promote angiogenesis [18]. In contrd&R-39 increases the
production of fibroblast growth factors (FGF), which have
angiogenic poweMechanical factors may act by activating
the same mechanism, resulting in angiogenesis [10].
Vascular Endothelial Growth Fact&ibroblast Growth
Factor (FGF), hepatocyte growth factor (HGF) Plasmid and
Aenoviral vector
The formation of new blood vessels responds to the
stimulation of angiogenic factors, which regulate
endothelial migration, proliferation, survival, and proteolytic
activity. Among the factors described in the literatMEeGF
has emerged as a critical regulator of pro-angiogenic
process [19-21]. This molecule promotes the formation of

VEGF, family member o EGFA, which consists of five
isoforms resulting from alternative divisions of a single
gene, ie, VEGF121, VEGF145, VEGF165, VEGF189 and
VEGF206, is a growth factor specific to the endothelium
[24.25]. It acts mainly by activating two Flt-1 tyrosine kinase
receptors (fms-like tyrosine kinase-1, VEGF receptor-1) [26]
and KDR (kinase-insert domain-containing receMBiGF
receptor-2) [27] but can also activate other receptors, such
as Neuropilins-1 and 2 [28]. VEGF may represent a new
treatment modality for ischemic heart disease. This is due
to the possibility of developing new blood vessels or
promote the reformation of existing vessels [29]. The
VEGF165 contains 165 amino acids and works by interacting
with specific receptors on endothelial cells, initiating the
cascade of events that culminates in endothelial cell
migration, proliferation and aggregation of microtubules
that will eventually form a network of arterial and venous

new vessels and their morphogenesis, through a complex systems.

process of angioregulatory events [22,23].

Blood vessel
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to replace an abnormal gene, but suprarregular the playing a key role on the vascular control, both in
expression of a useful protein, increasing DNA content. Its physiological conditions and in pathological processes
effectiveness depends on the gene vector and method of such as acute coronary syndromes. The monolayer of
administration used [30]. VEGF functions both as an endothelial cells acts as a nonstick surface for platelets
important marker of endothelial damage, as the mediator of and leukocytes, producing a variety of important regulatory
repait In cases of injury such as ischemia, inflammation factors, such as NO [32]. Thus, influences not only vascular
and infarction have their expression increased. In addition, tone but also its remodeling through the production of
it encourages the maintenance, mobilization and recruitment substances promoting and inhibiting their growth [33].
of endothelial progenitor cells (EPC) from bone marrow [31]. Dysfunction in endothelial cells leads to a loss of
The angiogenic potential of VEGF stimulates endothelial antithrombotic properties of vascular wall and corresponds
production of nitric oxide through activation of nitric oxide  to the beginning of the atherosclerotic process [32]. The
synthase (eNOS) (Figure 2). reconstruction occurs by endothelial migration and
The endothelium synthesizes important substances, proliferation of circulating mature endothelial cells.

Stage 0 of angiogenesis, stable vessel. Major
components of a normal capillary that can be
involved in the process of angiogenesis.

Stage 1 of angiogenesis: changes within the
vessels.

Stage 3 of angiogenesis: maturation of the new vessel.

Stage 2 of angiogenesis: formation of a new channel.

BM: basal membrane; EC: endothelial cells; H: RBC; P: platelets; ECM: extracellular matrix; MF: macrophage; MT: mast cell

Fig. 2 - Mobilization of endothelial progenitor cellsfor neovascularization. Adapted from Murasawa et al. [ 68]
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However these cells have low proliferative potential and
their ability to repair is limited. Evidence indicates that
peripheral blood contains bone marrow cell subsets, with
properties similar to embryonic angioblastic. EPCs have a
proliferative capacity and differentiate into mature
endothelial cells, and can be induced by various cytokines
or growth factors, acquiring different phenotypes [32].

The FGF family comprises at least nine polypeptides,
including acidic FGF and basic FGHlikeVEGF, FGF acts
in the mitogenesis of endothelial cells, fibroblasts and
smooth muscle cells [18]. The increased availability of FGF
provided the use of this gene has been most studied.
Among the experimental studies, we highlight the report
by Kawasuiji et al. [34] in a model of acute myocardial
infarction, where the response to FGF demonstrated to
increase the number of capillaries in the border zone and in
the epicardium of the infarcted area, the increased blood
flow in these areas and the improvement in left ventricular
ejection fraction 7 days after infarction.

On the other hand, HGF is a potent mitogen for a wide
variety of cells, and angiogenic, antiapoptotic and possess
antifibrotic properties [35,36]. In a pilot study of gene
therapy in patients with CAD¥ang et al. [37] reported the
growing evidence of the beneficial effects of HGF in
myocardial infarction, heart failure and peripheral arterial

occurrence of death in a research subject, probably due to
high viral load administered, and there was cancellation of
several clinical projects and return to the laboratory
research. Since 2000, few projects have been developed for
clinical applicationTheoretically before being introduced
into the patient, the viruses used as vectors suffer from
several genetic changes, so that the therapeutic gene is
inserted, while several other genes that confer virulence
are removed or inactivated [7,41,42]. Thus, when binding
and invading the target cell, the viral vectors inject its
genetic material containing the therapeutic gene in the
patients DNA, allowing transcription and translation of
the gene to their corresponding functional protein, or using
the molecular machinery of the host cell to express their
genes. Howevelin specific cases, the virulence became
something uncontrollable, where the therapy became the
cause of death of patients undergoing such intervention.
On the other hand, plasmid vectors have no gene size limit
to be inserted and induces minimal immune response,
resulting in sustained transgenic expression. The
disadvantage is the low rate of transfer of the encoding
gene of the angiogenic factor [43].

The ideal vector would be one that combines low
immunogenicity and a satisfactory safety profile, with high
efficiency of transfection and transgene expression to

disease. The aim of this study was to assess the effects of specific time periods [4].

intracoronary administration of an adenovirus vector
encoding the human HGF gene (Ad-HGF) on serum levels
of cytokines and mobilization of CD34 (+) and CD117 (+)
cells in patients with heart disease. Given the findings, it
was concluded that gene therapy with HGF may play an
important role in the regulation of inflammatory cytokines
and induce mobilization of EPCs in patients with CAD.
Genetic vectors are all DNA molecules with potential for
autonomic replication within the host cell in which DNA

Gene transfer to the myocardium has been used as an
alternative strategy to achieve a sustained local expression
of angiogenic proteins [44]. There is a variety of different
methods to replace or repair the genes targeted in gene
therapyA normal gene can be inserted into a nonspecific
location within the genome to replace a nonfunctional gene,
which is the most common approach, though, an abnormal
gene could be replaced by a normal gene through
homologous recombination, an abnormal gene could be

sequences can be inserted and expanded. The origin of therepaired through selective reverse mutation, which returns

vector plasmid allows to classify in bacteriophage or viral
infections [38]. They are used to transport genes into recipient
cells. They have not only markers for ease of recognition as
well as replicating sequences. Common vectors include
plasmids carriers for transportation of naked DNA and viral
vectors such as adenovirus, retrovirus and lentivirus.

Advantages and disadvantages compared to the vector
used include the size of the inserted gene, the site of
incorporation in the nucleus, the duration of expression,
the transfer diciency and the degree of bodyimmune
response [39]. The plasmid vector is expressed by only a
few days after viral vector administration and shows gene
expression for several weeks [40]. Thus, the clinical studies
that attempt to treat end-stage ischemic disease through
gene therapy may be limited by duration of exposure to
inadequate angiogenic agent [4].

Gene therapy suffered a major setback when the

the gene to its normal functions and also the regulation of
a gene can be altered, such regulation corresponding to
the degree to which a gene is active or inactive [6-8].

Controlled Clinical Trials of GeneTherapy

Despite more than a decade of achievement of the first
clinical trial of gene therapy [45], the real clinical benefits of
this therapy still need to be better elucidated. Research has
attempted to identify other parameters and outcomes that
can provide objective evidence of bioactivity and clinical
improvement [4]. Thus, among the studies, it can be
observed the use of different genes, doses, types of
vectors and routes of administrationTable 1, are gathered
clinical trials involving gene therapy with VEGF with
interventions performed via left minithoracotorimyTable
2, studies using the percutaneous method, afidbite 3
are gathered clinical trials of gene therapy with FGF
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Table 1. Clinical trials involving gene therapy with intramyocardi@GF by left mini-thoracotomy

Author andYear Vector Patients Outcomes Results
Losordoet al. VEGF,, 5 patients; CAD, Myocardial Reduction in angina between 10 and
[45], 1998 refractory angina, perfusion and 30 days after treatment, reducing the
underperfused myocardial  symptoms of consumption of nitrate in 60 days (P
areas, but viablaC (3/4) disease in 60 days <0.05), no reduction of myocardial
ischemia in 60 days
Symesetal. [48], VEGF 125i g/n=10, 250 g/ Safety of the Safety and feasibility of therapy
1999 n=10;CAD, refractory therapy and improvement of myocardial
angina, reversible ischemia, myocardial perfusion in 60 days, SSS =194 +
AC (3/4) perfusion in 180 3.7 versus 15.9 + 3.4, P = 0.025)
days
Valeet al.[49], VEGF,, 13 patients; CAD, refractory  Myocardial Reduction of ischemia before (15.26
2000 angina, myocardial areas perfusion and left £ 0.98%) versus after (9.94 +
underperfused but viable, ventricular 1.53%, P= 0.004) therapy
AC (3/4) performance improvement of myocardial function
Reilly et al. [50], VEGF, 30 patients; CADAC (3/ Safety and adverse After 1 year, 3 (11.5%) patients had
2005 4) with no events at 1 year of AC 3 and 23 (88.5%AC 1 or 2,
revascularization options; therapy there were 4 deaths (13.8%), MI 5
(17.2%) 7 CABG (24.1%), 15
hospitalizations and two new cancer
diagnoses
REVASCSewart  Adenoviral Active/placebo group (32/ Time on ergometric Time on ergometric test at 1 mm ST
etal. [51], 2006 VEGF,,, 35), CAD not eligible for test and ST segmentsegment depression was significantly
revascularization, depression in 1 mm higher inVEGF ,-ad (P=0,026)AC
refractory anginaC (2/4) in diameter at 26 improved in the group ad-
weeks VEGF121(P<or =0.001)
Rueletal. [52], Plasmid VEGE,, VEGF/L-arg (5),Placebo/L- ~ Myocardial Group VEGF/L-arg showed
2008 and supplemental ar (6),VEGF/placebo perfusion, left improvement in perfusion and
oral L-arginine (7),Placebo/placebo ventricular contractility of the anterior
associated with  (1);CAD with commitment contractility andAC myocardial wall (P =0.02)
CABG. of theADA in 3 months
Kalil etal. [53], plasmid VEGE,, 13 patients, ischemic heart Myocardial Improvement of myocardial
2010 disease, ! ejection perfusion, perfusion SSS (18.38 £ 7.51 versus

fraction greater than
25%symptoms of angina
and/or IC, myocardial
hypoperfusion

ergometric test time,

quality of life, CF

according to NYHA

in 3 months

15.31 +7.29, P = 0.003) and SRS
(11.92 £ 7.49 versus 8.53 £ 6.68, P
= 0.002); trend towards
improvement in ergometric test time
(7.66 £ 4.47 versus 10.29 £ 4.36, P
= 0.08), improved quality of life,
second IC accordingNYHA class
andAC.

VEGF: Vascular Endothelial Growth Factor, CAD: coronary artery disease, AC, angina class, Ad, adenoviral; P: Placebo, AMI: acute
myocardial infarction, CABG, Coronary Artery Bypass Surgery, G-CSF-stimulating factor Granulocyte colony, L-arg: L-arginine; LV: left
ventricle, Cl: Heart Failure, NYHA: New York Heart Association; SSS Sress score in addition scintigraphy, SRS score rest score in

scintigraphy
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Table 2. Clinical trials involving gene therapy witlEGF percutaneously

Author and year Vector

Patients

Outcomes

Results

VEGFVale et al.
[54], 2001

Losordo et al.
[25], 2002

KATHedman et
al. [28], 2003

VIVA
TrialHenry et
al. [46], 2003

Euroinject One
Kastrup et al.
[55], 2005

Ripa et al. [56],
2006

NORTHERN
TrialStewart et
al. [57], 2009

Intramyocardial of
VEGF, guided by

electromechanical
mapping (NOGA)

Intramyocardial
administration via
electromechanical
mapping of plasmid
VEGEF,

Intracoronary
administration of
adenoviral plasmid
VEGF, . and after

165

percutaneous coronary

intervention

Intracoronary infusion, VEGF - high dose (59),
followed by intravenous VEGF - low dose (56),
placebo (63); refractory testing,AC and quality
of life in 120 days

infusion of VEGF

Percutaneous
intramyocardial
administration via
electromechanical
mapping of plasmid
VEGF,,

Percutaneous
intramyocardial

administration of VEGE, (16); coronary artery

6 patients, angina

AC(3/4)

Group active/placebo (12/ Change irAC and
exercise tolerance in 12

7), CAD not eligible for
revascularization, refractoryweeks
anginaAC (3/4)

VEGF-ad (37), VEGF-P % minimal luminal
(28), Placebo (38); CAD, diameter stenosis in
AC (2/3), percutaneous coronary angiography at

coronary intervention 6 months

angina, underperfused
myocardium, but viable

Group active/placebo (40/ Myocardial perfusion,
40), coronary artery diseasewvall motion mapping by

not eligible for NOGA, left
revascularization, refractoryventriculography andC
anginaAC (3/4) in 3 months

VEGF  + G-CSF (16),
VEGEF, . (16), Placebo

165

using electromechanical ~ disease not eligible for
mapping and subcutaneousvascularization, refractory

injection of G-CSF

Administration of
Plasmid VEGE by
endocardial catheter
through the NOGA

anginaAC (3/4)

A multicenter study:

artery diseas&C (3/4)

electroanatomic catheter

Myocardial perfusion,
refractory to therapy of time during ergometric
CAD, reversible ischemia, testing, angina episodes
in 360 days

Myocardial perfusion
time during exercise

Change of perfusion
defects, measured by
SPECT in 3 months

Myocardial perfusion,
group active/placebo (48/ time in ergometric time
45), advanced coronary andAC at 6 months

Reduction of episodes of angina,
improvement in ergometric test
performance from 7 to 127
seconds (72 + 25 s),
improvement in myocardial
perfusion at rest and stress

Improvement irAC - VEGF,
group versus placebo (-1.3 versus
-0.1, P =0.04), exercise tolerance
(91.8 versus 3.9 seconds)

Clinical restenosis rate: 6%,
minimum diameter and percent
stenosis were not different between
groups, myocardial perfusion
showed a significant improvement
in the VEGF-ad group

There was no significant
improvement in myocardial
perfusion, increase in performance
under exercise test (high dose versus
placebo: 48 versus 23 seconds, P =
0.15), reduction of angina episodes
and improved quality of life

Myocardial perfusion was not
different between the VEGE

and placebo group (38 + 3%, 44
2%), wall motion by NOGA (P =
0.04) and left ventriculography (P
= 0.03) improved compared to
placebo; improvement iC with

no difference between

There was no improvement in
myocardial perfusion in both
treated groups and clinical
symptoms have not changed

There was no improvement in
myocardial perfusion; significant
reduction in the ischemic area in
both groups, increase in exercise
test time and improvement AC

VEGF: Factor Vascular Endothelial Growth; AC: Angina Class, Ad, adenoviral; P: Placebo, AMI: acute myocardial infarction, G-CSF,
colony-stimulating factor Granulocyte; LV: left ventricle, Cl: Heart Failure; NYHA: New York Heart Association; SSS Sress score addition,
SRS Scoreaddition of Rest
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Table 3. Clinical trials involving gene therapy with FGF

Author andYear Vector

Patients Outcomes Results

FGRGENTGIines
et al. [58], 2002
AGENT-

Administration
of Ad5-FGF4 by
intracoronary via

2 Grinesetal. Administration

Group active/placebo (60/19),Safety and time of  Single administration AAd5-FGF4

coronary artery diseas&C exercise testing in 12 was safe and well toleratefig5-FGF4

(213) weeks group showed improvement in the time
of exercise testing in subgroup analysis
(1.6 versus 0.6 minutes, P = 0.01,
n=50)

Group active/placebo (35/17),Change of perfusion Ad5-FGF4 resulted in a significant
coronary artery disease, not defects, measured byreduction of ischemia (4.2% absolute,
eligible for revascularization, adenosine SPECT in 21%, P <0.001), while placebo did not
8 weeks, follow-up improve (P = 0.32)

[59], 2003 of Ad5-FGF4 by
intracoronary via
refractory anginaC (2/4)
AGENT-3 Administration  High dose (175), Low-dose
AGENT-4 of Ad5-FGF4 by (180), Placebo (177),
Henry et al. intracoronary via coronary artery disease and
[60], 2007 refractory angingAC (2/4); 3

AGENT: no immediate need
for revascularizatioAGENT
4: not eligible for
revascularization

of 12 months

Change in time of Significant beneficial effect of gender,
exercise testing in 12 women showed improvement in
weeks, follow-up of exercise test time and improvement
12 months of AC

FGF: fibroblast growth factor; AC: Class of Angina

This study highlights the potential clinical applications
of growth factors in humans, since experimental studies
have shown favorable results and initial clinical studies in

humans do not report adverse events related. Current testscardiology [38].

report that the use of high doses/&GF, compared with

low doses and placebo, improves myocardial perfusion in
patients with severe angina and provides evidence of a
dose-dependent positive effect [46.47]. Confronted with
evidence, VEGF has been shown to be a potential
angiogenic factgmhich benefits in medium and long term
follow-up have been or are being assessed, including the
improvement of quality of life, functional class of heart
failure, angina class, functional capacity and reduction of
myocardial ischemia [25,28,45,46,48-57].

FGF [58-60] and HGF [61] have also been demonstrating
its potential benefits in the induction of myocardial
angiogenesis, and to further develop this promising
therapeutic approach we must critically assess the results
and the experimental protocols, to identify factors that may
have undermined the effectiveness of therapy or
confounding data interpretation [4].
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As the route of administration, the intramyocardial route
proved to be more effective and, therefore, have been the
most widely used in studies involving gene therapy in
Previous studies suggest that
administration by intramuscular injection offers the
possibility to offer more effective in focal areas of ischemic
muscle [4].

There are questions concerning the safe transfer of
angiogenic factors, and also in relation to time of expression
[4.62], where it is known that plasmids carriers of angiogenic
factors protein, because they have more short expression
and do not incorporate DNA to which the cell will connect
to, have a lower risk of this adverse effect. Since the viral
vectors require care in biosafgityis unnecessary measure
with non-viral vectors. Studies indicate temporary events
related to use of adenovirus, such as fever or elevated
serum C-reactive protein, liver enzymes and antibody
titration [22]. Hao et al. [63] published in 2007, an
experimental study on myocardial angiogenesis VEGF
compared with adenoviral plasmid vectbhese authors
demonstrated equivalent benefits in terms of ventricular
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function (P<0.05) for plasmids and adenovirus after 4 weeks,
however in this studythe TUNEL technique that detects
DNA breaks that occur during the process of apoptosis,
demonstrated an increase in frequency of cardiomyocyte
apoptosis in adenovirus group €0.02).

Almost all clinical trials of gene therapy and study

population are patients with end stage ischemic disease,

since the possible increased risk in relation to the benefits

will require more follow-up time and number of patients
undergoing therapy [4]. Thus, gene therapy has emerged
as a potentially beneficial alternative to ischemic heart
disease patients, when conventional therapies are
exhausted. The definition of angiogenic success, for better
assessment of the results needs to be rethought and defined
by methods of higher sensitivity and specificity
Traditionally, therapy for the treatment of cardiovascular

associated with new treatments are acceptable and can bedisease should demonstrate improvements in morbidity and

used as an adjunct to conventional therdpgwever in

very advanced clinical situations, therapy may not lead to
an improvement of great intensity and measurable by
available methods, even when treatment shows some
clinical benefit [4.64].

Local Experience

In the Cardiology Institute of RS/FUC and the Discipline
of Cardiology of UFCSR, in collaboration with the
Laboratory of Immunogenetics, UFRGS, we previously
developed experimental studies [65-67] and recently
performed the first gene therapy clinical trial in Brazil, using
VEGF165 for refractory angina [53].

In experimental studies, we used a canine model of
myocardial infarction in acute and chronic phases in an
attempt to assess the processes of gene thé&rapgntly
we developed a controlled clinical trial, phase I/l
(ClinicalTrial NCT00744315) [53] in order to clinically assess
the effects of gene therapy with VEGF165 in patients with
advanced coronary artery disease (CAD), not eligible for
revascularization or percutaneous surgical. The thirteen
patients received optimal drug therapy for at least six months
and underwent administration of intramyocardial injections
of 2000 pg of plasmid VEGE, Patients were assessed by
myocardial scintigraphyexercise testing, quality of life
guestionnaire (Minnesota) and determination of classes of
heart failure (NYHA) and angina (CCS). In partial results of
3 months of evolution, it was concluded that the therapy
proved to be safe and feasible, tending to improvement in
severity of angina and reducing the intensity of myocardial
ischemia.

CONCLUSIONS

Over 1,000 patients were enrolled in controlled clinical
trials of gene therapygovering more than a decade and so

far, except for specific cases, no adverse safety signal was

detected, indicating that the therapy is safe, feasible and
potentially effective although they have not produced
conclusive evidence of its benefits definiteReports of
retinopathy cancer or other diseases that could be driven
by vascular growth were perceived as equally distributed
in treated and placebo groups in randomized clinical trials.
More definite conclusions about risks and complications

mortality. However for this patient population, the fact of
improving quality of life, and decrease or elimination of
episodes of angina and reduction of events of
hospitalization may be considered the biggest gains on
this new therapyKnowing that the manifestations of
cardiovascular disease is progressive, the main aim is to
offer patients significant decrease of symptoms and delay
this progression.

The future directions of gene therapy indicate probable
combinations of angiogenic factors or individual factors
(HIF 1-a) that activate different pathways of
neovascularization. Combinations of cell therapy and
angiogenic factors, as well as the use of biomaterials to
improve the microenvironment are other promising
strategies for ischemic tissue repair [4].
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