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Gene therapy of cardiac failure
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Abstract

Every year in the world there is increasing death rates due to heart failure. So it is very essential to cure the hee
failure on a long term basis. For this purpose, gene therapy is somehow the béét wary do this by
discovering new pharmacological targets, producing regenerative medicine by use of stem cells, using adipos
tissues for cardiac repairsing resynchronization therapy by changing the gene expressions, by correcting the
gene expression of connexin43, by enhancing the mitochondrial function, inseiii géne, curing the down
regulation of calcium signaling protein, use of micro RNAs, modification of cardiovascular ion channels by gene
therapysilencing the myotrophin gene. Heart failure means the loss of heart functions; heart stops its working
which may lead to death. Now a ¢dhagart failure is dominating in the worlthere are lots of factors involve in

this disease.
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. _ important role in curing the heart diseases of genetic
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. _— .. arteriosclerosis and heart failure. But there is not too
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o . much progress in this field because of lack of gene
patho-physiological mechanisms can also be cured b

: : . ... delivery systems for localizing gene therapy to specific
using gene therapy such calcium fluxes during excitation Y y ] g9 _ pY P
site to optimize transgene expression afidafy.

of heart can be enhancekhd nowadays further _ _ _ _ _
Cardiac remodeling and improvement its function can

researches are going bardiac system is very
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. L . . can also increase the angiogensis, increase
cardiac rhythmicityits physiology and pathogenesis, _ _ )
. _ cardiomyocyte and reduce apoptosis after myocardial
the cure of heart failure and cardiac hypertrophhen ) _ ) _
infarction. This may also be helpful in the postinfarct

there is change in the rhythmicity of the heart, the change ) )
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channels. So, for its cure small molecule drugs can khbat any mutation in this allele leads to heart faiture.
used for the delivery of gene to modify the ion channelsThere is a considerable morbidity and mortality rate
Basically we can cure the hypertrophgart failure  due to the heart failure. There are some factors still
and hypertension by using the gene therBpythe  unknown such as- inflammatory mechanisms contribute
delivery of gene the use of viral vectors is under studyin heart failure. So HMGBL1 is the key danger signal
that is released by the necrotic cells and this signal is
_ . _ . components involved in inflammatory cardiomyopathy
Cardiac cell and gene therapy have entered into clinical _ )
) ) _ _ . eventually leading to heart failuf&/hen there are
trials for the patients of chronic congestive heart failure. i _ ] _
_ _ . changes in gene expression of connexin 43 protein
By using gene therapy we can increase the Calcium _ o
) ) _ involved in normal heart functioning, they become
pump in the sarcoplasmic reticulum and hence can _ _ _
) N crucial factors in normal cardiac development and its
improve the contractility of the heart. In case of cell . .
o _ functions. Several heart related diseases can occur such
therapy its clinical benefits are not clédgoweveycell _ _ _
_ ~as heartfailure, atherosclerosis etc. But recent studies
therapy by use of myoblasts is somehow beneficial in _ _
o . have developed the potential therapies related to
case of myocardial infarction. . . _
connexin 43 to cure the cardiovascular diseases and
signaling pathways.
Phar macoepigeneticsin heart Failure
Epigenetic changes play animportant role in the variatioRevelopmental and genetic aspects of atrial

of predisposition of diseases and recent evidences tprillation

epigenetic changes also play animportant role in heasrial fibrillation is a common form of cardiac
failure and cardiac hypertrophijhese epigenetic - arrhythmiaAbnormal rhythm may cause shortness of
changes include the histone modification, DNAbreath, heart failure and other heart related diseases.
methylation and micro RNASThe vascular endothelial 1t has been estimated that there is 85% chance of

growth factors are implicated in the pathogenesis aflevelopment of atrial fibrillation in an individual with at
the coronary artery disease and acute myocardiéast one parent with the history of atrial fibrillation.
infarction. Itis reported that there are few SNPs whichiRecent studies have shown that genetic factor is also
are associated with the variations in seruninvolved inAF.*?

concentrations of VEGF and susceptibility to CAD

and acute coronary syndrome. VEGF gene deliveryypes of gene ther apy

can be used for treating the CAD but it does not Sho%ene therapy can be done by several methods but the
full efficacy® Corin is a allele which shows its

_ _ _ usually ones are gene targeting, changing gene
expressions in the cardiomyocytes If there occur any . L
o _ _ xpressions and gene silencing.
mutation in this allele it may lead to hypertension and
systolic heart failure. On experimental basis and’harmacogenetic effects of ACE inhibitors on

pharmacogenomic interactions in blacks itis concludefieart failure
70



M.I. Qadir et al, Gene therapy of cardiac failure

ACE inhibitors have very good effects on patients whadult endothelial proginator cells and multipotent
suffered from diastolic heart failure. It has been showmesenchymal stem cells. They are also highly
by experiments th&CE gene insertion in diastolic proliferative and can easily differentiate into
heart failure patients can decrease the long termardiomyocytes. The similarity between stem cells and
mortality rate as compared to the use of other dfugs.adipose tissues has shown that adipose tissues can be
The failing heart becomes depleted of energy and it issed an alternative, and also as a source for repairing
involved in the progression of disease. Mitochondriadamaged tissues in infarcted hééath developed
function becomes depressed which can lead to chrontountries, myocardial infarction is one of the causes of
heart failure. In chronic heart failure, the patients whichmortality. So, bone marrow mesenchymal stem cells
were treated with th&CE inhibitors had more cardiac injection is given and this therapy has the ability to
oxidative capacity and were partially able to protectegenerate the cardiomyocytes in heart faflire.
cardiac mitochondrial function and transcription

cascade than the patients who were receiving trﬁew pharmacological targets: aldosterone

endothelin-1 and angiotensirtil.
receptor asan example

Heatrt failure has multiple etiologies. There are numerous

Sem cells and adipose tissue as regenerative .
P & therapeutic targets such as the neurohormonal blockage

medicinefor myocar dial infar ction . . : :

e.g. adrenergic and renin angiotensin aldosterone
Regenerative therapies have shown possible ways $ystem. For better identification of signal pathways we
cure severe heart failure which is due to myocardialise animal models classical or genetically modified.
infarction and ischemic cardiomyopathsor this  Although the patho-physiological and physiological
purpose we use several potential cell sources such patterns are different in animals than the humans, it
bone marrow stem cells, skeletal myocytes angrovides us the new hypothesis and therapeutic
embryonic stem cells. ES cells are used because thagproaches. Gene targeting have open new discoveries
are highly proliferative. They are used for massn pharmacological targets in heart failures, such as in
production. So, we have formed the IPS cells by thease of aldosterone and its receptors.
gene transfer of 4 transcription factors into the IS celldMineralocorticosteroids are involved in the patho-
IPS cells can be differentiated into cardiomyocyteghysiology of heart failure and by using the new
same as ES cells and they have become ideal cétlerapeutic targets of aldosterone, we have made many
source of regenerative medicifi@one marrow cells improvements in heart failute.
such as stem cells and progenitor cells can be used to
enhance the functional recovery after acute myocardiﬂ eta-adrenergic blockade attenuates cardiac
infarction.As these cells are highly proliferative, they :

dysfunction
can easily differentiate into cardiomyocytes. There are
difficulties with them in some situations. Receritly Beta-adrenoceptor blockade is the useful therapy for

has been discovered that the adipose tissue contai¢gngestive cardiac failure. In laboratory three weeks

71



Journal of College of Medical Sciences-Nepal,2010,Vol-6,No-4

after inducing myocardial infarction rats were treatedNowadays, RNA has become fully understood and it
with selective beta-1 blocker atenolol and nonselectivean be used as a tool in medicine and molecular biology
beta blocker propranolol and it showed very goodAs a therapeutic use, RNA interference can be used
results by improving heart function abiliffhese to silencing of specific genes and microRNA
blockers attenuated the Ml-induced depressions imodulation can be used to alter complex gene
myofibrillar Ca(2+) stimulateATPase activity and expression patterns. It can be used to cure heart failure
phosphorylated cTnl protein content. Hence it isput still, we are unable to find theget sideswithin
thought that the improvement of cardiac function bynext decade RNA based therapy will be used for
using beta blockers is associated with the attenuatiq®yrdiovascular therapyMicroRNAs have recently

of myofibrillar remodeling?® Betal-adnergic receptor emerged and play a central role in the gene expression.
Arg389Gly and beta2-adrgc receptoArgl6Gly  ang it has been studied that they can be implicated in
single neucleotide gene polymorphisms are not relateé{,ery pathological process of cardiovascular systems
to the response to the carvedilol therapyt the such as cardiac hypertroplneart failure, cardiac
GIn27Glu single neucleotide gene polymorphismis g, is and vascular atherosclerosis. By forcefull

determinant of the left ventricular ejection fraction expression or suppression of the single microRNA we
response to this agent in chronic heart failure paﬁ‘lents.C an cause many pathological alteratiérBy using

the RNA interference we can stop or silence the
Cardiacresynchronization ther apy myotrophin gene which further prevents the NF-

Electromechanical dyssynchrony affects the region alﬁappaB activation, whose activation is associated with

cardiac transcriptome causing gene expression in ff
anterior IV wall. Cardiac resynchronization can correctexceIIent therapeutic means for the treatment of heart
the gene expression in the anterior wall uf lLike failure:>

this CR can improve the heart function by working at

the genomic levél.By taking tissues from failing hearts Down regulation of Ca? signaling proteins in

it has been shown that there is down regulation'of Keardiachypertrophy

currents and there is alteration in depolarizingdxal

Ca™ currents, thas why there is alteration in the o _ _ o
, , , . functioning. If there is prolonged rise of calciumin the
electrical signaling and hence slowing down the

conduction. For this purposes we use the cardiaccytosm’ itmay resuitin cardiac hypertrophy and the

resynchronization therapy for electrical remodeling inhlgh levelis due to calcium signaling proteins. These

proteins are down regulated in cardiac hypertrophy
and this imbalance also leads to cardiac failure. Gene

Qe cardiac hypertrophyhis method becomes the

Calcium signaling has very important role in heart

failing heart?

transfer experiments are going on in this way which
Cardiac-targeted delivery of regulatory RNA il e helpful in gene therapy of cardiac failgi&ene
molecules transfer of sarco-endoplasmic reticuldiiPase in the

rat models with chronic heart failure had shown many
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improvements in the past. Nathis gene (SERCA2a) apoptosis and inducing protective ER stress protein

transfer has also been done in big animals such agid by decreasing the pro-apoptotic components of
beagls with chronic heart failure and its results showjpR 30

significantimprovement in heart function by increasing _

the SERCAZ2a expression and also by improving th((a: ondusion

left ventricular systolic functioff.Sarco/endoplasmic In conclusion, that gene therapy is the best way to cure
reticulum plays an important role in contraction of heartheart failure. By using the different techniques of gene

as the SERCA2a expression plays an important roléerapy we can obtain long lasting cure regarding the
in regulation of calcium. Change in the expression ofeart failure. Still more studies and experiments are

SERCAZ2a leads to the low levels of calcium anddoing on in this field and it is expected that it will be

ultimately leads to heart failure. So the trails are goingnore helpful in the future and also for the cure of other

on to restore the SERCA2a expressions by usingiseéases.

adeno-associated virus typ&1.
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