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ABSTRACT

Arrhythmias are an important class of cardiovascular disease, the
most common of which are impulsive mechanisms (automatic,

triggering activities), impulsive conduction disorders (re-entry,
blockade) or both. Arrhythmia may occur at any age and is
characterised by a heartbeat that is either too slow (< 60 beats
per min) or too fast (> 100 beats per min). Traditional arrhythmia
treatment is divided into drug therapy and non-drug therapy. Non-
pharmacological treatments include electric shock, heart rate
adjustment, surgery and radiofrequency ablation. While these
treatments can alleviate the symptoms of arrhythmia to some
extent, the radical treatment cannot be achieved. This article briefly
introduces several common arrhythmia diseases, and discusses the
advantages and disadvantages of traditional arrhythmia treatment
methods, focusing on new application strategies of gene therapy.
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INTRODUCTION

Arrhythmia is the leading cause of morbidity and mortality in
heart disease, and is the cause of death in up to 250,000 people
a year in the United States alonel"?. There are two situations in
which human arrhythmias occur. First, in the early stages of life,
arrhythmias may appear as a result of natural (congenital) and
electrophysiological changes. Structural abnormalities can either be
absent (e.g. long QT syndrome® ), minimal [e.g. Wolff-Parkinson-
White syndrome (WPW) caused by paraneopathic pathways] or
severe (e.g. endocardial pad defects with cardiac block). Secondly,
arrhythmia may occur as a result of acquired disease (such as
ventricular tachycardia after myocardial infarction) or aging [atrial
fibrillation (AF)]®. The most common arrhythmias include AF" and
ventricular arrhythmia®. Among these, AF is most common in mitral
stenosis and/or mitral regurgitation, and rarely occurs in aortic valve
defects. Ventricular arrhythmia is associated with most valvular heart
disease. Severe arrhythmias such as sick sinus syndrome!”), rapid
AF! paroxysmal supraventricular tachycardial'! and persistent



2] have clinical manifestations including

ventricular tachycardia!
heart palpitations, chest tightness, dizziness, low blood pressure
and sweating, and severe cases may even result in syncope or even
sudden death.

Defects in the heart conduction system are a leading cause of heart
disease. Early studies using chicken!'* and other animal models!'
showed that the conduction system has a functional existence but is
morphologically unrecognisable, and its different components have
different functions. The sinoatrial node contains a pacemaker that
functions to ensure that blood pressure and one-way blood flow can
cause excitement from the atrial muscle to the atrioventricular (AV)
node. Further conduction is interrupted by insulating fibres at the
AV junction, and at another site, the specific AV bundle penetrates
the AV connection through the central fibrous body. The AV node is
located at the atrial side of the AV connection and can be regarded
as the end of the atrial conduction axis. There is a short delay in the
excitatory spread into the ventricle, which is generated by the AV
node, allowing the ventricle to fill when the atrium contracts. These
delays are necessary to maintain normal heart function (Figure 1),

In 2009, Christoffels et all'* published an study entitled
‘Development of the cardiac conduction system: why are some
regions of the heart more arrhythmogenic than others?’, clarifying
the relationship between the development of cardiac conduction
system and various diseases of the heart. In 2014, van Duijvenboden
et al' stated that due to the pacemaker activity of the venous pole
and the delay in the impulse in the AVC (atrio-ventricular canal),
the slow contraction of the heart tube translates into a rapid
continuous contraction pattern of the atria and ventricles, leading to
arrhythmias!!”-2%),

TRADITIONAL TREATMENT

Currently, treatment for arrhythmia mainly focuses on the physical
and chemical treatment of restoring normal heart rhythm. The aim is
to temporarily or continuously restore the normal fluctuation of the
heart rhythm; however, it cannot be completely cured. Traditional
arrhythmia treatment is divided into drug and non-drug treatment.
Non-drug treatment includes electric shock, heart rate regulator,
operation and radiofrequency ablation.

Drug therapies

Drugs can restore the heartbeat to normal, or reduce the frequency
of an irregular heartbeat, but this can only be controlled and the
effects are limited?". Drug therapy is the main treatment method
for arrhythmia; however, due to the complexity of arrhythmias,
the manner and approach of drug action also differs. Drug
administration is generally oral, but for acute attacks drugs may
be taken intravenously or via an aerosol. In principle, treatment of
slow arrhythmias generally uses drugs that enhance myocardial self-
discipline and/or accelerates conduction, such as sympathomimetic
drugs (e.g. isoproterenol®*?), vagus nerve inhibitors (e.g.
atropine®) or alkalizing agents (e.g. sodium lactylate®>?®! or
sodium bicarbonate?**). Treatment of tachyarrhythmia uses drugs
that slow down conduction and prolong the refractory period,
such as vagus nerve stimulants (e.g. neostigmine!®’, digitalis
preparation*®*'), sympathetic nerve agents indirectly exciting the
vagus nerve (e.g. methoxyl, benzodiazepine*>**) or antiarrhythmic
drugs. Antiarrhythmic medication aims to destroy the pathological
tissue causing the arrhythmia and make pathological changes
to the myocardial cells and change the electrical physiology.
However, long-term use has various adverse side effects, which
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can cause ventricular arrhythmia or heart block, and may cause
death. Therefore, it is necessary to strictly control the indications in
clinical application and understand the effects of the commonly used
antiarrhythmic drugs, including half-life, absorption, decomposition,
excretion, active metabolites, dosage and side effects.

An increase in interest in traditional Chinese medicine has led to
a better understanding of the role of this therapy in the treatment of
diseases. The significant efficacy and fewer side effects has meant
their use has been increasingly recognised in clinical practicel®).
Clinical studies have shown that Chinese medicine has a significant
effect on the treatment of cardiovascular diseases, with mild side
effects and few sequelae. For example, in 2016, Chuang et a/l*®
reported the risk of stroke in Chinese medicine for patients with
arrhythmia. They identified arrhythmia groups in one million groups
of the National Health Insurance Research Database in Taiwan,
including 2029 patients who received traditional Chinese medicine
treatment between 2000 and 2004, and identified stroke events
during the end of 2010. Their results showed that during the follow-
up period, the incidence of new stroke in patients with arrhythmia
treated by Chinese medicine (11.4/1000) was lower than that in
patients not treated using Chinese medicine (17.7/1000), and the
relationship between Chinese medicine treatment and the reduction
of new stroke was significant in both men and women. These
results indicate that in patients with arrhythmia, Chinese medicine
treatment is associated with a lower risk of stroke. Herbal remedies,
acupuncture and yoga have also been studied and have been reported
to have anti-arrhythmia effects.

Electroconvulsive therapy

During arrhythmia, a defibrillator (a medical electric shock device)
may be used to treat a decrease in cardiac blood transfusion. This
provides a shock or quasi-shock to the patient’s chest to restore the
normal heart rate®”.,

Pacemaker therapy

Electronic pacemakers have saved many lives since they were
introduced into the clinic®* ", They work by placing an electrode
wire on the surface of the heart or inside the RV. When the heartbeat
is slowed to a certain degree or stops, the sensor emits a wave. This
stimulates the heart to beat, and is specifically used to treat heart
block. Another type of regulator is used for tachycardia, and it acts
like an external shock. The batteries of the pacemaker are usually
placed under the subcutaneous tissue of the chest collarbone or
abdomen. The battery life is more than 10 years, but can be replaced
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by surgery if it runs out. Patients with pacemakers should avoid high
voltages and electromagnetic waves, or bringing mobile phones close
to the battery, so as not to affect the function of the pacemaker.

Surgical therapy

Surgical treatment of arrhythmial®'’ may involve electrocautery
surgery through cardiac catheterisation after electrophysiological
examination. This is used to burn the source of arrhythmia or inborn
abnormal nerve to achieve the purpose of radical treatment. WPW
syndromet>* and paroxysmal ventricular tachycardia*#” can often
be treated with this method, with a success rate of up to 95%.

Radiofrequency catheter ablation therapy

Treatment of arrhythmia is a complex process involving both
pharmacological and non-pharmacological methods. The mainstay
of non-drug arrhythmia treatment is radiofrequency ablation of
the transcatheter arterial catheter*s]. A physiological electrical
examination is used to identify a path with abnormal radio wave
conduction, and a high-frequency current is used to instantaneously
burn tissue that conducts abnormal electric waves, eliminating
abnormal physiological electric conduction.

Currently available drugs for the treatment of arrhythmia or non-
drug therapy aim to restore sinus rhythm or control the ventricular
response rate. The current treatment options are not ideal and have
spurred research into more effective and innovative treatments.
Gene therapy has the potential to treat a variety of human diseases,
including arrhythmias. With the improvement of transduction
efficiency and biosafety, gene transfer vectors have been developed
and tested for the treatment of cardiovascular diseases*’). In recent
years, gene therapy has become a popular candidate for clinical
research and treatment of cardiovascular diseases. Next, we present a
review of the progress of gene therapy for arrhythmia.

NEW STRATEGIES

We have briefly introduced the close relationship between the
development of cardiac conduction system and arrhythmia.
Development of the conduction system is regulated by multiple
transcription factors. Some transcription factors, including
homologous domain protein and t-box protein, are crucial to the
morphogenesis of the cardiac conduction system and the activation
or inhibition of key regulatory genes. Some transcription factors
modify expression of genes that encode ion-channel proteins that
contribute to the electrophysiological properties of the conduction
system and control the contraction of the surrounding myocardium.
Loss of transcriptional regulatory function is often detrimental to
heart development and may lead to arrhythmial®*>¥. For example,

Table 1 Overview of the molecular strategies for gene therapy.

Hatcher et al® described a subset of transcription factors involved
in the development of cardiac conduction systems, including
Nkx2.5, Shox2, Hop, Irx4, Irx5, Tbx2, Tbx3, Tbx18, Tbx5 and
1d2 that are key transcription factors that significantly contribute
to the specification, pattern, maturation and function of the cardiac
conduction system (Figure 2). Further analysis of the molecular
mechanisms involved in this process and the introduction of gene
therapy protocols will help to improve the diagnosis and treatment of
arrhythmias caused by defects in the conduction system.

Gene therapy refers to the introduction of a foreign normal gene
into a target cell to correct or compensate for diseases caused by
genetic defects and abnormalities to achieve therapeutic purposes.
It also describes the application of technologies such as transgenic
technology, which involves inserting exogenous genes into
the appropriate receptor cells of patients through gene transfer
technology, in order to use the products of the exogenous genes
to treat certain diseases. Nowadays, with the rapid development
of science and technology, many genes related to arrhythmia have
been identified. If we can identify which genes have been mutated
in patients with arrhythmia, we can select the appropriate gene
therapy. There are currently five basic gene therapy strategies: gene
complementation, gene inactivation, immunotherapy, gene repair and
gene replacement (Table 1).

Gene therapy for electrocardiogram dysfunction is an attractive
strategy as there are limited ways to treat the most severe arrhythmias,
such as ventricular tachycardia, ventricular fibrillation and
arrthythmia. A growing understanding of disease-related molecular
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Figure 2 Transcription factors required for development of the cardiac
conduction system®l. A schematic representation of the components of the
mammalian cardiac conduction system is shown, including the position of
the primitive embryonic AV ring (grey ellipse). The transcription factors
known to regulate specification, patterning, maturation and function of
these components are indicated in italics, and include Nkx2.5, Shox2, Hop,
Irx4, Irx5, Tbx2, Tbx3, Tbx18, Tbx5 and Id2.

Gene th
ene therapy Principle
strategy
Gene Introducing the target gene into diseased cells or tissues so the gene product can strengthen or correct the function of the defective cells.
complementation |This approach is mainly aimed at diseases caused by recessive genes, such as albinism and haemophilia.

Gene inactivation mainly oncogenes and AIDS genes.

The use of RNA interference, dominant negative mutations, ribozymes, antisense RNA, etc. to inhibit the expression of certain genes,

Immunotherapy

Introducing an antigen-antibody or cytokine gene into a patient, to change the immune status and prevent or treat a disease. For
example, the principle of the recent hot CAR-T technology is to splice the extracellular specific tumour antigen recognition region,
hinge, transmembrane region and intracellular signal transduction domain by genetic engineering technology, then using a retrovirus or
lentiviral vector, transfer a transposon or transposase system or direct transfection into effector cells and express antigen-specific effector
cells, followed by in vitro expansion to reach a therapeutic dose that is then infused into a patient's cellular immunotherapy strategy.

Gene repair

Gene editing technology that fixes the abnormal part of the gene using editing techniques such as CRISPR. It is currently in the clinical
trial stage and may be put into clinical use in the future.

Gene replacement

Use of the normal gene to replace the pathogenic gene in situ so that the DNA in the cell completely restored to normal. This method is
feasible in theory, but has not yet been achieved in experimentally or clinically.
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mechanisms has provided researchers with sufficient tools to target
specific genes and pathways associated with arrhythmia. Data
from preclinical studies suggest that gene therapy can successfully
ameliorate the symptoms of arrhythmias and prevent life-threatening
arrhythmias®***”). Myocardial gene transfer has shown great potential
in studying the pathophysiology and potential therapeutic approaches
of heart disease. There is a huge demand for new treatment options
for arrhythmias?®*", Next, we briefly introduce several methods for
the treatment of arrhythmia using gene therapy.

AF gene therapy

As early as 2002, Marban ef al®"! used a pig model of acute AF to
transfer recombinant adenovirus containing genes for inhibitive
G protein (Gai2) subunit to the AV nodal artery. This transgene
overexpressed Gai2, inhibiting basal adenylate cyclase activity,
thereby indirectly inhibiting channel activity in calcium AV nodes.
The results showed that in the AF model, the heart rate of the
experimental group was reduced by 20% compared with the control
group, indicating the feasibility of gene therapy in the AF model.
In 2011, Bikou er al'” used pig models to develop and evaluate
strategies to inhibit persistent AF using gene therapy. AF was induced
in pigs by atrial burst pacing, resulting in a 62.4% reduction in
atrial Cx43 protein. Adenovirus encoding Cx43 (AdCx43) or green
fluorescent protein (GFP) was injected into the two atria, respectively,
and then transfected by epicardial electroporation to enhance
transgene expression. Direct injection of adenovirus combined with
electrical perforation led to GFP reporter gene expression in ~50%
atrial cells. The atrial Cx43 protein content of the adcx43-treated
animals increased 2.5-fold, and no persistent AF occurred during the
14-day observation period. These results highlight the contribution of
Cx43 to the pathophysiology of AF and demonstrate the feasibility
of gene suppression techniques to prevent atrial arrhythmias in gene
therapy. Over the years, research into the treatment of AF using
gene therapy has made rapid progress. Many genes related to AF
have been identified, and gene therapy for symptoms of AF using
target genes in animal models has achieved good results®?. These
findings suggest that targeted gene therapy is a promising alternative
to pharmacological treatment or ablation of AF.

Ventricular arrhythmia gene therapy

As early as 2009, Lau et al'” used dogs model overexpressing SkM1
in the skeletal muscle sodium channel in the epicardial border region
to activate myocardial activation, maintain conduction and inhibit
ventricular arrhythmia. SkM1 increases V(max) in depolarised
myocardium, reducing the incidence of induced persistent ventricular
tachyarrhythmia/fibrillation. Gene therapy that normalises activation
by increasing V(max) at the depolarising potential may be a
promising antiarrhythmic strategy. In the same year, Sasano et al®®!
established a pig model of induced ventricular tachycardia, and,
after verifying the model, evaluated a gene transfer technique that
focused on local modification of boundary tissue. We found that gene
transfer of the dominant negative KCNH2—-G628S mutation in the
anteroseptal infarct border caused localised prolongation of effective
refractory period in the target region and eliminated all ventricular
arrhythmia inducibility. In 2011, Lyon et al*”’ studied the effect of
SERCAZ2a gene supplementation on ventricular arrhythmia in rats
with chronic heart failure. The use of SERCA2a gene therapy to
improve the mechanism of heart failure is currently at the clinical
trials stage. Electrocardiographic monitoring studies have shown that
SERCA2a gene therapy can reduce both spontaneous arrhythmias
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and catecholamine-induced arrhythmias in vivo, with significant
antiarrhythmic effects. At the same time, SERCA2a gene therapy
also reduced the sensitivity to re-entry arrhythmias in in vitro
programmed electrical stimulation studies. Recent in-depth molecular
biology studies have identified more and more genes regulating
ventricular arrhythmia; however, it is unclear whether these genes
can be clinically applied to patients for gene therapy. Nevertheless,
we believe that the continuous innovation and improvement of gene
therapy technology to treat these diseases will evolve and may be put
to clinical use in the future.

Biological pacemaker therapy

Heart diseases can be debilitating and even fatal. Electronic
pacemakers are standard therapies for treating symptoms associated
with bradycardia, but they also have disadvantages. Electronic
pacemakers are very effective in the treatment of sinus and AV node
dysfunction; however, they also have some limitations, ranging
from a lack of basic autonomic regulation to severe complications.
In the past 15 years, experimental evidence has shown that gene
and cell therapy could be used to create biological pacemakers
that could complement or replace electronic pacemakers!’72,
Biological pacing can be achieved by gene transfer to regulate ion
currents or by injecting engineered pacemaker cells into a normally
resting myocardium. Currently, researchers are working to use a
stable and reliable biological product as an alternative to electronic
pacemakers!”.

In 2002, Miake et al™ reported the use of viral gene transfer to
convert resting cardiomyocytes into pacemaker cells, with successful
spontaneous production in the ventricles of the heart, producing
rhythmic electrical activity. These results show that genetically
engineered pacemakers can be used as a possible alternative to
implanted electronic devices. In 2008, Piron et all*! injected
a chimeric plasmid encoding HCN2 and ADRB2 into the left
ventricular free wall (HCN2-ADRB2 mice). Non-viral gene delivery
of hyperpolarisation-activated HCN2 channels combined with the
beta-2 adrenergic receptor produced a functional pacemaker in a
complete atrioventricular conduction block (CAVB) mouse model
induced by radiofrequency ablation. The results showed that non-
viral gene transfer could produce a functional cardiac biological
pacemaker regulated by sympathetic input, thus improving the life
expectancy of the CAVB mouse model. In 2014, Rosen et all’%
published an article entitled ‘Gene therapy and biological pacing’,
which stated that TBX18 is a transcription factor that plays a key
role in the expression of sinoatrial node during normal development.
The study used a porcine heart arrest model and injected a vector
carrying TBX18 to induce pacemaker activity for 11 days. Research
into biological pacemakers has developed rapidly in recent years,
and many genes have been shown to play the role of biological
pacemakers, laying a solid foundation for clinical practice in the
futurel”*,

Gene therapies for arrhythmias in heart failure

Heart failure is mostly caused by organic cardiovascular diseases,
and some arrhythmias may also induce heart failure, such as
rapid supraventricular arrhythmia (AF, atrial flutter, paroxysmal
supraventricular tachycardia), resulting in decreased ventricular
filling and decreased cardiac output, resulting in heart failure. When
heart failure occurs, it is often accompanied by sinus tachycardia
and other arrhythmias. Therefore, heart failure and arrhythmia are
very closely related. Heart failure is always associated with life-
threatening ventricular arrhythmias, and ventricular arrhythmias



Cai W et a/. Arrhythmia Treatment

are also most likely to cause heart failure. In 2014, Akar et a/'*¥

published an article entitled ‘Gene therapies for arrhythmias in heart
failure’, which reviewed recent advances in the understanding of
arrhythmia mechanisms of heart failure, and focused on the changes
in repolarisation, conduction and intracellular calcium circulation,
which are important for the vast majority of clinical arrhythmias
in heart failure. The article highlighted recent approaches to gene-
based arrhythmias for ion channels, gap junctions and calcium cycle
proteins. In the same year, Sikkel et al® reported that SERCA2a
protein levels and function were reduced in chronic heart failure by
viral transfection. The SERCA2a gene successfully targets cardiac
tissue, increases cardiac contractility and reduces mortality in several
preclinical models of heart failure. SERCA2a gene therapy is used in
a variety of preclinical models, including acute ischemia/reperfusion,
chronic stress overload and chronic myocardial infarction, and
ultimately leads to a reduction in ventricular arrhythmias. This
demonstrates how the study of heart failure has led to the use gene
therapy to treat arrhythmia.

CONCLUSION

In summary, arrhythmia can cause palpitations, chest tightness,
dizziness, low blood pressure, sweating, severe syncope and even
sudden death. Currently, the treatment of arrhythmia mainly includes
drug treatment and non-drug treatment, both of which can alleviate
the symptoms of the patients to some extent; however, these
treatments are limited and are associated with side effects, some of
which may even lead to death.

The use of gene therapy to treat patients with arrhythmias may
avoid the side effects and sequelae of drug therapy and non-drug
therapy® . In recent decades, the rapid development of molecular
biology has led to the identification of more and more genes related
to arrhythmia. In particular, in 2016, Li et a/’" described the PITX2
gene as the main indicator of AF. Regulatory factors influence the
occurrence of AF. Therefore, PITX2, as the master regulatory gene,
must regulate multiple downstream genes and ultimately control the
occurrence and development of AF. This approach of downstream
gene regulation influencing the occurrence and development of AF
may help to clarify the molecular mechanism of PITX2. Thus, gene
therapy may be used to completely resolve the symptoms of patients
with AF.

On the other hand, research using targeted gene therapy for
arrhythmia in patients with heart disease syndrome is increasing. In
2003, Burton et al explored the potential use of the myocardial
potassium channel missense mutation Q9E-hMiRP1 as a potential
arrthythmia gene therapy target. This genetic abnormality is one of
the many mutations that causes long QT syndrome, a hereditary
arrhythmia associated with sudden death. The results indicated that
even in patients with heart syndrome, gene therapy may be used to
prescribe the right medicine.

In addition, arrhythmias and conduction disorders are main causes
of morbidity and mortality worldwide; however, the aetiology
in many patients is unclear. It has been reported in the literature
that autoimmune reactions may be involved in the development
of arrhythmias and cardiac arrest. Accurate identification of
autoantibody-mediated mechanisms opens up new possibilities
for the treatment and prevention of arrhythmias, including the use
of immunosuppressive agents to remove autoantibodies. This also
represents a new prospect for the treatment of diseases such as
arrhythmia in the future!*.

It is well known that gene therapy methods are currently being
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studied widely, using animal models such as pigs, rats and mice.
While these animal models have high homology with human
genomes, there are some differences. Therefore, gene therapy in
animal models can cure and ameliorate some arrhythmia symptoms,
indicating that these gene treatments do have positive effects;
however, further studies are required to achieve clinical application.

ACKNOWLEDGEMENTS

This study was supported in part by grants from the National Natural
Science Foundation of China (Nos. 81470449, 81670290, 81570279),
and the Cooperative Innovation Center of Engineering and New
Products for Developmental Biology of Hunan Province (No. 2013-
448-6). NSFC Projects of International Cooperation and Exchanges
(81720102004), National Key Research and Development Program
of China (2017YFA0105602, 2018YFA0108700), the Research Team
Project of Natural Science Foundation of Guangdong Province of
China (2017A030312007). The key program of guangzhou Science
research plan (805212639211).

REFERENCES

1. Lelakowski J. Cardiac arrhythmias and their non-
pharmacological treatment in the valvular heart diseases. Po/
Merkur Lekarski. 2018 Jun 27; 44(264): 267-271. [PMID:
30057392]

2. Badhwar V, Rankin JS, Ad N, Grau-Sepulveda M, et al. Surgical
Ablation of Atrial Fibrillation in the United States: Trends
and Propensity Matched Outcomes. Ann Thorac Surg. 2017
Aug; 104(2): 493-500. [PMID: 28669501]; [DOI: 10.1016/
j-athoracsur.2017.05.016]

3. Tester DJ, Ackerman MJ. Genetics of long QT syndrome.
Methodist Debakey Cardiovasc J. 2014 Jan-Mar; 10(1): 29-33.
[PMID: 24932360]

4. Mizusawa Y, Horie M, Wilde AA. Genetic and clinical advances
in congenital long QT syndrome. Circ J. 2014; 78(12): 2827-33.
[PMID: 25274057]

5. Zircher JP, Schlaepfer J, Waeber G, Pasquier M. Acquired
long QT syndrome. Rev Med Suisse. 2013 Aug 28; 9(395): 1538-
42. [PMID: 24024425]

6. Albert CM, Stevenson WG. The Future of Arrhythmias and
Electrophysiology. Circulation. 2016 Jun 21;
133(25): 2687-96. [PMID: 27324363]; [DOI:10.1161/
CIRCULATIONAHA.116.023519]

7. Sanchez JM, Al-Dosari G, Chu S, Beygui R, Deuse T, Badhwar
N, LeeRJ. Hybrid and surgical procedures for the treatment of
persistent and longstanding persistent atrial fibrillation. Expert Rev
Cardiovasc Ther. 2018 Feb; 16(2): 91-97. [PMID: 29327638];
[DOLI: 10.1080/14779072.2018.1425140]

8.  Dresen WF, Ferguson JD. Ventricular Arrhythmias. Cardiol
Clin. 2018 Feb; 36(1): 129-139. [PMID: 29173673]; [DOI:
10.1016/j.¢¢1.2017.08.007]

9. Finucane C, Kenny RA, Boyle G. Cardioinhibitory

Carotid Sinus Syndrome - a mathematical model. Conf Proc IEEE

Eng Med Biol Soc. 2015; 2015: 2059-62. [PMID: 26736692];

[DOTI: 10.1109/EMBC.2015.7318792]

Sairaku A, Nakano Y, Oda N, Uchimura Y, Tokuyama T, Kawazoe

H, Fujiwara M, Watanabe Y, Matsumura H, Kihara Y. Incomplete

cure of tachycardia-induced cardiomyopathy secondary

to rapid atrial fibrillation by heart rate control without sinus

conversion. J Cardiovasc Electrophysiol. 2014 Oct; 25(10): 1037-

43. [PMID: 24762049]; [DOLI: 10.1111/jce.12445]

Al-Zaiti SS, Magdic KS. Paroxysmal Supraventricular

Tachycardia: Pathophysiology, Diagnosis, and Management.

Crit Care Nurs Clin North Am. 2016 Sep; 28(3): 309-16. [PMID:

10.

11.



15.

20.

21.

22.

23.

24.

25.

26.

217.

27484659]; [DOI: 10.1016/j.cnc.2016.04.005]

Shimada M, Tsai B, Marshall JP. A case of heatstroke
complicated by persistent ventricular tachycardia. J Emerg
Med. 2015 Jan; 48(1): 31-4. [PMID: 25260347]; [DOI: 10.1016/
jjemermed.2014.07.032]

Gourdie RG, Kubalak S, Mikawa T. Conducting the embryonic
heart: orchestrating development of specialized cardiac tissues.
Trends Cardiovasc Med. 1999 Jan-Feb; 9(1-2): 18-26. [PMID:
10189963]

Xiushan Wu (Editor in Chief), Introduction to Heart Development.
Science press. 2006 Jan; Beijing.

Christoffels VM, Moorman AF. Development of the cardiac
conduction system: why are some regions of the heart more
arrhythmogenic than others? Circ Arrhythm Electrophysiol.
2009 Apr; 2(2): 195-207. [PMID: 19808465]; [DOI: 10.1161/
CIRCEP.108.829341]

van Duijvenboden K, Ruijter JM, Christoffels VM. Gene
regulatory elements of the cardiac conduction system. Brief Funct
Genomics. 2014 Jan; 13(1): 28-38. [PMID: 23969024]; [DOI:
10.1093/bfgp/elt031]

Mezzano V, Sheikh F. Cell-cell junction remodeling in
the heart: possible role in cardiac conduction system function
and arrhythmias? Life Sci. 2012 Feb 27; 90(9-10): 313-21. [PMID:
22227473]; [DOI: 10.1016/5.1f5.2011.12.009]

Goodyer WR, Wu SM. Fates Aligned: Origins and Mechanisms
of Ventricular Conduction System and Ventricular Wall
Development. Pediatr Cardiol. 2018 Aug; 39(6): 1090-
1098. [PMID: 29594502]; [DOI: 10.1007/s00246-018-1869-9]
Quiroz-Juarez MA, Jimenez-Ramirez O, Vazquez-Medina
R, Ryzhii E, Ryzhii M, Aragon JL. Cardiac conduction model for
generating 12 lead ECG signals with realistic heart rate dynamics.
IEEFE Trans Nanobioscience. 2018 Oct; 17(4): 525-532. [PMID:
30235141]; [DOI: 10.1109/TNB.2018.2870331]

Muresan L, Oancea I, Mada RO, Petcu A, Pamfil C, et al.
Relationship Between Ventricular Arrhythmias, Conduction and
Myocardial Fibrosis in Patients With Systemic Sclerosis. J Clin
Rheumatol. 2018 Jan; 24(1): 25-33. [PMID: 29200022]; [DOI:
10.1097/RHU.0000000000000623]

Thorp BC, Badoux X. Atrial fibrillation therapy: clinical
features and challenges of management. Leuk Lymphoma.
2018 Feb; 59(2): 311-320. [PMID: 28629235]; [DOI:
10.1080/10428194.2017.1339874]

Patel PJ, Segar R, Patel JK, Padanilam BJ, Prystowsky EN.
Arrhythmia induction using isoproterenol or epinephrine during
electrophysiology study for supraventricular tachycardia. J
Cardiovasc Electrophysiol. 2018 Dec; 29(12): 1635-1640. [PMID:
30192033]; [DOLI: 10.1111/jce.13732]

Feng Y, Cheng J, Wei B, Wang Y.CaMKII inhibition
reduces isoproterenol-induced ischemia and arrhythmias in
hypertrophic mice.Oncotarget. 2017 Mar 14; 8(11): 17504-
17509. [PMID: 28177919]; [DOI: 10.18632/oncotarget.15099]
Ma FQ, Wang Y, Suo CX. [Enhanced tachycardia arrhythmia in
two patients with aconitine intoxication treated with atropine].
Zhonghua Xin Xue Guan Bing Za Zhi. 2017 Apr 24;
45(4): 333-334. [PMID: 28545288]; [DOI: 10.3760/cma.
j.1s8n.0253-3758.2017.04.016]

Lin CJ, Chen YC, Chen HH, Liu CC, Wu CJ. Life-threatening
ventricular arrhythmia induced by hypokalemia during sodium
bicarbonateinfusion. South Med J. 2008 Feb; 101(2): 215-6.
[PMID: 18364634]; [DOI: 10.1097/SMJ.0b013e3181611e05]
Salerno DM, Murakami MM, Johnston RB, Keyler DE, Pentel
PR. Reversal of flecainide-induced ventricular arrhythmia by
hypertonic sodium bicarbonate in dogs. Am J Emerg Med. 1995
May; 13(3): 285-93. [PMID: 7755819]; [DOI: 10.1016/0735-
6757(95)90201-5]

Tie HT, Luo MZ, Luo MJ, Zhang M, Wu QC, Wan JY. Sodium
bicarbonate in the prevention of cardiac surgery-associated

761

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Cai W et al. Arrhythmia Treatment

acute kidney injury: a systematic review and meta-analysis.
Crit Care. 2014 Sep 12; 18(5): 517. [PMID: 25212718]; [DOL:
10.1186/513054-014-0517-x]

Kitamoto T. Sodium bicarbonate. Chudoku Kenkyu. 2016 Mar;
29(1): 41-4. [PMID: 27255025]

Alitalo I, Hietala A. Effects of atropine, isoprenaline, neostigmine
and practocol on cardiac arrhythmias induced by potassium in
anesthetized dogs. Nord Vet Med. 1977 Nov; 29(11): 498-501.
[PMID: 593810]

Namba H. Electrocardiogram--arrhythmia. 3. Arrhythmia due
to digitalis preparation. Nihon Rinsho. 1967 Jan; 25(1): 167-76.
[PMID: 6070523]

Takahara A, Sugiyama A, Hashimoto K. Effects of class
I antiarrhythmic drugs on the digitalis-induced triggered
activity arrhythmiamodel: a rationale for the short-term use of
class I drugs against triggered arrhythmias. Heart Vessels. 2004
Jan; 19(1): 43-8. [PMID: 14685755]; [DOI: 10.1007/s00380-003-
0731-y]

Probst V, Mabo P, Sacher F, Babuty D, Mansourati J, Le Marec H.
Effect of baroreflex stimulation using phenylephrine injection on
ST segment elevation and ventricular arrhythmia-inducibility in
Brugada syndrome patients. Europace. 2009 Mar; 11(3): 382-4.
[PMID: 19131343]; [DOI: 10.1093/europace/eun365]

Franci P, Leece EA, McConnell JF. Arrhythmias and transient
changes in cardiac function after topical administration of
one drop of phenylephrine 10% in an adult cat undergoing
conjunctival graft. Vet Anaesth Analg. 2011 May; 38(3): 208-12.
[PMID: 21492386]; [DOI: 10.1111/j.1467-2995.2011.00607.x]
Moise NS, Moon PF, Flahive WJ, Brittain D, Pride HP, et al.
Phenylephrine-induced ventricular arrhythmias in dogs with
inherited sudden death. J Cardiovasc Electrophysiol. 1996 Mar;
7(3): 217-30. [PMID: 8867296]

De Mattia L, Brieda M, Del Bianco F, Dametto E, Nicolosi
GL.Polymorphic ventricular tachycardia induced by Valsalva
manoeuvre in a patient with paroxysmal supraventricular
tachycardia. Europace. 2012 May; 14(5): 767-8. [PMID:
22117036]; [DOL: 10.1093/europace/eur371]

Chuang SF, Liao CC, Yeh CC, Lin JG, Lane HL, Tsai CC, Chen
TL, Chen T, Shih CC. Reduced risk of stroke in patients
with cardiac arrhythmia receiving traditional Chinese medicine: A
nationwide matched retrospective cohort study. Complement Ther
Med. 2016 Apr; 25: 34-8. [PMID: 27062945]; [DOI: 10.1016/
j.ctim.2015.12.012]

Little JD. Attitudes Toward Elctroconvulsive Therapy Compared
With Cardioversion. J ECT. 2015 Sep; 31(3): 179-81. [PMID:
25621542]; [DOI: 10.1097/YCT.0000000000000211]

Boink GJ, Christoffels VM, Robinson RB, Tan HL.The past,
present, and future of pacemaker therapies. Trends Cardiovasc
Med. 2015 Nov; 25(8): 661-73. [PMID: 26001958]; [DOI:
10.1016/j.tem.2015.02.005]

Fuchigami T, Nishioka M, Akashige T, Shimabukuro A, Nagata
N. Pacemaker therapy in low-birth-weight infants. J Card
Surg. 2018 Feb; 33(2): 118-121. [PMID: 29411428]; [DOI:
10.1111/jocs.13529]

Caloian B, Sitar-Taut AV, Gusetu GN, Pop D, Zdrenghea DT. The
Influence of Cardiac Pacemaker Programming Modes on Exercise
Capacity. In Vivo. 2018 Mar-Apr; 32(2): 419- 424. [PMID:
29475931]; [DOI: 10.21873/invivo.11256]

Kosakai Y. Present status and prospects in surgical therapy for
patients with arrthythmia. Nihon Naika Gakkai Zasshi. 2006 Feb
105 95(2): 285-91. [PMID: 16536079]

Enomoto S, Yoshino A, Takase B, Kuwahara T, Tatsuzawa
Y, Nomura S. Electroconvulsive therapy-induced Wolff-
Parkinson-White syndrome: a case report. Gen Hosp
Psychiatry. 2013 Sep-Oct; 35(5): 575.¢7-8. [PMID:
23517819]; [DOI: 10.1016/j.genhosppsych.2013.02.004]
Baggish AL, Shah AB. MY APPROACH to the Athlete



Cai W et a/. Arrhythmia Treatment

44.

45.

46.

47.

48.

49.

50.

SI.

52.

53.

54.

55.

56.

57.

58.

59.

With Wolff-Parkinson-White Syndrome (WPW). Trends
Cardiovasc Med. 2018 Feb; 28(2): 154-155. [PMID:
29032933]; [DOI: 10.1016/j.tcm.2017.09.005]

Finsterer J, Stollberger C, Gatterer E. Wolff-Parkinson-
White syndrome and noncompaction in Leber’s hereditary
optic neuropathy due to the variant m.3460G>A. J Int Med
Res. 2018 May; 46(5): 2054-2060. [PMID: 29562793]; [DOI:
10.1177/0300060518765846]

Fiirnkranz A, Makimoto H. Update Ventricular Tachycardia.
Dtsch Med Wochenschr. 2018 Feb; 143(3): 165-168. [PMID:
29409086]; [DOL: 10.1055/s-0043-122557]

Wei W, Xue Y, Tung R, Wang X, Liu Y, Shehata M, Wu S.
Tachycardia with varying atrio-ventricular relationships: What is
the mechanism? J CardiovascElectrophysiol. 2018 Feb; 29(2):
341-344. [PMID: 29194877]; [DOLI: 10.1111/jce.13398]
Maryniak A, Bielawska A, Bieganowska K, Miszczak-
Knecht M, Walczak F, Szumowski L. Does atrioventricular
reentry tachycardia (AVRT) or atrioventricular nodal
reentry tachycardia (AVNRT) in children affect their cognitive and
emotional development? Pediatr Cardiol. 2013 Apr; 34(4): 893-7.
[PMID: 23129107]; [DOI: 10.1007/s00246-012-0566-3]
Wojdyta-Hordynska A, Kowalski O, Hordynski GJ, Dinov
B, Sommer P, Hindricks G, Feusette P, Arya A. The effect
of radiofrequency catheter ablation of frequent premature
ventricular complexes and arrhythmia burden on left ventricular
function. Kardiol Pol. 2017; 75(7): 698-704. [PMID: 28708198];
[DOLI: 10.5603/KP.a2017.0058]

Dai JY, Wang YX. Anti-arrhythmic research situation and thinking
of traditional Chinese medicine monomer. Zhongguo Zhong Yao
Za Zhi. 2014 Apr; 39(8): 1544-6. [PMID: 25039197]

Farraha M, Chong JJ, Kizana E. Therapeutic Prospects of Gene
Therapy for Atrial Fibrillation. Heart Lung Circ. 2016 Aug; 25(8):
808-13. [PMID: 27262391]; [DOI: 10.1016/j.h1c.2016.04.011]

Hu W, Xin Y, Zhao Y, Hu J. Shox2: The Role in Differentiation
and Development of Cardiac Conduction System. Tohoku J Exp
Med. 2018 Mar; 244(3): 177-186. [PMID: 29503396]; [DOI:
10.1620/tjem.244.177]

Hu W, Xin Y, Zhang L, Hu J, Sun Y, Zhao Y. Iroquois
Homeodomain transcription factors in ventricular and arrhythmia.
Int J Med Sci. 2018 May 22; 15(8): 808-815. [PMID:
30008591]; [DOI: 10.7150/ijms.25140]

Mohan RA, Mommersteeg MTM, Dominguez JN, Choquet
C, Wakker V, et al. Embryonic Tbx3+ cardiomyocytes form the
mature cardiac conduction system by progressive fate restriction.
Development. 2018 Sep 3; 145(17). [PMID: 30042181]; [DOI:
10.1242/dev.167361]

Fan LL, Huang H, Jin JY, Li JJ, Chen YQ, Zhao SP, Xiang
R.Whole exome sequencing identifies a novel mutation
(c.333 +2T > C) of TNNI3K in a Chinese family with dilated
cardiomyopathy and cardiac conduction disease. Gene. 2018 Mar
30; 648: 63-67. [PMID: 29355681]; [DOI: 10.1016/
j.gene.2018.01.055]

Hatcher CJ, Basson CT. Specification of the cardiac transcription
factors. Circ Res. 2009 Sep 25; 105(7): 620-30. [PMID:
19797194]; [DOI: 10.1161/CIRCRESAHA.109.204123]
Bongianino R, Priori SG.Gene therapy to treat cardiac
arrhythmias. Nat Rev Cardiol. 2015 Sep; 12(9): 531-46. [PMID:
25917154]; [DOI: 10.1038/nrcardio.2015.61]

Sasano T, Takahashi K, Sugiyama K. Gene Therapy for Cardiac
Arrhythmias.Acta Cardiol Sin. 2013 May; 29(3): 226-34. [PMID:
27122711]

Donahue JK. Gene therapy for cardiac arrhythmias. 4nn N Y Acad
Sci. 2004 May; 1015: 332-7. [PMID: 15201172]; [DOI: 10.1196/
annals.1302.029]

Donahue JK, Kikuchi K, Sasano T. Gene therapy for cardiac
arrhythmias. Trends Cardiovasc Med. 2005 Aug; 15(6): 219-24.
[PMID: 16182132]; [DOI: 10.1016/j.tcm.2005.06.007]

762

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Donahue JK, Bauer A, Kikuchi K, McDonald AD. Gene transfer
techniques for cardiac arrhythmias. Ann Med. 2004; 36 Suppl 1:
98-105. [PMID: 15176431]

Marban E, Nuss HB, Donahue K. Gene therapy for cardiac
arthythmias. Cold Spring Harb Symp Quant Biol. 2002; 67: 527-
31. [PMID: 12858579]

Bikou O, Thomas D, Trappe K, Lugenbiel P, Kelemen K, Koch
M, Soucek R, VossF, Becker R, Katus HA, Bauer A. Connexin
43 gene therapy prevents persistent atrial fibrillation in a porcine
model. Cardiovasc Res. 2011 Nov 1; 92(2): 218-25. [PMID:
21799069]; [DIO: 10.1093/cvr/cvr209]

Bauer A, McDonald AD, Nasir K, Peller L, Rade JJ, Miller JM,
Heldman AW, Donahue JK. Inhibitory G protein overexpression
provides physiologically relevant heart rate control in persistent
atrial fibrillation. Circulation. 2004 Nov9; 110(19): 3115-20.
[PMID: 15505099]; [DIO: 10.1161/01.CIR.0000147185.31974.
BE]

Murata M, Cingolani E, McDonald AD, Donahue JK, Marbéan E.
Creation of a genetic calcium channel blocker by targeted gem
gene transfer in the heart. Circ Res. 2004 Aug 20; 95(4): 398-405.
[PMID: 15242970]; [DIO: 10.1161/01.RES.0000138449.85324.
c5]

Soucek R, Thomas D, Kelemen K, et al. Genetic suppression of
atrial fibrillation using a dominant-negative ether-a-go-go-related
gene mutant. Heart Rhythm. 2012 Feb; 9(2): 265-72. [PMID:
21907172]; [DOL: 10.1016/j.hrthm.2011.09.008]

Trappe K, Thomas D, Bikou O, Kelemen K, Lugenbiel P, Voss
F, Becker R, Katus HA, Bauer A. Suppression of persistent atrial
fibrillation by genetic knockdown of caspase 3: a pre-clinical pilot
study. Eur Heart J. 2013 Jan; 34(2): 147-57. [PMID: 21785105];
[DOI: 10.1093/eurheartj/ehr269]

Lau DH, Clausen C, Sosunov EA, Shlapakova IN, Anyukhovsky
EP, Danilo P Jr, Rosen TS, Kelly C, Duffy HS, Szabolcs MJ,
Chen M, Robinson RB, Lu J, Kumari S,Cohen IS, RoseMR.
Epicardial border zone overexpression of skeletal muscle sodium
channel SkM1 normalizes activation, preserves conduction, and
suppresses ventricular arrhythmia: an in silico, in vivo, invitro
study. Circulation. 2009 Jan 6; 119(1): 19-27. [PMID: 19103989];
[DOLI: 10.1161/CIRCULATIONAHA.108.809301]

Sasano T, Kelemen K, Greener ID, Donahue JK. Ventricular
tachycardia from the healed myocardial infarction scar: validation
ofan animal modeland utility of gene therapy. Heart Rhythm. 2009
Aug; 6(8 Suppl): S91-7. [PMID: 19631912]; [DOI: 10.1016/
j-hrthm.2009.03.048]

Lyon AR, Bannister ML, Collins T, Pearce E, Sepehripour
AH, et al. SERCA2a gene transfer decreases sarcoplasmic
reticulum calcium leak and reduces ventriculararrhythmias in
a model of chronic heart failure. Circ Arrhythm Electrophysiol.
2011 Jun; 4(3): 362-72. [PMID: 21406682]; [DOI: 10.1161/
CIRCEP.110.961615]

Meyers JD, Jay PY, Rentschler S. Reprogramming the conduction
system: Onward toward a biological pacemaker. Trends
Cardiovasc Med. 2016 Jan; 26(1): 14-20. [PMID: 25937044];
[DOI: 10.1016/j.tcm.2015.03.015]

Anghel TM, Pogwizd SM. Creating a cardiac pacemaker by gene
therapy. Med Biol Eng Comput. 2007 Feb; 45(2): 145-55. [PMID:
17139515]; [DOI: 10.1007/s11517-006-0135-0]

Chauveau S, Brink PR, Cohen IS. Stem cell-based biological
pacemakers from proof of principle to therapy: a review.
Cytotherapy. 2014 Jul; 16(7): 873-80. [PMID: 24831944]; [DOI:
10.1016/j.jcyt.2014.02.014]

Marban E, Cho HC. Biological pacemakers as a therapy for
cardiac arrhythmias. Curr Opin Cardiol. 2008 Jan; 23(1): 46-54.
[PMID: 18281827]; [DOI 10.1097/HCO.0b013e3282{30416]
Miake J, Marban E, Nuss HB. Biological pacemaker created
by gene transfer. Nature. 2002; 12; 419(6903): 132-3. [PMID:
12226654]; [DOI: 10.1038/419132b]



75.

76.

77.

78.

79.

80.

81.

82.

83.

Piron J, Quang KL, Briec F, Amirault JC, Leoni AL, Desigaux
L, Escande D, Pitard B, Charpentier F.Biological pacemaker
engineered by nonviral gene transfer in a mouse model of
complete atrioventricular block. Mol Ther. 2008 Dec; 16(12):
1937-43. [PMID: 18813278]; [DOI: 10.1038/mt.2008.209]

Rosen MR.Gene therapy and biological pacing. N Engl J Med.
2014 Sep 18; 371(12): 1158-9. [PMID: 25229921]; [DOI:
10.1056/NEJMcibr1408897]

Li Y, Yang M, Zhang G, Li L, Ye B, Huang C, Tang
Y.Transcription factor TBX18 promotes adult rat bone
mesenchymal stem cell differentiation to biological pacemaker
cells. Int J Mol Med. 2018 Feb; 41(2): 845-851. [PMID:
29207072]; [DOI: 10.3892/ijmm.2017.3259]

Plotnikov AN, Sosunov EA, Qu J, Shlapakova IN, Anyukhovsky
EP, et al. Biological pacemaker implanted in canine left
bundle branch provides ventricular escaperhythms that have
physiologically acceptable rates. Circulation. 2004 Feb 3;
109(4): 506-12. [PMID: 14734518]; [DOI: 10.1161/01.
CIR.0000114527.10764.CC]

Saito Y, Nakamura K, Ito H. Cell-based Biological Pacemakers:
Progress and Problems. Acta Med Okayama. 2018 Feb; 72(1): 1-7.
[PMID: 29463932]; [DOI: 10.18926/AMO/55656]

Cingolani E, Goldhaber JI, Marban E.Next-generation
pacemakers: from small devices to biological pacemakers. Nat
Rev Cardiol. 2018 Mar; 15(3): 139-150. [PMID: 29143810];
[DOI: 10.1038/nrcardio.2017.165]

Luo S, Zhang Y, Ezrokhi M, Li Y, Tsai TH, Cincotta AH.
Circadian peak dopaminergic activity response at the biological
clock pacemaker(suprachiasmatic nucleus) area mediates the
metabolic responsiveness to a high-fat diet. J Neuroendocrinol.
2018 Jan; 30(1). [PMID: 29224246]; [DOI: 10.1111/jne.12563]
Boink GJ, Seppen J, de Bakker JM, Tan HL.Gene therapy to
create biological pacemakers. Med Biol Eng Comput. 2007 Feb;
45(2): 167-76. [PMID: 17048028]; [DOI: 10.1007/s11517-006-
0112-7]

Giudicessi JR, Ackerman MJ. Potassium-channel mutations and
cardiac arrhythmias--diagnosis and therapy. Nat Rev Cardiol.
2012 Jan 31; 9(6): 319-32. [PMID: 22290238]; [DOI: 10.1038/
nrcardio.2012.3]

763

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

Cai W et al. Arrhythmia Treatment

Akar FG, Hajjar RJ. Gene therapies for arrhythmias in heart
failure. Pflugers Arch. 2014 Jun; 466(6): 1211-7. [PMID:
24566976]; [DOL: 10.1007/s00424-014-1485-3]

Sikkel MB, Hayward C, MacLeod KT, Harding SE, Lyon AR.
SERCAZ2a gene therapy in heart failure: an anti-arrhythmic
positive inotrope. Br J Pharmacol. 2014 Jan; 171(1): 38-54.
[PMID: 24138023]; [DOL: 10.1111/bph.12472]

Akar FG, Hajjar RJ. Gene therapies for arrhythmias in heart
failure.Pflugers Arch. 2014 Jun; 466(6): 1211-7. [PMID:
24566976]; [DOI: 10.1007/s00424-014-1485-3]

Gepstein L.Cell and gene therapy strategies for the treatment of
postmyocardial infarction ventricular arrhythmias. Ann N Y Acad
Sci. 2010 Feb; 1188: 32-8. [PMID: 20201883]; [DOI: 10.1111/
j-1749-6632.2009.05080.x]

Donahue JK. Current state of the art for cardiac arrhythmia
gene therapy. Pharmacol Ther. 2017 Aug; 176: 60-65. [PMID:
28642118]; [DOI: 10.1016/j.pharmthera.2017.06.005]

Yumoto A, Fukushima Kusano K, Nakamura K, Hashimoto K,
Aoki M, Morishita R, Kaneda Y, Ohe T. Hepatocyte growth factor
gene therapy reduces ventricular arrhythmia in animal models of
myocardial ischemia. Acta Med Okayama. 2005 Jun; 59(3): 73-8.
[PMID: 16049559]; [DOI: 10.18926/AMO/31982]

Donahue JK.Gene therapy for cardiac arrhythmias: a dream soon
to come true? J Cardiovasc Electrophysiol. 2007 May; 18(5): 553-
9. [PMID: 17456137]; [DOI: 10.1111/j.1540-8167.2007.00806.x]
Li N, Dobrev D, Wehrens XH.PITX2: a master regulator of
cardiac channelopathy in atrial fibrillation? Cardiovasc Res. 2016
Mar 1; 109(3): 345-7. [PMID: 26782118]; [DOI: 10.1093/cvr/
cvw008]

Burton DY, Song C, Fishbein I, Hazelwood S, Li Q, DeFelice S,
Connolly JM, Perlstein, Coulter DA, Levy RJ. The incorporation
of an ion channel gene mutation associated with the long QT
syndrome (Q9E-hMiRP1) in a plasmid vector for site-specific
arrhythmia gene therapy: in vitro and in vivo feasibility studies.
Hum Gene Ther. 2003 Jun 10; 14(9): 907-22. [PMID: 12828861];
[DOI: 10.1089/104303403765701196]

Sergey Mironov. [Role of autoimmune reactions in development
of cardiac arrhythmia and conduction disturbances]. Ter Arkh.
2012; 84(4): 74-8. [PMID: 22774496]



