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Abstract: This paper explores the rising prevalence of cardiovascular disease, highlighting an
anticipated increase in patient numbers worldwide. Three major cardiovascular disorders are
emphasized: 1) congestive heart failure (CHF), 2) coronary atherosclerosis (CA), and 3)
arrhythmia, with arrhythmia identified as especially critical due to its impact on
cardiovascular electrophysiology. Advances in molecular biology, particularly with the
CRISPR-Cas9 gene-editing technology, have introduced promising therapeutic avenues for
these conditions. CRISPR-Cas9 has demonstrated effectiveness in reducing specific
cytoplasmic signaling interactions, enhancing the division rate of human mesenchymal stem
cells (hMSCs) within connective tissue. This gene-editing intervention targets and partially
modifies the Toll-like receptor 4 (TLR4) pathway, leading to reduced secretion of certain
cytoplasmic factors. As a result, cardiomyocytes (CMs) can undergo improved division,
promoting stable electrophysiological functions essential in managing arrhythmia. Further,
CRISPR-Cas9’s capacity for precise double screening and knockout of TLR4-associated
sequences holds potential for symptom alleviation and decreased arrhythmia incidence,
representing a significant advance in cardiac disorder therapeutics.
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1. Introduction

Cardiovascular diseases (CVDs), especially arteriosclerotic cardiovascular disease (ASCVD) have
the highest incidence rate and highest risk of the whole systemic syndrome. According to the latest
statistics, over 3.3 hundred million people have suffered from acute and non-contagious diseases.
CVD is a huge conceptual disease or a general designation, which includes cardiomyopathic structure
disorder, cardio electrophysiological disorder often called arrhythmia, and angiointerventional
disease usually correlated with the anomaly of the coronary artery. Above all arrhythmia is the most
dangerous kind of CVD. Therefore how to solve or remit arrhythmia is the focus of health problems,
and scientists always put effort into overcoming the disease which has never been thought an
insolvable problem.

Arrhythmia can be categorized by these types: atrial arrhythmia, ventricular arrhythmia,
atrioventricular junction arrhythmia, left and right bundle branches arrhythmia, and atrial-ventricular
blocking. There atrial-ventricular blocking is the most dangerous kind of arrhythmia. To solve these
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problems, Some anti-arrhythmic drugs would be developed. A kind of severe blocking of the Kalium
ion channel called IA-type anti-arrhythmic drugs, such as conquine and procainamide. A kind of mild
blocking of the calcium ion channel called IB-type anti-arrhythmic drugs, such as lidocaine,
phenytoin sodium, and mexiletine. A kind of moderate blocking of the calcium ion channel called
IC-type anti-arrhythmic drugs, such as propafenone. A kind of B receptor blocking called II-type anti-
arrhythmic drugs, such as propranolol, and metoprolol. A kind of distracting the active potential
duration (APD) drugs, such as amiodarone. A kind of calcium ion channel blocking called IV-type
anti-arrhythmic drugs, such as iproveratril. These drugs have many side effects especially over-
distract the APD and over-blocking or deficient-blocking could cause severe atrial-ventricular
blocking, even ventricular tachycardia or ventricular fibrillation which is an extremely critical
complication of cardiovascular disorder, or cause systematic disorder such as corneal chromatophore
precipitation, thyroid hypofunction, and thymohyperplasia. It can cause more pain for the patients.
So the end-stage arrhythmic patient could only use the single or double-chamber iron-pacemaker or
pacemaker to distract the quality of cardiovascular mechanism or sustain the correlative homeostasis
cardiovascular ability as much as possible. So the researchers put effort into looking for new kind of
ways that could perhaps exhaustively solve the problems.

Recently researchers have found that the CRISPR-Cas9 technique can orientable knockout or
screen the signal molecule Toll-like receptor 4 (TLR4) from the upstream of the NF-xB signal
pathway, The TLR4 may interfere with the crosstalk of the multi-correspond signal pathways and
reduce the various signal pathways’ functions, besides it will break down the functional proteins and
other immune provocated factors which should be taken part in the exocytosis process, on the other
hand, TLR4 enhances these particle compositions releasing, which can improve the human-
Mensenchymal Stem Cell (hMSC) contact suppression and reduce the cell interaction even cancel
the hMSC division or growth. With that, the immature hMSC will interfere with the normal
Cardiovascular Myocytes (CM) providing the outside stable electric signals, which may cause the
very severe various cardiac ion-channels damage episode and finally promote the immediate
arrhythmia. Through the referent kinds of ribonucleases, for example, high specificity enzyme Cas9
can accurately target the single-guide RNA (sgRNA) which can guide the Cas9 to make the incisions
of the coding DNA corresponding to the TLR4 receptor and form the anti-homologous sequences
between the DNA incisions after Cas9 resects the reflective DNA sequences, which can be used for
the targets of screening. Researchers use the induced-pluripotent stem cells (iPSC) as the receptor of
the post-shearing DNA sequences in vitro, take the artificial undifferentiated iPSC back into the
cardiovascular tissues to differentiate the oriented-function cells-hMSC in vivo, and drive these cells
to hit against the disturbance or even abnormal crosstalk of the intercellular various signals
transductions, especially in the NF-kB signal pathway, which also can repairing the damaged and
overexpressed CM as well as emitting the normal electrophilic signals, and correct the ion channels
disorder as well as cardiac arrhythmia.

The CRISPR Cas9 technique is a microbiologic technique, which can throughout the cytobiologic
crosstalks and correlative reactions to solve the pathophysiologic phenotypic CVDs and
hypofunctions. Which also can be found to know the process of occurrence and mechanism of the
cardiovascular ion channel disorder and arrhythmia.

By finding this method, researchers can take reliable therapy on the arrhythmia, even cure the
arrhythmia to a certain extent. It will give the answer to treating the arrhythmia as perfectly as possible.
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2.  Overview of CRISPR-Cas9 technology
2.1. Mechanism of CRISPR-Cas9 system

CRISPR, meaning clusters of regularly spaced short palindromic repeats, is an acquired immune
mechanism widely present in bacteria and archaea to resist foreign pathogens [1,2]. After the first
invasion of the pathogen is identified, some of its genetic fragments are integrated into the CRISPR
space. The integration positions are arranged from the 3 'to 5' end and separated by repetitive
sequences according to the time of the pathogen's first invasion. When the pathogen invades again,
the CRISPR gene begins to transcribe to form precursor crRNA (Pre crRNA), and the Cas gene
adjacent to CRISPR begins to express to form Cas protein. At the same time, the tracrRNA is also
transcribed. Under the joint action of tractrRNA, Cas protein, and RNA endonuclease, the Pre crRNA
is cleaved, leaving only the corresponding crRNA of the immune target (Figure 1). Its conjugate binds
to the pathogen through the crRNA that is specifically complementary to the invading pathogen. Then,
the Cas protein cleaves the target sequence, causing it to be cleaved. Sequence breakage leads to loss
of biological activity [3].
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Figure 1: CRISPR-Cas9 mechanism [4]
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2.2. Gene editing technology and its application based on the principle of CRISPR-CAS9
system

Based on the CRISPR-Cas9 mechanism, the Jennifer Dou DNA team demonstrated in 2012 that the
CRISPR-Cas9 system can cleave DNA in vitro, providing the possibility for subsequent gene editing
applications [3]. In 2013, the Cho SW team published a study on targeted genome engineering in
human cells using Cas9 RNA guided endonucleases [5]. Subsequently, the number of SCI papers on
gene editing rapidly increased around 2016, and derivative technologies related to the CRISPR-Cas9
system gradually emerged [6]. At present, the feasibility of using CRISPR-Cas9 technology for gene
editing to treat mature individual diseases has been confirmed in the field of biomedicine [7], and
there have been examples of using CRISPR-Cas9 to treat f - thalassemia, clear hepatitis B virus
(HBV), etc. [8,9]. Provided new ideas and solutions for treating certain difficult and complicated
diseases.

3. Introduction to myocardial cell electrophysiological diseases
3.1. Mechanism of arrhythmia occurrence

Arrhythmia is a process in which the sinoatrial node located at the superior vena cava controls the
epicardium and distributes electrical signals to the endocardium through the myocardial cell layer.
The production or distribution of cellular electrical signals mediated by the cardiac conduction system
is disrupted, leading to myocardial electrophysiological disorders. It can be roughly divided into
various disease manifestations such as sinus arrhythmia, atrial arrhythmia, atrioventricular junction
arrhythmia, ventricular arrhythmia, and heart conduction block. It is controlled by pathological
processes such as myocardial cell fibrosis, formation of myocardial scar tissue, myocardial
hypertrophy or ventricular enlargement.

3.2. Defects of traditional treatment for arrhythmia

Arrhythmia drugs need to be used according to different conditions, and it is difficult to sustainably
solve certain types of arrhythmia problems. Therefore, patients with arrhythmia, especially those with
high atrioventricular block, often need to install pacemakers. The metallic properties of pacemakers
are difficult to wear, have a lifespan, affect surrounding blood vessels, and immune rejection issues,
which pose certain difficulties in clinical application. Therefore, there is a need for a sustained
alternative treatment to avoid or reduce the occurrence of these problems.

4.  Application of CRISPR technology in myocardial cell electrophysiology

Using CRISPR technology to knock down or screen the negative regulatory receptor (Toll like
receptor family) gene TLR4 in hMSCs, followed by the negative regulation of TLR4 secretion group
(this part can be verified using proteomic analysis techniques), to further negatively regulate the
release of inflammatory factors, proteases, etc., in order to improve the survival rate of hMSCs, reduce
the interference of hMSCs on the electrical signals emitted by mature stem cells in the myocardial
layer, and reduce the probability of patients developing various types of cardiac arrhythmias (as part
of electrophysiology).

4.1. CRISPR knockout and screening of TLR4 gene

Using CRISPR technology, design ribonucleoprotein Cas9 complementary to the TLR4 target
sequence, and design two types of sgRNA. The first type of sgRNA binds to Cas9 protein to
accurately locate the position of TLR4 target gene exon 3, methylate it, and then cleave it; Another
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type of sgRNA that binds to Cas9 protein does not guide Cas9 protein cleavage [10], but instead
prevents gene alternative splicing. The two types of sgRNA interact with Cas9 protein to completely
cleave TLR4 gene located at specific gene loci with the highest success rate.

In addition, CRISPR can also be used to screen between hMSC cell lines that have been knocked
out of the TLR4 gene [11]. A sequence difference control experiment can be conducted between the
sequencing experimental group that has been knocked out of the TLR4 gene using CRISPR
technology and the control group that has not been knocked out of the TLR4 gene using CRISPR
technology. Proteomic techniques can be used to detect the membrane protein receptor TLR4
expressed in both groups, and the experimental group sequence that has been successfully knocked
out of the TLR4 gene by CRISPR gene knockout technology can be screened.

4.2. Negative regulatory part of TLR4 secretion group

Due to the crucial role of the cell surface TLR4 receptor encoded by the TLR4 gene in initiating the
NF - « B signaling pathway, excessive activation of the NF - k B signaling pathway may lead to the
initiation of various secretory physiological processes [12], such as stimulating cytokines (e.g. IL-1
a, IL-1 B, IFN - y) The release of various extracellular proteins and their related downstream
inflammatory factors, the release of proteases (such as metalloproteinases MMP, envelope proteins
EV, etc.), the release of vascular endothelial growth factor inhibitors (VEGF-I), and the interference
between signaling pathways, combined with receptors such as STT3A, can cross regulate the
secretion of various extracellular proteins between different signaling pathways (such as Wnt, etc.),
and may also participate in the regulation of reactive oxygen species. Therefore, knocking out TLR4
cell surface receptors may disrupt TLR4 mediated extracellular protein secretion [13] and minimize
the cross regulation of secretion of various extracellular proteins. This can also be achieved by using
proteins. Rigorous monitoring of omics technology.

4.3. Key conditions for sustained survival of myocardial MSCs

The immune response between the transplant vector and hMSC; Mediation of inflammatory factors;
The release of proteases and low cell density are several key conditions that affect the sustained
survival of myocardial MSCs. Knocking out the TLR4 gene can negatively regulate the secretion of
extracellular proteins mediated by TLR4 and the positive and cross expression interference of cell
signal transduction, thereby reducing the inflammatory response mediated by cytokines, the release
of proteases, the immune response mediated by the Wnt signaling pathway and increasing cell
proliferation mediated by VEGF. The sustained survival of myocardial MSCs is of great value, and
whether myocardial MSCs are normal is the key factor that directly affects whether subsequent
myocardial cell electrophysiological disorders can be effectively corrected.

4.4. Correction of cardiac electrophysiological disorders

The accumulation of reactive oxygen species (ROS) leads to a decrease in angiogenesis, while the
upregulation of ECM and MMP matrix metalloproteinases expression leads to fibrosis and
remodeling of myocardial cells, which are two important mechanisms causing electrical signal
disruption in phenotype mature myocardial cells (CM) [14]. The secretion of extracellular proteins
and positive regulation of related cellular signaling pathways mediated by TLR4 receptors can be
obtained. Knocking out TLR4 receptors through CRISPR gene editing technology can reduce the
release of VEGF-I, increase VEGF release, and reduce the expression of reactive oxygen species,
which can increase angiogenesis. Moreover, the knockout of TLR4 receptors mentioned above leads
to a reduction in the positive effects of extracellular proteins and related cell signaling transduction,
which can maximize the possibility of MSC sustained survival. This plays an important role in the
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reprogramming of fibrotic scar tissue [15]. Therefore, it can reduce the interference of immature
MSCs on mature CM layer electrical signals and lower the incidence of various cardiac arrhythmias
in patients. However, knocking out the TLR4 gene may lead to delayed cellular responses to body
reactions and inflammatory responses, increasing the risk of infection. As mentioned earlier, if the
TLR4 gene on the cell surface is continuously stimulated, it will lead to excessive activation of the
NF - « B signaling pathway, causing many disorders of secretory physiological activities. So, the next
experiment will explore how to reduce this negative reaction.

5. Conclusion

The myocardium is a mature cell in the quiescent phase, which was previously believed to be a
nonrenewable terminal differentiated cell. However, with the development of technology, myocardial
MSCs can be constructed and screened for anti-implantation in the body through CRISPR gene
knockout and other methods in vitro, which may play an important role in myocardial cell
electrophysiological disorders and arrhythmia. This article analyzes the application of CRISPR in
myocardial cell electrophysiology from the perspectives of molecular, cellular, histopathological, and
pathophysiological aspects. However, there is currently a lack of specific research methods to further
validate the corresponding viewpoints. Future research can focus on using more advanced and safer
treatment methods in clinical medicine to help more patients who may have myocardial
electrophysiological problems have a better quality of life.
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