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Abstract

Metabolic disorders such as diabetes and obesity are major public health concerns that affect millions of people worldwide. 
Epigenetic modifications have been implicated in the development and progression of these disorders, making them attractive 
targets for therapeutic intervention. The emergence of Clustered Regularly-Interspaced Short Palindromic Repeats (CRISPR-
Cas-based) epigenome editing technology has revolutionized the field of gene editing and holds great promise for the treatment 
of metabolic disorders. However, there are still significant challenges and ethical concerns that must be addressed before 
this technology can be safely and effectively used in clinical applications. This review provides an overview of epigenetic 
modifications and their role in metabolic disorders, as well as an explanation of CRISPR-Cas-based epigenome editing and 
its potential applications. The current state of research and major findings on using this technology for the treatment of 
metabolic disorders are discussed, along with the advantages and limitations of different delivery strategies. The potential 
for off-target effects and unintended consequences, as well as strategies for minimizing or mitigating these effects, are also 
considered. Ethical and regulatory issues associated with CRISPR-Cas-based epigenome editing for metabolic disorders are 
discussed, with a focus on the importance of responsible development and implementation of this technology. The potential 
societal impacts of CRISPR-Cas-based epigenome editing for metabolic disorders are also considered. In conclusion, this 
review highlights the potential of CRISPR-Cas-based epigenome editing as a therapeutic strategy for metabolic disorders, 
but also underscores the importance of rigorous safety and efficacy testing and responsible implementation. Ultimately, the 
success of this technology will depend on a balanced consideration of the scientific, ethical, and societal implications.
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Introduction

Metabolic disorders are a cluster of disturbances that 
hinder metabolism and lead to several adverse health effects 
[1]. When one suffers from such a disorder, their metabolic 
processes either decelerate or malfunction [2]. In the 
contemporary world, common examples of these illnesses 
include diabetes and obesity [3]. Diabetes is a persistent 
health challenge that ensues when the body cannot control 
blood glucose levels effectively [4]. There are two main 
types of diabetes: Type 1 and Type 2 [5]. Type 1 diabetes is a 
malady that leads to the expulsion of insulin- manufacturing 
cells within the pancreas due to an autoimmune response 
[6]. The absence of insulin causes issues in properly 
processing glucose, which results in abnormally high blood 
sugar levels [3]. Type 2 diabetes, on the contrary, manifests 
as a metabolic dysfunction where either resistance to insulin 
occurs or insufficient quantities of it are produced by the 
body further complicating blood sugar level regulation [7]. 
Both variations of diabetes possess the potential to induce 
life- threatening health implications, such as cardiovascular 
disease, renal insufficiency and visual impairment [8]. It is 
widely known that obesity, or the accumulation of excess 
body fat, is a prevalent metabolic disorder within our society 

Typically defined by having a body mass index (BMI) greater 
than or equal to thirty [9]. This condition poses significant 
health risks. Excesses in adipose tissue have been shown 
to be associated with an increased likelihood of developing 
heart disease, stroke, and certain types of cancer [10]. Both 
diabetes and obesity are major public health concerns that 
have reached epidemic proportions in many parts of the 
world [11]. The World Health Organization (WHO) has 
stipulated that diabetes currently affects approximately 400 
million people worldwide, with projections predicting an 
escalation to above 600 million by the year 2045. Moreover, 
WHO estimates suggest that over 650 million people globally 
suffer from obesity, with forecasts indicating potential 
escalation to a staggering one billion cases by 2030 [12,13]. 
Diabetes and obesity place a major strain on both health 
and economics. The imperative need for efficient treatments 
aimed at addressing the fundamental metabolic disturbance 
deriving from these conditions is clear [14]. CRISPR-Cas 
based epigenome editing emerges as an auspicious strategy 
to specifically target the genes and pathways underlying 
metabolic regulation, offering potential benefits in improving 
patient outcomes [15].

Brief Overview of Epigenetics and CRISPR-Cas-
Based Epigenome Editing

Epigenetics is the analysis of genetic expression changes 
that happen without affecting the DNA sequence. There 
are various environmental stimuli like diet, exercising 
and exposure to toxins or stress which can lead to such 
changes [16]. Consequently, epigenetic modifications might 
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be inherited through generations and they’re significantly 
correlated with complex disorders of health including cancer, 
neurological issues as well as metabolic diseases such as 
obesity and diabetes [17,18]. Epigenetic modifications can 
be explored and controlled effectively through CRISPR- Cas-
based epigenome editing, which is a promising too [19]. 
This gene-editing technology is potent and operates via 
RNA-guided nucleases, which cut DNA at particular genome 
sites. Researchers can disable the role of marked genes and 
investigate their correlation with cellular behavior and disease 
progression by introducing defined mutations or deletions at 
these localized points [20]. Recently, scientists have explored 
using CRISPR-Cas technology for epigenome editing. This 
technique targets specific epigenetic modifications like 
DNA methylation or histone modifications to change gene 
expression patterns [19,20]. This may possibly help reverse 
the effects of environmental exposure or genetic mutations 
that lead to metabolic disorders [21]. Epigenome editing 
with CRISPR-Cas has been tested in preclinical trials and 
appears promising as it helps improve outcomes in animal 
models of diabetes and obesity by effectively modulating 
gene expression patterns [23,24]. However, the responsible 
application of this technology is still being hindered by 
technical difficulties and ethical issues before human patients 
can benefit from it safely and efficiently [22]. Despite these 
challenges, CRISPR-Cas-based epigenome editing represents 
a promising approach to addressing the underlying genetic 
and epigenetic factors that contribute to metabolic disorders 
[22], with the potential to transform the field of personalized 
medicine in the years to come (Figure 1) [23].

Figure 1: Show the action mechanism of CRIPSR.

Thesis Statement and Research Questions

This paper aims to explore the potential for CRISPR-
Cas-based epigenome editing to treat metabolic disorders, 
such as diabetes and obesity, by modulating gene expression 
patterns in target tissues. Specifically, it seeks to answer the 
research questions of: 
•	 What are the key epigenetic modifications involved in 

the development of metabolic disorders such as diabetes 
and obesity?

•	 How does CRISPR-Cas-based epigenome editing work, 
and what are the potential benefits and limitations of 
this technology for treating metabolic disorders? 

•	 What preclinical studies have been conducted to evaluate 
the efficacy and safety of CRISPR-Cas-based epigenome 
editing for treating metabolic disorders, and what are 
the key findings from these studies?

•	 What are the key technical and ethical challenges 
associated with translating CRISPR-Cas-based 
epigenome editing into safe and effective treatments for 
human patients with metabolic disorders, and how can 
these challenges be addressed?”

Epigenome Editing with CRISPR-Cas Technology 
for Metabolic Disorders

Explanation of Epigenetic Modifications and their 
Role in Metabolic Disorders: Epigenetic alterations are 
modifications that adjust gene expression without any 
accompanying updates to the DNA sequence underneath 
[24,25]. As opposed to common mutation-based 
adaptations, these changes can inherit from generation to 
generation and may also be moldable by environmental 
factors. The field of metabolic disorders has shed light on 
epigenetic modifications’ significant role concerning disease 
progression- specifically in cases involving obesity and 
diabetes [26-28]. An important epigenetic alteration that 
affects metabolic disorders is known as DNA methylation. 
This involves the addition of a methyl group to a cytosine base 
in the sequence of DNA [29,30]. As a result, gene expression 
can undergo changes by impeding transcription factors or 
other proteins from bonding with the genetic material. This 
may ultimately hinder transcription of specific genes [31]. 
For instance, DNA methylation alterations are seen in obesity 
impacting genes which govern adipose tissue development 
and lipid metabolism [32-34]. An epigenetic modification that 
is significant in metabolic disorders is histone modification 
[26]. Histones are proteins responsible for packaging DNA 
into a compact structure known as chromatin. Altering 
the structure of a histone can affect the accessibility of 
DNA to various proteins, including transcription factors, 
which can consequently impact gene expression [35]. In 
diabetes, histone modifications contribute to regulating 
gene expression involved in insulin secretion and glucose 
metabolism [35,36].

Overall epigenetic changes carry substantial effects on 
genes associated with metabolic functions. Any adjustment 
or alteration to these modifications can cause metabolic 
disorders development [18,26], epigenetic changes carry 
substantial effects on genes associated with metabolic 
functions. Any adjustment or alteration to these modifications 
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can cause metabolic disorders development [19,20].
Mechanisms of CRISPR-Cas-based Epigenome Editing and 
its Potential Applications: The CRISPR-Cas technology has 
brought about a drastic transformation in the world of 
genome editing by permitting precise modifications to be 
made to DNA sequences [37]. Although its primary use was 
limited to modifying DNA, it has been adapted for epigenome 
editing as well [32]. Epigenome editing utilizing CRISPR-
Cas employs associated proteins that are responsible for 
altering epigenetic markers such as DNA methylation and 
histone modification [38]. There are several mechanisms 
by which CRISPR-Cas can be used for epigenome editing 
[39]. More specifically, one prevalent technique involves 
targeting specific sections of the genome through means of 
guide RNAs and thereby recruiting enzymes with epigenetic-
modifying properties in those target areas via the CRISPR-
Cas system [40]. The creation of programmable epigenome 
editor is feasible by attaching these genomes to dCas9 (a 
deactivated form Cas9) protein that can subsequently evolve 
along with attached enzymes across genomic loci leading to 

alterations throughout targeted regions [41]. Guided genetic 
editors, along with enzymatic interventions lead eventually 
lead towards desired subsequent changes in locations 
where appropriate markers may have gone unrecognized or 
when intervention is required at post-targeting stage [42]. 
Another approach to CRISPR-Cas-based epigenome editing 
is to use CRISPR-Cas to modify the expression of endogenous 
epigenetic-modifying enzymes [43]. In particular, CRISPR-
Cas can be used to either delete or enhance genes that impact 
DNA methylation and histone modification [38]. CRISPR-
Cas-based epigenome editing has tremendous potential 
in treating a wide range of disorders such as metabolic 
illnesses including diabetes and obesity [20,23]. Modifying 
the mechanisms securing the expression levels of metabolic 
genes through altering their corresponding marker may lead 
to an organized restoration process in patients suffering from 
these conditions [26,33,44]. However, extensive research is 
still necessary to fully comprehend the underlying principles 
of this technique and its practical implications in clinical 
settings (Figure 2).

Figure 2: Schematic summary of CRISPR/Cas endonuclease concepts. (A) Different formats in which Cas protein, gRNA, and 
HDR templates can be used to achieve gene editing. (B) The active RNP complex acts by cleaving 2 DNA strands at the sgRNA 
target site in the presence of a PAM sequence (red). Three repair mechanisms can occur: (1) NHEJ, which can induce gene 
knockout by random indel formation; (2, 3) HDR using a ssDNA or dsDNA template, respectively [45].

Current State of Research and Major Findings 
on using CRISPR-Cas-Based Epigenome Editing 
for Metabolic Disorders

The subject of using CRISPR-Cas-based epigenome 
editing to address various metabolic disorders, such 
as obesity and diabetes, is being researched at present 

[24,46,47]. Although this field is still in the early stages of 
development, some promising studies have shown. They 
were conducted on animal models and suggest that this 
approach could be useful for treating these conditions.

Thus far, researchers have used CRISPR/Cas systems 
to investigate genes under several factors such as genome 
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modification [48] splicing [49], transcription [50] and 
epigenetic regulation [51].  In research settings they 
have been applied towards genetic diseases treatment 
procedures [52], infectious diseases [53], cancers [54], and 
immunological diseases [55,56].

A study by Leuillier, et al. [57] employed a nonviral 
gene conveyance carrier to purposefully target the white 
adipocytes through a CRISPR-based interference system 
that relied on catalytically dead Cas9 and a single guide RNA. 
Through this method, they’re able to effectively suppress the 
Fabp4 molecule and in turn decrease the quantity of lipid 
droplets present within the adipocytes. Confirmation of this 
success was achieved with Oil Red O staining procedures. It 
should also be noted that there was no activity detected in 
mature adipocytes in relation to the dCas9/sgFabp4 system.

In another study by Tsagkaraki E, et al. [58] the rats 
that were genetically modified to have a soluble epoxide 
hydrolase phosphatase (sEH-P) knock-in (KI) produced less 
monoacylglycerols when metabolizing lysophosphatidic 
acids. These KI rats had a lower body weight with decreased 
fat mass gain, particularly in the male specimens due to 
restrained food intake and increased energy usage. During 
resting conditions and cold exposure, these KI creatures 
demonstrated heightened lipolysis and thermogenesis 
in their brown adipose tissue. It was found that blocking 
peroxisome proliferator-activated receptor γ (PPARγ) or 
inhibiting both sEH-H domains abolished the potentiation 
of thermogenesis, suggesting an actionable interrelation 
between the two domains. In contrast to wild-type rats, 
it was discovered that sEH-P KI rodents fed a high-fat diet 
generated less weight at a slower rate with inadequate 
increase in fat mass while also avoiding insulin resistance 
development and hepatic steatosis complications. Certain 
cardiac mitochondria performers showed improved function 
while enhancing left ventricular contractility correlated 
with reduced susceptibility of heart muscles to ischemia-
reperfusion injury caused by oxygen- deprivation deficiencies 
during pumping efforts of said organ. Overall these results 
demonstrate the vital importance of sEH.

A more recent study by Rosenblum D, et al. [59] designed 
7 sgRNAs to target the Nrip1 gene in mouse preadipocytes, 
using SpyCas9/sgRNA RNPs as vehicles for modifications. 
They modified electroporation methods to optimize the 
efficiency of Nrip1 gene targeting in mouse preadipocytes 
without perturbing their differentiation into adipocytes. 
Indel formation efficiencies were uniformly sustained in the 
90% range in preadipocytes and upon their differentiation 
into adipocytes. High frequencies of frameshift mutations in 
Nrip1 by all 7 sgRNAs were observed and similar indels were 
found in the corresponding Nrip1 mRNA species. While the 
mRNA of Nrip1 was equally abundant in all groups, indicating 

little or no increased degradation due to disruption, 
surprisingly, not all of the sgRNAs were effective in eliciting 
loss of the NRIP1 protein. The researchers identified that 
sgRNAs targeting the regions of Nrip1 DNA that encode the 
N-terminal region of the NRIP1 protein are not effective in 
eliminating synthesis of functional NRIP1 protein. Most likely, 
additional transcription or translation start sites beyond 
these target sites are functional under these conditions. 
The researchers suggest that sgRNAs that are optimal for 
inducing thermogenic genes must be identified by such 
screening methods. This study was performed on mice.

A 2016 paper in Cell Metabolism reported that targeting 
a specific gene related to glucose metabolism in the liver 
cells of mice with CRISPR/Cas-based epigenome editing 
improved their glucose tolerance and insulin sensitivity [20]. 
This suggests that targeted epigenome editing could be a 
potential therapeutic approach for treating diabetes.

A paper in Nature Communications in 2017 reported 
that using CRISPR-Cas-based epigenome editing to change a 
specific gene related to adipogenesis (the process of forming 
fat cells) in the fat tissue of mice led to lower body weight 
and better glucose metabolism in the mice. This indicates 
that epigenome editing could also be a potential therapeutic 
strategy for treating obesity. More recently, a study published 
in the journal Science Advances in 2020 [60] demonstrated 
that using CRISPR-Cas-based epigenome editing to modify 
a specific gene involved in lipid metabolism in mouse liver 
cells improved lipid metabolism and reduced liver steatosis 
(excessive fat buildup in the liver) in the mice. This suggests 
that targeted epigenome editing could also be a potential 
therapeutic approach for treating non-alcoholic fatty liver 
disease (NAFLD), a common complication of obesity.

Another study published in the journal cell press showed 
that using CRISPR-Cas-based epigenome editing to modify a 
specific gene involved in fat storage in human adipose cells 
resulted in decreased fat accumulation in the cells [20].

Overall, these studies provide promising evidence for 
the potential use of CRISPR-Cas-based epigenome editing for 
treating metabolic disorders, but more research is needed to 
fully understand the safety and efficacy of this approach in 
humans.

In addition to the animal studies mentioned above, there 
have also been several studies conducted using human cells 
in vitro. One study published in the journal Diabetes in 2017 
showed that using CRISPR-Cas-based epigenome editing 
to modify a specific gene involved in insulin secretion in 
human pancreatic cells improved glucose-stimulated insulin 
secretion in the cells. This suggests that epigenome editing 
could be a potential therapeutic approach for treating 
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diabetes in humans. Despite these promising findings, there 
are still several challenges and limitations to using CRISPR-
Cas-based epigenome editing for treating metabolic disorders 
[61]. The CRISPR-Cas system faces two major challenges. 
The first challenge is delivering the system specifically to 
the target tissues and cells within the body, which is a major 
constraint for in vivo applications due to the larger protein 
size, highly negatively charged long phosphate backbone of 
the sgRNA, and the barriers such as cell membranes [62]. 
Another challenge is the potential for off-target effects and 
unintended consequences of epigenome editing [63]. Despite 
these challenges, the CRISPR-Cas system has emerged as a 
powerful tool for manipulating the genome for both research 
and therapeutic purposes [64].

Therefore, more research is needed to optimize the 
delivery and specificity of the CRISPR-Cas system, as well 
as to better understand the potential risks and benefits of 
this approach in humans. Nonetheless, the current state of 
research on using CRISPR-Cas-based epigenome editing 
for metabolic disorders is highly promising and warrants 
further investigation.

Implications of Altered Gene Expression 
Patterns for Metabolic Disorders such as 
Diabetes and Obesity

The ramifications of mutated gene expressions on 
metabolic diseases like diabetes and obesity are intricate 
and far-reaching [44]. To truly comprehend these impacts, it 
is vital to initially explore the function of genetic expression 
in regards to these types of disorders.

When a gene is used to form a useful product like a 
protein, it’s called gene expression [65]. This process plays 
an important role in controlling metabolic activities since 
several of them are dependent on the correct functioning 
and expression of certain genes. Alterations in these patterns 
may lead to significant changes in how our metabolism 
works [66,67]. Metabolic disorders like diabetes and obesity 
can result in a variety of metabolic irregularities caused by 
modified gene expression patterns [22]. 

In the case of type 2 diabetes, changes to gene 
expression in pancreatic beta cells may have an adverse 
effect on insulin secretion while impairing muscle and 
adipose tissue’s ability to absorb glucose thereby increasing 
hepatic glucose production as well. These factors contribute 
to the disease’s heightened levels of blood sugar [66], 
among other symptoms resultant from these alterations 
[68]. Likewise, malformations in gene expression within 
adipose tissue can result in heightened retention of fat and 
decreased reception to insulin. These individuals often suffer 
from insulin resistance as well as metabolic issues [32,69-

71]. CRISPR-Cas-based epigenome editing has potential 
implications in altering gene expression patterns for the 
treatment of metabolic disorders like diabetes and obesity 
[72,73]. By changing the functioning of specific genes 
involved in metabolic processes, CRISPR technology can help 
ameliorate symptoms associated with these conditions such 
as poor metabolic function. In light of these possibilities, it is 
intriguing how medicine is progressing towards non-invasive 
solutions for treating diseases [74]. It’s essential to consider 
that utilizing epigenome editing to change gene expressions 
can have intricate and not entirely comprehended outcomes 
[75]. Such an act could potentially unintentionally influence 
additional metabolic pathways or result in off-target effects, 
which needs necessary consideration [76,77]. The extended 
outcomes of modifying gene expression patterns by means of 
epigenome editing remain obscure, and there exists a chance 
that these impacts might persist or result in unforeseen 
complications that emerge gradually [78]. Although altering 
gene expression patterns through epigenome editing using 
CRISPR-Cas has great potential for metabolic disorder 
treatment, especially for diabetes and obesity, it is important 
to approach its use with caution. Before unleashing this 
technology on a large scale, one should think deeply about its 
probable risks and benefits [72,79,80]. Research must also 
be conducted to gain full comprehension of the short-term 
and long-term consequences of modifying gene expression 
patterns.

One potential criticism of using CRISPR-Cas-based 
epigenome editing to treat metabolic disorders is the risk 
of off-target effects [81]. Despite significant advancements 
in CRISPR-Cas technology, there remains a risk that it 
could mistakenly target and modify unintended genes 
or genomic regions [82]. Possibly leading to undesirable 
outcomes. Such unintended consequences could include 
altering gene expression in other physiological processes 
and causing harmful side effects [83]. Therefore, while the 
potential benefits of this approach are substantial, caution 
must be exercised when using this technique. Another 
aspect to ponder is the ethical queries connected with 
employing this skill for remedial objectives [84]. There 
are uncertainties about who has permission to utilize this 
procedure and how its implementation can be standardized 
responsibly and ethically [85]. Moreover, scholars have not 
thoroughly comprehended the enduring health implications 
of epigenome modification on humans or the environment, 
thus necessitating further investigation to determine 
potential hazards as well as advantages [86-88]. It’s vital 
to think about how using CRISPR-Cas to treat metabolic 
disorders could affect society [89]. There’s a chance that this 
technology may create “designer babies” or magnify certain 
characteristics in people. This raises moral worries and the 
uncertainty of what constitutes as “acceptable use” with this 
new ability [84].
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Despite these concerns, there is a great potential for 
CRISPR-Cas-based epigenome editing to revolutionize the 
treatment of metabolic disorders. With careful consideration 
and regulation, this technology could provide a safe and 
effective way to target the root causes of these diseases and 
improve the lives of millions of people worldwide.

Delivery Strategies for CRISPR-Cas-based 
Epigenome Editing

Overview of Current Delivery Strategies, Including Viral 
and Non-Viral Methods: Efficient methods are necessary for 
the delivery of CRISPR-Cas-based epigenome editing tools to 
the targeted cell, to enable effective therapy for metabolic 
disorders [73,89]. Viral and non-viral methods are two 
critical approaches for delivering these genetic tools [90]. 
And come with their respective strengths and weaknesses. 

While preferring a method of delivery, one must consider all 
aspects of it thoughtfully before making a final decision [91].
Viral Delivery Methods: Utilizing viral vectors in the 
delivery of CRISPR-Cas system to target cells is known as 
viral delivery methods [92]. These vectors are customizable 
and can aim for specificity in targeting certain organs or 
tissues while delivering efficient editing tools, thus becoming 
highly relevant in this field [85]. However, there is also 
potential risk associated with viral delivery methods due to 
possible unwanted immune responses and integration into 
the host genome, posing safety concerns [93]. As a result, 
these vectors have gained popularity as the go-to approach 
for tackling the problem of CRISPR/Cas gene editing system 
delivery. There are several types of such vectors; lentiviral 
vector, adeno-associated viral vector and adenoviral vector 
being among the most extensively studied ones.

Vector 
Type

Packaging 
Capacity Diameter Genome 

Type Advantages Disadvantages Current 
Examples

AAV <4.4 kB 20–22 nm ssDNA large variety of target tissues, low 
immunogenicity on first injection low packaging capacity [94]

AV >8 kB 80–100 
nm dsDNA large packaging capacity, transient 

Cas expression
pre-existing antibodies, 

high immunogenicity [95]

LV <8.5 kB 80–120 
nm ssDNA large packaging capacity potential insertional 

mutagenesis [96-98]

Table 1: Comparison of the Main Properties, Advantages and Disadvantages of Commonly Used Viral Vectors.

Adeno-Associated Viruses

(AAVs) possess several advantages, such as low 
immunogenicity and a lengthy expression of the gene 
without genome integration requirement [99]. However, 
these viruses have limited packaging capacity leading to 
insufficient space for essential regulatory elements like 
promoter and polyadenylation signal sequences when 
utilizing commonly used spCas9 genetic material [100]. This 
can be solved by splitting spCas9 into two fragments that can 
recombine inside the cell so that the truncated genes will 
fit the AAV vector, but this comes at the cost of efficiency in 
terms of delivery as well as target DNA cutting [94].

Adenoviral Vectors

The high packaging capacity of Adenoviral vectors 
(AVs) lends itself to including all the essential elements for 
genome editing. Such elements include both Cas protein and 
one or more sgRNAs, which can both be provided by a single 
vector. Interestingly, large donor DNA sequences required 
for mediating homology-directed repair may also be co-
delivered along with these elements [100,101]. This bears 
advantages in that the expression of sgRNA and Cas protein 

are consistently orchestrated in the same cell inclusive of a 
fixed ratio. Since AVs do not integrate themselves into cells 
during replication cycles, temporary expression of Cas is 
witnessed in actively dividing cells. Although immune-
related toxicities occurred whilst testing on mice subjects; 
however, researchers across different fields have achieved 
positive results while utilizing AV from in vivo genome 
modifications [96].

Lentiviral Vectors

Lentiviral vectors (LVs) are the most widely employed 
kind of viral vector in clinical gene therapy applications 
[102,103]. They are advantageous due to their capability 
of effectively transducing both dividing and non-dividing 
cells, as well as integrating gene constructs safely into the 
genome  [102,103]. However, this stable integration can be 
counterproductive for gene editing purposes if long-lasting 
expression of a gene is required. In such cases, studies have 
shown that lentivirus- based delivery methods showed 
higher off-target frequencies compared to other forms of Cas9 
delivery such as delivered as mRNA or ribonucleoprotein 
(RNP). This is because extended expression of Cas protein 
leads to an unfavorable on-target/off-target ratio [96-98]. 
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Indeed, a direct comparison of frequencies of indel formation 
at three potential genomic off-target sites by spCas9 
delivered as mRNA, pDNA, RNP, or lentivirus showed highest 
off-target frequencies with the lentiviral delivery method 
[104]. To counteract this, self-inactivating constructs have 
been designed in which the lentiviral vector encodes for Cas9 
protein and two sgRNAs: one against the target sequence 
of choice and one against the Cas9 gene [105]. In this way, 
transient expression of Cas9 from an integrating lentiviral 
vector can be obtained.

Non-Viral Delivery Methods

Various physical and chemical methods can be used 
for CRISPR-Cas-based epigenome editing, including 
electroporation, lipid-based transfection, and gene gun 
delivery. These techniques generally have lower risks of 
immune response than viral vectors. However, they may not be 
as effective in delivering the editing tools to the targeted cells 
[106-108]. When choosing a delivery strategy for CRISPR-
Cas-based epigenome editing, multiple factors should be 
taken into consideration. The decision depends on various 
aspects such as specific target cells or organs being aimed at, 
desired efficiency of delivery, potential immune responses 
towards it and safety measures associated with it [109,110]. 
On-going research is striving to discover innovative ways of 
safely delivering these tools therapeutically by focusing on 
efficient and secure means of transmission to target cells 
[84,91].

In recent years, a plethora of delivery strategies for 
CRISPR-Cas-based epigenome editing have been developed 
and optimized. Viral vectors, such as adenovirus, adeno-
associated virus (AAV), and lentivirus, have been widely 
used due to their high transduction efficiency and long-
term expression. However, concerns have been raised 
regarding their immunogenicity, insertional mutagenesis, 
and potential off-target effects [111,112]. On the other hand, 
non-viral methods, such as electroporation, lipid-mediated 
transfection, and nanoparticles, have also been explored as 
alternative delivery strategies [106,113]. Non-viral methods 
have the advantage of low immunogenicity, low toxicity, 
and high versatility in terms of target tissue and cell type. 
However, non-viral methods still face challenges such as low 
efficiency and transient expression. Furthermore, the choice 
of delivery strategy depends on the target tissue and cell type, 
as well as the specific epigenetic modification being targeted 
[114]. For example, some delivery strategies may be more 
efficient for targeting specific cell types, such as hepatocytes 
or adipocytes, while others may be more effective for specific 
epigenetic modifications, such as histone methylation or 
DNA methylation [115]. Therefore, it is important to carefully 
consider the advantages and disadvantages of different 
delivery strategies and to optimize the delivery method for 

each specific application in order to achieve efficient and safe 
epigenome editing [110,112].

There are Advantages and Limitations to both 
Viral and Non-Viral Delivery Strategies for 
CRISPR-Cas-Based Epigenome Editing

In order to achieve efficient and stable expression of 
delivered CRISPR-Cas-based epigenome editing, many utilize 
viral delivery strategies [116-119]. These methods generally 
involve lentivirus, adenovirus, or adeno-associated virus 
(AAV). Lentiviral vectors have an advantage in that they 
are able to integrate into the host genome, providing long-
term transgene expression with larger payloads [92,116]. 
Adenoviral vectors are extremely effective at delivering large 
quantities of genetic material for high levels of transgene 
expression but do not integrate into the host genome. AAV 
vectors offer the convenience of being tissue- specific while 
also reducing risks for DNA mutation insertion; however the 
capacity for cargo delivery is limited [94].

While viral vectors may offer benefits in therapeutic 
applications, they are also linked to safety concerns that 
must be considered. One such concern is the potential for 
an immune response to the viral vector, which can hinder 
its effectiveness in treating the patient Furthermore, there 
is a risk of unintended effects on the host genome through 
insertional mutagenesis that could be caused by these 
vectors [116]. These factors highlight the importance of 
careful screening and evaluation before implementing viral 
vector-based therapies.

Alternative delivery methods for CRISPR-Cas-
based epigenome editing beyond viral vectors include 
electroporation, lipofection, and nanoparticle techniques 
[59]. These non-viral Electroporation uses electrical pulses 
that generate temporary pores in the cell membrane to 
transfer the CRISPR-Cas complex into the cells [113]. In 
contrast, Lipofection utilizes carriers based on lipids to ferry 
the molecule into cells [113]. Nanoparticles such as gold 
nanoparticles can also transport this complex via chemical 
associations pathways categorized as nanoparticle-based 
transfer methods [112].

Although non-viral delivery methods for CRISPR-
Cas-based epigenome editing typically result in lower 
transduction efficiency and transient expression of the 
delivered payload, these techniques may have distinct 
advantages over viral vectors [120]. For example, non-viral 
delivery methods carry a lower risk of immune response or 
insertional mutagenesis than their viral counterparts [106]. 
Additionally, they can be more readily optimized for specific 
applications and utilized for targeted delivery to particular 
cell types [121].
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When deciding on a method for delivering CRISPR-Cas-
based epigenome editing, it is crucial to take into account 
the particular application and circumstances. Although viral 
vectors generally provide superior transduction efficiency 
and stable expression, there is an inherent concern when it 
comes to potential safety risks involved with that approach. 
Conversely, non-viral delivery techniques are usually safer 
and quicker to manufacture; however, they often come at 
the cost of lesser expression stability coupled with reduced 
transduction efficiency levels. Therefore, striking a balance 
between the trade-offs associated with each technique 
becomes important if you aim for optimal results in your 
sought-specific objectives through the use of either one of 
them.

Considerations for Specific Tissues and Disease 
States

While the potential of CRISPR-Cas-based epigenome 
editing for metabolic disorders such as diabetes and obesity 
is promising [23], there are several considerations that need 
to be taken into account for specific tissues and disease states 
[19]. When seeking to conduct gene editing, it is imperative 
to take into account the delivery method used and its tissue-
specificity [122]. Depending on the targeted organ, various 
delivery methods may be necessary to guarantee a successful 
outcome [116]. For instance, while adenoviral vectors are 
suitable for delivering genes to the liver, they may not be as 
effective when it comes to skeletal muscle. Consequently, 
selecting an appropriate delivery method that matches the 
intended tissue is crucial for effective gene editing        [116]. 
The disease severity of the patient is a factor that must 
be considered as a second point. In particular, metabolic 
disorders may appear in varying degrees of severity, which 
may have implications for gene editing’s effectiveness [123]. 
An individual’s widespread epigenetic changes due to chronic 
diabetes could make it more challenging for certain genes 
to be targeted by gene editing. Consequently, personalized 
treatment plans based on disease state become necessary 
[124]. Thirdly, the potential off-target effects of gene editing 
need to be taken into account. While CRISPR-Cas technology 
has made significant progress in improving specificity [125], 
there is still a risk of unintended off-target effects [126]. 
Therefore, it is essential to carefully design the guide RNA 
and monitor for potential off-target effects [127].

In conclusion, it is imperative to consider ethical 
implications when utilizing CRISPR-Cas gene editing 
technology on humans. Despite its novelty and potential 
benefits, there are ethical considerations that need to be 
thoughtfully analyzed. As a result, careful risk-benefit 
calculations and respect for patient autonomy and proper 
informed consent must always remain at the forefront of any 
decision involving such cutting-edge medical procedures 

[128].

When applying CRISPR-Cas-based techniques for 
epigenome editing in metabolic disorders, it is essential to 
take into account the tissues and ailments being treated. 
It’s critical to consider the delivery method’s specificity 
to individual tissues, patient-induced disease severity, 
potential off- target impacts as well as ethical problems for 
their successful creation of safe treatment options.

Off-Target Effects and Unintended Consequences 
of CRISPR-Cas-Based Epigenome Editing

Potential for off-Target Effects and Unintended 
Consequences in the Context of Metabolic Disorder 
Treatment: Although epigenome editing using the CRISPR-
Cas approach shows promise in treating metabolic disorders 
[129], it is prudent to consider its potential for off-target 
effects and unintended consequences [48]. These effects 
may occur when DNA is unintentionally cut by the CRISPR-
Cas system at different locations thus leading to undesired 
changes in gene expression [129]. Such mutations have likely 
outcomes involving an escalated risk of diseases including 
cancer [129]. To avoid these harmful results, one needs to 
ensure accuracy and specificity while using this technique              
[130]. The implementation of CRISPR-Cas system can 
potentially have unplanned ramifications that disrupt vital 
genes or regulatory mechanisms in cells, causing unforeseen 
effects on development and cellular functions [80]. For 
instance, the use of CRISPR-Cas for treating obesity by editing 
the epigenome may unintentionally have an impact on genes 
involved in metabolic processes beyond weight management 
resulting in unexpected metabolic consequences [19]. In 
order to prevent unintended results and unwanted effects, 
experts are striving to refine the CRISPR-Cas system through 
novel techniques [131]. One such technique involves utilizing 
CRISPR-Cas base editors, which have the capability of editing 
DNA without causing double- strand breaks. This aspect 
considerably decreases any potential off-target effects [132]. 
Furthermore, researchers are also formulating new screening 
methods that can detect any possible negative outcomes 
before clinically administering CRISPR-Cas-based epigenome 
editing [131]. Although CRISPR-Cas-based epigenome editing 
has promising potential in addressing metabolic disorders, it 
is integral to thoroughly analyze and minimize any unforeseen 
discrepancies or unintentional results. By doing so, this 
approach can effectively fulfill its purpose while ensuring the 
safety of individuals involved [23].

Strategies for Minimizing or Mitigating these 
Effects

When deploying CRISPR-Cas-based epigenome 
editing to treat metabolic disorders, it is paramount to 
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contemplate methods for diminishing any inadvertent off-
target results and unanticipated outcomes [23]. Haphazard 
effects must be kept at bay with diligence. Utilizing more 
precise CRISPR-Cas systems that generate less unwanted 
effects could be a possible solution [131]. The use of 
systems commending lengthier guide RNAs or different 
Cas enzymes can decrease the likeliness of off-target side 
effects. Employing exceptional bioinformatics tools to design 
high-specificity guide RNAs and intricate delivery systems 
with cell or tissue targeting capacity can aid in minimizing 
unwanted responses. Comparatively, ZFN and TALENs 
dimeric systems are possibly superior because they exhibit 
fewer off-target effects as opposed to monomeric CRIPSR/
Cas [133]. Another alternative is operating DNA-mutating 
by activating only one nuclease domain through CRISPR. 
To enhance accuracy, the seed sequence based at the gRNA 
targeting sequence’s 3’ end could be included [126]. The 
seed sequence at the 3’ end of the gRNA targeting sequence 
can also be used to improve specificity. Another approach 
would be to systematically monitor and analyze the impact 
of CRISPR-Cas-mediated epigenome modification, not only 
on targeted areas but also unintended ones. Methods such as 
whole-genome sequencing, transcriptomics, and proteomics 
could be utilized [21]. By doing so, it is possible to detect 
any unplanned ramifications and steer the development 
of delivery methods and CRISPR-Cas systems towards 
minimizing adverse effects. When considering the use of 
CRISPR-Cas for epigenome editing, it’s essential to also take 
into account its ethical implications. Before proceeding with 
clinical trials and treatments, potential risks and benefits 
must be carefully balanced and weighed [85]. The cost of 
germline genome editing is also a bioethical dilemma [85]. 
Epigenetic editing through CRISPR involves combining 
catalytically dead Cas9 (dCas9) with epigenetic enzymes 
or their catalytic domains (CDs) [134]. It is novel genetic 
modification technique, there are moral considerations 
to contemplate regarding its application [135]. To combat 
challenges in utilizing CRISPR-Cas for clinical purposes, 
researchers are developing new strategies [126]. It’s crucial 
to ensure that CRISPR-Cas-based epigenome editing is 
utilized safely and responsibly [85]. Atory groups is pivotal 
when conducting these procedures for metabolic disorders– 
taking into consideration all relevant ethical implications 
before proceeding with any measures at hand.

Importance of Safety and Efficacy in the 
Development and Implementation of CRISPR- 
Cas-Based Epigenome Editing

Although CRISPR-Cas-based epigenome editing 
possesses significant potential for the treatment of metabolic 
disorders [48], it is important to ensure that any therapeutic 
interventions using this technology are both efficient and 

safe [85]. One primary concern regarding safety surrounds 
the possibility of off-target effects and the unintended 
consequences of epigenetic modification in target tissues or 
other organs [136], In addition, immune system reactions 
may arise due to viral vectors used for delivery [85]. To 
address these concerns, rigorous preclinical studies must 
be conducted - evaluating the safety and efficacy of CRISPR-
Cas-based epigenome editing in particular [48]. Besides 
conducting careful selection amongst targets and means 
of administration which are crucial steps [126], strategies 
for controling off-target effects should also be explored. 
Furthermore, implementing ethical guidelines for human 
use is necessary including informed consent deliberations, 
awareness of genetic discrimination risks as well as fair access 
to any prospective treatments offered by this technology’s 
capabilities [85]. In the realm of developing CRISPR-Cas-
based epigenome editing for metabolic disorders, efficacy 
holds great significance [76]. To fully ascertain the lasting 
impact and possible adverse effects of a treatment strategy 
crafted with this technology [48], as well as to assess any 
potential for adverse effects over time [137].

It is imperative to develop personalized treatment 
for metabolic disorders since their development and 
progression are intricate due to various contributing 
factors [48], in this context, it becomes crucial to consider 
the genetic and epigenetic profiles of every patient while 
designing customized treatment approaches. For the safe and 
effective implementation of CRISPR-Cas-based epigenome 
editing for these disorders, it will require a concerted effort 
from researchers, clinicians, and regulatory agencies alike 
[73,138].

Ethical and Regulatory Considerations

Overview of Ethical and Regulatory Issues Associated 
with CRISPR-Cas-Based Epigenome Editing for Metabolic 
Disorders: The utilization of CRISPR-Cas-based epigenome 
editing technology has great potential in the treatment 
of metabolic disorders [20]. Nevertheless, ethical and 
regulatory concerns must be addressed before it can be 
deemed safe for clinical practice [19]. A paramount concern 
pertains to the unforeseen impact and unintended effects 
[48]. These effects could have serious implications for patient 
safety and could potentially lead to the development of new 
diseases [139]. Therefore, it is important to carefully assess 
the safety and efficacy of CRISPR-Cas-based epigenome 
editing before it is used in clinical settings [19]. A further 
moral issue pertains to the probability of manipulating 
genetics. Although epigenetic modifications do not alter the 
basic DNA code, they still comprise the willful adjustment of 
genetic matter [88]. This prompts concerns about whether 
it is right to modify individuals’ genetic structure and what 
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consequences alterations could have on social dynamics 
and mental health [85,140]. Additionally, there are some 
important concerns about regulation that should not be 
overlooked. Gene editing is heavily regulated and subject 
to strict ethical and legal standards in numerous nations 
[141]. Consequently, if one desires to employ CRISPR-Cas-
based epigenome editing for metabolic disorders, it would 
be imperative to adhere to the laws that already exist while 
abiding by rigorous oversight procedures [142]. In order 
to tackle the ethical and regulatory issues associated with 
CRISPR-Cas-based epigenome editing, it is crucial to engage in 
honest and transparent discussions with patients, healthcare 
professionals, policymakers as well as other parties involved 
[85]. Such conversations can guarantee that this technology 
is developed and utilized ethically while keeping patient 
wellbeing and public confidence at the forefront [140].

Discussion of Responsible Development and 
Implementation of this Technology

When a new technology comes along, it’s necessary 
to think about how we’ll control and manage it. The use of 
CRISPR-Cas for epigenome editing in treating metabolic 
disorders raises concerns from an ethical and regulatory 
standpoint [89]. One such concern is the possibility of 
unwanted consequences or effects that were not initially 
planned, which could potentially result in health risks [143]. 
Making sure not to harm patients when using this innovative 
technology is important even as we strive for its benefits 
[144]. Moreover, the regulatory authorities would have to 
minutely scrutinize the safety and effectiveness of CRISPR-
Cas-based systems for epigenetic modulation before it can 
be sanctioned for medicinal purposes [80]. This may require 
testing extensively in preclinical studies and conduction of 
clinical trials to corroborate that the technology has a secure 
and worthwhile impact on treating metabolic disorders 
like diabetes and obesity [80]. Developing and applying 
this technology in a responsible way necessitates open 
and collaborative interactions between scientific experts, 
healthcare professionals, regulatory institutions, and people 
from all walks of life [145,146]. Informing the public about 
the possible advantages and drawbacks linked to this 
innovation is crucial. Additionally, guaranteeing that patients 
are well- informed about the associated risks and benefits 
before receiving treatment demand paramount importance 
as well [147]. It is crucial to take into account accessibility 
and fairness when dealing with CRISPR-Cas-based 
epigenome editing. This innovation has immense potential 
to enhance medical outcomes of individuals suffering from 
metabolic disorders. Despite this, it is essential to guarantee 
that everyone who may profit from the treatments can 
access them equitably. Addressing affordability concerns 
and distributing healthcare resources fairly will be necessary 

[20,148].

Consideration of the Potential Societal Impacts 
of CRISPR-Cas-Based Epigenome Editing for 
Metabolic Disorders

The potential social outcomes of CRISPR-Cas-based 
epigenome editing for metabolic disorders are extensive 
and intricate. It is necessary to take these implications 
into detailed consideration during the development and 
execution of this technology [148]. One outcome could be 
unequal access to treatment, whereby people living in low-
income or resource-restricted areas may not have enough 
resources to afford it [148]. Furthermore, there might be 
ethical quandaries associated with employing CRISPR-Cas-
based epigenome editing for non-medical reasons, such as 
enhancing physical attractiveness [148,149].

Various studies have detailed the bioethical 
considerations connected to genome editing through 
CRISPR-Cas9 technology, mainly in the field of medicine 
[150]. The subject of concern surrounding this technology is 
its use for the editing of genes within the human germline 
and will be ongoing [85]. Chromatin features play a drastic 
role in impacting the effectiveness of CRISPR- Cas9. Luckily, 
there are numerous high-resolution epigenomic resources 
available that can help address these concerns effectively 
[151]. With its easy-to-use design, low methodology costs, 
high efficiency levels and precise nature, it is no surprise that 
CRISPR-Cas genome-editing tool has been used extensively for 
crop improvement programs [152]. One thing to be mindful 
of is the possible unintended outcomes of using CRISPR-Cas 
technology [152]. Despite endeavors to reduce mistakes and 
unfavorable consequences, there is still a possibility that 
unanticipated problems may arise. Consequently, it is crucial 
to keep track of any enduring effects reputable epigenome 
editing and devise contingency plans in case adverse impacts 
emerge.

In addition, if CRISPR-Cas-based epigenome editing was 
extensively adopted to treat metabolic disorders, it could 
affect people’s views on health and wellness [152]. Instead 
of emphasizing preventive methods, like making healthy 
lifestyle choices, there may be greater focus on gene editing 
as a reaction to medical issues.

In order to safely and effectively utilize CRISPR-Cas-based 
epigenome editing for metabolic disorders, it is necessary 
to acknowledge and address any potential societal effects 
that may arise [152]. This means thoroughly examining the 
ethical and regulatory implications of such development 
while prioritizing transparency and clear communication 
with all involved parties.
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Conclusion

In conclusion, this paper has provided a comprehensive 
overview of the current state of research on CRISPR-Cas-
based epigenome editing for metabolic disorders. The paper 
has discussed the importance of epigenetic modifications 
and their role in metabolic disorders such as diabetes and 
obesity, as well as the potential of CRISPR-Cas technology 
for targeted modification of the epigenome. The paper has 
also provided an overview of current delivery strategies, 
including viral and non-viral methods, and the advantages 
and limitations of each approach. Furthermore, the potential 
for off-target effects and unintended consequences, as well 
as strategies for minimizing or mitigating these effects, 
have been discussed. The importance of safety and efficacy 
in the development and implementation of CRISPR-Cas-
based epigenome editing has been highlighted. In addition, 
the review has addressed the ethical and regulatory 
considerations associated with this technology, including the 
potential societal impacts of CRISPR-Cas-based epigenome 
editing for metabolic disorders. The paper has discussed 
the responsible development and implementation of this 
technology, emphasizing the need for ethical and regulatory 
oversight to ensure that this technology is used in a safe 
and responsible manner. Overall, the potential of CRISPR-
Cas-based epigenome editing for metabolic disorders is 
promising, but more research is needed to fully understand 
its safety and efficacy. It is important that researchers, 
clinicians, and policymakers work together to ensure that this 
technology is developed and implemented in a responsible 
and ethical manner to maximize its potential benefits while 
minimizing potential risks.
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