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Abstract 
 
Genomic activity is controlled by a sophisticated series of cell functions known as the 
epigenome. The creation of tools capable of directly altering various processes is required to 
unravel this intricacy. Additionally, by employing tailored DNA-binding platforms 
connected with effector domains to serve as targeted transcription factors or epigenetic 
modifiers, it is possible to control the chemical modifiers that regulate the genome's activity. 
Neoplastic disorders have received the most attention in the study of epigenetics, though the 
epigenome's significance in a variety of disease processes is now well acknowledged. 
Researchers are inspired to investigate novel approaches to revert these pathogenic alterations 
to their normal patterns by considering the fact that the epigenome profile of individuals with 
aging skin cells or other skin disorders, including atopic dermatitis, differs from that of 
healthy individuals. Here in this review, we discuss the use of CRISPR/dCas9 as a cutting-
edge and flexible tool for fundamental studies on chromatin structure, transcription 
regulation, and epigenetic landscapes, as well as the potential of this method in these fields. 
Furthermore, we review on common and recently invented methods to make epigenetic 
alterations possible in daughter cells after any mitotic differentiations. In the very near future, 
CRISPR-based epigenomic editing will become a potent tool for comprehending and 
regulating biological functions. 
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1. Introduction 
 
Multicellular organisms have almost identical genomic sequences in all their cells, yet various 
cells can continue their respective roles throughout the organism's lifetime. An attempt to 
assess the source of this diversity has instituted the field of epigenetics, which encompasses a 
wide variety of factors beyond the DNA sequence that regulate genomic activity [1]. 
Chromatin accessibility [2], biochemical modification of DNA and histones, RNA and protein 
factors modulation, and DNA element interaction are examples of epigenetic factors [3-5]. 
These factors in combination create an ‘epigenetic state’ of the cell. Linkages between 
epigenetic state, gene expression, and cell fate suggest correlations between epigenetics and 
cellular phenotype [6-8]. Targeting epigenetic modifiers on specific genes might be a safer 
option than gene editing. Tethering these effectors to sequence-specific DNA-binding 
domains (DBDs) allow for targeted epigenetic changes. This localizes the epigenetic change 
near the DBD-bound site, establishing links between the presence of effectors, induced 
epigenetic alteration and gene regulation. Using of DBDs has laid the basis for targeted 
epigenetic engineering. However, DBD-based approaches have some limitations, such as 
difficulty to target a wide range of genomic loci, because targeting a different DNA sequence 
requires a corresponding distinct protein [6,9-12]. CRISPR/Cas systems have evolved into 
powerful tools for targeted genetic changes [13,14]. Although CRISPR-based methods are 
being invented in by pioneer scientists [15], the common CRISPR/Cas9 system is also being 
improved consistently that could lead to better efficiencies, targeting practically any desired 
sequence [16]. The reprogramming of CRISPR systems has enabled the creation of a wide 
range of epigenome engineering methods. Despite DBDs, CRISPR-associated (Cas) 
proteins achieve genomic specificity via their small guide RNAs (gRNAs). Most Cas proteins 
carry out nucleases that cleave the targeted DNA sequence. In 2013, Lei S. Qi et al. repurposed 
CRISPR as a platform to make it functional for epigenetic editing. Mutations in genes that 
encode Cas proteins can result in nuclease-deactivated or dead Cas (dCas) proteins, which 
still retain their ability to bind any desired part of the genome using a guide RNA without 
introducing a break [17]. Along with CRISPR/Cas9-based techniques, there has been a lot of 
progress with dCas9 tools that allow the recruitment of specific protein functions to the target 
genomic regions with a lot of flexibility [18,19]. A single dCas can then be reprogrammed to 
target a new locus simply by changing its gRNA sequence (Figure 1), resulting in a rapidly 
adaptable platform for the localized targeting of practically any genomic sequence [6]. 
 
2. Epigenome Editing 
 
The precision with which the epigenome can now be manipulated via CRISPR/Cas systems 
has significantly accelerated mechanistic epigenetics and created new tools for more accurate 
models of human diseases.  The role of the epigenome in disease can be explained while also 
providing treatment approaches for restoring healthy phenotypes by modeling epigenetic 
aberrations identified in disorders using epigenome editing [20,21]. Epigenome editing 
intends to write or erase specific epigenome marks at specific gene loci to alter gene 
expression. This tool has allowed researchers to fuse dCas9 with epigenetic writers and 
erasers [22-24]. They were able to keep the marks from one generation of cells to the next by 
merging several epigenetic effectors [25,26]. Programmable locus-specific DNA-targeting 
methods are crucial in achieving these goals, which enable the genome locus-specific 
recruitment of specific editing of epigenome modifiers [10]. 
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Figure 1: The complex of a dCas9, sgRNA, and a related effector domain can attach to the targeted 
genomic sequence and then methylate the cytosines on a promoter to silence the gene without altering 
its DNA. 
 
In the field of medicine, epigenetic abnormalities have been found to be causative factors in 
cancer, genetic disorders, and pediatric syndromes as well as contributing factors in 
autoimmune diseases, aging, and skin diseases [27-29]. Research has shown that these 
epigenetic regulation mechanisms play an important role in controlling cellular functions, 
including keratinocytes, and the pathogenesis of skin diseases [30]. Skin heals through a 
dynamic and coordinated process of cell proliferation, migration, and differentiation [31]. 
Much research show that epigenetic pathways together with several transcription factors and 
signaling pathways play a key role in regulating various aspects of epidermal growth and 
keratinocyte differentiation which have been seen during skin repair [32,33]. Currently, 
virtually all of the research in this field are focused on understanding the interactions between 
transcription factors and epigenetic regulatory machinery, in controlling epidermal growth, 
regeneration, and stem cell activity [34,35]. These efforts are important to answer the challenge 
of how epigenetic reprogramming enables the re-regulation of repair genes. In the present 
review, in the first part, we aim to summarize the available evidence and studies on the 
regulation of epigenetic mechanisms of chromatin, and the second part focuses on our current 
understanding of different types of epigenetic changes in both keratinocyte differentiations 
from their progenitor cells and the epigenetic changes in skin diseases. To gain better 
knowledge in this field, the five exclusive groups of epigenome engineering technologies 
using CRISPR/dCas9 include long-range chromosomal interactions such as chromatin 
remodeling, transcriptional control, histone modification, and DNA modification have 
comprehensively been explained [36,37]. 
 
2.1. Transcriptional activator 
 
The first attempt at epigenome editing was transcriptional regulation. According to their 
actions, transcription factors fused to dCas9 can be classified as transcriptional activators or 
transcriptional repressors. The CRISPR/dCas9 methods using these effectors are known as 
CRISPR activation (CRISPRa) and CRISPR interference (CRISPRi), respectively [38,39]. 
Transcriptional activators, including p65, HSF1, Rta, and VP16, VP16 multimers (including 
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VP48, VP64, and VP160), boost the recruitment of chromatin modifiers, which leads to 
chromatin decondensation, the accumulation of histone marks like acetylation of histone H3 
at lysine 27 (H3K27ac) and trimethylation of histone H3 at lysine 4 (H3K4me3), RNA 
polymerase II (Pol II) binding and subsequent mRNA transcription. The dCas9 can promote 
robust gene activation by employing modular methods to engage various activation domains. 
Among VP16 multimers, VP64 is the most commonly used and is a more rousted activator 
than a single VP16. HSF1, p65, Rta, and VP64 are commonly employed as a combination to 
achieve better editing effects. For instance, VP64p65-Rta (VPR) is preferable to VP64 in both 
up-regulation consequences and editing specificity [40]. 
 
2.2. Transcriptional repressor 
 
Krüppel-associated box (KRAB), mSin3 interaction domain (SID), and FOG1 are 
transcriptional repressors that work by recruiting suppressive transcriptional factors or 
histone modification enzymes. For instance, KRAB, the most often employed repression 
domain in epigenome editing, attracts HP1 and KAP1/TRIM28 proteins, preventing Pol II 
from being positioned. These elements also stimulate the recruitment of histone 
methyltransferases, which cause local chromatin compaction by increasing the levels of 
trimethylation of histone H3 at lysine 9 (H3K9me3). But at the other hand, KRAB is less 
specific and can sometimes have a broad effect on the cellular state. LSD1 may be better at 
editing specificity than KRAB. In some studies, KRAB is utilized in cooperation with other 
EpiEffectors (like DNMT) and results in durable and highly precise epigenetic silencing of 
endogenous genes [41-43]. The SID recruits histone deacetylases via interaction with PAH2, 
the transcriptional repressor domain, and is not yet widely used [42]. 
 
2.3. DNA methylation and demethylation 
 
In mammalian cells, adding a methyl group to the 5th carbon of cytosine (DNA methylation) 
has a proven effect on the regulation of gene expression. CpG islands (CGIs) are abundant in 
mammalian promoter regions, with more than 50% frequency of CpG nucleotides. 
Transcriptional inhibition has been connected to the methylation of CGI loci near a gene's 
transcription start point [44]. 
 
The de novo methyltransferases DNMT3A and DNMT3B, in addition to maintenance 
methyltransferase DNMT1, are responsible for inducing and maintaining cytosine 
methylation. Although DNMT3L lacks methyltransferase activity, it acts as a cofactor for 
DNA methylation [45].  DNMT3A and DNMT3B have been used as effectors by 
CRISPR/dCas9 in epigenome editing. DNMT3A and DNMT3B, the de novo 
methyltransferases, in addition to maintenance methyltransferase DNMT1, are responsible 
for inducing and maintaining cytosine methylation. Despite the lack of methyltransferase 
activity of DNMT3L, it acts as a cofactor for DNA methylation. DNMT3A and DNMT3B have 
been used as effectors by CRISPR/dCas9 in epigenome editing. 
 
Moreover, prokaryotic DNA methyltransferase MQ1 has also been used in epigenome 
engineering. MQ1 includes 386 amino acids and is a de novo DNA methyltransferase with 
high efficiency [46]. Additionally, DNA demethylation enzymes, like the ten-eleven 
translocation 1 (TET1), have been used in epigenome editing. For instance, demethylation of 
DNA in the BRCA1 promoter by dCas9–TET1 both rescued expression and inhibited cell 
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proliferation in a cancer cell line that proves epigenome editing can fix hypermethylation of 
tumor suppressor gene promoters, which is one of cancer's hallmarks [47,48]. 
 
2.4. Histone modification enzyme 
 
As we discussed earlier, epigenetics is controlled by histone modifications that condense 
chromatin fibers around themselves to repress a gene (Figure 2). Histones can carry a variety 
of markers that change the structure of chromatin, the DNA-histone complex that loops and 
whorls through the nucleus in cells. Genes that reside in densely packed chromatin tend to 
stay silent. Genes that exhibit more open stretches tend to be transcribed [26]. Various histone 
proteins (like H2A, H2B, H3, and H4) organize genomic DNA on the nucleosomal scale. Post-
translational modifications occur in specific histone residues (for example, lysine (K) 9 or K27 
of H3). A large number of these changes have been linked to distinct gene expression profiles 
[25,49]. 
 
Effector proteins modify specific histone residues by adding or removing covalent groups, 
inducing phosphorylation, acetylation, methylation (mono-, di-, and trimethylation), and 
ubiquitination. The exact transcriptional consequence related to each histone modification is 
defined by the cellular environment. 
 
Methylation (DOT1L, PRDM9, G9A, SUV39H1, and Ezh2), demethylation (LSD1), acetylation 
(p300), and deacetylation (HDAC) are all frequent in CRISPR/Cas9 epigenome editing. 
CCCTC-binding factor (CTCF) was altered successfully by using a mutant version of dCas9-
MQ1 to target DNA methylation. Specific histone modifications, such as H3K4me3 and 
H3K27me3, are related to gene activation and repression, respectively [50]. 
 

 
Figure 2: Naturally, histone modifiers inside the nucleus have the role to proceed with methylation, 
demethylation, acetylation, etc. on the CpG islands. With the help of histones and chromatin remodeling 
complexes, a chromatin fiber can be condensed or decondensed at specific locations to make a gene be 
repressed or transcribed, respectively. 
 
 



ISSN 2816-8089 
 

  
          147                              
Int J Bioinfor Intell Comput, Vol 2, Issue 2, August 2023 
 
 

2.5. Epigenetic changes in mtDNA 
 
The mitochondria are signaling organelles that transmit information about their health to the 
nucleus. This information activates transcriptional regulators that control to homeostatic 
stress, which is crucial for organismal health and aging. Changed levels of mitochondrial 
metabolites or stress signals generate numerous epigenetic alterations that aid in maintaining 
cell homeostasis and have an impact on cellular aging [51], and methylation changes are 
reversed by the restoration of mtDNA in the lab [52]. Since mtDNA does not have any 
histones, long and short noncoding RNAs, and post-translational changes of nucleoid proteins 
regulate the epigenetic status of mtDNA. Alterations in metabolism, circadian rhythm 
disruptions, and cancer can all be caused by mitochondrial malfunction, which manifests as 
changed gene expression and ATP generation as a result of epigenetic modifications [52]. 
 
2.6. Chromatin editing 
 
One significant aspect of epigenetic engineering is manipulating the expression of genes 
through chromatin editing [53]. Efficient chromatin engineering will entail the combinational 
use of complementing effectors. Besides DNA methylation, searchers have illustrated the 
concept of complementary domains providing better activity for developing CRISPRi/a 
technologies, including increased activity by integrating chromatin editors with CRISPRi/a 
[54,55]. 
 
Eventually, achieving the most efficient engineering may require simultaneously targeting 
multiple loci, each with its specific epigenetic modifications, which are most easily 
accomplished using gRNA-specific domain-recruitment technologies [56,57]. A vast tapestry 
of chromatin markers is almost underexplored. For example, H2A ubiquitination, which is 
relevant to gene silencing, has not been scrutinized from a chromatin-editing perspective [58]. 
There are other marks like acetylation and methylation at other histone sites and also 
additional chemical modifications, including crotonylation [59], phosphorylation [60], 
propionylation [61], and DNA adenine N6 methylation (m6A) [62]. These modifications 
interact with well-studied markers, revealing natural candidates for combinatorial chromatin 
editing. 
 
2.7. Enhancers 
 
Researchers also use targeted epigenetic editing to comprehend the role of enhancers, which 
are small regions of the genome that activate genes from afar. An enhancer could be located 
near a gene or on a different chromosome entirely. As a result, it is exceedingly challenging 
to tell which genes any enhancer is regulating. Up to this point, it’s been pretty hard to study 
enhancers and figure out what they do because there is no tool to go in and disrupt them. But 
now, epigenome editing tools have made this possible. The same epigenetic markers that 
affect gene expression also suppress or activate enhancers [26]. In 2015, Gersbach et al. 
revealed that individual enhancers could be turned on by hitching dCas9 to enzymes that add 
acetyl groups on histones and then directing these fusion proteins to particular enhancers. 
The human body could have up to two million different enhancers, and trying to manipulate 
them one by one would take an eternity [63]. 
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3. Epigenetic and Skin Disorders 
 
The epidermis forms the surface layer of the skin and is made of specialized epithelial cells 
called keratinocytes, which are organized into several layers [64]. These keratinocytes 
undergo complex differentiation processes, morphological and metabolic changes, along with 
extensive changes in gene expression, and acquire distinctive features that are necessary for 
the formation of the outer barrier of the body (epidermis). This process, known as epidermal 
differentiation, is very important to maintain the epidermis under physiological conditions as 
well as stress or in various skin pathologies [65,66]. Epidermal differentiation relies on a 
highly coordinated program of gene expression [67-69]. In addition to these regulators, 
epigenetic regulation through DNA methylation, histone modifications, and miRNA activity 
also play an important role in the process of keratinocyte differentiation and epidermal 
layering during homeostasis and after wound injuries [70,71]. 
 
Epigenetic mechanisms, also modulate various stages of gene expression by changing 
chromatin accessibility and mRNA stability [72,73]. Disturbance in these epidermal 
differentiation processes causes several skin diseases. Extensive studies have been conducted 
on transcriptional regulation related to epidermal differentiation and several signaling 
pathways and transcription factors including p63 and AP1 have been identified as key 
regulators of epidermal keratinocyte survival and differentiation and important drivers of 
cancer development [74,75]. 
 
For example, studies have shown that deletion of DNMT1 leads to premature keratinocyte 
differentiation, thickened epidermis, and alopecia, along with reduced hair follicle stem cell 
activity [76]. In addition, the deletion of SETD8 (a histone methyltransferase), JMJD3 (histone 
demethylase), and HDAC1/2 causes disruption of epidermal layering. Meanwhile, increasing 
the expression of JMJD3 leads to the acceleration of the differentiation process [77,78]. These 
changes in the regulation of the epigenetic system have led to various cancers and skin 
syndromes such as CYLD cutaneous syndrome [79]. Research shows that the mentioned skin 
disease is caused by frequent mutations in the epigenetic regulators DNAM3A and BCOR 
along with biallelic mutations in the CYLD as a tumor suppressor gene [80,81]. 
 
In recent years, the potential role of epigenetic regulation in the pathogenesis of inflammatory 
skin diseases has received more attention. Psoriasis is a common disease caused by defects in 
the epigenetic regulation system [82]. In particular, epigenetic changes in psoriasis and atopic 
dermatitis along with DNA methylation have been increasingly studied to date [83]. In 
psoriasis and atopic dermatitis, epigenetic changes contribute to key pathogenic events such 
as immune system activation, T-cell polarization, and keratinocyte dysfunction [84]. This 
evidence provides new perspectives on the treatment of skin diseases. It is worth considering 
that, unlike genetics, epigenetic changes are easily modifiable and potentially reversible. 
 
For example, psoriasis is a multifactorial chronic inflammatory skin disease characterized by 
abnormal proliferation and differentiation of keratinocytes [85,86]. The results of studies show 
DNMT1 upregulation in peripheral blood mononuclear cells (PBMC) of psoriasis patients 
[87]. Evidence of altered histones in the skin of people with psoriasis has also been observed 
in different studies. For example, H3K27me3 marking and EZH2 levels were higher in 
psoriasis skin. According to research knocking out EZH2 in the epidermis of mice inhibits cell 
proliferation, so it is not surprising that increased levels of EZH2 in the epidermis are 
associated with higher and aberrant proliferation of keratinocytes, leading to psoriatic 
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hyperplasia [88]. However, Pharmacological inhibition of EZH2 decreases H3K27me3 levels 
and cell proliferation [89]. 
 
Atopic dermatitis is a heterogeneous disease in which mutations in genes encoding epidermal 
structural proteins, suppressor enzymes, and their inhibitors play a role in their pathogenesis 
[90]. The role of regulator genes of innate or adaptive immune responses and environmental 
factors inducing disease have also been added to this field. Related recent studies have 
pointed to the key role of epigenetic changes in disease development [91,92]. Documentation 
shows that the epigenetic profile in patients with atopic dermatitis (AD) is different from that 
observed in healthy individuals. This profile changes in genes that influence the regulation of 
the immune response and inflammatory processes, e.g., genes that influence both TH1 
orientation and promote TH2 responses, innate immune genes, and genes that encode 
epidermal structural proteins [92]. 
 
4. Limitations and Risks 
 
Ethics and safety concerns surrounding CRISPR gene editing have been raised all over the 
world. Many scientists agree that there is still much work to be done to improve accuracy and 
ensure that changes made to one part of the genome do not have unpredicted consequences, 
especially in the application towards human trials [93]. 
 
The CRISPRa and CRISPRi gene regulation techniques produce temporary modifications in 
the gene. This transience does not pose a problem in postmitotic cells or disease indications 
where temporary gene expression yields a therapeutic benefit. However, some illnesses 
require long-lasting modifications in their impaired genes. Gene expression is locally 
regulated by epigenetic changes as mentioned before. Epigenetic changes, such as adding 
methyl or acetyl groups on histone residues are frequently durable and can be passed down 
to newly divided cells [94]. On this account, to effect chemical alterations to DNA or 
chromatin, many epigenetic modifiers have been fused to CRISPR proteins [95]. To overcome 
this challenge, CRISPRoff and CRISPR-KAL can silence a gene for a prolonged period of time 
(for instance, several months) by altering H3K9me3 and DNA methylation [96,97]. These 
methods might work well for treating conditions that necessitate ongoing gene manipulation. 
However, the clinical application of epigenome engineering, like genome editing, is limited 
by targeted delivery methods and possible off-targeting effects. 
 
Regarding some diseases like facioscapulohumeral muscular dystrophy, which is caused by 
overexpression of DUX4 gene, CRISPR/Cas9 gene editing system is literally inefficient. High 
number of genomic copies and DSBs that Cas9 must cause in this region, activate apoptosis. 
Therefore, dCas9 has been proven that can reduce the expression of DUX4 in vivo and in vitro 
without any cell apoptosis [98]. 
 
Delivery system is the major challenge toward applying CRISPR-based tools. However, there 
are controllable and efficient delivery methods for ex vivo experiments, such as microinjection 
and electroporation, many gene therapies require in vivo deliveries [99]. AAV and adenoviral 
vectors have been used to deliver CRISPR cargos for in vivo trials [100]. Limited packaging 
capacity of viral vectors are their negative feature as an efficient delivery system. Furthermore, 
Lipid nano particles have the ability to deliver CRISPR tools as RNA with greater efficiencies 
and lower off-targets than viral vectors. However, most of these nanoparticles will traffic to 
the liver and cannot reach their destinated tissue [101]. Therefore, CRISPR tools are restricted 
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by an efficient delivery system that is able to get their large cargos to their targeted tissues 
with the lowest toxicity and highest efficiency and specificity. 
 
5. Conclusion 
 
By redesigning the CRISPR-Cas9 system, the application of epigenetic editing has become 
more feasible. Numerous factors influence the efficiency of epigenetic editing, such as the 
targeted tissue, the chromatin context of the therapeutic gene of interest, and the epigenome 
editor's copy number. Many significant factors still limit the development of epigenome 
engineering, preventing it from being used in humans. Nevertheless, epigenetic editing 
remains a useful tool for altering transcription in comparison to gene editing tools, which 
change the sequence of genes permanently. These state-of-art technologies have the capacity 
to be employed in various human tissues to prevent many environmental and congenital 
disorders. In this regard, skin disorders are among the candidate disorders that can be 
precisely cured by manipulating the human epigenome. A more concise understanding of 
factors that regulate gene expression by chromatin remodeling and epigenetic changes can 
help us to treat skin diseases and even rejuvenate aged keratinocytes in adults. 
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