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Abstract
The CRISPR/Cas9-techique again emerged in 2012 with the generation of the Clustered Regularly Interspaced Short Palindromic Repeats
(CRISPR)-based gene editing that represents a modulation tool that has been obtained from the defense system of the some bacteria, against
viruses in addition to plasmids. This is an economical , simple approach that has got utilized in a lot of experimental models inclusive of cell
lines, various laboratory animals, plants, as well as human Clinical trial. The CRISPR/Cas9 system is constituted of guiding the Cas 9 nuclease
for generation of site-directed double stranded DNA break with the utilization of small RNA molecules for directing. It is an event that results in
permanent manipulation of the genomic target sequence which can heal the injury that occurs in the DNA. Thus here we conducted a systematic
review utilizing search engine pubmed, google scholar and other sutilizing the MeSH terms like zinc finger nucleases; TALENs; CRISPR/Cas9
system; DSB; genome editing; trans-encoded small cr RNAs(tracr RNAs); single guide gRNA; Protospacer Adjacent Motif (PAM); endonuclease;
HNH domain; Ruv C-like nuclease domain; insertions along with deletions (indels); dead Sp- Cas9 (d Sp- Cas9); n Sp- Cas9 (n Cas9)]. Hirshsprung
disease; Megacystis-Microcolon- Intestinal Hyperperistalsis Syndrome (MMIHS); β-haemoglobinopathies, Sickle Cell Disease (SCD); β
thallasaemia, is Human Papilloma Virus (HPV); human immunodeficiency virus(HIV),;Hepatitis B virus(HBV); cancers; neurological diseases;
from 1990 to 2021 till date. We found 2050 articles out of which we selected 141 articles for this review. No meta-analysis was done. Here we
present approaches as well as manipulations of enzyme Cas9 for removal of target cuts away the various applications of CRISPR/Cas9 system for
looking besides activation as well as repression. Furthermore, we outline the therapeutic aspects besides the latest updates in their utilization
in various human diseases.
Keywords: CRISPR/Cas9 system; Tracr RNAs; PAM; Hirshsprung disease; HPV; HIV; Mitochondrial diseases’ breast cancer

Introduction
For estimation of the function of a gene, a gene can get
inactivated by homologous recombination, or via its blockade
of its messenger RNA via RNA interference [1]. This strategy is
applicable, in case of cultured cells by their transfection or in
living organisms by transgenesis [1]. More Recently, advancement
in case of genome editing aid in its manipulation of any type of
gene at its originating locus in a different kind of species along
with tissues that is inclusive of cultured cells as well as animal
organs. Genome editing is a robust tool with regards to biomedical
research, besides aiding in rectification of certain inherited
diseases.
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Genome editing is dependent on the utilization of markedly
particular in addition to programmable nucleases, that generate
particular alterations in the areas of attraction in the genome via
introduction of double strand breaks (DSB), which get later healed
by cellular modes. These healing modes are inclusive of the i) non
homologous end joining (NHEJ), which carries a susceptibility
to mistakes. II) homology directed repair (HDR) which is free of
these mistakes (Figure 1) [2]. Healing aids in the development of
insertions in addition to deletions or substitutions in the target
region [3,4]. These mutations might stop, remove or rectify the
abnormalities in the genes. These latter probabilities aids in the
capacity of rectification of the mistakes that are inherited in DNA,
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besides resulting in disease. The programmable nucleases are
basically mega nucleases [5], Zinc finger nucleases transcription
activator like effectors nucleases (TALEN) in addition to the
CRISPR/Cas9 system (that implicates the Clustered regularly
Interspersed short Palindromic Repeats nuclease(s) correlated
with CRISPR [6-8]. Commonly, the CRISPR/Cas9 system
constituents, are a guide RNA, which gives direction to the Cas9

nuclease for generation of a DSB in a particular site of the genome.
More recently, in the past decade greater interest, besides its
acceptance over the other systems, in view of it being easy, rapid,
along with effectiveness for the manipulation of the endogenous
genes in any cell or target tissue, in case the organisms that
possess the maximum toughness with regards to the treatment.

Figure 1: Courtesy ref no2-Genome editing through the CRISPR/Cas9 system. Cas9 and the gRNA create a complex that binds with the
DNA close to the PAM site. A DSB is generated in the target site that could be repaired via NHEJ or HDR. (A) The repair by NHEJ usually
results in insertions or deletions, or in frameshift, that causes the gene knockout by interruption. (B) If a DNA donor with homology in the
ends is provided, this DNA can be inserted to the target site to modify the gene, introducing the nucleotides and leading to frameshifts or
insertion of cDNA. gRNA, guide RNA; PAM, protospacer adjacent motif; DSB, double-strand break; NHEJ, non-homologous end joining;
HDR, homology-directed repair.

Methods

Results

Thus here we conducted a systematic review utilizing search
engine pumped, Google scholar and others utilizing the MeSH terms
like zinc finger nucleases; TALENs; CRISPR/Cas9 system; DSB;
genome editing; trans-encoded small cr RNAs (tracr RNAs); single
guide gRNA; protospacer adjacent motif (PAM); endonuclease;
HNH domain; RuvC-like nuclease domain; insertions along with
deletions (indels); dead Sp- Cas9 (d Sp- Cas9); n Sp- Cas9(n
Cas9). Hirshsprung disease; megacystis-microcolon-intestinal
hyperperistalsis syndrome(MMIHS); β-haemoglobinopathies,
sickle cell disease (SCD); β thallasaemia, is human papilloma virus
(HPV); human immunodeficiency virus (HIV); Hepatitis B virus
(HBV); cancers; neurological diseases from 1990 to 2021 till date.

We found a total of 2050 articles out of which we selected 141
articles for this review. No meta-analysis was done
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CRISPR/Cas9system

The invention of CRISPR/Cas9 system
The eubacteria in addition to archaea contain a defense
system that is meant for getting acclimatized, via RNA, for recall
besides, destruction of the exogenous DNA, besides RNA. This
gives adaptive immune response against the invading plasmids
along with viruses [9]. The observation of this system has been
seen in 50% of the bacterial genome which are sequenced as well
as in 87% of the archaeal genome [9,10]. It is further significant
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in a broad range of extra functions, that is inclusive of replication
divisions [11], acclimatization to high temperature, chromosomal
reorganizations, besides, healing of DNA [12-14].

The invention of CRISPR occurred in case of Escherichia
coli genome in 1987 in the forms of repeated fragments of 29
nucleotides (nt) in length that are Interspersed with different
sequences of recurrent fragments of 32 nt [15]. With the invoked
interest in the CRISPR system along with its correlated Cas genes
resulted in the invention of akin short recurrent Palindromic
sequences of 24-40 nt in various groups of bacteria as well as
archaea. These recurrent sequences are distant by individual
varying sequences of 20-58 nt [9,16]. The correlated genes (Cas)
got isolated usually intricately with a CRISPR locus, which pointed
that there was a functional correlation [17]. In the beginning it was
posited that the function of CRISPR locus was that it participates
in cellular DNA healing in addition to replicon partitioning events;
nevertheless, the initial proof with regards to the significance
of CRISPR/Cas system belonging to the adaptive prokaryotic
immune system was documented in 2005 via the finding that
most of the sequences were inserted among same repeats got
obtained via the invading phage along with plasmid genomes
[18]. Furthermore, in 2007 the insertion of new spacers got
illustrated in a CRISPR/Cas locus of Streptococcus thermophiles
[19], whereas the transcription altering to small mature CRISPRRNAs(cr RNAs) which directed the Cas complex of Escherichia coli,
got experimentally corroborated in 2008 [20]. Subsequently in
2010, Cas complex of Streptococcus thermophilus was illustrated
to generate a single DSB at a particular position in case of target
DNA [21], that was followed by the documentation with regards
to the maturation of cr RNAs needs trans-encoded small cr
RNAs(tracr RNAs), Cas 9 in addition to RNAse III in Streptococcus
pyogenes [22]. The proof of function in a heterologous system
was revealed in2011 when it got demonstrated, that the CRISPR/
Cas system of Streptococcus thermophilus once transported to
Escherichia coli, yielded heterologous immunity against plasmid
along with phage infection [23]. Simplifying CRISPR/Cas 9 of
Streptococcus pyogenes system got attained via replacementnt
of tracr RNAs in addition to cr RNAsin2012 by a synthetic single
gRNA to guide Cas 9 towards its target in addition to carry out
cleavage [8]. Ultimately in 2013 the utilization of CRISPR/Cas 9
system (type II Streptococcus pyogenes) was detailed in the form
of a genome editing tool for the initiation of site particular DSB
in addition to following mutagenesis in plants, mouse, besides,
human cells in addition to clinical trials [24,25].

Working of CRISPR/Cas 9 system in the form of Genome
editing tool

The type II CRISPR/Cas 9 system is the system whose
utilization with regards to genome editing with the utilization of
Cas 9 endonuclease of Streptococcus pyogenes whose properties
have been well studied. In case of endogenous system, the
mature cr RNAs unites with a tracr RNAs (ie small RNA which is
complementary to the CRISPR sequences)for generation of a tracr
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RNA: cr RNA complex, that directs the Cas 9 to a target region.
Hence, CRISPR/Cas 9 conducts sequence particular cleavage via
simple crosstalk of cr RNA by base pairing at the target region.
Subsequent to the union of the target region, the two DNA strands
get cleaved through the nuclease domain of Cas 9, that is a HNH
domain which cleaves the complementary target strand to the
gRNA in addition to Ruv C-like nuclease domain, that cleaves the
non target strand [26]. The gRNA that got fashioned by Jinek et al.
[8], in 2012 was a chimerical RNA that possesses all the necessary,
constituents of cr RNAs in addition to tracr RNAs for directing
Cas 9. Subsequently a lot of variations of CRISPR/Cas 9 have
got generated, that recalls the sequences of 18-24 of the gRNA,
in addition to the 2-4nt of protospacer adjacent motif (PAM) in
target regions [4,27]. Hence CRISPR/Cas 9 can be guided towards
a particular sequence of22-29nt that is distinctive in maximum
genomes, despite noticing that CRISPR/Cas 9 possesses a lot of
tolerance for non particular mating of base pairs among gRNA,
in addition to its complementary target sequence. There exists a
specificity which possesses sensitivity toward amounts, position
as well as distribution of incorrect crosstalk [4,8,24]. Like the
CRISPR/Cas 9 of Streptococcus pyogenes (sp Cas 9) has tolerance
for up till 6 non balances of base pairs at the target region [8].
The genome editing brought about by CRISPR/Cas 9 is based on
the development of the DSB in addition to the following event of
DNA healing. The DSB formed by the CRISPR/Cas 9 initiates the
event of cell healing in DNA, in the form of NHEJ, that possesses is
susceptible to going incorrect as well as hence possess the capacity
of generation of mutation, that implicates small insertions along
with deletions (indels) in case of target region that can bring a
pause or delete the function of the genes or genomic target
elements (like controlling areas). One separate healing event
which can further get stimulated is the HDR error free, that has the
possibility of rectification of innate disease, resulting in mistakes
of DNA (genes or controlling elements [28].

PAM sequence in addition to off target cuts

How specific CRISPR/Cas 9 is in addition to complementarity
of the gRNA/ target sequence, needs a PAM sequence which
resides just subsequent to the target sequence. The dependence
on the PAM sequence for the cleavage of the DNA, limits the speed
of the cleavage region in the genomes, hence target areas are
observed more commonly for small PAM sequences in contrast
to longer ones; thus subsequently off target cut areas possess,
lesser chances to be present for the longer ones, in contrast
to shorter ones. The isolation of PAM sequences differ among
separate microorganisms, as well as these sequences have got
documented: 5’NGG-3’ in Streptococcus pyogenes (sp Cas9) [8].
5’NGGNG-3’ or 5’NNAGAAW-3’in Streptococcus thermophiles (St1
Cas 9) [21,29]. 5’NNGRRT-3’ or 5’NNGRR(N)-3’ in Staphylococcus
aureus (Sa Cas9) [30]. 5’NNNRRT-3’or 5’NNNNGMTT-3’ In
Neisseria meningitides (NmCas9) [31], as well as 5’NGG-3’ in
Francisella Novivida (FnCpf1) where N point to nucleotides [32],
R to purines, A or G, M to nucleotide A or C, as well as W to weak
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bonds A or T [4,10,27,33]. Despite, the DSB action of CRISPR/Cas 9
is dependent on the complementarity of the target sequence with
the gRNAs of 20nt in length, the system aids cleavage at genomic
areas that are partly complementary to the gRNA, since the gRNA
lets mismatch pairing among the DNA in addition to gRNA [4].
These off target cuts of CRISPR/Cas 9 is remain one of the largest
problems that at present are unwanted as well as not solved
(resulting in unwanted outcomes) as well as vary among separate
target areas in view if the variability of nucleotide sequence
in addition to with regards to the genome. The utilization of
CRISPR/Cas 9 system has got done with success with regards to
gene editing, in addition to for the regulation of various biological
systems, nevertheless, little proof is existent with regards to the
consequences of the off target genome editing. Actually, just an
occasional assay about genotoxicity that is dependent on cell in
culture which aid in quantification, stratification in addition to
aids in avoidance of biological adverse actions of gene editing in
a particular target cell population. Despite, a lot of gene editing
studies have arrived at the phase with regards to clinical trials,
clinical proof that demonstrated that gene editing possess the
capacity of treatment of various conditions is minimal [23].

Various methods have got posited for maximizing the gRNA
fashioning besides reduction of the off target cuts to arrive at an
acceptable in addition to specificity that is essential for safety
with regards to treatment applications [34]. Isolation of the ideal
gRNA of the different applicants for a specific target area besides
the placement of probable off target can be validated via various
bioinformatics tools [35]; like CRISPR direct [36], E- CRISPR
[37], WU- CRISPR [38], CRISPR- gRNA design tool (http://www.
atum.bio/eCommerce.cas9/input), sg RNA Designer [39], sg
RNA Scorer Scorer 2.0 [40], CRISPR-scan [41], CRISPR-ERA [42],
CCtop [43], CRISPOR [44], Breaking –Cas [34], CHOP- CHOP [45],
CRISPR-Design [48], CRISPR-Multi target [46], GT- Scan [47], geCRISPR [47], CRISPR- Designer [48], Cas- Designer [49], Cas-OF
Finder [50], COSMID [51], DESKGEN Guide Picker [52], as well
as CRISPR- gene analyzer [53]. All these software programmes
possess various properties in addition to applications. The ideal
choice would be based on the kind of organism (eukaryotic or
prokaryotic) for which the gRNA fashioning has to be carried out,
the different PAM has to get utilized, the size of the DNA target,
besides the different types of currently documented Cas-like
nuclease [34].

Approaches along with Manipulation of The Enzyme
Cas9 for Reduction of Off- Target Cuts to Least

The fashion of the differences in classical Sp- Cas9 system
has been evaluated with regards to the regulation of its output,
like utilization in the form, of an inducible system for interim
expression of the nuclease [54]. An alternative approach for
reduction of action of off- target is to exchange the Sp- Cas9 enzyme
for mutant n Sp- Cas9 (n Cas9), that breaks a single guide strand
via inactivation of a nuclease domain, Ruv C HNH. Here for carrying
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out a DSB, two n Cas9 are required for targeting the opposite
strands of DNA intricately placed (separated just via<100bp), with
every Cas9 directed via its own sgRNA which possess the capacity
to cleave just the strand that is complementary to sgRNA [33,55].

On utilization of 2 n Cas9 is carried out for the performance
of DSB off- target action reduction takes place by 50-1500
fold [33,56], specificity by amelioration of the helicase action
(e Sp- Cas9) for interference of off- target regions without
disruption with specificity in addition to action [57]. Fusion of the
nucleaseFok1 with dead Sp- Cas9 (d Sp- Cas9) further resulted
in escalation of specificity; here dSp- Cas9 has absence of its
cleavage action via inactivation of its 2 domains of the nuclease,
namely Ruv C as well as HNH domains. As a consequence the
fusion generates RNA-directed Fok1 nuclease, hence the action
with regards to excision for the DSB’s will be on the basis of
the 2 bounds of the 2 gRNAs to DNA which would comprise of
a well defined spacing in addition to orientation, that aids in the
dimerization of monomers Fok1- dSp- Cas9 for the generation of
a catalytically active Fok1 dimer, that results in reduction in the
probability that a target sequence is appropriate repeatedly in the
genome as well as thus result in escalation of specificity [45,46].
A separate manipulation, of the binary system Split-Sp Cas9 that
causes utilization of the nuclease lobe as well as the α-helical
domain with independence. These 2 exist naturally in the enzyme
Cas9 by themselves solely or as an attachment to the DNA via
the gRNA. The domains do not crosstalk by themselves however,
gRNA results in the recruitment of all of them in a tertiary complex
which recapitulates the action of Cas9 along with catalyzing the
region particular DNA cleavage. The utilization of manipulated
RNA delete the action of Cas9, that breaks the dimer, that aids in
the generation of an inducible besides, the dimerization system
that can be adjusted with regards to genome editing applications.
This system has got evaluated both in vivo, in addition to in vitro
in case of mouse models [59]. Of the other manipulations till date,
the Sp Cas9-cytidine deaminase can be observed that is a fusion
of dSp- Cas9 with the enzyme cytidine deaminase. This effect of
cytidine deaminase, causes transformation of cytosine(C) to uracil
(U), that act on a single stranded DNA that can get accessed in the
tertiary complex, among Cas9 gRNA, in addition to the target DNA
for introducing point mutation [60].

Newer variations of the CRISPR system

Other studies have isolated more enzyme belonging to the
CRISPR family that were inclusive of enzymes that got encoded
by Cas genes that were smaller in contrast to Sp Cas9 (4.2Kb) like
Sa Cas9, St1 Cas9 in addition to Nm Cas9 (3.2, 3.4 as well as 3.2kb,
respectively [28,33]. These enzymes would promote its getting
packed into viral vectors [28,33]. Other more recently discovered
enzyme known as Cpf1 possessing shorter crRNA sequence can get
utilized rather than Sp Cas9 [32]. Furthermore, the more recently
invented C2c2 (Cas13a) as well as C2c6 (Cas13b) that possess the
capacity of cleaving RNA [61]. Cas13b had been generated in the
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form of RNA base editing technique, whose utilization as a tool
for editing RNA with the utilization of catalytically inactive Cas13b
that had got fused to the adenosine deaminase domain of ADAR2
for Programmable adenosine to inosine replacement in case of
transcripts [61].

More applications of CRISPR/Cas9

Apart from the utilization of CRISPR/Cas9 system for the

development of indels (Figure2), manipulated version have got
generated for various applications, like activation or suppression
via controlling of gene expression by fusion of hetrologous
domains with the, manipulation of epigenetic signatures on
histones (i.e. alteration of methylation patterns) or transcriptional
activators or repressors [62]. Utilization of CRISPR/Cas9 has been
carried out regarding selective labeling of the genome, like for
monitoring of dynamic chromatin events [63].

Figure 2: Courtesy ref no2-Overview of applications based on Cas9. (A) Nuclease Cas9 directed by a gRNA can induce insertion or deletion
mutations; (B) a pair of Cas9 nucleases directed by a gRNA may induce sequence-specific replacement or insertion, large deletions or
genomic rearrangements (such as inversions or trans-locations); (C) double cutting by nCas9 to improve the specificity of editing; (D)
visualization of specific sites in the genome by dCas9; (E) dCas9 can mediate the regulation of specific endogenous genes by heterologous
effector domains or performing histone modifications or DNA methylation. gRNA, guide RNA.

Disease models as well as CRISPR/Cas9 system
The CRISPR/Cas9 system possesses a miraculous capacity
of treatment of various diseases where the etiology of genetic
impairment, is clear, or for evaluation of these diseases via the
generation of cell/animal models. Treatment which is dependent
on genome editing can result in the re-installment of gene function
or compensate for the mutation. Single nucleotide polymorphism
(SNP) editing has got targeted with the utilization of various
approaches, like i) gene knock out that results in disease
[64], ii) adding a mutation that confers protection [65], iii) or
introduction of a transgenic that possess the capacity of treatment
[66]. In case the etiology of the disease is a virus, cleavage of the
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viral DNA can get carried out [67-70]. Figure 3 illustrates some
of the approaches that have got detailed earlier, as well as whose
utilization can be done as a strategy for various diseases. The
idea of this figure is for expansion of the treatment probabilities
of CRISPR/Cas9 system. If facing problems with regards to the
repairing of a mutation In view of genomic aspect, there might
be the existence of a pseudogene whose activation might aid In
the replacement of the gene having undergone mutation [71].
Nevertheless, in case the etiology of the disease is a protein
resulting in injury to the organism via its aberrant properties,
(like misfolding as well as collection in a tissue, like amyloidosis),
down regulation of its expression at various points of its pathway
where it gets expressed [72].
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Figure 3: Courtesy ref no2-Strategies for editing a signaling pathway. (A) Signaling pathway where there is a mutation in the inhibitory gene
that prevents the correct folding of encoded protein and therefore its function as an inhibitor. Indents B-E display different strategies that
can be approached for preventing that inhibitory protein from being produced. (B) Knockout of the gene that codes for receptor, preventing
it from acting on the pre-enzyme and from producing activator protein. (C) Knockout of the gene that codes for pre-enzyme, preventing
it from acting on the pre-activator protein and from producing activator protein. (D) Knockout of the gene coding for pre-activator protein,
preventing the enzyme acting on it from producing activator protein. (E) Mutation of the binding site of promoter so that the activator protein
cannot bind. Indents F-I display different strategies that can be applied for the production of inhibitory protein. (F) Edition of a defective
gene to restore production of an inhibitory protein to produce a functional inhibitory protein. (G) In the case that mutations in the inhibitor
gene are difficult to repair, the pseudogene inhibitor is repaired to produce a functional inhibitory protein. (H) If a deleterious mutation is
difficult to repair and causes the accumulation of a misfolded protein, the gene could be totally inactivated and the pseudogene can be
reactivated to produce a functional protein. (I) Another strategy is the addition of the functional cDNA of the inhibitor gene in any of the genes
or pseudogene stimulated by the activator protein. (J) Finally, mutation of the enhancer results in reduced production of inhibitory protein.
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A. Pulmonary as well as Gastrointestinal diseases as
well as CRISPR/Cas9
The homozygous Δ 508 mutation in the cystic fibrosis
transmembrane conductance regulator (CFTR) gene rectification
was done with the utilization of CRISPR/Cas9, in vitro in case of
intestinal stem cells of cystic fibrosis patients [73]. Edited stem
cells were differentiated into intestinal organoids in addition to
demonstrated a functional, CFTR product [73]. CRISPR/Cas9 has
further been illustrated to have probable advantageous actions,
in patients that need a liver transplantation, like drug treatment
resistant metabolic liver conditions [69]. Utilization of CRISPR/
has been conducted for repression of genes, hence reprogramming
metabolic pathways, that aids in attaining a benign phenotype in
the treatment of hereditary tyrosinaemia in case of mice [60].
With the aid of deletion of 4-hydroxy-phenylpyruvatedioxygenase
(HPD) gene with the idea of hampering the second step in
tyrosine catabolism, the modulated hepatocytes (FAH-/- HPD/-). The replacement was about to get finished in many mice
(92-99%) in 8wks. The HPD mutation resulted in escalation of
catabolism of tyrosine, that prevented the collecton of tyrosine
in addition to toxic metabolites, like fumaryl acetoacetate as well
as succinylacetone in hepatocytes, that in turn causes robust liver
injury with escalation of, chances of Hepatocellular carcinoma
(HCC) [69].

Furthermore, utilization of CRISPR/Cas9 system can be done
with regards to the treatment of Hirshsprung disease in addition
to megacystis-microcolon- intestinal hyperperistalsis syndrome
(MMIHS), where some mutations were isolated via whole -exome
sequencing, in case of patients in which these diseases had
got diagnosed [74,75]. In case of Hirshsprung disease 4 genes
(DENND3, NCLN, NUP98 along with TBATA) have got correlated
with the neuronal events that get shared by the central nervous
system(CNS) as well as enteric nervous system (ENS), this
function got validated in vivo via a gene knockout by CRISPR/
Cas9 [74,75]. utilization of a zebrafish model was done to see that
the knockout of the genes detailed earlier caused a deletion of
function in addition to break in the generation of the ENS (deletion
of enteric neurons) resulting in akin Hirshsprung phenotype in
vivo [74]. The LMOD1 gene is implicated in generation of normal
smooth muscle-cyto-skeletal-contractile coupling, as well as
mutation results in MMIHS. Mice that are knockout of LMOD1
gene demonstrated, an akin phenotype of this syndrome (protein
amounts as well as pathology that agreed with MMIHS), besides,
demonstration of the starting of bladder distension at18. 5d of
embryonic generation till it approached the abdominal cavity,
whereas the histological evaluation observation was the early
initiation of thinning of the detrusor muscle of the bladder of
LMOD1-/- mice. These outcomes pointed to a part of the LMOD1
gene in the generation of normal smooth muscle-cyto-skeletalcontractile coupling [75].
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5.3B. CRISPR/Cas9 as well as Haematological Diseases
β-haemoglobinopathies which are inclusive of sickle cell
disease (SCD) as well as β thallasaemia, occur secondary to
mutations in the β-globin (HBB) gene, that affects millions of
people all over the world. Utilization of CRISPR/Cas9 in addition to
donor sequences have been done by various studies for attainment
of homologous recombination in the HBB gene in Induced
pluripotent Stem Cells (iPSCs) in addition to haematopoietic Stem
Cells (HSC) [76,77]. Like rectification of the Glu6Val mutation with
efficiency that is the etiological factor for SCD was attained with
the utilization of pluripotent Stem Cells that had been obtained
from patients, besides, differentiation to erythrocytes, that led
to the expression of the mRNA of adult β-globin (HbA) along
with validation of the intact transcriptional controlling of the
manipulated HBB alleles [76]. The other genome editing approach
for the therapy of haemoglobinopathies is the intercalation of a
mutation for the development, of a benign genetic disorder.
Once there is hereditary persistent fetal haemoglobin (HPFH), a
benign genetic disorder, the mutation ameliorates the transfer of
γ globin to -β-globin, resulting in a large concentrations of fetal
haemoglobin expression (HbF) all through the life, that can aid in
relief of the Clinical signs of β thallasaemia or SCD. In an earlier
study utilization of CRISPR/Cas9 for simulation of the HPFH
mutation in case of promoters of the HBG1 as well as HBG2 genes
in human blood progenitor cells generated red blood cells (RBCs).
The progenitor cells that had got edited resulted in generation
of RBCs with escalation of HbF amounts which were enough for
hampering the pathological hypoxia of RBCs that got observed in
SCD [78]. A separate approach for the escalation of HbF amounts
was the CRISPR/Cas9 mutation of the BCL11 erythroid escalator,
that has been a corroborated suppressor of HbF in addition to
the treatment target for the β-haemoglobin conditions [79].
Moreover, β thallasaemia that was secondary to the expressionsuppression point mutations or deletions in the β-globin gene,
efficient rectification of the HBB mutations by CRISPR/Cas9 was
attained in iPSCs cells obtained, from a patient that differentiated
in erythroblasts that possessed the restoration of the expression
of β-haemoglobin [77].
Lastly CRISPR/Cas9 has got utilized with regards to the
treatment of a lot of other haematological diseases like auto
alloimmune bleeding conditions, that is inclusive of fetal in
addition to neonatal allo immune thrombocytopenia besides posttransfusion purpura for conversion of Leu33+ megakaryocytes –
like DAM1 cells as well as iPSC towards the Pro33 allotypes, that
is implicated in the generation of human plateletsalloantigen
Ia as well asa Ib epitopes [80]. Moreover, the utilization of this
technology has been carried out with regards to the treatment
of Fanconi aaemia by rectification of point mutation in patient
obtained fibroblasts [81], in addition to haemophilia for the
rectification of factor VIII deficiency in mice [82]. Noticeably
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utilization of CRISPR/Cas9 has been done for the development of
mutant pigs in the vWTF gene for working as an animal model for
von Willebrand disease, or for promotion of bleeding before meat
processing in the context of meat industry [83].

C. Viral diseases as well as CRISPR/Cas9

Viruses represent obligate intracellular pathogens which
possess the capacity of infecting cells via particular receptors
as well as require cellular constituents of the host for their
reproducibility. On entrance within the cells, the Viral genome
gets replicated, transcribed in addition to translation for finishing
its life cycle [84]. A lot of genomes of the DNA Viruses besides the
retro viruses get incorporated into the cellular genome. Robust
disease can result secondary to infection with lot of mortality,
morbidity along with followed by transmission to other human
beings. Reduction of some of the viral infections can get attained
by vaccination immunity, whereas it is not feasible with regards
to others. The viral infections whose requirements is greater
concentration in view of their kind besides the social influence
are those whose etiology is human papilloma virus (HPV), human
immunodeficiency virus (HIV), as well as the Hepatitis B virus
(HBV).

Expression of HPV 16 variants of the oncoproteins E6 as well
as E7, that are closely correlated with the generation besides
sustenance of the malignant phenotypes which can cause cervical
cancer [69], that is the second commonest etiology of cancer all
through the world [68]. Either solely or in combination CRISPR/
Cas9 utilization has been carried out with the other therapies for
In vitro and in vivo synergistic therapeutic studies to tackle HPV
16 in addition to 18 causative factors of cervical cancer [68,69,85].
Targeting of HPV 16 as well as HPV 18 oncogenes E6 besides E7
by CRISPR/Cas9 in case of cervical cancer cell lines, that was
inclusive of HeLa as well as SiHa cells resulted in cell cycle arrest
with ultimate demise of these malignant cells [85]. Further in a
study by Zhen et al. [69], mutation of the HPV 16 oncogenes E6 as
well as E7 hampered the tumor growth in vivo that illustrated that
therapy with CRISPR/Cas9 acts as a treatment in combination with
cisplatin, which is one of the 1st line therapies that is maximum
utilized in the form of a chemotherapy agent [69].
As far as C-C chemokine receptor 5(CCR5) acts in the form of
a necessary co- receptor for HIV-1 virus, hence deletion of CCR5
receptor function confers protection against this viral infection.
Utilization of CRISPR/Cas9 was done with the idea of editing the
CCR5 gene in CD4+cells as well as in human iPSCs(hiPSCs) cells
[65,86]. These mutant hiPSCs differentiation into macrophages
which developed resistance to trophic CCR5 for HIV-1 virus [65].
The continuous existence of a covalently closed circular DNA (ccc
DNA ) of HBV works as the biggest hurdle for anti viral treatment
for chronic hepatitis B getting eradicated. For obtaining a complete
cure total deletion of the continuous existence of ccc DNA the
requirements would be the total elimination of hepatocytic
viral load [67]. In case of a lot of studies with the utilization of
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a particular gRNA against the HBV, significant reduction, in the
generation of HBV as well as core proteins inHuh7 occurred
subsequent to CRISPR/Cas9 system utilization [67]. HepG2 [87],
HepG2. 2. 15 [87,88], HepG2-H1. 3 cell, lines that got transfected
with a HBV expression vector [86]. Moreover, in a mouse model
CRISPR/Cas9 system cleaved the intrahepatic plasmid that
possessed the genome as well as promoted its elimination in vivo
which caused a decrease of the antigen surface concentrations.
This pointed that the CRISPR/Cas9 system possessed the capacity
of impairment of HBV, both In vitro and in vivo, that suggested that
it probably possesses the capacity of eradication of continuous
existence of this viral infection [67,88]. Besides its utilization in
the treatment of this viral infection, CRISPR/Cas9 system has
further been utilized for the evaluation of cellular modes which
result in carcinogenesis [89].

With regards to hepatitis C virus (HCV) which is the etiological
factor for chronic hepatitis, in addition to Hepatocellular carcinoma
(HCC), utilization of CRISPR/Cas9 has got done for the isolation
of key host constituents for HCV infection [90]. Apart from that
Epstein Barr virus (EBV) causes generation of continuous
infection, all through life in 90-95% adults. Despite, not resulting
in disease in healthy carriers, this infection is correlated with
lymphoid as well as epithelial neoplasms, like Burkitts lymphoma,
Hodgkin’s disease as well as nasopharyngeal carcinoma [91].
CRISPR/Cas9 system utilization has got done In vitro against Raji
cell lines that illustrated a significant decrease in proliferation
in addition to viral loads, besides resurrection of the apoptosis
pathway In cells following therapy [92]. The other approach for
this virus was the elimination of the promoter area (558nt), that
is 1 of the 2 clusters, which codes for22 differentiatially expressed
premicroRNAs at the time of latent EBV infection, besides is
thought to be implicated in epithelial cells conversion [91]. This
area was removed in particular human epithelial cell lines with
latent EBV infection, inclusive of nasopharyngeal carcinoma C6661 cells. This was evaluated for checking if it is needed for infection
besides conversion of epithelial cells, that caused the deletion of
BART miRNA expression as well as action. The observation was
that pBART deletion was lesser in contrast to those of WT virus
as estimated in Raji cells, which pointed the significance of miR
BART in the viral infection of epithelial cells, besides it would
evoke interest to evaluate if they are specifically needed for the
infection in addition to conversion of epithelial cells [91].
Immunotherapy has been demonstrated to be significantly
efficacious in certain kinds of cancer caused by viruses. Gene
therapy implicates involves insertion or modification of a
therapeutic gene, to rectify the inappropriate gene products
that cause/may cause diseases. Utilization of both these types of
therapy have been done as alternative methods for prevention
of cancers caused by oncoviruses. In this review, Araujode
Almeida et al. [93], summarized the recent studies with regards
to immunotherapy and gene therapy inclusive of the topics of
oncolytic immunotherapy, immune checkpoint inhibitors, gene
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replacement, antisense oligonucleotides, RNA interference,
clustered regularly interspaced short palindromic repeats
Clustered Regularly Interspaced Short Palindromic Repeats
(CRISPR)-based gene editing, transcription activator-like effector
nucleases (TALENs) in addition to custom treatment for Epstein–
Barr virus, human T-lymphotropic virus 1, hepatitis B virus,
human papillomavirus, hepatitis C virus [93].
Moreover, HIV-1/AIDS remains a world wide public health
problem. The world health organization (WHO) documented that
by the end of 2019, 38 million people were living with HIV-1 all
over the world, of which only 67% were accessing antiretroviral
therapy (ART). Despite great success in the clinical management
of HIV-1 infection, ART does not eliminate the virus from the host

genome. Rather, HIV-1continues to be latent as a viral repertoire
in any tissue that possesses resting memory CD4+ T cells. The
removal of these residual proviruses which can reseed fullblown infection upon treatment interruption continues to be
the major barrier towards curing HIV-1. Innovative strategies
have recently been generated to excise or disrupt the virus from
the host cells (e. g., gene editing with the CRISPR-Cas system) to
permanently shut off transcription of the virus (block-and-lock
and RNA interference strategies), or to reactivate the virus from
cell reservoirs so that it can be eliminated by the immune system
or cytopathic effects (shock-and-kill strategy). Here, Moranghuino
in addition to Valente reviewed each of these approaches, with the
major concentration placed on the block-and-lock strategy [94]
(Figure 4).

Figure 4: Courtesy ref no94-Block-and-lock approach as a functional cure for HIV-1 infection. The block-and-lock approach entails the longterm durable silencing of viral gene expression. Supplementation of ART with a latency promoting agent (LPA), such as the Tat inhibitor
didehydro-Cortistatin A (dCA), could suppress ongoing transcriptional events, induce epigenetic silencing over time and promote a state of
“deep latency”, blocking or limiting viral rebound upon treatment interruption.

D. Vector diseases as well as CRISPR/Cas9 system
As far as diseases that get transmitted by a vector utilization
of CRISPR/Cas9 has been done for the evaluation of function of
gene as well as for what drives the gene with the objective of
eradication of significant diseases that get transmitted by a vector,
like chikungunya, dengue, yellow fever along with malaria [95,96].
For evaluation of the function of particular genes studies have got
carried out on the Plasmodium species (spp) genome, the parasite
that is the etiological factor for malaria [95]. In view of the parasite
residing in the RBCs the effectiveness of transfection is lesser due
to the need for it to get across four membranes, (namely the RBC
membrane, parasitophorous membrane, parasite cytoplasmic
membrane, parasite nuclear membrane). Nevertheless, utilization
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of CRISPR/Cas9 technology, 100% effectiveness of gene
elimination 22-45% effectiveness with regards to tagging, besides
-25% effectiveness in nucleotides replacement got attained, that
represents an important advancement as far as newer studies with
regards to the parasite [96]. Moreover with the use of CRISPR/
Cas9 the primary Vector mosquito Aedes aegyptii was evaluated as
it is implicated in transmission of lots of viruses. Here Kristler et
al. [95], utilized it for evaluation of genetic as well as neurological
reasons for the innate chemosensory behavior for attaining stable
as well as specific loss of function mutations in 5 genes [95].
CRISPR/Cas9 modulated gene drive implicates, stimulation of
inheritance that is biased, of specific alleles like gene knockouts,
gene replacement, besides gene getting transformed with the
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idea of alteration of the total population of the, organism. The
significance of this strategy lies in various spp are deleterious
with regards to humans actions that is inclusive of humans health
or agriculture [97]. CRISPR/Cas9 might get, utilized for Site
specific selfish genes drive as tools of for the regulation and with
aid of genetic engineering drive a harmful trait like imbalance
of sex ratio, reduction of fertility as well as chemical sensitivity
[98]. Like in Anopheles gambiae i.e. the major malaria mosquito
vector, CRISPR/Cas9 system that was utilized with the idea of
conferng female infertility phenotype by impairment, of 3 target
genes i.e. AGAP005958, AGAP011377 as well as. AGAP007280
[98]. This study illustrated that causation of sole impairment
of AGAP007280 gene with gene drive by CRISPR/Cas9 was of
success with regards to targeting female reproduction [99].

E. Cancer as well as CRISPR/Cas9 system

Cancer constitutes a diseases group with the properties
of genetic as well as epigenetic changes that are existent in
Oncogenes in addition to tumour suppressor genes. Experiments
with regards to modulation of normal as well as cancerous cell
genome is key with the context of remodeling the disease, along
with systematic evaluation of the genes that are implicated, in the
start, propagation as well as treatment reaction of cancer. The
rapid modeling of the genetic processes has assumed significant
importance in view of finding the significance of genetic changes
that are existent in human tumor as well as whose observations
have been found via large scale sequencing of the of the genome
of the cancer. The reasons why these are essential is to observe
the so called passenger mutation which are presumed to have no
direct, impact on the tumorigenic event, as well as those which
possesses the capacity of directly or indirectly cause stimulation
of mutations which facilitate the conversion of normal cells into
cancer cells by causing mutation of oncogenes (i.e. facilitation of
gain of function mutations) as well as /or inactivation of tumor
suppressor genes (loss of function mutations) [100].
Via the CRISPR/Cas9 techique, it was found that NANOG and
NANOGP8decreases the malignant potential of prostate cancer.
Gene knockout of NANOG and NANOGP8 in human prostate cancer
DU145 cells ameliorated the malignant potential significantly,
that was inclusive of sphere generation anchorage independent
growth, migration capacity besides drug resistance in contrast to
the parent DU145 cells. Despite, the cell proliferation not being
hampered, in vivo, in case of mice that were immunodeficient
there was a significant reduction in the tumorigenic capacity
[101]. For evaluation of influence of BCR-ABL fusion on the
leukaemic event in the Boff-p210 cell lines, a haematopoietic cell
line, that possesses independence of interleukin-3 (IL3) as well
as cause expression of BCR-ABL p210, with utilization of CRISPR/
Cas9 for removal of the p210, Oncoprotein. This caused the
deletion of the capacity of Boff-p210 cell line to grow in the lack
of IL3, besides illustrated a significant, escalation of apoptosis
amounts [102]. In case of immunodeficient mice the edited BCR-
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ABL p210 cells, generated smaller tumors in contrast to those that
had got initiated from the parent Boff-p210 cells [102]. Moreover,
a single clone of edited BCR-ABL cells with a distinctive frameshift
mutation (that avoided the p210 Oncoprotein) could not generate
tumors, a kin to the outcomes in the Baf/3 parent line [102].

Before CRISPR earlier animal models were developed for
evaluation of anti cancer agents, in addition to unknown drug
resistance mode used to be costly, besides time consuming [100].
For obtaining a flexible along with efficacious approach for
evaluation of somatic changes of loss of function, besides their
impact on tumorigenesis, CRISPR/Cas9 utilization was done for
the impairment of somatic genes via unique removal of PTCH1
or triple elimination of TRP53, PTEN, as well as NF1 genes in
the mouse brain, that caused the generation of medulloblastoma
as well as glioblastoma respectively [103]. In certain cases
Oncogenic chromosomal reorganization do a central act in the
etiopathogenesis of human cancers, like the Oncogenic fusion
among echinoderm, microtubule- correlated protein like 4
(EMLA4) gene as well as anaplastic lymphoma kinase (ALK) gene.
The Oncogene that resulted i.e. EMLA4- ALK is seen in a subset of
human non small lung cancer (NSCLC), in addition to that this is
of clinical significance since this confers sensitivity to inhibitors
of ALK. Utilization of CRISPR/Cas9 was done for the development
of a mouse model of lung cancer that was driven through ALK
inhibitors [104]. At present Clinical protocols with regards to
cancer have got originated for the evaluation of application of the
CRISPR/Cas9 technique in case of lung, prostate, renal esophageal
as well as bladder cancer in addition to neoplasms that are
correlated with HBV, as well as EBV. https://clinical trials.gov/
ct2/results?cond=term-crispr&entry=&state=&city=&dist=).

Further Breast cancer is one of the commonest types of cancer
worldwide, besides is one of the leading causes of demise in women.
In view of possession of multiple abnormal genes, that aid in the
heterogenic properties, in addition to the multi-step pathway of
tumor generation. Despite the fact that several disease initiating
mutations have been isolated, treatment is usually directed at
alleviating symptoms instead of rectification of the mutation in
the DNA sequence. The Clustered Regularly Interspaced Short
Palindromic Repeats (CRISPR)/Cas9 is a groundbreaking tool that
is being utilized for the identification as well as corroboration of
genomic targets bearing tumorigenic potential. CRISPR/Cas9
supersedes its gene-editing predecessors via its unparalleled
simplicity, efficacy in addition to being edconmical. In this review,
Ahmad et al. [104], gave an overview of the CRISPR/Cas9 mode
besides detailing genes that were edited with the utilization of
this system for the treatment of breast cancer. In addition, they
shed light on the administration approaches, involving both viral
as well as and non-viral, whose utilization might be used to deliver
the system and the barriers associated with each. Overall, the
present review give new insights into the potential therapeutic
applications of CRISPR/Cas9 for the advancement of breast cancer
treatment [105] (Figure 5).
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Figure 5: Courtesy ref no 105-An overview of the repair mechanism associated with induced Cas9 double-stranded DNA break. Cleavage
is induced by the binding of Cas9- gRNA complex to its complementary sequence on foreign DNA. In eukaryotes, this is amended by either
of two mechanisms: the error-prone Non-Homologous End Joining (NHEJ) or Homologous Repair (HR), which is utilized for genome editing
by providing a donor template. Created with Biorender.

F. Auto immune as well as inflammatory diseases &
CRISPR/Cas9
The broad range of rheumatic diseases vary from occasional
monogenic auto inflammatory diseases, besides the complicated
autoimmune diseases [106]. The monogenic auto inflammatory
diseases possesses the properties of escalation of IL1. Usually
some of these syndromes occur secondary to mutations in the
NLRP3 gene with autosomal inheritance as well as differing
penetrance [106]. In the complicated polygenic autoimmune
diseases like rheumatoid arthritis (RA) a lot of genic factors,
besides environmental triggers are implicated, like the heritability
of RA is believed to be-65% [107]. A lot of these factors diseases
are probably the clinical targets for CRISPR/Cas9, where this
technique utilization for in vivo as well as in vitro functional,
genomics studies to find the single besides combination role of
SNP that are isolated by correlated studies at the genomic level via
the fast generation of cellular as well as animal models. Besides
that, this technique application can be done for the personalized
therapy in the form of a tool for correction of mutations with
regards to the approaches that have got adapted for every subject.
From this aspect utilization of CRISPR/Cas9 has got done for
the generation of rat chondrosarcoma cell lines, which shows stable
expression of Cas9 for this study of complicated crosstalk which is
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controlling function, differentiation of chondrocytes homeostasis,
besides, evaluation of genes correlated with cartilage degeneration
studies [108]. CRISPR/Cas9 possess the capacity of vitro, as well
as in vivo, escalation of, functional demonstration in the part of
the genes in the inflammatory, besides bone constituents of these
diseases. From this angle CRISPR/Cas9 strategie’s application in a
murine macrophage cell lines to illustrate that the RasGRP3 gene
restricts the inflammatory reaction by activation of Rap1, which
represented a small GTPase [109]. Another study illustrated that
the miRNA-155 caused a proinflammatory reaction in addition to
proosteoclastogenic action via the CRISPR/Cas9 stimulation of the
miR155 binding site to the SHIP1 gene, that is a negative controller
of inflammation [110]. Additionally, CRISPR/Cas9 technique
might further integrate a cell therapy approach, like in case of
rheumatoid arthritis (RA), a disease possessing the properties of
impairment of reaction towards proinflammatory cytokines like
IL1 as well as tumor necrosis factor alpha (TNFα), utilization of
CRISPR/Cas9 was done with the idea of programming the murine
stimulated iPSCs possessing the capacity of reaction towards
an inflammatory stimulus with robust as well as autonomously
controlled generation of the anti cytokines. Both TNFα as well
as IL1 represent two of the maximum robust controllers of the
CCL2 promoter gene expression. In case a gene that possesses
antagonistic action to TNFα or IL1 is kept under the regulation
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of CCL2 promoter, it would react to cytokine amounts as well as
result in a self controlled inflammatory event. This aids in the
regulation of the cell expression by delivery of biological drugs as
treatment modality [66].

G. Primary immunodeficiencyies as well as CRISPR/

Cas9

Primary immunodeficiency (PID) represents a group of
heterogenous as well as occasional diseases, where part of
the immune system work is impaired or does not possess
any functional, capacity. There are various etiological genetic
impairments of which over 230 have got isolated with a lot of
different presentations. Of the different PID diseases, severe
combined immunodeficiencies (SCID) that causes a blocking of T
cell generation with an extra primary or secondary impairment in
B cells, as well as natural killer (NK) cells, might or might not be
influenced. The commonest kind of SCID is the X chromosomes
correlated syndromes (X - SCID), that occurs secondary to
mutations in the gene that get encoded by the γ receptor of IL2
(i.e. the IL2RGgene) [111].
PID that is inclusive of SCID can get treated by allogenic
haematopoietic stem cells (HSC) transplantation. Nevertheless,
histocompatibility issues might be the challenges, besides the
chances of acquiring transmitted diseases [112]. For overcoming
these issues, utilization of patients own HSCs via insertion of a
copy of the functional, gene via a viral vector. Despite, the success
visualized in clinical trials, robust complications might take place
in view of viral infection that is intricately placed with oncogenes
as well as hence their activation [113]. An alternative that offers
great advantages is the utilization of homologous repair that
possesses definite advantages over the classical gene therapy. In
a different way in some immunodeficiencies, there occurs loss
of function or gain of function in some genes that possesses a
strict association with regulation of expression. The examples
cited are the X-linked-agammaglobulinemia as well as the signal
transducers and activators of transcription3 (STAT3) loss of
function in addition to STAT3 along with STAT1 gain of function,
or PI3K-δsyndrome. In ideal circumstances these diseases need
the rectification of the existent gene for reinstatement of normal
function or control that might get attained with CRISPR/Cas9
[114]. It is significant to possess knowledge that the effectiveness
of treatment of gene editing is considerably different based on
various factors on the cell kind, senescence status, as well as
cell cvcle status of the target. Other parameters, which impact
the effectiveness of treatment are cell aptitude, implying the
possibility of arriving at a therapeutic modulation, threshold,
besides the efficacy of administration of programmable nuclease
system to the target tissue, that is believed to be efficacious just in
case of programmable nuclease reaches with safety in addition to
effectiveness to the nucleus of the target cell. Lastly the specificity
of editing is one more significant parameter, that pointed to only
editing the target DNA without influencing any more genes [115].
In view of haematopoietic cells being the commonest target in
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immunological diseases autologous haematopoietic stem cell
transplantation is a good grafting procedure of cells that are
corrected ex-vivo already by CRISPR/Cas9 that replaces total or
partial compartment of the haematopoietic stem cell [114]. More
recently, the CRISPR/Cas9 technique got applied for the generation
of an in vitro model of Janus kinase deficiency. Elimination of T
cell blocking generation was done with the utilization of CRISPR/
Cas9 modulated editing inion [116]. Chronic granulomatous
disease (CGD) possesses the properties of robust in addition to
continuous infection secondary to absence of an antipathogenic
oxidative burst that gets conducted by the phagocytic cells
to restrict besides remove bacterial as well as fungal growth.
Utilization of CRISPR/Cas9 was done in induced pluripotent
Stem Cells (iPSCs) that had been obtained, from a patient with
CYBB for correction of a single mutation in the CYBB gene intron
besides for resurrection of oxidative function in phagocytes [117].
Furthermore, utilization of CRISPR/Cas9 was done for removal of
GT dinucleotide in the NCF1 Ggene, that encodes human p47phox
protein in an acutemyeloid leukaemia cell line (PLB-985) for
generation of a CGD cell model which acts as per the genetic
background of the disease to be able to utilize them for preclinical
vector evaluation[118]. Furthermore, utilization of CRISPR/Cas9
was done for the generation of multigene knockout models which
had not been prone for effective genetic manipulation for the
evaluation of immune system, like rabbits with the knocking of
1-5 genes simultaneously like (IL2RG, RAG1, RAG2, TIKII, as well
as ALB) with effectiveness of treatment varying from 100% (for
1 gene) to 33.5% (for 5 genes) by microinjection into pronuclear
stage embryos cytoplasm [119]. Rabbits possessing the knocking
of IL2RG as well as RAG1, genes represent significant animal
model of immunodeficiency that possess properties of lacking T, B
as well as NK cells [119]. The rest of models implicate the golden
syrian hamsters possessing the knocking of the modulates signal
transducers and activators of transcription2 (STAT2)gene for
evaluation of viral infections of the KCNQ1 gene for cardiovascular
evaluation of the PP1R2C gene meant for transgenic migration
[120]. Additionally, of B cell deficient pigs possessing the
gene knockout of the gene that encodes the JH area of human
immuogloulin (IgM)heavy chain that is key for the generation
in addition to differentiation of B cells, caused the generation of
piglets that had absence of antibody generating of B cells. The
development of B cell deficient mutants represent the initial step
in the generation of human antibody repositories in large animal
models [121].
H. CRISPR/Cas9 as well as other immune diseases

Utilization of CRISPR/ Cas9 for the evaluation of allergic
diseases approach is done for the evaluation of some genes
like the MUC 18 gene, alias CD146 or melanoma cell adhesion
molecule. Via the CRISPR/Cas9 the knockout of the MUC 18 gene
was performed in primary human airway epithelial cells that
represent s the initial defense against the environmental factors,
like pathogens besides pollution. This mediated, this resulted in a
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reduction of reaction against IL 18 subsequent to the stimulation
of the toll like receptor agonist that pointed that there is existence,
of a part of MUC 18 gene in reaction to bacterial as well as viral
stimulation [122]. Moreover, utilization of CRISPR/ Cas9 was
done in X-linked hyper IgM syndrome for the rectification of the
mutations of the CD40 ligand which addresses another use of
CRISPR/ Cas9 [123]. Moreover, utilization of CRISPR/ Cas9 was
done for inducing the recombination of IgH chain class alterations
in the sub classes in which we want in murine as well as human B
cells. Furthermore, its utilization was done for the generation of
Fab fragments rather than the whole IgH molecule in case of mouse
hybridoma cells with aim of greater scrutiny of Ig sub classes as
well as innovative strategies for the accessible generation of Fab
fragments for scientific as well as treatment utilization [124].

Monkeys represent a markedly significant animal models for
the generation of treatment approaches in view of thei rintricate
similarities with humans [125]. Successful utilization of CRISPR/
Cas9 for the development, of monkeys that possess the knockout of
NROB1, PPAR-γ as well as RAG1 genes [126], that had the capacity
to work as models of X-linked adrenal hyperplasia congenital as
well as hypogonadotropic hypogonadism [127], lipodystrophy
metabolism [128], insulin sensitivity, obesity in addition to
inflammatory diseases [129]. Moreover, monkey knockout models

of RAG gene possesses capacity of utilization in re generation
medicine, allografts as well as xenografts transplantation, besides
the experiments that are correlated with reconstitution that are
linked to the immune system [130].

CRISPR/Cas9 as well as other diseases

Application of CRISPR/Cas9 system has been done in cellular
as well as animal models for evaluation, besides looking for
therapies for various neurological conditions like Parkinson’s
diseases [131]. Mutations in the PARK2 or PINK1 genes resulted
in early initiation of Parkinson’s diseases in the form of an
autosomal recessive condition in humans [132]. The PARK2 gene
encodes a protein known as parkin, that is a constituent of the
multi protein complex E3 ubiquitin ligase, whereas the PINK1
gene encodes a for the PTEN induced putative kinase1 that is a
mitochondrial serine /threonine kinase protein. Furthermore,
utilization of CRISPR/ Cas9 has also been done in amyotrophic
lateral sclerosis, huntington’s disease, schizophrenia as well as
autism [133-135]. Furthermore, it has got utilized in movement
diseases, like duchenne muscular dystrophy, in metabolic disease,
like type1 Diabetes, hyper cholesteremia, in inherited diseases
that influence vision, like retinitis pigmentosa [136-139], among
lot of other diseases.

CRISPR/Cas9 System as well as Mitochondrial Genome Editing

Figure 6: Courtesy ref no-140-Generation and structure of mitochondria targeting the clustered regularly interspaced short palindromic
repeats (CRISPR)–CRISPR-associated protein-9 nuclease (Cas9) complex. (A) Mitochondrial RP loop and guide RNA (gRNA) targeting
ND4 is in the downstream of U6 promoter, and chicken beta actin (CBh) controls the expression of mSpCas9 flanked by MLS1 and MLS2
sequences. (B) M-Fold analysis of chimeric gRNA with RP loop.
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Gene editing of the mitochondrial genome using the
CRISPR-Cas9 system is very tough, basically in view of the lower
efficiency of delivering the guide RNA in addition to the Cas9
enzyme complexes into the mitochondria. In this study, Hussein
et al. [140], possessed the capacity of carrying out gene editing
in the mitochondrial DNA by appending an NADH-ubiquinone
oxidoreductase chain 4 (ND4) targeting guide RNA to an RNA
transport- obtained stem loop element (RP-loop) and expressing
the Cas9 enzyme with a preceding mitochondrial localization
sequence. They found a mitochondrial colocalization of RP-loop
gRNA with a significant decrease of ND4 expression in the cells

carrying a 11205G variant in their ND4 sequence coincidently
causing a reduction of the mtDNA amounts. This proof-of-concept
study pointed that a stem-loop element added sgRNA can be
transferred to the mitochondria and functionally crosstalk with
Cas9 to modulate sequence- particular mtDNA cleavage. With the
utilization of this innovative strategy of targeting the mtDNA, their
outcomes yield greater proof that the CRISPR-Cas9-mediated
gene editing might probably be beneficial for the treatment
mitochondrial-associated diseases [140] (Figure 6). Further
Bakare et al. reviewed the role of mitochondrial genome using the
CRISPR-Cas9 system in Leigh syndrome [141] (Figure7).

Figure 7: Courtesy ref no-141-The mitochondrial electron transport chain. The subunits of the respiratory chain are encoded by nDNA
and mtDNA. Mitochondria produce ATP via the OXPHOS pathway; a process that takes place at the inner mitochondrial membrane
involves the channeling of electrons through four-electron transport chain (ETC) complexes (Complex I–IV). The electron transport results
in subsequent translocation of protons from the matrix into the intermembrane space, this proton gradient in combination with the inwardnegative mitochondrial membrane potential drives the molecular motor, ATP synthase (complex V), to produce ATP. An impairment in the
ETC or its assembly complexes results in metabolic malfunction in cells and tissues. The ETC is a vast complex comprising ~90 different
subunits which make up the five enzyme complexes of OXPHOS. Of these subunits, mtDNA encodes 13 subunits while the nuclear
DNA (nDNA) encodes ~77 subunits. Together, the nDNA and mtDNA coordinate the synthesis of subunits that come together to form the
individual complexes that compose the ETC, subsequently allowing the mitochondria to function as the core energy producer for cellular
needs. Specific genes encoded by nDNA and mtDNA in the context of LS are listed.

Conclusions
There is anticipation that CRISPR/Cas9 technique would
soon get corroborated via ex vivo Clinical protocols that have
already got initiated in humans to evaluate against different kinds
0014

of cancer. Meanwhile, it is totally applicable for experiments on
cell therapies, awa further requirements, are to robustly generate
them as a scientific tool in significantly variable biological systems.
This would aid in the essential betterment for further biomedical
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applications. Thus avoidance of cancer generation secondary to
onco-viruses, therapy for various haemoglobinopathies and as
advances take further trying for therapy of various neurological
awa immunodeficiency diseases. With greater experience
mitochondrial genome using the CRISPR-Cas9 system might
become feasibility in mitochondrial diseases.
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