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Abstract

Globally, cancer is the second most common cause of mortality and continues to present significant social and
economic challenges. Despite the fact that we are gaining a deeper understanding of the molecular causes of
cancer, there is still a need for additional research to be conducted in order to create new therapeutic approaches
and technologies that leverage these discoveries. The CRISPR-Cas9 genome editing technique has gained
recognition in the field of cancer treatment due to its exceptional efficiency and accuracy. In numerous
disciplines, including the investigation of chemical-genetic interactions and the identification of novel cancer
treatment targets, CRISPR-Cas9 has demonstrated remarkable therapeutic potential. This technology offers
critical new insights into the manner in which malignancies respond to medication treatment. Additionally,
CRISPR-Cas9 can be employed in cancer immunotherapy to rapidly modify immune cells and oncolytic viruses.
CRISPR-Cas9's most critical attribute is its precise gene editing capabilities, which extend beyond human tissue
and cell culture models and can be employed for therapeutic research. This study examines critical factors that
must be taken into account when using CRISPR/Cas9 in therapeutic applications, as well as significant obstacles
that must be overcome prior to its clinical application in the treatment of a genetically influenced and intricate
disease such as cancer.
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Introduction

The discovery of regularly spaced short palindromic repeats (CRISPR) [1, 2, 3] and their function as a
responsive prokaryotic immune system when combined with CRISPR-associated (Cas) genes [4, 5, 6, 7] have
made it possible to use CRISPR as a powerful genome-engineering tool [8,9,10, 11]. It is commonly
acknowledged that the most significant advancement in biotechnology of the twenty-first century is the
CRISPR/Cas9 system. This is because of its unique blend of efficacy and specificity, together with its
comparatively simple handling. Furthermore, it has opened up new avenues for precise genetic material
alteration and visualisation inside living things. All things considered, CRISPR/Cas9 has proven to have an
unparalleled therapeutic potential. This capability has made it possible to investigate diseases and treat them
precisely, and it has also opened the door for the creation of novel drugs. Arguably, its most important potential
is that it holds the promise of novel approaches to diagnosis and treatment.

Literature Review

Utilizing consistently spaced short palindromic repeats (CRISPR) as a potent genome-engineering tool has been
made possible by the discovery of CRISPR [1, 2, 3] and its ability to function as an adaptable prokaryotic
immune system when paired with CRISPR-associated (Cas) genes [4,5, 6, 7]. The CRISPR/Cas9 system is
widely regarded as the most important development in biotechnology of this century. This is due to its distinct
combination of selectivity and efficacy as well as its relatively easy handling. It has also created new
opportunities for the exact manipulation and viewing of genetic material inside living organisms. Taking
everything into account, CRISPR/Cas9 has shown to have therapeutic potential that is unmatched. This skill has
paved the way for the development of innovative medications and allowed for the exact investigation and
treatment of illnesses. Its potential for innovative methods of diagnosis and treatment is perhaps its greatest
asset.

CRISPR/Cas9 delivery

There are three different kinds of CRISPR/Cas systems, each of which has numerous subgroups, according to
the commonly accepted taxonomy [13]. The three parts of the type II CRISPR/Cas system are as follows. The
parts are an endonuclease called Cas9, a transactivating crRNA called tracrRNA, and a CRISPR RNA called
crRNA. The most widely used gene editing method is the type II CRISPR/Cas system [8]. The crRNA and
tractrRNA molecules unite to form the structure once the guide RNA (gRNA) creates a duplex structure. A
synthetic fused chimeric single gRNA (sgRNA) can be employed in place of this structure, simplifying the
application of CRISPR/Cas9 in the field of genome engineering [8]. The target DNA location is designed
primarily for this purpose and is expected to contain a complementary sequence of twenty base pairs (bp). This
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is followed by a brief region of DNA known as the "protospacer-adjacent motif" (PAM). It is necessary to
assemble this sequence in the correct order. This sequence is essential to guarantee compatibility with the Cas9
protein that is being used. After the synthesis of the Cas9 nuclease and messenger RNA (sgRNA) in the cell,
they will combine to form a ribonucleoprotein (RNP) complex. This will take place after messenger RNA is
synthesised. This complex will be directed to a particular location on the DNA by the sgRNA.

Short guide RNA (sgRNA) is attached to the target region by Watson-Crick base-pairing after Cas9 accurately
cleaves the DNA to produce a double-strand break (DSB). The blunt ends are produced by a cleavage that takes
place in the protospacer, exactly three nucleotides upstream of the PAM. The RuvC and HNH active-site motifs
present in Cas9 aid in the cleavage of antiparallel DNA strands. These motifs may affect the positive (+) and
negative (-) strands, respectively, according to references [14, 15]. This double-strand break (DSB) is repaired
by the cell's machinery through the use of non-homologous end joining (NHEJ) or homology-directed repair
(HDR) techniques [16, 17, 18]. These two methods are both frequently referred to as supplementary healing
mechanisms. The cell's state and the accessibility of a repair template determine the best course of action. By
recombining donor DNA at the location of the double-strand break, the HDR mechanism accomplishes precise
repair. Homology-directed repair is a valuable strategy because it may be used to insert particular sequences or
mutations into a targeted section of the genome. We are interested in a specific region of the genome. The most
common method, known as NHEJ, creates indels by introducing haphazard nucleotide insertions or deletions at
the site of a double-strand break (DSB). Errors are more likely to be made when using this approach. As such, it
can be used to generate frameshift mutations that result in targeted gene knockouts (KO) (Figure 1).
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Figure 1: How CRISPR/Cas9 works. Cas9 and sgRNA produce ribonucleoprotein complexes. This complex
cuts double-stranded DNA (black triangles) by annealing with base-pairing complementarity and detecting
the protospacer-adjacent motif (PAM) sequence next to the genomic target sequence. NHEJ or HDR
pathways begin with double-strand breaks. When there is no homologous repair template, NHEJ inserts
random base pair indels. The homology-directed repair process and donor DNA template enable accurate
genome editions.
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Process and advantages of CRISPR genomic editing

With the use of Cas9 and clustered, regularly interspaced short palindromic repeats (CRISPR), this method
allows for the accurate and efficient cleavage of a particular target DNA sequence. Moreover, this method has
made the synthesis of small guide RNAs (sgRNAs) much more straightforward, which makes genome editing
easier. With the use of several different sgRNAs, multiplexing is a possibility with this strategy. This tactic
offers an extra advantage. The only nuclease that can edit several loci at once is the CRISPR/Cas9 system
[19,20, 21]. Short guide RNAs that target different places particularly are inserted to accomplish this. This
particular feature sets this group of nucleases apart from others that are utilised in genome editing. In fact,
introducing two short guide RNAs into a single cell can result in small deletions [10], complex rearrangements
[22, 23], and even chromosomal inhibition [24]. The outcomes could range from straightforward reorganisations
to minor removals. Another essential feature of this structure is the adaptability of the CRISPR/Cas9 system.
The CRISPR/Cas9 components and interactors have been improved and adjusted, which has not only improved
the system's accuracy and efficiency but also broadened its potential applications beyond editing [25].

Enhancing the CRISPR technology's DNA specificity has been a top priority in the research because of the high
rate of off-target activity, which has been supported by multiple studies [26]. This has happened because off-
target behaviours have been confirmed. As a result, many strategies have been developed to lower the quantity
of unsaleable goods. A potential approach could be to switch from plasmid distribution to direct cellular delivery
of laboratory-made RNP complexes. With this method, Cas9 and sgRNA expression is more durable and stable
over a more extended period. Moreover, it results in very efficient editing by improving the ratio of targeted
genome editing to non-targeted editing in mammalian cells [27,28,29,30,31]. The use of Cas9 variants that have
been altered to respond to light or small molecules [32, 33, 34], split Cas9 variants for controlled reassembly
and allosterically regulated Cas9 [35, 36, 37] are further options that can be investigated. After Cas9 was
redesigned to create nicks in a single strand of DNA, using two Cas9 nickases was possible. This was made
more accessible by the change. These nickases are directed by two different gRNAs that target the same locus
even though they are located on different DNA strands. This method reduces off-target events while producing
very accurate DNA cleavage with an efficiency close to that of conventional CRISPR/Cas9. 38 is the value. A
similar strategy to the one outlined above uses two catalytically inactive Cas9 mutants coupled to the FokI
nuclease (fCas9) so that the Fokl nuclease is only functional when it is dimerised. The fCas9 nucleases can
successfully alter a target region since they have been shown in human cells to exhibit selectivity greater than
140 times that of the wild-type Cas9 nuclease. Numerous different methods have confirmed this. In summary,
research on the mutational analysis of Cas9 has demonstrated that the unwanted electrostatic interactions
between Cas9 and its target DNA can be eliminated by introducing three to four particular point mutations. As a
result, Cas9's activity's specificity is significantly improved [40,41].

While there are certain benefits to CRISPR/Cas9 technology over conventional programmable nucleases for
genome editing, there are also some drawbacks that should be taken into account. CRISPR/Cas9 technology is
still in its early stages of development; thus, improvements are needed to increase its efficiency and its capacity
to target particular sequences. It is anticipated that these improvements will become essential in the future. The
creation of a safe, efficient, and cell-specific delivery mechanism for CRISPR/Cas9 is still a significant
challenge, and there is also a need to lessen the effects of unintentional effects.

Drug Target Discovery CRISPR/Cas9 Library Screens

The identification and functional analysis of unknown genes is a typical application of high-throughput genomic
screening technology. Numerous critical biological pathways and signalling networks have been successfully
identified via mutagenesis screening. Using this method, it is possible to identify the genes that cause a
particular phenotype. However, the creation of heterozygous mutants as a result of applying unknown random
mutations is a significant drawback of using mutagenesis screens for target drug development. Targeted RNA
interference (RNAi), one of several possible strategies, can be used to get around this restriction. Despite the
fact that high-throughput RNAi genomic library screens have provided insightful information about the
connections between particular genes and symptoms associated with loss of function, there are still a number of
unanswered questions. This strategy has two shortcomings: noticeable off-target effects and inefficient
knockdown, sometimes known as incomplete knockdown. 43 is the value. In addition, there are several
advantages to using CRISPR/Cas9 as opposed to RNA interference. This method's ability to target every region
of the genome, including intergenic regions, enhancers, promoters, and introns, is one of its advantages [44].
Several benefits are at your disposal, including the capacity to target the entire genome, outstanding
repeatability, and total inactivation (sometimes referred to as total knockdown). Recent years have seen a rapid
creation of CRISPR/Cas9 libraries thanks to advancements in functional RNAi platforms. This accomplishment
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has been made possible by the knowledge that was gained. In 2013, it was asserted, based on two different
articles [44, 45], that CRISPR libraries were more successful than RNA interference libraries.

As of right now, there are three main uses for genome-wide CRISPR libraries: (1) CRISPR-based loss-of-
function (CRISPR knock-out), which is used to find new biological mechanisms such as drug resistance and cell
survival signals [45], (2) CRISPR-based gene activation (CRISPRa), which helps find gain of function, [46],
and (3) CRISPR-based gene inhibition (CRISPRi), which finds use in finding loss of function. CRISPRa and
CRISPRI libraries use catalytically degraded Cas9 (dCas9) in conjunction with regulatory cofactors such VP64
(activation) [48] or the Kriippel associated box (KRAB) repression (inhibition) [49], whereas CRISPR knock-
out libraries typically use unmodified Cas9. To improve CRISPRa activity, other components have been created,
such as VP64-p65-Rta (VPR), Synergistic Activation Mediators (SAM), or SunTag [50,51] (Figure 2).

Because CRISPR is flexible, screens for positive and negative selection can be carried out. Positive selection
screens are used to identify genes that improve cell survival in particular circumstances, such as those enforced
by a drug therapy. This is demonstrated by the application of CRISPR library therapy on cells, which is
followed by the introduction of a medication that fights cancer in the affected cells. Only gRNAs that have
endured and are drug-resistant can be extracted for analysis in order to conduct the study [52]. It is possible to
identify potential genes linked to drug resistance by using the gRNA sequences. On the other hand, under
specific conditions, unfavourable selection is used to efficiently identify cells that are either dead or growing
poorly. This is accomplished through the process of selection; with the use of this technology, it is possible to
identify genes that are essential for survival and that may serve as valuable targets for molecular-level
treatments. For example, if a pool of gRNAs is used to generate a set of randomly selected mutants, the cells
containing gRNAs that precisely target a survival-critical gene would not be able to endure. This happens
because the gRNAs target the gene specifically. Only the cells that have specifically targeted non-essential genes
for the survival of the organism would remain after a predetermined number of cycles. With next-generation
sequencing, it is possible to sequence a set of gRNAs from the initial state and the surviving state in order to
determine which genes are essential for survival. The application of next-generation sequencing makes this
feasible.
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Figure 2: Main uses of CRISPR in the search for new drugs. (4) CRISPR KO, which uses the wild-type
CRISPR system to produce non-functional proteins or knock out genes; (ii) CRISPR activation, which uses a
catalytically inactive version of the Cas9 enzyme (dCas9) fused to different activator domains (like SunTag,
SAM, and VPR) to activate specific genes; and (iii) CRISPR repression or inactivation are the three main
techniques for modulating transcription. In pooled high-throughput screening, genome-scale guide RNA
libraries can be selected using positive or negative criteria.
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Conclusion

The fact that CRISPR-mediated gene editing has already been shown to have therapeutic potential indicates how
promising this technique is. However, it will be essential to make sure that this technology is delivered into
target tissues in a way that is both safe and effective if it is to be successfully used in clinical settings. The high
expectations surrounding CRISPR gene editing must be combined with strategic planning to ensure the
successful growth of this cutting-edge gene editing-based modality. Enabling regulatory structures should be put
in place as part of this planning. Despite this, it is clear that further optimisation of the technology is required
before it can be widely used in clinical settings, especially in relation to safety, effectiveness, and specificity.
Even if there are still some challenges to be solved, we anticipate that the continued development of this gene-
editing technique will improve the cancer medicines that are now on the market.
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