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Abstract: Clustered Regularly Interspaced Short Palindromic Repeats and CRISPR-associated
proteins are referred to as CRISPR-Cas9. Bacteria and archaea have an adaptive (acquired) immune
system. As a result, developing the best single regulated RNA and Cas9 endonuclease proteins and
implementing the method in clinical practice would aid in the treatment of diseases of various
origins, including lung cancers. This seminar aims to provide an overview of CRISPR-Cas9
technology, as well as current and potential applications and perspectives for the method, as well
as its mechanism of action in lung cancer therapy. This technology can be used to treat lung cancer
in two different ways. The first approach involves creating single directed RNA and Cas9 proteins
and then distributing them to cancer cells using suitable methods. Single directed RNA looks
directly at the lung’s mutated epidermal growth factor receptor and makes a complementary match,
which is then cleaved with Cas9 protein, slowing cancer progression. The second method is to
manipulate the expression of ligand-receptors on immune lymphocytic cells. For example, if the
CRISPR-Cas9 system disables the expression of cancer receptors on lymphocytes, it decreases the
contact between the tumor cell and its ligand-receptor, thus slowing cancer progression.
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Background

The word CRISPR-Cas9 refers to Clustered Regularly Interspaced Short Palindromic
Repeats and CRISPR-associated proteins.'> CRISPR-Cas9 system is a kind of acquired
immunity possessed by most bacteria and archaea (prokaryotes) to act against their
enemies (bacteriophages).‘t"6 It is a ribonucleic acid (RNA) guided, convenient, and

versatile endonuclease platform for site-specific genome editing,"""®

which can play
a tremendous role in the application of cancer therapy.' The application of this technology
can be used to resolve mutations and to introduce site-specific therapeutic genes in human
cells so that, correcting disease-causing mutations, and alleviate disease-related symp-
toms. This system is also a useful tool for delineating molecular mechanisms involving
hematological malignancies.* Sequence-specific gene editing using CRISPR-Cas9 shows
promise as a novel therapeutic approach for the treatment of a variety of diseases that
currently lack effective treatments like cancers.>’ To accomplish its task, it requires Cas9
DNA endonuclease protein and single guided RNA (sgRNA) that can produce precise
gene matching for editing and correction techniques.” So the system has enabled easy
manipulation of genes for the scientific community by making the hybrid to the target
sequence and cleaving the double-strand DNA. '

Additionally, the CRISPR-Cas9 technology is increasingly feasible to overcome drug
resistance in breast cancer therapy and will become an essential tool for personalized
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medicine.” It is a technological breakthrough that facilitates the
ability to change nucleic acids,'' and with continued improve-
ment in the function, the system can help to develop best
treatment options to a variety of genetic disease which affects
several tissues in our body.'” Gene manipulation using
CRISPR-Cas9 system has revolutionized and made it easy to
study the work of genes and importantly opens the new era of
treatment mechanisms for different disease conditions includ-
ing cancer.'® Technologies like this are a simple and efficient
method of targeting the required DNA regions.'* Thus, scien-
tists have designed two main components of the system for
easy detection and alteration of gene function one component
is a protein Cas9 that enzymatically cleave the desired gene
and the sgRNA which scans and determines where the gene of
interest will be cleaved by Cas9 protein.*'*'> The system has
been scientifically optimized and developed to regulate expres-
sion of the gene, modify and edit the desired locus and this
makes the technology of choice seen by the scientific commu-
nity to treat or edit disease-causing mutations more efficiently
than ever before. Furthermore, its application is encouraging
for more vigorous gene therapy in clinical setups.'® Based on
the discovery, there are three main types of CRISPR-Cas9
system (I to III) and with three additional types (IV to VI)
being identified more recently.'” They are different during the
processes of immunity, adaptation, expression, and interfer-
ence, each type acts in distinct mechanisms to ensure genetic
manipulation. Type I employs a large complex of Cas9 proteins
with distinct helicase and DNase activities, while type III
employs repeat-associated mysterious proteins, which form
a large Cas9 superfamily. Another classification is based on
subunit effectors, with multi-subunit effector complexes being
the most common. Types I, III, and IV are grouped in class 1.
Those systems, on the other hand, that have a single subunit
effector are categorized as class 2 comprising types II, V, and
VL'""!® Type II uses only a Single protein (Cas9) for its
nuclease activity and has got more attention and adopted for
genome engineering.”' '? Thus, the objective of this seminar
is to introduce CRISPR-Cas9 technology and describe current
applications and future perspectives of the system with its
mechanism of action on lung cancer therapy.

Components of CRISPR-Cas9,

Maturation, and Spacer Acquisition

The tracrRNA gene will be transcribed to tracrRNA, the
crRNA gene will be transcribed to pre crRNA, and the Cas9
gene will be transcribed to Cas9 messenger RNA and con-
verted to Cas9 protein, all of which will be post-transcribed

and chopped off to form the mature CRISPR-Cas9 complex.?’
Casl and Cas2 integrase, which are present in all CRISPR
forms, catalyze spacer integration on the CRISPR array espe-
cially on the leader end of the repeat there will be
a nucleophilic attack of the 3" OH of the protospacers fol-
lowed by the same practice on the spacer end of the repeat.”'

Formulation Strategy and Delivery
Mechanism

Formulation Strategy

The CRISPR-Cas9 method has a variety of formulation
methods for genome editing. The use of a plasmid-based
CRISPR-Cas9 system encoding both the Cas9 protein and
sgRNA from the same vector, which is necessary to avoid
multiple transfections of different components of the tech-
nology, is the leading and possibly the easiest technique.
The Cas9 protein and sgRNA will be expressed in the
vector, which will form the sgRNA-Cas9 complex within

sequences.3’12’15’18

cells to edit the target genomic
The second approach involves combining Cas9 mRNA
and sgRNA. The sgRNA-Cas9 complex will be formed
when Cas9 mRNA is converted into Cas9 protein in cells.
The third strategy is to deliver the in vitro assembled

sgRNA-Cas9 complex directly to the cell.'®

Delivery Mechanism

It is difficult to transmit nucleic acid in general, and
CRISPR-Cas9 in particular, to the target tissue or cell.
Physical and vector (viral or non-viral) approaches are two
of the most widely used distribution strategies.''***
Electroporation and microinjections are used in physical
methods, while viral delivery strategies such as adeno asso-
ciated virus (AAV) are widely used in vector-based methods
since they are not disease-causing agents and can infect both
dividing and non-dividing cells*> and lentivirus with inacti-
vated integrase enzymes are under investigation.”*

Another technique is lipofection (lipid-mediated nanopar-
ticle transfection), which is possibly the most efficient
CRISPR-Cas9 in vivo delivery method.?? This technique
was further developed by*® and is currently being tested in

clinical trials.'>*

The Application of the CRISPR-

Cas9 System and Its Mode of Action
The CRISPR-Cas9 system, as discussed, a little earlier, is
made up of two main components that work together to
accomplish its goal.lg The sgRNA contains crRNA, which
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scans and identifies the target DNA sequences that must be
crRNA
(tracrRNA), which recruits component two, the Cas9 pro-

cleaved and corrected, and transactivated
tein DNA endonuclease, which can sense, identify, and
establish double-strand DNA  breaks
(DSB)."* Because of its simplicity and convenience, the
bacterial type II CRISPR-Cas9 system has been used for
RNA-guided engineering nucleases.*'® However, the
(PAM)

required by the method. After recognition, two Cas9

site-specific

proto-spacer adjacent motifs sequences are
domains cleave double-stranded DNA: the endonuclease
domain named for characteristic histidine and asparagine
residues (HNH) domain, which cleaves the complemen-
tary strand, and the endonuclease domain named for an
E. coli protein involved in DNA repair (RuvC-like)
domain, which cleaves the non-complementary strand.'’
As a result, the host DNA repair machinery introduces
numerous mutations such as substitutions, deletions, and
insertions in the target genome, including non-homologous
end joining (NHEJ) or homologous-dependent repair
(HDR).">'®  Another paper, CRISPR-Cas9 for Cancer
Therapy: Hopes and Challenges, supports this theory by
demonstrating that the sgRNA-Cas9 complex scans and
anneals to the genomic target sequence with base-pairing
complementarity and precisely cleaves double-stranded
DNA of the target cell after identification of the protospa-
cer adjacent motif (PAM) sequence adjacent to the target
sequence. NHEJ or HDR pathways are activated as a result
of double-strand breaks. NHEJ is an error-prone repair
mechanism that results in indels (insertions or deletions)
of random base pairs disrupting the target sequence in the
absence of a homologous repair prototype with more spe-

cific repair mechanisms.**?’

Specific Application of CRISPR-Cas9

System for Treatment of Lung Cancer

Lung cancer is the major cause of death in the United
States and a significant public health concern worldwide.’
In both developed and developing countries, it is
a common cause of morbidity and mortality.”® According
to a study conducted by the American Lung Cancer
Society in 2015, lung cancer claims the lives of almost
150,000 people each year. However, surgery and radiation
were used as treatment options. The treatment was later
changed to selective Tyrosine kinase inhibitors (TKIs) like
gefitinib and erlotinib to inhibit the tyrosine kinase activity
of epidermal growth factor receptor, which has technical

29,30

difficulties

Extracellular ligand binding, transmembrane, and intracel-

and nonspecific cytotoxicity (EGFR).

lular tyrosine kinase domains are found in this membrane
glycoprotein. When the ligand activator binds to the extra-
cellular ligand domain, it transduces and initiates intracel-
lular kinase activities, which cause cellular proliferation,
neovascularization, invasion, and metastasis, as well as
reduced apoptosis and glycolysis activation. These medi-
cations, however, have encountered drug resistance.%?°

The CRISPR-Cas9 device is the start of a new biotech-
nological era and a groundbreaking technology that is being
used to treat lung cancer.**° The system works in two ways.
The first is by designing sgRNA that looks for the mutated
EGFR sequence, which is then accompanied by Cas9 pro-
tein. To do so, scientists created a CRISPR device that has
complementary sequences with the mutated EGFR and
introduced it into the patient, as mentioned earlier which
has complementary sequences with the mutated EGFR and
introducing this into the patient. As this complementary
sequence binds to the mutated EGFR, the Cas9 protein
(endonuclease) creates a double-stranded or single-
stranded DNA break, depending on the type of enzyme
used, followed by DNA repair mechanisms such as homo-
logous or non-homologous DNA repair.* If the receptor
mutation is limited, there will be no contact between the
ligand activator, resulting in no cell proliferation, neovascu-
larization, or cancer metastasis, and the problem will be
solved. The inhibition of EGFR by CRISPR-Cas9 increases
the expression of major histocompatibility complex class I,
which improves cytotoxic lymphocyte recognition and lysis
of tumor cells.’®*' Off-target effects, which can induce
genome instability, gene functional disturbances, and epige-
netic alterations, are a challenge. Off-target effects of
CRISPR-Cas9 systems, particularly when used for thera-
peutic purposes, should be minimized and precisely pro-
filed. Off-target effects are separated into two categories:
off-target binding and off-target cleavage. Cas9 can bind to
target sequences that are partially complementary to sgRNA
and inhibit target gene transcription without cleaving them.®
Off-target binding effects may thus be removed in tradi-
tional off-target identification approaches, such as using
in vitro assembled sgRNA with a long-lasting association
with cas9, which also has a high proportion of on-target and
high efficiency for genome editing. Another technique is to
use a Cas9 variant or modified Cas9 that can generate
a single nick at one strand.”® So that the off-target effect
is reduced.
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The second, and equally significant, strategy for using
this biotechnological method to treat lung cancer is to search
for immune cells like lymphocytes. T cells are immune cells
that are extracted from the blood of patients engaged in
a clinical trial for lung cancer treatment in China, and then
CRISPR-Cas9 is used to knock out a gene in the cells that
encodes a protein called PD-1. The edited gene cells would
then be propagated in the lab before being injected back into
the patient’s bloodstream.®> Scientists took blood from the
patient and extracted lymphocytes, which were then treated
with a CRISPR-Cas9 gene-editing system containing
a sgRNA sequence with a pattern identical to lymphocytes’
programmable death 1 protein (PD 1). When the system
detects its target sequence, cas9 would sever the DNA,
which is then repaired by cell repair mechanisms. When the
expression of the PD 1 gene is blocked or disabled, cancerous
cells lack the receptor on immune lymphocytes.>* As
a result, if lymphocytes do not express the PD 1 receptor
well, there will be less contact between the cancerous ligand
and receptor, causing the T cell receptor to identify the
problematic cell and perform its function. Naturally, these
manipulated lymphocytes were screened for viability and
lympho-proliferation to rule out new mutations, and only
those cells that passed the test were returned to the
patient.®*> Furthermore, knocking out the PD-1 protein on
immune cells is necessary for caspase activation, which is
needed for programmed cell death and enhanced apoptosis in
cancerous cells.’ It also concludes that PD-1-deficient cells
have potent antitumor activity of cytotoxic lymphocytes. The
hyperactivity of the manipulated T cells is one of the tech-
nology’s drawbacks for use in this way® and obtaining a safe
and efficient delivery method, as well as some side effects
Patients with advanced NSCLC with positive PD-1 expres-
sion were assigned to a Phase I clinical trial to assess the
safety of CRISPR-Cas9-mediated knockout of PD-1 gene
therapy in patients with metastatic non-small cell lung can-
cer. Nine patients were enrolled, and eight patients received
PD-1 deficient T cell therapy, and the patients were mani-
fested with PD-1 deficient T cell therapy.> Patients under-
going PD-1 deficient T cell therapy, on the other hand,
appeared to be healthy, and researchers recommended that
broader studies be conducted to determine the most appro-
priate dosage and immune response.

Future Perspective

In cancer biology, the CRISPR-Cas9 device has a bright
future ahead of it,” because it is a technology that is adap-
table, simple, convenient and efficient.>** The method

introduces a novel approach to cancer treatment by allowing
for modifications to the genome of target cells, which was

previously difficult to achieve.**>°

the technology’s versati-
lity, effectiveness, and flexibility would make it the best form
of cancer care in the future.**”*® It will affect cancer biology
as a whole in the future,** and if researchers have devised
well-organized strategies and instruments for delivering the
technology to the target cell or tissue, as well as effective
methods and instructions for controlling and eliminating the

technology’s off-target effects.

Conclusion

The CRISPR-Cas9 device is a recent biotechnological break-
through and scientific achievement. This technology has
created a new treatment option for diseases of various ori-
gins, such as cancer and infectious disease. To solve the
problem, the best sgRNA must be designed using
a CRISPR tool (http://crispr.mit.edu) and its associated endo-
nuclease cas9 protein against the target sequence. However,

ethical concerns, the need for the best delivery strategies, and
the risk of off-target effects are only a few of the problems
that must be addressed. Since the technology is still in its
infancy, researchers must devise simple methods and
mechanisms to track and test its protection and efficacy. For
a simple comparison, the benefits of this technology are
simple, fast, relatively effective, relatively precise, and ver-
satile, while the drawbacks are distribution is difficult, ethical
problems are highly conservative, some off-target effects,
and some adverse effects.
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