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Review Article

INTRODUCTION
In Prokaryotic organisms, CRISPRs (Clustered Regularly Interspaced 
Short Palindromic Repeats) were first developed as a defense mechanism 
against invading plasmids and viruses. Ishino was the first to discover 
the CRISPR structure in 1987.1 After discovering many similar structures 
in other bacteria and archaea, Jansen coined the moniker CRISPR in 
2002.2-3 Later, Mojica and colleagues postulated that the CRISPR pattern 
and its associated protein guard against genetic influences and may 
have immune-defense activities.4 However, the three key contributors 
to this area are Charpentier, Doudna, and Zhang. The mechanism of 
CRISPR Cas-9 was first elucidated by Charpentier. Later Charpentier 
and Doudna reported Cas-9 mediated biochemical characterization and 
system optimization.5 Zhang was the first to implement CRISPR Cas-9, 
genetic modification in multicellular organisms.6 
Cas-9 Protein is the related nuclease in this technique and the most 
often used protein among several types of Cas proteins due to its ease 
of implementation, high performance, selectivity, and ease of use. It 
can repair genetic diseases at the DNA level by recognizing a specific 
genome sequence and acting as a pair of scissors to divide that sequence 
of DNA. It utilizes a specific guide RNA (sgRNA) to produce base pairs 
with target DNA and can repair gene mutations at the DNA level by 
recognizing a specific genome sequence and acting as a pair of scissors 
to divide that sequence of DNA.7 This system is the most efficacious and 
powerful gene-editing tool as it can operate any DNA sequence. CRISPR 
Cas-9 framework has caused a worldwide work revolution in academia 
and industry. The major application is in rapid production of animal 
models, knockout cell lines and also in the fields of human medicine, 
biotechnology and agricultural development.8

Due to the high efficiency of CRISPR in gene editing, scientist all around 
the world have shown great interest towards it and several works towards 
applications of CRISPR for clinical uses in humans were carried out. 
Particularly CRISPR Cas-9 have shown favourable results in correcting 
generated genes in cancer. Oncolytic viruses have also been created to 
destroy tumor cells.9 CRISPR Cas-9 method has also been employed to 
replace unique human T cells gene sequence with modified sequences.

MECHANISM OF THE CRISPR CAS-9 GENE-
EDITING SYSTEM
The CRISPR Cas-9 system is a protein family that is separated into two 
classes: class 1 (Classes I, III, and IV) and class 2 (Classes I, III, and 
IV) (Types II, V, VI). When compared to class 1 complex cas proteins, 
the class 2 CRISPR Cas system contains a single multi-domain protein 
such as Type II nuclease Cas9, which is preferred for gene delivery due 
to its ease of use.10 CRISPRCas-9 works in three steps viz., Acquisition, 
Expression, and Interference as represented in Figure 1.

Acquisition
In this stage, fragments of foreign DNA are introduced as new spacers 
into CRISPR arrays from intruding plasmids or pathogens. Based 
on Protospacer adjacent motif (PAM), foreign target sequences 
(protospacers)are selected from foreign DNA and these spacers provide 
specific memory against the virus.11
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Expression
Here CRISPR is transcribed to pre-crRNA and then to developed 
crRNA. CrRNA recognizes all the genetic factors because each crRNA is 
complementary to foreign DNA.12

Interference
In this, crRNA guides the Cas nucleases to target and breakdown the 
protospacer sequences and blocks the dissemination of foreign DNA.13

The cas-9 nucleases have two domains, RuvC and HNH, with RuvC 
piercing non-complimentary bases and HNH piercing complementary 
DNA strands. Trans-activating crRNA and crRNA are combined to 
form sgRNA where tracrRNA hybridized to crRNA and binds with cas-9  
forming a CRISPR Cas-9/sgRNA. TracrRNA and crRNA have two 
segments where at 3’end it binds to cas-9 and at 5’end binds to target 
DNA sequence. Cleavage by the targeted nuclease results in double-
stranded break (DSB) formation. This can be remediated in eukaryotes 
by two pathways, i.e. Non homologous end joining (NHEJ) and pair 
directed by homology (HDR).For the knock-out animal models, NHEJ 
produces insertions/deletions (indel) and causes a frameshift mutation 
or the introduction of a premature stop codon.14 The pathway HDR 
(knock-in) is less effective than NHEJ.

VARIOUS CRISPR CAS-9 GENE EDITING 
STRATEGIES
CRISPR Cas-9 utilizes three strategies to alter the genes. They are:
Using a plasmid-based CRISPR Cas-9 system encoding cas-9 and sgRNA 
from the similar vector.
The first strategy i.e., Plasmid based CRISPR Cas-9 is the most 
convenient and easy way, thus preventing several transfections of various 
components and have significant stability compared to other strategies.15 
However, Plasmid based system has challenges like difficulty in delivery 
of the plasmid to nucleus and more time required to edit the target for 
the plasmid to be conveyed to cas9mRNA inside the cells, and also it 
produces more off-targets. From the same plasmid, cas9 and sgRNA 
were communicated in PX260 0r PX334 vector systems and contains 
three cassettes i.e. CRISPR RNA array, tracr RNA, S. pyogenes cas9. 
In pX330 or pX335 vectors, contains two cassettes, tracr RNA and  
S. pyogenes cas 9. Both the vectors that are intended for specific targeting 
sites are designed with restriction enzymes and utlized for annealed 
oligonucleotides ligation. 

Deliver the cas9 mRNA and sgRNA mixture 
When there is direct conveyance of cas 9 mRNA and sgRNA into the 
target cells to edit the genes, the Cas 9/mRNA complex is formed within 

the cells. mRNAs delivery has lower off-targets than the CRISPR Cas-9 
plasmid-based method. mRNA enters the cytoplasm to apply its effects 
and exhibits low cytotoxicity in the essential cells and cell lines.16 The 
fundamental benefit is the transient articulation of mRNA and the 
drawback is poor stability.

Deliver the cas9 protein and sgRNA mixture
The purified cas9 protein is positively charged and forms a CAS9/SgRNA 
ribonucleoprotein complex (RNPS) complex with sgRNA. The most 
extensively employed technique recently is cas-9protein combination 
delivery with sgRNA. RNPS delivery has many advantages involving 
reduced off-targets, toxicity, and high gene editing efficiency.17

PHYSICAL AND NON-VIRAL DELIVERY OF 
CRISPR CAS-9
CRISPR Cas-9 has been delivered to target cells via physical and non-
viral methods such as electroporation, nanoparticles, and hydrodynamic 
injection. Safety, lack of transgenic DNA size constraints, cost-
effectiveness, availability is some of the advantages of non-viral delivery 
systems and can apply for human patients preferably than viral vectors.18 
The following are some of the most prevalent physical and non- viral 
delivery methods.

Electroporation
Electroporation is the most common and widely used method which 
deliver proteins nucleic acids and is suitable and for all CRISPR Cas-9  
type systems. This method delivers plasmid-based CRISPR Cas-9 
and RNPs to embryonic stem cells. CD4

+ human Tcells. Through 
electroporation, gene editing has been done by plasmid-based CRISPR 
Cas-9 systems for zebrafish fin regeneration, mouse brain development, 
chicken development.19 

Microinjection
Microinjection is one of the common laboratory techniques to 
deliver DNA or Protein into single cells. It involves injecting foreign 
molecules directly into living cells at the microscopic level using a glass 
micropipette at the microscopic level i.e., CRISPR Cas-9 framework into 
early-stage cells or cells with high reproducibility and specificity.20 To get 
a knockout mouse model and microinjection of cas9 mRNA/sgRNA into 
pronucleus, this method is simple, convenient, effective, and reliable. It 
effectiveness is higher than the cytoplasm. The advantage is this can be 
focussed in a single cell. However, this technique suffers from setbacks of 
requiring high skills, induction of cell death.

Induced transduction by osmocytosis and 
propanebetaine (iTOP)
iTOP is an efficient and small molecule-based process for the transfer of 
native proteins and other compounds or molecules into the cells. NaCl 
hypertonicity and propanebetaine induce macro-pinocytosis leading to 
the transduction of proteins into cells. iTOP is used in the manipulation 
of primary cells. This method is effective in the direct delivery of RNPS 
or intracellular delivery of cas9&sgRNA. This method has a lower gene 
editing efficiency compared to electroporation, cationic lipids, and cell 
penetrating peptide (CPP).21

Mechanical Cell Deformation
The mechanical deformity of cells creates transient holes in the cell 
membrane, allowing the passive diffusion of biomaterials into the 
extracellular medium to the cytoplasm.22 Delivery of plasmid-based 
CRISPR Cas-9 system achieved 90%&70% knockout efficiency by using 

Figure 1: Mechanism of CRISPR Cas-9 gene editing system.
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and RNAiMAX are used to deliver viral vector CRISPR Cas9, cas9 
mRNA/sgRNA combination, and RNPs to distinct cell lines. To deliver 
RNPs, RNAiMAX outperformed lipofectamine in terms of capability 
and toxicity. Because cas9 is polarised, cationic lipid functionalization 
and RNPs are found in cas9-sgRNA RNPs, lipid nanoparticles should 
be updated. High editing efficiency and lower off-targets are observed 
in RNPs than plasmid-based CRISPR Cas9. Lipid nanoparticles will 
deliver RNPs to the brain of the mouse for Invivo gene editing. Lipid 
nanoparticles based CRISPR Cas9 delivery system delivers >97% 
knockdown of serum transthyretin in a single administration.

VIRAL DELIVERY SYSTEMS FOR CRISPR CAS-9
The viral delivery system is the most powerful and widely utilized 
method for delivering plasmid-based nucleic acids to human cells in 
vivo and in vitro.27 Virus vectors have been engineered to ensure several 
nucleic acid-based medicines. 

Adeno- associated virus (AAV)
AAV virus is a non-pathogenic virus that infects both proliferating and 
non-dividing cells. Adeno-associated virus has become the basis for the 
treatment of Leber’s congenital amaurosis2 (LCA2), a retinal disorder 
which is a gene therapy approved by the FDA. Streptococcus pyogenes, 
Spcas9 exhibits strong cas9 genome editing activity. To get around a single 
Adeno-associated virus packaging constraint, dual AAVs are employed 
to distribute cas9 expressing DNA and sgRNA independently.28 In an 
animal model of metabolic liver infection, a dual Adeno-associated 
virus system repaired 10% abnormalities in hepatocellular and delivered 
CRISPR Cas9 for the treatment of metabolic liver infection. 

Lentivirus
Lentiviral mediated delivery of CRISPR Cas-9 disrupts not only gene 
expression but also MicroRNAs (miRNA) expression very effectively. 
One of the studies indicate that CRISPR Cas-9 lentiviral system reduces 
cell proliferation, migration and invasion of premiR-2 (MicroRNA) 
sequences by four gRNA lentiviral vectors in ovarian cancer cell lines. 

THERAPEUTIC APPLICATIONS OF CRISPR CAS-9
Sickle Cell Anemia
Sickle cell disease is a category of blood recessive genetic inherited 
disorder that affects hemoglobin, the molecule that provides oxygen to 
cells in the body. It is caused by a single nucleotide substitution called 
sickle hemoglobin (HbS) in the ß-globin gene (HBB), which causes red 
blood cells to be misshapen or “sickled shaped”.29 Using genome editing 
technology, there are two methods to make stem cells of engineered 
SCD ideal for autologous transplantation. Firstly, the direct solution is to 
rectify the point mutation in the HBB gene. In 2016, Kohn et al. showed 
the use of CRISPR/Cas9 to rectify the mutation of SCD-derived HSPCs 
from patient bone marrow.30 The second strategy involves lowering or 
interrupting BCL11A development, which can help hbf production 
resume. The rationale for this is that the protein BCL11A mediates fetal 
to adult hemoglobin transfer, and the participation of HbF in SCD can 
protect against sickling red blood cells.31 

Duchenne Muscular Dystrophy
Duchenne muscular dystrophy (DMD) is a severe neuromuscular 
disorder that occurs due to recessive DMD gene mutations on the X 
chromosome.32 As a result, dystrophin, a protein required for binding 
the actin cytoskeleton to the extracellular matrix in muscle cells and 
maintaining membrane integrity, is missing. In DMD patients, CRISPR/
Cas9 appears to be beneficial as it can permanently fix the genetic 
mutation, which minimizes the expense of long-term care. Researchers 

a microfluidic device in EGF breast cancer and lymphoma cells. The 
advantage of this method was it has high delivery efficiency and reduced 
cell death. The mechanical deformity theory provides an excellent 
solution for the delivery which has benefits over any of the current 
approaches.

Hydrodynamic Injection
This is an effective method of delivering genetic material to mice 
hepatocytes via the venous blood. The Fah mutation is fixed in the 
mouse model by cloning Fah targeting sequence in the pX330 backbone, 
which also contains cas9 and expression vector. Fah protein articulation 
was observed in 1/250 hepatocytes after the corrected Fah plasmid 
was hydrostatically administered into animals. Only small animals are 
chosen and this infusion increments blood pressure, liver growth, and 
even death in animals can occur.23 

Polymer Nanoparticles
Polymeric nanoparticles deliver different kinds of nucleic acids like 
plasmid DNA, RNA, and oligonucleotides, i.e., the CRISPR system 
efficiently distributes and modifies the genome of methicillin-resistant 
Staphylococcus aureus (MRSA). CRISPR nanoparticle is formed by 
conjugation of Bpei (a cationic polymer) to cas9 and complexed with 
sgRNA. Compared to cas9/sgRNA compounded with traditional lipids, 
polymer nanoparticles have greater editing efficacy. 

Cell Penetrating Peptide (CPP)
Cell penetrating peptide has been developed for treating cells to be 
transfected and translocated across the membrane. In human cell lines, 
gene disruption occurs by conjugation of CPP with cas9 protein and CPP 
with gRNA where both are delivered to the same cells to edit the genes 
in different cell lines like embryonic stem cells, dermal fibroblasts, HeLa, 
etc. Cas9 and gRNA have been delivered as CPP-conjugated Cas9 and 
CPP-complexed gRNA, respectively. As a result, off-target modifications, 
host immune reaction, and cytotoxic were all minimised.24

DNA nanostructures
DNA nanostructures are made from DNA and have a lower size, good 
biocompatibility, and spatially communication application for diverse 
biomedical applications. Rolling circle replication (RCR) and DNA 
nanococoons (RNP delivery) methods have been developed to construct 
DNA nanostructures. Sun et al. developed charged polymer-coated 
DNA nanococoons to transport Cas9/sgRNA nuclei to human cells, 
and they discovered that a partial complement between the sgRNA 
guide sequence and the nanococoon sequence may improve genome 
editing. CRISPR Cas9 release by DNA nanostructures could be used in 
anticancer therapy.25

Gold Nanoparticles
The human body tolerates gold nanoparticles well and quickly connects 
to DNA. Gold nanoparticles are widely used for tumor therapy, thermo-
triggered release and edit the genes against cancer. These nanoparticles 
are assembled with cas9 with tag peptide and sgRNA. The CRISPR  
Cas-9 plasmid - gold nanoparticles were tested on mice with tumours, 
and genes were edited. This achieves 90% efficient delivery and 30% gene 
editing efficiency.26 

Lipid nanoparticles
When a negatively charged nucleic acids binds with cationic lipids 
through electrostatic interactions lipid nanoparticles are formed and to 
enter cells, use cellular uptake or macro-pinocytosis. To edit the genes, 
transfection lipids such as Lipofectamine 2000, Lipofectamine 3000, 
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have created genetically modulated mice bearing exon 44 deletions 
similar to the one present in patients, to show that this type of treatment 
could be delivered to aliving organism. 

Huntington’s Disease
Huntington’s disease (HD) is an uncommon neurological autosomal 
genetic disease, that causes aberrant limb motions as well as psychiatric 
symptoms and cognitive deficits.33 A genetic mutation in the huntingtin 
gene (mHTT), which codes for the huntingtin protein (HTT), causes the 
disease by increasing the polyglutamine (CAG) replicate core to more 
than 35 CAG repeats.34 The CRISPR-Cas9 method has the capability of 
being a more expense technique of mHTT genetic manipulation and 
having a relatively high level of efficiency.35

 HTT gene is targeted by 
both mutant and wild type alleles. Then sgRNA targets either beginning 
of the coding sequence or core region within the promoter to disrupt 
HTT transcription or translation. So, this would drastically reduce or 
inactivate HTT expression.36-37 

Cancer disease
Cancer is the world’s second greatest cause of mortality after 
cardiovascular diseases.38 CRISPR Cas-9 system has been used widely in 
cancer treatment which enables the modification of genes and allowing 
target corrections of mutations.39 ORF57 was knocked out completely in 
iSLK/Bac16 and HEK293/Bac36 cells in a sarcoma study by using many 
rounds of solitary replication and selection from a vector representation 
to create one Cas9 protein and two guiding Transcripts simultaneously.40 
A genome-wide loss of function (LOF) genetic screen was conducted by 
Edwin et al. in colorectal cancer HCT116 cells containing mutant or wild 
type KRAS.41 They discovered that NAD kinase or ketohexokinase were 
metabolic genes and possible therapeutic targets, with pharmacological 
suppression of these enzymes inhibiting colonic tumor cell proliferation.

Crohn’s disease
Crohn’s disease is an inflammatory bowel disease (IBD) that can affect 
any region of the large intestine.42 CRISPR/Cas9 system may be quite 
strong enough to start cutting the genes involved in IBD and therefore 
reduce the burden of financial health care in the treatment of IBD. In a 
study, CRISPR/Cas9 system was used to modify HSCs, also known as 
Lin-Sca1 + Kit+ cells (LSKs), in rats, and investigated the hypothesis by 
coupling CRISPR technology and LSK transplants, genetic modifications 
in the entire immune system of the reconstituted animals were 
introduced. Prior to this, LSKs were employed to deliver CRISRP/Cas9 
to recipients.43-44 

Neurofibromatosis
Neurofibromatosis type 1 (NF1) is a autosomal genetic disorder 
occurring in 1:2000 or 3000 births.45-46 NF1 is a 300kb human gene 
located on chromosome 17q11.2.47 Scherer et al. highlights newer 
malignant peripheral nerve sheath tumors (MPNST) mouse models 
that use somatic CRISPR/Cas9 carcinogenesis to develop genomically 
identical tumor cells in multiple wild-type mice historical strains.48 

This could be the first study to examine the influence of the host strain 
on CRISPR Cas-9 mice models in depth, and it uncovers a number of 
important strain-dependent characteristics, such as effects on tumour 
initiation and the tumour immune system.

CONCLUSION
Even in these days, with advances in fields of medicine, biotechnology, 
and genetics there are several disorders like cancers, neurofibromatosis, 
Crohn’s disease, due to absence or malfunction of gene are still existing. 
CRISPR CAS 9 is an excellent solution to address all these genetic 

disorders. However, clinical translation of CRISPR/Cas9 genome editing 
still need optimization, as the CRISPR CAS9 has to protected in the 
blood stream without being degraded and it should also reach the target 
site for action. The advances in the drug delivery technologies readily 
answers the limitations associated with CRISPR CAS9 delivery and helps 
in achieving maximum outcome and will help in creating a new path to 
combat several genetic disorders.
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