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The native CRISPR/Cas9 system 

C RISPR (Clustered Regularly-Interspaced 
Short Palindromic Repeats) were first 

identified in E.coli bacteria, where they 
played a role in eliminating exogenous ge-
netic material such as viral DNA (1). They 
consist of small fragments of identical inter-
spaced DNA repeats. Each of these repeats 
is adjacent to a spacer DNA (non-repetitive 
region) which is a sequence that has been 
inserted due to a previous exposure to ex-
ogenous DNA (2). Additionally, there are 
other genes associated with CRISPR, termed 
CRISPR-associated genes (Cas). These genes 
generate Cas proteins which carry helicase 
and nuclease activities, allowing them to 
unwind and cut DNA, respectively. Tran-
scription of CRISPR will result in the for-
mation of CRISPR RNAs (crRNAs) which 
have the ability to recognise and bind, for 
example, viral DNA and act as guides for Cas 
endonucleases to cleave and remove the 
exogenous DNA (2).  

Exploiting CRISPR/Cas9 

CRISPR-mediated genome editing exploits 
the CRISPR/Cas9 system, a complex deliv-
ered into the cell’s genome comprised of 
Cas9 endonucleases (made up of HNH en-
donuclease and RuvC-like endonuclease) 
and a synthetic RNA (gRNA) to guide the 
Cas9 endonuclease complex (2). crRNA as-
sociates with trans-activating crRNA 
(tracrRNA)  to form a gRNA complex which 
guides Cas9 to the target locus. In order to 
achieve sequence-specific cleavage, crRNA 
must complement the protospacer se-
quence (target sequence) and the PAM 
(protospacer adjacent motif) sequence (1). 
When bound to the target site, both DNA 
strands are cleaved by HNH and RuvC-like 
endonucleases (Figure 1). This creates a 

double-strand break which can be repaired 
by the cell’s DNA repair mechanisms. Here, 
a DNA sequence may be incorporated or 
deleted, in order to repair defective genes 
which cause disease; to regulate transcrip-
tion of a certain gene; or to correct DNA 
repair mistakes which cause deletions or 
point mutations (2).  

Recent applications of the CRISPR/
Cas9 system 

The CRISPR/Cas9 system shows major 
promise as an anti-viral therapy, assisting 
humans to eliminate exogenous DNA intro-
duced into host cells by a foreign viral path-
ogen. Human Immunodeficiency Virus (HIV) 
infection, still a prevalent health condition 
worldwide, was investigated using this ap-
proach (4). HIV is a pathogen which infects 
and kills cells of the immune system, partic-
ularly CD4+ helper T cells (immune cells 
which help to fight off infections) (5). In 
2016, scientists were able to delete entire 
copies of the HIV-1 gene from HIV-1 infect-
ed primary cultured human CD4+ T-
lymphoid cells using the CRISPR/Cas9 sys-
tem (4). Repression of viral replication was 
achieved in peripheral blood mononuclear 
cells (PBMCs) and also in some latently in-
fected T cells (4). Kaminski et al. (4) also 
observed that HIV-1 gene deleted T cells, as 
long as Cas9 and RNA-guided CRISPR were 
present, showed resistance to new HIV in-
fections. This gene excision did not cause 
any disruption to cell viability and the cell 
cycle, did not cause any off-target side 
effects or disrupt any local or distant genes 
(4). This experiment provided evidence 
that, in the future, this system could be 
used as therapy for HIV-1 patients if safe 
delivery mechanisms can be formulated.  

The CRISPR/Cas9 editing system may be 
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used as a treatment for some genetic dis-
eases by introducing precise genetic altera-
tions: removing, inserting or substituting 
single or multiple bases to repair a targeted 
mutation (2). For example, chronic granu-
lomatous disease (CGD) is a rare genetic 
disorder in which phagocytic cells do not 
carry out oxidative burst processes to allow 
the destruction of invading pathogens (6). 
Therefore patients with this disease acquire 
constant infections, especially when they 
are younger (6). This condition is usually 
caused by a single base pair mutation in the 
CYBB protein (expressed in phagocytes), 
which leads to an ineffective oxidative burst 
mechanism. Flynn et al. (6) used the CRIS-
PR/Cas9 system to repair a point mutation 
in the heavy chain portion of this protein. 
Employing the use of induced pluripotent 
stem cells (iPS), derived from the patient 
and then differentiated into phagocytes, 
this group were able to insert the correct 
copy of the gene using the CRISPR/Cas9 
system. Ultimately, these stem cells could 
be introduced back to the patient through 
autologous bone marrow transplantation 
(6). It was shown that the CRISPR/Cas9 sys-
tem was highly efficient in correcting CYBB 
function, recovering oxidative burst mecha-
nisms in some phagocytes (6). Therefore, 
this technique might be used as a gene 
therapy approach for treating CGD and for 
other genetic disorders, as long as 
knowledge of exactly what mutations cause 

the disease and methods to safely intro-
duce “edited” cells back into the patient are 
established. 

Issues to be resolved with the CRIS-
PR/Cas9 technology 

The CRISPR/Cas9 system could potentially 
be widely employed in biomedicine, RNA 
editing, gene inactivation and therapy for 
genetic diseases in humans. Despite its ma-
jor potential as a gene editing system, there 
are some problems associated with the 
efficiency and specificity of this system that 
need to be taken into account such as re-
duced Cas9 activity and off-target effects 
(3). These problems need to be overcome 
before being employed in humans.  

Normally single-guided RNA (sgRNA) binds 
to the target sequence, guiding Cas9, which 
recognises it. However, it was found that in 
the presence of mismatches close to the 
cleavage site between the gRNA and the 
target DNA sequence, endonuclease activity 
of Cas9 was diminished (3). In addition, the 
presence of large amounts of Cas9-sgRNA 
complexes may lead to off-target effects 
due to binding of this complex to non-
specific loci in the genome (3). Therefore, 
Cas9 activity, sgRNA sequence design and 
concentration of Cas9-sgRNA complexes 
need to be taken into account to improve 
CRISPR/Cas9 system. 

CRISPR/Cas9 delivery 

Another challenge of this system is consid-
ering the delivery methods: common ap-
proaches include electroporation of plas-
mids incorporating the CRISPR system. 
Some plasmids integrate randomly into the 
host cell genome and that can lead to not 
only off-target effects (disruption of other 
genes through Cas9 cleavage and integra-
tion) but also to host immune responses 
which might inhibit the gene editing pro-
cess (3). In in vivo approaches, adeno-
associated virus (AAV) is used. Despite be-
ing very successful in delivery, their expres-
sion is sometimes long-lasting, inducing 
toxicity (7). Further, patients previously 
exposed to AAV may have developed im-
munity to it and therefore expression may 
be stopped (7).  
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Figure 1. CRISPR/Cas9 genome editing system cleavage. gRNA (crRNA and tracrR-
NA) guides Cas9 to the target locus. The crRNA aligns with the protospacer (target 
sequence in orange) and PAM sequences. Both strands are cleaved by HNH and 
RuvC-like endonucleases, creating a double strand break (8). 
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CRISPR raises important questions on genome 
editing 

Ethical issues have emerged regarding the use of the 
CRISPR genome editing system in the inheritable human 
germline (9). Somatic genome editing has been widely 
accepted since there is a favourable equilibrium between 
advantages and risks and there is informed authorization 
from the patient. Germline editing, on the other hand, 
carries unpredictable risks which may be transmitted 
through several generations and obtaining informed au-
thorization from multiple generations is impossible (9). 
Recently, a Chinese scientist was responsible for editing 
the genome of two embryos so that when born, the 
twins would never develop HIV in their lifetime, which 
raised a lot of ethical issues and criticism from the scien-
tific community (10). In addition, ethical issues have aris-
en regarding the use of this system for non-medical pur-
poses, for example to improve the performance of a pro-

fessional sportsperson or a child’s cognitive ability (9). In 
society, this presents a problem where some people may 
extend competitive advantages over others. The CRISPR/
Cas9 system raises the question of whether it is ethical to 
use gene-editing technologies for non-medical purposes, 
in any context. 

To conclude, the CRISPR/Cas9 gene editing system is a 
remarkable tool which can be used to delete an integrat-
ed copy of foreign DNA or RNA. It may be used for carry-
ing out precise changes to the nucleotide sequence of a 
gene that has been mutated or has an association with a 
non-functional protein and this can be used for the treat-
ment of genetic diseases such as HIV and CGD. Although 
CRISPR has many potential applications, problems re-
garding its specificity and efficiency, and also the ethical 
issues it raises, must be addressed and dealt with before 
it can be employed safely in humans. 

 


