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Abstract— CRISPR/Cas9 is a gene editing technology that can 

be used to cure genetic diseases. CRISPR/Cas9 is a protein-

RNA complex that can “edit” DNA by removing specific 

nucleotide sequences, correcting mutations that cause genetic 

diseases. CRISPR/Cas9 has two main components: an enzyme 

called “Cas9” and a piece of guide RNA (gRNA). Cas9 cuts 

two strands of DNA at a specific location in the chromosome 

so that DNA can be added or removed. The gRNA consists of 

a pre-designed RNA sequence about 20 bases long located 

within a longer RNA scaffold. After Cas9 has cut the DNA, 

gRNA binds to the DNA and the pre-designed sequence guides 

Cas9 to the right part of the genome. This removes the genes 

responsible for a genetic disorder.  Gene editing technology is 

used to create an alternate gene sequence, offering a potential 

cure to the patient. 

CRISPR/Cas9 is important because those with diseases 

that significantly impair their internal organs can improve 

their quality of life. Genetic disorders such as cystic fibrosis 

have severe symptoms, such as persistent coughing, 

breathlessness, and repeated lung infections.  CRISPR/Cas9 

can treat all of these symptoms and cure the disease, making it 

a significant bioengineering technology. 
 
Key Words-- CRISPR/Cas9, Cystic fibrosis, Gene editing, 

Genetics, gRNA.   
 

HOW GENETIC DISORDERS AFFECT DNA 
 

Deoxyribonucleic acid (DNA) is the set of genetic 

instructions that make a person who they are.  Every physical 

trait (and even some non-physical traits) are because of the 

contents of one’s DNA.  DNA is responsible for eye color, hair 

color, stature, and even some emotional traits.  DNA is made 

up of four nucleotide bases: adenine, thymine, guanine, and 

cytosine.  Although there are only four bases, it is the 

combination of these genes that causes a variation in 

phenotypes, the expression of genes. The genes that code for 

these traits are able to be expressed because DNA replicates to 

form ribonucleic acid (RNA), which forms proteins. DNA is 

too large to leave the nucleus of a cell, so it replicates within 

the nucleus to form a single-stranded RNA, a complementary 

set of bases to the original DNA strand through a process called 

transcription.  The RNA codes for a sequence of amino acids, 

and this chain of amino acids forms a protein through the 

process of translation [1].  
It is important to note that DNA and RNA are oriented in 

certain directions.  Each nucleotide has numbered carbons, and 

one deoxyribose attaches to another by connecting its 5’ (5 

prime) carbon to the 3’ (3 prime) carbon of the other by means 

of a phosphate group.  One end of DNA will terminate with an 

unbound 5’ carbon, and the opposite end will have an unbound 

3’ carbon.  This arrangement of carbons is what determines the 

orientation of a DNA molecule, and it is used to talk about the 

direction an object will move along the DNA.   

Sometimes, an error in the DNA replication process or 

other environmental factors cause a mutation in a person’s 

DNA.  These mutations can affect either individual bases or 

larger segments of DNA.  Genetic disorders can be inherited 

by a dominant gene, two recessive genes, or a mutation on the 

X chromosome.  When there is a mutation in one’s DNA, the 

RNA that it replicates to form is unable to correctly form 

proteins.  Proteins that can no longer carry out their normal 

function can have a detrimental effect on the body 

[2].  CRISPR/Cas9 gene editing technology is a tool that can 

be used to alter these mutated genes that cause genetic 

disorders. 

 

GENE EDITING WITH CRISPR/CAS9 
 

Gene editing is a proactive approach to treating genetic 

disorders, rather than medications and various therapies to 

treat each symptom individually. This makes it a sustainable 

approach to cure genetic diseases.  CRISPR/Cas9 is an 

emerging technology that has the ability to edit one’s 

genetics.  The enzyme Cas9 “cuts” DNA at a specific locus in 

the genome identified by a strand of guide RNA (gRNA).  This 

piece of RNA consists of a pre-designed RNA sequence of 

about 20 bases located within a longer scaffold of 

nucleotides.  The bases of the RNA are complementary to the 

target DNA so the gRNA will only target the specified 

sequence.  This gRNA then guides Cas9 to the correct part of 

the genome.  Once the DNA is excised, scientists can then use 

DNA repair machinery to introduce changes to one or more 
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genes in the genome [3]. The process is summarized in Figure 

1. 
 

 
 

FIGURE 1 [3] 

An outline of the general CRISPR/Cas9 method and 

structures 
 

CRISPR/Cas9 can be applied to edit the genes of those 

with genetic diseases such as cystic fibrosis.  Such a disease 

can greatly impair a person’s quality of life, and CRISPR/Cas9 

offers a cure to cystic fibrosis and many other genetic 

disorders.  Additionally, CRISPR/Cas9 can prevent the 

passing down of genetic diseases to future generations.  Once 

someone affected by a genetic disease is treated with the gene 

editing technology, the likelihood of them passing the disease 

onto their children is reduced.  This makes CRISPR/Cas9 a 

sustainable approach to curing these disorders. 
 

A TECHNICAL EXPLANATION OF 

CRISPR/CAS9 
 

Discovery and Modifications for Human Applications 
 
 The foundation for the CRISPR/Cas9 gene editing 

technology was found in bacteria. An unusual repeat sequence 

was observed in the DNA of E. coli in 1987.  For years after, 

similar gene repeats were studied in bacteria and archaea. The 

original purpose of this system was to maintain immunity. The 

acronym CRISPR was established to “unify the description of 

microbial genomic loci consisting of an interspaced repeat 

array” [5]. CRISPR associated (Cas) genes were observed to 

be well preserved and often adjacent to the repeating elements. 

Eventually, it was discovered that CRISPR arrays function as 

an immune memory and defense mechanism. In microbes, 

CRISPR arrays are transcribed and transformed into small 

crRNAs, which are equipped with individual spacers. These 

spacers serve as a guide for Cas activity to cleave DNA [5]. 
 These discoveries created an opportunity to apply the 

naturally occurring microbial process to the creation of a gene 

editing therapy. Cas9 was identified as the only enzyme in the 

Cas cluster with the ability to cleave targeted DNA. The next 

important step in the development of CRISPR/Cas9 was the 

determination that the RNA containing the transcribed 

CRISPR array (crRNA) could be fused with a noncoding 

trans-activating crRNA (tracRNA), which facilitates the 

cleaving of DNA. These two fused substances make up a 

single guide RNA, which works with the Cas9 enzyme to edit 

genes [5]. 
The basis of the CRISPR/Cas9 technology was 

discovered to occur naturally in microbes. Modifications were 

developed later for transfer and identification of specific 

sections of DNA to alter. These modifications provide this 

innovation with the potential to be a beneficial treatment and 

cure for people suffering from genetic disorders. 
 

How the Correct Section of DNA is Located 

 

The first main component of the CRISPR/Cas9 

technology is the guide RNA (gRNA) sequence. This gRNA is 

central in the process of the CRISPR/Cas9 system finding the 

correct section of DNA to modify. The small gRNA molecule 

consists of a pre-engineered RNA sequence of about 20 bases 

[7]. This pre-designed gRNA can be engineered for almost any 

organism and cell type [8]. The shorter gRNA sequence is 

found within a longer RNA scaffold [7]. This larger scaffold is 

based on the repeating CRISPR array that was discovered in 

microbes. The bases of the targeted section of DNA are 

transcribed onto the scaffold structure. The scaffold functions 

by binding to the DNA strand with corresponding bases [7]. 

The idea is that the scaffold will use its complementary bases 

to only bind to the section of DNA that is intended to be 

altered. Then, the gRNA serves as a guide for the next 

component of the CRISPR/Cas9 technology to cleave the 

DNA strand at the right location [7]. 
 Another important aspect of finding and binding to the 

correct section of DNA is protospacer adjacent motifs (PAMs). 

A PAM is the short sequence of bases in the DNA strand that 

are adjacent to the section of DNA to be edited [6]. A recent 

study conducted by scientists at McGill University found 

through in vitro analysis of target site recognition that 

“interactions between the 5’ end of the guide [RNA] and PAM-

distal target sequences are necessary to efficiently engage Cas9 

nucleolytic activity” [6]. This connection reveals that PAM 

interactions with gRNA are important to initiate the 

CRISPR/Cas9 process. Figure 2 illustrates the involvement of 

PAMs in the CRISPR/Cas9 system [6]. 
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FIGURE 2 [6] 
PAM location and interaction in the initiation of the 

CRISPR/Cas9 process 
 
 The gRNA component is essential to the CRISPR/Cas9 

gene editing system. This molecule is the means to identifying 

the correct portion of DNA to cut and alter. While the larger 

scaffold of RNA with complementary bases finds and binds to 

the right area of the DNA strand, the shorter gRNA guides the 

Cas9 enzyme to the specific point to cleave the DNA. 

 

How DNA is Altered 
 

A Cas protein is a CRISPR-associated endonuclease, 

which is an enzyme that catalyzes the hydrolysis of bonds 

between nucleic acids in the interior of a DNA or RNA 

molecule [9]. A piece of gRNA that consists of a small, pre-

designed RNA sequence located within a longer RNA scaffold 

guides Cas9 to the part of the genome to be removed via 

Watson-Crick base pairing.  This means that the nucleotides 

on the gRNA are complementary to the target DNA [3]. The 

gRNA must be unique compared to the rest of the genome, and 

immediately adjacent to a PAM for Cas9 to locate the sequence 

to be removed.  Although the PAM sequence is essential for 

Cas9 to bind, the exact sequence depends on which Cas protein 

is used.  The most popular Cas protein is S. pyogenes Cas9 

(SpCas9) [9]. 
The gRNA and Cas9 protein form a ribonucleoprotein 

complex through interactions between the gRNA scaffold and 

the exposed, positively-charged grooves on Cas9.  Cas9 

undergoes a “conformational change” once bound to the 

gRNA, and the molecule shifts from an inactive, non-DNA 

binding conformation into an active, DNA-binding 

conformation.  Cas9 will only cleave at a given locus if the 

gRNA sequence is homologous to the target DNA.  Once the 

Cas9-gRNA complex binds at the DNA target, the seed 

sequence, 8-10 bases at the 3’ end of the gRNA targeting 

sequence, begin to cleave the target DNA.  Cas9 then cuts two 

strands of DNA at this location in the 3’ to 5’ direction so that 

DNA can be added or removed.  The zipper-like mechanics of 

Cas9 as it cuts the DNA could serve to explain why 

mismatches between the actual DNA and the target sequence 

at the 3’ end of DNA completely prevents Cas9 from annealing 

the DNA, whereas mismatches at the 5’ end distal to the PAM 

usually still allow Cas9 to remove the segment of DNA.  Cas9 

has two endonuclease domains: RuvC and HNH.  Cas9 

undergoes a second conformational change upon target 

binding, which positions the two nuclease domains to cleave 

opposite strands of the target DNA.  This results in a double-

stranded break (DSB) [9].   
This DSB is then repaired by either the non-homologous 

end joining (NHEJ) pathway, or the homology directed repair 

(HDR) pathway.  The NHEJ pathway is the most efficient 

repair method, and it frequently causes small nucleotide 

insertions or deletions (indels) at the DSB.  The randomness of 

NHEJ results in a diverse array of mutations.  Most of the time, 

NHEJ creates small indels in the target DNA, which leads to 

premature stop codons in the open reading frame (ORF) of the 

target gene.  Ideally, this will lead to a loss-of-function 

mutation in the targeted gene.  The ability of NHEJ to do this 

depends on the strength of the knockout phenotype for a given 

mutant cell [9].  Figure 3 gives a visual description of the 

CRISPR/Cas9 complex, the cleaving of DNA, and gene 

editing by NHEJ. 
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FIGURE 3 [9] 
Summary of how the CRISPR/Cas9 complex forms and 

excises a specific strand of DNA 
 

In contrast, HDR is not as efficient as NHEJ, but it is 

more accurate.  HDR has the ability to generate changes 

ranging from a single nucleotide change to a large insertion.  In 

order to gene edit with HDR, a DNA repair template with the 

desired sequence must be delivered into the cell along with 

gRNA and Cas9.  The template contains the desired edit along 

with a homologous sequence immediately to the left and right 

of the target (called the left and right homology arms).  The 

efficiency of HDR is low, and the efficiency of Cas9 cleavage 

is relatively high, so a large amount of the Cas9-induced DSBs 

are repaired via NHEJ.  Therefore, the resulting cells will have 

a combination of NHEJ-repaired alleles and HDR-edited 

alleles [9]. 
Cas9 is able to target specific gene sequences with 

extremely high accuracy and efficiency.  The enzyme has the 

possibility to make highly complex modifications, which 

creates a broad range of biological applications across 

research, medicine, and biotechnology [5].   

 

Methods of Delivery 

 

There are several different methods used to deliver the 

CRISPR/Cas9 gene editor to the body.  One in vivo application 

is delivering the CRISPR/Cas9 components via lipid 

nanoparticles (LNPs).  LNPs have demonstrated efficacy, 

safety, and favorable tolerability in animal and clinical testing 

[10].  One specific LNP that has been successful in delivering 

the gene editor is CRISPR-Gold. This vehicle contains the 

Cas9 protein, gRNA, and donor DNA all wrapped around a 

tiny gold ball.  It was created by covering a central gold 

nanoparticle with DNA that was modified so that it would stick 

to the particle.  The gold-conjugated DNA bound the donor 

DNA needed for HDR, which Cas9 and the gRNA bound to in 

turn.  The entire complex is coated with a polymer that triggers 

endocytosis and facilitates the escape of the Cas9 protein, 

gRNA, and template DNA from endosomes inside of 

cells.  CRISPR-Gold HDR efficiency was tested in vivo by 

injection for a mouse model of Duchenne muscular dystrophy, 

and a single dose of CRISPR-Gold restored dystrophin levels 

two weeks after injection and corrected the mutation to the 

wild-type sequence in 5% of the copies of the gene [11].  Irina 

Conboy, a tissue repair scientist at the University of California, 

Berkeley, says, “Ideally, you would inject into the bloodstream 

because then the particles could go into every single muscle” 

[11]. 
 Another in vivo delivery method for CRISPR/Cas9 is 

viral delivery.  Self-inactivating lentiviral vectors (LVs) are a 

retrovirus that have the ability to efficiently transduce both 

dividing and non-dividing cells.  Several studies have 

demonstrated successful delivery of CRISPR/Cas9 with LVs 

in mammalian cells both in vivo and ex vivo.  Adeno-

associated viruses (AAVs) are another promising delivery 

method for CRISPR/Cas9 because they are nonpathogenic, 

have low levels of immune stimulation, and have the capability 

of transducing both dividing and non-dividing cells.  A 

challenge of AAV, however, is the packaging limit.  Cas9 uses 

so much of the viral load, that there is little room left for the 

promoter or the gRNA coding sequence.  An alternative 

approach is to deliver Cas9 and gRNA in two separate AAV 

vectors [12].  Both viral delivery and delivery via 

nanoparticles are still being tested to see which method is more 

efficient and efficacious. 
 There is also an ex vivo technique to administer 

CRISPR/Cas9. First, cells are removed from the patient. Then 

CRISPR/Cas9 is delivered to the cells in culture, which results 

in the desired gene edit. Finally, the modified cells are 

expanded in culture and reintroduced to the patient [10]. For 

some diseases, scientists may only want to modify certain 

types of cells, such as bone marrow cells [13]. The ex vivo 

method is advantageous because it allows scientists to focus 

on cells affected by a genetic disorder, if that disorder is central 

to a specific type of cell. Another advantage of the ex vivo 

delivery method is that it allows scientists to evaluate whether 

gene editing has been successful before returning cells back to 

the patient [13]. This is important because scientists can look 

for unintended mutations in DNA and predict the severity of 

these off-target modifications before the patient is affected by 

them. 

 A major concern with current gene therapies is that they 

are quite costly to administer to patients. This is because they 

are too large to fit within a nanoparticle or viral vector, which 

are believed to be the most efficient delivery methods. 

CRISPR/Cas9 is able to be administered with ease through 

these vectors. Receiving the CRISPR/Cas9 treatment would be 

similar to receiving a vaccine and requires little customization, 



Claire Tushak 

Nikhita Perry 

  5 

in terms of the delivery method. This advantage of 

CRISPR/Cas9 makes it a sustainable alternative to previously 

existing gene therapies. 

 

CYSTIC FIBROSIS: AN APPLICATION 
 

One genetic disease that can potentially be cured with the 

use of CRISPR/Cas9 is cystic fibrosis.  Cystic fibrosis is an 

inherited disease that causes severe damage to the digestive 

system and various other organs in the body.  It is caused by a 

defect in the gene that encodes the cystic fibrosis 

transmembrane conductance regulator (CFTR) protein.  CFTR 

proteins that are unaffected by a mutation serve as channels to 

allow the transport of water and charged ions in and out of 

cells.  This creates a thin mucus that protects and lubricates 

internal organs, such as the lungs and the pancreas.  If the gene 

that encodes for CFTR proteins is defective, there is an 

imbalance of water and ion flow in and out of cells, which 

results in the mucus becoming thick and causing it to obstruct 

airways and trap bacteria.  This causes infections and 

inflammation quite often in cystic fibrosis patients [14]. 
Some symptoms of cystic fibrosis are persistent cough, 

wheezing, breathlessness, repeated lung infections, severe 

constipation, and poor weight gain and growth.  Risk factors 

for cystic fibrosis are family history and race.  In order to 

inherit the disease, a child needs to inherit one copy of the gene 

from each parent.  Cystic fibrosis occurs in all races, but it is 

most common in white people of Northern European 

descent.  About one in every 31,000 in the U.S. are affected by 

the disease, and those with the disease have a life expectancy 

of 37.5 years [4].  The severity of the disease demonstrates 

why it is so important to continue research and clinical trials 

for CRISPR/Cas9. Because one’s quality of life is so 

significantly impaired by the disease, CRISPR/Cas9 is a 

sustainable approach that can relieve the debilitating 

symptoms. 
 

CRISPR/Cas9: A Potential Cure 

 

CRISPR/Cas9 offers a solution to all of the symptoms 

that cystic fibrosis presents.  In order to remove the mutated 

genes responsible for the disease, CRISPR/Cas9 targets the 

Adenomatous Polyposis Coli (APC) locus in adult intestinal 

stem cells.  This location of the gene is responsible for polyps 

forming mainly in the epithelium of the large intestine.  The 

ability of CRISPR/Cas9 to cure cystic fibrosis was tested in 

two patients that were homozygous for the CFTR mutation, 

which is necessary for expression of the disease.  This 

mutation is a deletion of phenylalanine at position 508 in exon 

11.  This mutation causes misfolding, endoplasmic reticulum 

retention, and degradation of the CFTR protein.  The patients’ 

cells were then transfected independently with two different 

single guide RNAs (sgRNAs), targeting either CFTR exon 11 

or intron 11.  After transfection, most of the cell clones were 

heterozygous for the CFTR mutation.  To assess the level of 

restoration of CFTR function in the cell clones, rapid 

expansion of the organoid surface area in the corrected cells 

was observed via live-cell microscopy, whereas swelling was 

absent in the untransfected control cells.  Therefore, the mutant 

F508 allele was corrected in two cystic fibrosis patients using 

CRISPR/Cas9 mediated homologous recombination 

[15].  These corrected cells demonstrated the functionality of 

the corrected genes, further demonstrating that CRISPR/Cas9 

has the ability to cure cystic fibrosis and other genetic diseases. 
 

CONCERNS WITH CRISPR/CAS9 

TECHNOLOGY 
 

Functional Issues 
 
 Although the CRISPR/Cas9 technology is a promising 

potential solution to genetic disorders, there are complications 

that must be addressed. A serious technical concern regarding 

CRISPR/Cas9 is unintentional genetic mutations. A recent 

study conducted by students of Stanford University and the 

University of Iowa utilized CRISPR/Cas9 in vivo in mice [16]. 

They specifically researched the accuracy of the technology by 

testing for unwanted mutations. There are algorithms that exist 

to determine off-target sites in DNA that are likely to be 

modified, but this study tested for unwanted modifications in 

an entire organism [16]. The scientists used whole-genome 

sequencing (WGS) throughout mouse models treated with 

CRISPR/Cas9 to test for single-nucleotide variants (SNVs) 

[16]. SNVs are mutations to individual nucleotides, which are 

the components of DNA. This study found “an unexpectedly 

high number of SNVs compared with the widely accepted 

assumption that CRISPR causes mostly indels at regions 

homologous to the sgRNA” [16]. Figure 4 illustrates the large 

amount of SNVs identified by WGS. 
 

 
 

FIGURE 4 [16] 
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A visual representation of large number of unintentional 

genetic mutations 
 

In this study, off-target mutations were defined as those 

existing in CRISPR treated mice but not present in the 

untreated control group [16]. For a more complete analysis, 

additional control groups were compared with the CRISPR-

treated mice. These control groups include a mouse genome in 

the dbSNP database and all 36 strains in the Mouse Genome 

Project [16]. None of the control groups contained the 

mutations found in CRISPR treated mice [16]. This confirms 

that the unintentional genetic modifications were caused by the 

CRISPR/Cas9 technology. 

According the Bioethics Observatory at the University of 

Valencia, even a few mutations of off-target DNA may 

accelerate cell growth and possibly lead to cancer [17].  There 

was recently a study in which a virus was designed to insert 

the CRISPR components into mice. The mice simply breathed 

in this virus. Mutations in this project led to a model of human 

lung cancer in the mice [17]. 

 These unwanted changes in DNA caused by the 

CRISPR/Cas9 innovation are troubling. Modifying off-target 

sections of DNA has unknown consequences. The severity of 

the effect of unwanted mutations could also be amplified in 

people already suffering from a debilitating genetic disorder, 

since patients are already experiencing severe symptoms. The 

previously mentioned study also considered the concerning 

possibility of off-target modifications in noncoding RNAs or 

other regulatory areas within genes [16]. If these effects were 

to occur, they could be detrimental to vital cellular processes 

[16]. The treated mice in this study did not display any 

immediately obvious side effects of off-target mutations, but 

long-term effects are unknown [16]. While the severity and 

specific effects of unintentional gene editing caused by 

CRISPR/Cas9 are not yet known, this is an area of concern for 

the technology. 
 

Ethical Concerns 
 

Gene editing technology is surrounded by ethical 

questions. Bioengineers and other scientists must uphold a 

code of ethics.  The Biomedical Engineering Society Code of 

Ethics states that bioengineers are obligated to “use their 

knowledge, skills, and abilities to enhance safety, health, and 

welfare of the public” [18].  It is the main priority of 

bioengineers to do no harm, especially when testing new 

technologies related to healthcare.  Because CRISPR/Cas9 is 

so new, it is important to make sure that it is safe when testing 

it on animals and eventually humans.   

 One of these ethical dilemmas is whether the technology 

is safe enough for use. Occurrences of unintentional mutations 

to DNA are a major issue, as was discussed above. Since the 

effects and severity of off-target editing is difficult to predict, 

moving CRISPR/Cas9 to further trials could be controversial. 

Not only is the health of the patients receiving the treatment a 

concern, but also the health of the scientists researching the 

effects of CRISPR/Cas9. In the previous example from the 

Bioethics Conservatory, CRISPR was inserted in an airborne 

virus. The scientists conducting the research could have been 

affected by this technology with one mistake. 
In “CRISPR and the Ethics of Gene Editing,” Steven 

Novella addresses the potential issues of introducing gene 

editing to the human germ line. Modifications made to the 

germ cells can be passed down for generations [19]. This 

possibility to introduce gene editing with negative effects is 

concerning because some of these negative effects may not be 

recognized immediately. 
Another large area of ethical debate is the potential to use 

gene editing for human enhancement.  The products of human 

enhancement are referred to as designer babies [19]. While we 

hope to obtain an effective process to eliminate debilitating 

genetic disorders, there is the possibility that the technology 

could be used to give superficial characteristics to embryos. 

These enhancements can include a wide variety of physical 

changes including height, strength, eye color, and hair color. 

CRISPR/Cas9 technology is effective, fast, and inexpensive, 

making it an easily accessible method for gene editing.  

Therefore, the ethical questions associated with the technology 

must be considered. 
 

ONGOING RESEARCH FOR 

IMPROVEMENTS 
  

Research for current improvements is aimed at making 

CRISPR/Cas9 a more sustainable and efficacious technology. 

These modifications are designed to increase accuracy and 

reduce unwanted mutations of DNA, so that CRISPR/Cas9 can 

be applied to treat genetic disorders. 

 

Increased Control with Light-Activated Gene Editing 
 

 One improvement involves activating the CRISPR/Cas9 

system with UV light. Scientists at the University of Pittsburgh 

and the University of North Carolina have found a lysine 

amino acid residue in Cas9 that can be replaced with a light-

activated analog [20]. A study by these scientists tested the 

efficiency of using the modified Cas9 enzyme [21]. They 

found that the new Cas9 enzyme remained completely inactive 

in the absence of UV light exposure. The modified component 

of the Cas9 enzyme was still functional, and displayed a low 

level of unwanted background activity without exposure to UV 

light. Even more promising, the modified components of Cas9 

showed successful Cas9 light activation to fully restored 

activity levels. Scientists also modified the Cas9 enzyme to 

deactivate after UV light is taken away. The study found that 

an exposure time of greater than two minutes resulted in no 

further activation enhancement. Next, the deactivation 

mechanism was tested. The study found that in the absence of 

UV irradiation, no DNA cleavage or nicking activity was 

observed [21]. 
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 The primary benefit of this new CRISPR/Cas9 approach 

is increased control. The gene editing tool will remain dormant 

until scientists decide exactly when to activate the Cas9 

cleaving mechanism. With this method, scientists can control 

when as well as where in the body that the gene editing process 

takes place. The alteration of genes can then be terminated with 

the removal of the UV light. Scientists also believe that this 

more precise technique can eliminate occurrences of 

unintentional DNA mutations, which is a major setback in the 

CRISPR/Cas9 technology’s use [20]. While this method is 

extremely new and additional research and testing is 

necessary, improvement of the CRISPR/Cas9 system through 

optical control has potential to provide the technology with 

increased precision for applications in the medical field.  
 

Improved Accuracy with the Use of Two Enzymes 
 
 Another possible improvement to the CRISPR/Cas9 

technology is the use of two Cas9 enzymes. This modification 

is aimed at reducing the number of unwanted genetic 

mutations, CRISPR/Cas9’s central issue. This newly 

introduced method of CRISPR/Cas9 utilizes two Cas9 

enzymes as well as two gRNA strands [7]. In this process, the 

section of DNA being targeted for editing must be recognized 

by both gRNA strands rather than a single strand, and found 

by two Cas9 enzymes to have both strands of DNA’s double 

helix structure be fully cleaved [7]. For the DNA strands to be 

severed, all four of the Cas9 enzymes and gRNAs must be at 

the same loci in the DNA, which increases precision and 

reduces cleaving at unintended gene points. This makes the 

new technique effective because the multiplexed nicking 

strategy can improve specificity by up to 1,500 times [5]. This 

is in comparison to wild type Cas9, which performs a double 

strand cut on DNA [22]. 
 In this newly developing process, Cas9 performs a 

double strand break through the combined activity of two 

nuclease domains, RuvC and HNH [9]. Cas9 nickase retains 

one nuclease domain and generates a nick in DNA rather than 

a double strand break. So, two nickases targeting opposite 

DNA strands are required to complete a double strand cut 

within the target DNA [9]. The double Cas9 and gRNA 

method is a promising step in the process of working towards 

CRISPR/Cas9 applications in the healthcare field. By reducing 

the technology’s main flaw of off-target mutations in DNA, 

the accuracy of CRISPR/Cas9 is increased. Also, negative side 

effects by altering other genes are diminished. 

 

SUSTAINABILITY 

 
Sustainability in healthcare is related to the quality of life 

in a population or community.  The common goal of healthcare 

providers and researchers is to provide a healthy, productive, 

and meaningful life for all community residents— present and 

future [23].  CRISPR/Cas9 has the ability to improve the lives 

of the millions of people suffering from genetic diseases.  The 

technology is made sustainable by its ability to prevent the 

inheritance of genetic disorders in future generations.  

Therefore, the number of occurrences of these diseases will be 

reduced drastically over several generations as CRISPR/Cas9 

becomes the dominant course of treatment. 

 Many of those suffering from a genetic disease receive 

numerous medications and treatments intended to treat each 

symptom individually.  For example, patients with cystic 

fibrosis take antibiotics such as ciprofloxacin and tobramycin 

to prevent infections.  They also take   bronchodilators such as 

albuterol or salmeterol, and anticholinergics such as Atrovent 

to make breathing easier.  DNase, mucolytics, and hypertonic 

saline are used to control the amount and thickness of mucus 

produced [24].  Taking all of these medications requires 

discipline and constant monitoring in order to decrease the 

effects of each symptom.  Rather than simply treating each 

symptom individually, CRISPR/Cas9 offers a single solution 

to all of the problems caused by cystic fibrosis.  This not only 

improves daily quality of life (taking seven or eight 

medications per day), but also totally relieves symptoms to 

improve long-term quality of life, making the technology even 

more sustainable.  

 Another aspect of CRISPR/Cas9’s sustainability is its 

potential to treat a wide range of genetic disorders.  It can be 

customized to treat almost any genetic disease, simply by 

exchanging the nucleotide sequences in the gRNA.  Altering 

sequences of nucleotides in the gRNA is far simpler than 

devising an entirely new gene therapy, as was necessary before 

the development of CRISPR/Cas9.  

 The price of typical gene therapy is quite costly.  Most 

therapies cost around one million dollars, however, 

CRISPR/Cas9 is a cheaper alternative.  The cost to administer 

CRISPR/Cas9 is about 1% of the cost of most gene therapies.  

In addition, the cost of packaging CRISPR/Cas9 is 

significantly less.  The most versatile gene editing delivery 

method is AAV.  However, current gene therapies are too large 

to be transported via the virus.  CRISPR/Cas9 is compact 

enough to be delivered using the AAV and other viral methods. 

The cost of packaging CRISPR/Cas9 in viruses or 

nanoparticles and delivering these injections do not require any 

custom design.  The delivery is as simple as receiving a 

vaccination [25].  CRISPR/Cas9 is economically feasible, 

making it more likely to become a treatment in mainstream 

healthcare. 

   

IMPACT IN THE MEDICAL COMMUNITY 
 

CRISPR/Cas9 is a technology that, once developed and 

tested properly, has the ability to improve the lives of many 

people.  It may even be able to save the lives of those affected 

by fatal genetic diseases such as hemophilia and Duchenne 

muscular dystrophy.  The goal of many bioengineers and 

scientists is to create devices and develop technology that can 

help people the way CRISPR/Cas9 can.  Those born with 

genetic disorders are often receiving various medications, 
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therapies, and other treatments to relieve their symptoms, but 

CRISPR/Cas9 could serve as a single solution to every 

symptom.   
 Not only can CRISPR/Cas9 cure genetic diseases, but it 

can also prevent them.  Once the treatment is used to remove 

the mutated gene in one generation, that generation will not be 

able to pass on the genetic disorder to their 

children.  Therefore, the number of people affected by genetic 

disorders will drastically decrease with each new 

generation.  CRISPR/Cas9 is not just a cure for genetic 

diseases—  it can also prevent them altogether in future 

generations.   
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