
Biomarkers And Gene Therapy With CRISPR-Cas9 To Treat Multiple Sclerosis
Emel Cirakoglu

Abstract:
Multiple Sclerosis (MS) is a partially heritable chronic autoimmune inflammatory disease
characterized by the demyelination of neurons and axonal damage in the central nervous
system. Treatment options such as antibody-mediated therapy, symptomatic therapy, and
plasma exchange are partially effective in delaying or inhibiting the disease’s progress; however,
they have many drawbacks and are unsuitable for every MS patient. Many treatments and
approaches are being developed to delay the disease progression. Biomarkers are one of those
approaches. Biomarkers are regarded as an important indicator of MS and are used as drug
targets. Finding highly heritable potential biomarker candidates is significant for the treatment
and monitoring the progress of MS. Early diagnosis of MS is complicated and unreliable in most
cases; biomarker studies are aiming to solve this problem by finding specific indicators that
could distinguish types or other diseases from MS. Some of them are currently in clinical use
and some promising candidates are still being studied. Another treatment option is gene
therapy. The research focused on the heritability of MS shows that there are genetic factors in
disease progression. Genome-wide association studies (GWAS) found more than 200 gene
variants responsible for disease progression. Gene therapies using CRISPR-Cas9 gene-editing
techniques are being developed to target the most causative genes to reduce inflammation to
decrease neurological symptoms of MS. Briefly, biomarkers, and gene therapy with
CRISPR-Cas9 provide new insights for advancements like patient-specific treatments, and
could provide high success rates in treatments in MS and other neurodegenerative disorders.

Introduction
Multiple Sclerosis (MS) is a partially heritable demyelinating disease with progressive
neurodegeneration caused by an autoimmune response to self-antigens  (Malkani, 2022; Paul et
al., 2019) . Worldwide, there are 2.8 million people who have MS. While the cause of MS is
unknown, many studies found that both environmental (latitude of childhood, EBV infection, salt,
smoking) and genetic factors trigger MS  (Parnell & Booth, 2017) . There are four types of MS:
Relapsing/Remitting MS (RRMS), secondary progressive MS (SPMS), primary progressive MS
(PPMS), and progressive relapsing MS (PRMS). RRMS is the most common type (about 85% of
cases). Patients with RRMS experience cycles of short-term attacks that worsen symptoms,
followed by periods of remission where neurological functions do not worsen. In SPMS, patients
experience initial relapses with gradual neurological impairment. In PPMS, patients show a
steady functional decline from the beginning of the disease. In the last type, PRMS, functional
decline and acute attacks are seen in patients  (Loma & Heyman, n.d.) . Treatment and
symptoms vary depending on the type of MS.
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The diagnosis of MS is made through a complex process of magnetic resonance imaging (MRI)
and clinical characteristics such as cognitive degeneration, abnormal sensations, muscle
spasticity, fatigue, loss of balance, and decreased mobility  (Paul et al., 2019) . Most of the time,
the diagnosis process takes time and it is not precise because MS symptoms are similar to
many autoimmune and neurodegenerative diseases. This situation delays treatment and
increases risks. Treatment options for MS are antibody-mediated therapy, symptomatic therapy,
and plasma exchange  (Malkani, 2022) . Although these therapies are effective, most of them
decrease body resistance toward foreign antigens and cause many side effects like liver toxicity.
They are also not suitable for every MS patient. For all of these reasons, it is significant to find
new approaches for early diagnosis and treatment. Future advancements are focused on finding
new biomarkers for early diagnosis and there are also ongoing gene therapies to propose new
treatment options. In this review, we will be focusing on these options.

Heritability of Multiple Sclerosis

1. Genetics of MS
MS is a partially heritable autoimmune disease that mostly affects young adults and women
 (Parnell & Booth, 2017; Patsopoulos, 2018) . It can be said that genetic variation may be
responsible for about half of MS susceptibility. It has been concluded that MS is not a Mendelian
disease because genetic sharing in the family does not show any linear relationship. However,
the probability of MS could be higher if both parents have MS  (Patsopoulos, 2018) . The reason
why MS is seen most commonly in women is still unknown. However, one study concluded that
there could be an X-chromosome variant in MS. More studies regarding X-chromosome variants
should be made to determine X-chromosome heritability in MS  (Patsopoulos, 2018) .

Studies have shown that the human leukocyte antigen (HLA) gene cluster on chromosome 6p21
has been most consistently identified as the strongest genetic locus for MS to study genome
linkages  (Parnell & Booth, 2017; Patsopoulos, 2018) . The HLA genes are in the highly
polymorphic major complex region (MHC) that has been associated with MS susceptibility for a
long time  (Ma et al., 2023; Patsopoulos, 2018; Umeton et al., 2022) . Many MS genetic studies
have demonstrated that MS is not a monogenic disease (dependent on a single gene); rather, it
is a polygenic disease (caused by more than one gene)  (Axisa & Hafler, 2016; Ma et al., 2023;
Parnell & Booth, 2017; Patsopoulos, 2018) . The theory of common disease-common variant
(CDCV) was proposed to identify the genetic model of MS. This theory states that common
diseases in a population are caused by several common gene variants  (Patsopoulos, 2018) .
This hypothesis has been applied to many advancements in MS genome studies, such as
genome-wide studies.
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2. Genome-Wide Studies And Variants
Genome-wide association studies (GWAS) allow researchers to identify genes associated with a
particular disease in a large population. The first GWAS-identified gene for MS was IL2RA, a
gene that codes for a receptor that plays a role in several immune-related pathways. So far,
GWAS studies identified 194 gene variants and 14 regions associated with MS  (Axisa & Hafler,
2016) . The largest genetic study in MS identified 233 genome-wide loci associated with MS
susceptibility. Two hundred of these were in autosomal non-MHC regions of the genome. In one
study, the GARFIELD algorithm was used to classify susceptibility genes according to their cell
types  (Patsopoulos, 2018) . GWAS signals were significantly enriched in microglia, not in others
(astrocytes, oligodendrocyte precursor cells, oligodendrocytes, or neurons) and the highest
levels of enrichment were observed in B cells. When these are taken into account, it could be
suggested that MS variants are mostly immune-related genes that alter the immune system
pathways, and variants could change the expression of nearby genes (they could inhibit, and
alter the splicing of exons)  (Patsopoulos, 2018) . Although these studies allowed researchers to
study thousands of genetic variants, they can also lead to false positive results due to large
samples. Identifying each variant within a region is difficult. For these reasons, many algorithms
were developed to increase the accuracy of the studies. The Immunochip was designed to solve
this problem  (Axisa & Hafler, 2016) . In addition,‘’ MS Chip’’ was designed to replicate recent
GWAS hits. This chip allowed for the identification of rare variants that have strong effects on
some individuals. For instance, in one study, a variant in the CYP27B1 gene led to a complete
gene function loss in one individual. Studies were unable to find this gene’s negative effect on
other individuals  (Patsopoulos, 2018) .

3. MS and Other Autoimmune Diseases
Several genes in autoimmune diseases are pleiotropic, meaning that they are associated with
more than one disease  (Ma et al., 2023; Patsopoulos, 2018) . MS is one of the pleiotropic
diseases. In parallel, many MS genome-wide variants were also found in other autoimmune
diseases. For instance, TAGAP is a gene that has been associated with MS susceptibility; this
gene’s effect was also found in type I diabetes and rheumatoid arthritis  (Patsopoulos, 2018) .
While it is not certainly known if autoimmune diseases have associations with
neurodegenerative diseases, some studies indeed found significant correlations with other
autoimmune and neuropsychiatric disorders.

4. Genetics And Environment
It is known that both environmental and genetic factors contribute to MS. Only nearly half of
disease susceptibility is considered genetic  (Axisa & Hafler, 2016; Ma et al., 2023; Parnell &
Booth, 2017; Patsopoulos, 2018) . The other factors and risks come from environmental factors.
Some of these include latitude of childhood, EBV infection, salt, smoking, and vitamin D  (Axisa
& Hafler, 2016; Patsopoulos, 2018; Umeton et al., 2022) . Researchers are trying to find
correlations between genetic variants and environmental factors. They suggest that genetic
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factors might function to mediate environmental risk. In one study, 110 MS risk genes were
enough to conclude that vitamin D regulation contributes to MS susceptibility  (Parnell & Booth,
2017) . More studies are needed to prove this suggestion.

Biomarkers
1. Definition
Biomarkers are identified as indicators of biological processes and are often used to evaluate or
monitor diseases  (Paul et al., 2019) . Therefore, biomarkers can be measured in body fluids like
urine and blood, or they could be the measurement of a parameter such as blood pressure or
brain activity. Biomarkers in MS are crucial as they can be helpful in early diagnosis. It is
essential to have biomarkers that are qualified well enough to detect or monitor the disease
progression. A good biomarker candidate should have at least two of these four qualities: easy
to measure with multiple tests, highly sensitive and specific, correlate to the disease biology or
pathogenesis (etc. inflammatory activity), and cost-effective  (Axisa & Hafler, 2016; Paul et al.,
2019; Ziemssen et al., 2019) .

2. Biomarkers currently in clinical use
Magnetic resonance imaging (MRI) is the most important clinical tool to diagnose, monitor, and
treat MS. The presence of white matter lesions indicates the progression of CIS to MS  (Axisa &
Hafler, 2016; Paul et al., 2019; Ziemssen et al., 2019) . However, white matter lesions vary
broadly from study to study. The presence of Gadolinium (Gd) lesions on MRI in MS is indicative
of active inflammation. But this also has a drawback: it didn’t show any positive correlation
between Gd-enhancing lesions and cognitive decline in RRMS. Studies indicated that gray
matter atrophy, rather than Gd and white matter lesions, could be a useful biomarker  (Axisa &
Hafler, 2016; Paul et al., 2019; Ziemssen et al., 2019) . The presence of oligoclonal bands (OCB)
is used as diagnosis criteria for MS. It has been known that OCBs occur in CFS (isoelectric
focusing) analysis in patients  (Axisa & Hafler, 2016; Ziemssen et al., 2019) . It can be seen in
nearly most patients with clinically definitive MS. For this reason, it is a useful biomarker.
Natalizumab is a drug that is given to patients in the treatment process of MS. It is known as a
successful drug, however, it can cause risks. Usage of Natalizumab causes MS patients to
become vulnerable to many immune system diseases like progressive multifocal
leukoencephalopathy (PML)  (Axisa & Hafler, 2016) . One indicator of PML progression is the
John Cunningham virus (JCV). JCV antibodies are useful biomarkers for stratifying the risk of
PML. However, it is important to conclude that while 50% of MS patients are JCV seropositive,
less than 1% will develop PML  (Axisa & Hafler, 2016; Paul et al., 2019; Ziemssen et al., 2019) .
This indicates that more specific biomarkers are needed for PML and MS.
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3. Potential Biomarkers
There are several promising candidates besides clinically used ones. In this review, we will be
focusing on YKL-40, CXCL13, Nfl, and miRNAs as potential biomarkers. YKL-40 is a glial
marker expressed and secreted by astrocytes that is increased in response to inflammation.
Levels of YKL-40 have been found to be higher in patients with MS and associates with active
lesions  (Axisa & Hafler, 2016; Paul et al., 2019; Ziemssen et al., 2019) . In one study, CIS
patients who converted to MS had significantly higher YKL-40, indicating a potential role for this
protein in disease progression. Elevated YKL-40 levels could be found in serum. So far, it has
been indicated as a promising candidate; however, it has a drawback. There hasn’t been shown
a clear association between MRI imaging and YKL-40 levels  (Axisa & Hafler, 2016; Paul et al.,
2019; Ziemssen et al., 2019) . CXCL13 is a protein-ligand secreted by the CXCL13 gene  (Pilz et
al., 2020) . It can be detected in blood and CSF  (Axisa & Hafler, 2016) . Also, CXCL13 levels
were high in CIS, RRMS, SPMS, and PPMS patients compared to healthy controls  (Axisa &
Hafler, 2016; Paul et al., 2019; Ziemssen et al., 2019) . For these reasons, it could be a potential
biomarker. However, it is important to conclude that it is not specific. High levels of CXCL13 can
also be an indicator of viral infections  (Pilz et al., 2020) . CNS neurofilaments (Nfl) are released
after axonal damage  (Axisa & Hafler, 2016; Ziemssen et al., 2019) . Many studies have
demonstrated that Nfl levels in CSF were increased in both RRMS and progressive MS. These
studies suggest that Nfl could be a potential biomarker and correlate with treatment response to
Fingolimod, natalizumab, and rituximab. However, Nfl studies didn’t show consistency with
active lesions seen in MRI  (Axisa & Hafler, 2016; Paul et al., 2019; Ziemssen et al., 2019) .
Another candidate is miRNAs. miRNAs play many roles in important biological processes.
Desultory miRNA expressions are associated with many diseases related to the immune
system. Specific miRNA types are seen in MS patients. The possibility of being detected in
human body fluids, such as saliva and serum also makes miRNAs potential biomarkers for MS
 (Paul et al., 2019; Ziemssen et al., 2019) .

CRISPR Cas-9
CRISPR-Cas9 (Clustered Regularly Interspaced Short Palindromic Repeats) is a mechanism
that prokaryotes use to defend themselves and eliminate foreign genetic material from cellular
invaders such as bacteriophages, a type of virus that infects bacteria  (Abdelnour et al., 2021;
Lee et al., 2022; Li et al., 2023; Malkani, 2022; Raikwar et al., 2019) . Although CRISPR-Cas9 is
not present in multicellular organisms, it was later discovered that this system could be used for
gene editing at targeted parts of multicellular organisms. After this discovery, it was found that
CRISPR-Cas9 has the potential to effectively alter clinical symptoms by changing the molecular
factors that result in the progression of a particular disease. Since then, the CRISPR-Cas9
system has allowed for a breakthrough method of cost-effective and targeted genome editing.
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By changing the nucleotide sequence of a small segment of guide RNA, CRISPR/Cas9 allows
specific targeting to correct disease-causing mutations or silence genes associated with a
disease  (Li et al., 2023) . This process is also called ‘’gene-editing.’’ CRISPR-Cas9 involves two
main structures: a DNA-cutting protein called Cas9 and a guide RNA  (Abdelnour et al., 2021; Li
et al., 2023; Malkani, 2022) A single guide RNA (sgRNA) guides Cas9 (a DNA-cutting protein)
to locate and bind to a specific sequence in the genome called PAM (protospacer-adjacent
motif)  (Li et al., 2023; Malkani, 2022) . Once PAM is bound, the guide RNA unwinds the double
helix. Cas9 cuts the DNA at a specific sequence, which causes the formation of breaks in both
strands of the target DNA. Because of the damage in the base sequence of the gene, the gene
becomes inactive. This triggers one of two repair mechanisms of DNA: homology-directed repair
(HDR) or non-homologous end-joining (NHEJ) (shown in Figure 1)  (Abdelnour et al., 2021; Fang
et al., 2021; Li et al., 2023; Malkani, 2022) . These repair mechanisms can lead to deletions and
insertions in the targeted area. Another option to correct this damage is to introduce an artificial
donor to the targeted area. This helps researchers to correct and change a specific sequence in
the DNA. Furthermore, the delivery of this system is significant in terms of efficiency.

Figure 1: Single guide RNA unwinds the DNA’s double helix. After that process, Cas9 locates a
specific section with the guidance of a single guide RNA and cuts that part. This cut results in
breaks in the DNA section. This triggers one of the two response mechanisms, NHEJ or HDR.
NHEJ inserts or deletes the DNA section, whereas HDR inserts a donor DNA in the break. In
terms of correction, HDR is more likely to correct the break than the NHEJ   (Abdelnour et al.,
2021) .
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CRISPR-Cas9 requires the delivery of two macromolecules, gRNA, and Cas9, into the targeted
cells.  (Abdelnour et al., 2021; Li et al., 2023) The delivery process of CRISPR-cas9 includes
three main stages to be effective: the carrier must remain stable without any degradation, the
carrier must go to the target tissue or cell, and the CRISPR system should escape lysosome
inside the cell to implement genome editing  (Li et al., 2023) . There are two different ways to
deliver gene editing tools: non-viral and viral methods  (Abdelnour et al., 2021; Li et al., 2023) .

Non-Viral Methods
Electroporation is one of the non-viral methods. In this method, high-voltage electrical pulses
are used to create temporary pores in the outer cell membrane. This helps molecules like gene
editing tools to get inside almost any kind of cell. This method is highly effective, target-specific,
and unlimited in size  (Li et al., 2023) . However, it can cause cell death; for this reason, it may
cause some challenges. The other two non-viral methods are liposomes and liposome-based
nanoparticles (LNPs)  (Abdelnour et al., 2021; Li et al., 2023) . Liposomes are frequently used to
deliver drugs and LNPs are a promising candidate to deliver CRISPR-Cas9. LNPs are mainly
composed of lipids, which help them to enter suitable cells. Even though it is useful, LNPs can
only be used to deliver drugs for organ targets that have high lipid enrichment such as liver and
brain. For this reason, it can be used to deliver gene-editing tools to the brain. In addition to
these non-viral methods, polymeric nanoparticles, biomimetic nanomaterials, and exosomes
have also been found effective for the delivery of CRISPR in some studies  (Li et al., 2023) 

Viral Methods
Viral methods are widely used to deliver gene-editing tools because they have evolved to be
target-efficient. Viruses can enter cells and introduce their genetic material. The most commonly
used viral vectors are adeno-associated vectors (AAV), lentiviruses, and baculovirus  (Abdelnour
et al., 2021; Li et al., 2023) . AVV is one of the most common viral techniques used for delivering.
It can easily infect cells and it has very low immunogenicity, which is less likely to trigger an
inflammatory response. Although it is useful, it has a limited carrying capacity (around 4.4 to
4.8). Compared to other gene drugs, CRISPR-Cas9 is very large. Therefore, it exceeds AVV
maximum carrying capacity  (Li et al., 2023) On the contrary, lentiviruses have nearly 10kb
loading capacity. This capacity is enough to load CRISPR; however, lentiviruses can trigger
immune responses. Baculovirus is also one of the viral methods to deliver gene modification
tools. It has been used to deliver CRISPR-Cas9 due to its nonpathogenic and extra load
capacity (around 38kb)  (Abdelnour et al., 2021; Li et al., 2023) 

Other Therapy Approaches And Gene Therapies
The cause of MS is still unknown; however, research shows that the immune system responds
to antigens in the myelin sheath, which damages neurons as a result. Active suppression of
regulatory T cells plays a role in autoimmune responses  (Axisa & Hafler, 2016; Ma et al., 2023;

7



Patsopoulos, 2018; Umeton et al., 2022) . Lack of Treg function in MS patients is one of the
characteristics of MS that may lead to impaired immune regulation. Genetic studies made with
MS patients also supported that several genes for cytokine receptors are associated with Treg
pathways  (Axisa & Hafler, 2016; Ma et al., 2023; Patsopoulos, 2018; Umeton et al., 2022) . It is
demonstrated that early therapeutic interventions delay long-term disease progression. For this
reason, many therapies for MS are focusing on regulatory Treg cell pathways to reduce neural
damage by preventing these cells from triggering an autoimmune response to self-antigens.
One such therapy is antibody-mediated. Antibody-mediated therapies use antibodies to
specifically target T-cells. The most used ones are Fingolimod, Natalizumab, and Ocrelizumab
 (Axisa & Hafler, 2016) . Fingolimod seizes lymphocytes in lymph nodes to prevent autoimmune
responses. Usage of Fingolimod can lower relapses and reduce MRI-visible activity. The
drawback of Fingolimod is that it can cause immune responses  (Axisa & Hafler, 2016) . Another
antibody therapy is Natalizumab, which is a monoclonal antibody that targets the a4 integrin.
This blockage affects T cells and reduces relapses seen in MS patients. However, it decreases
body resistance and causes toxicity in the liver. Both Fingolimod and Natalizumab are not
effective in PPMS treatments  (Axisa & Hafler, 2016) . On the contrary, Ocrelizumab can be used
in PPMS treatments and it is the first approved drug for PPMS  (Lamb, 2022) . It delays MRI
progression and reduces relapses by targeting CD20 surface antigen to reduce the function of
CD20+ cells. It is also the first anti-CD20 mAb (monoclonal antibodies) to receive approval
 (Lamb, 2022) . There are ongoing immunotherapy treatment combinations with Ocrelizumab.
Antibody-mediated therapies can have various side effects. For this reason, it is essential to
design the best therapeutic approaches to address the target cells.

Besides immunotherapies, gene therapies are becoming part of treatments as well.
Studies show that a combination of these two therapies proposes new advances for MS and
even for other autoimmune diseases  (Axisa & Hafler, 2016; Hosseini et al., 2017; Keeler et al.,
2018; Loma & Heyman, n.d.; Malkani, 2022; Marin-Bañasco et al., 2017; Parnell & Booth, 2017;
Raikwar et al., 2019) . In a few comprehensive genetic research studies, Th17, FOXP3
regulatory T cells, B cells, and macrophages were found to be involved in MS pathogenesis
 (Axisa & Hafler, 2016) . Abnormalities in suppressive functions were seen in CD4+, CD25+, and
FOXP3 Tregs  (Axisa & Hafler, 2016; Berge et al., 2016; Hosseini et al., 2017; Keeler et al.,
2018; Loma & Heyman, n.d.; Ma et al., 2023; Malkani, 2022; Parnell & Booth, 2017; Paul et al.,
2019; Ziemssen et al., 2019) . Studies have shown that CD4+ AND CD25+ Tregs could be used
to prevent or reduce neurological symptoms of the disease. Moreover, studies with type 1
diabetes showed that transfer of CD4+ and CD25+ could be an effective treatment approach to
treat autoimmune diseases  (Keeler et al., 2018) . In one study, this transfer technique was used
as a hepatic gene transfer technique to treat mice with an EAE model  (Keeler et al., 2018) . In
that study, liver cells were used as a target because of their antigen expression. They
transferred a DNA coding sequence for a neuroprotein called myelin oligodendrocyte
glycoprotein (MOG) in hepatocytes to see the effectiveness of the gene therapy. The vector
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transfer resulted in an induction in FOXP3+ Tregs  (Keeler et al., 2018) . As a result, in mice with
less neurological damage, the vector alone was enough to prevent and reverse the disease
 (Keeler et al., 2018) . Combination with immunotherapy saved mice with an end-stage EAE
disease and restored paralysis. Also, long-term effectiveness was seen in the models. This
study showed how gene therapy could be effective in preventing and reversing MS development
 (Keeler et al., 2018) . Further studies are needed to test the effectiveness of vector transfer
therapies in more EAE models.

Proposed Targets for Gene Therapy
It has been demonstrated that antigen (Ag)-specific regulatory T cells (Tregs) have a significant
role in modulating autoimmune CNS disease and, when used therapeutically, can be highly
effective at treating MS  (Hosseini et al., 2017; Keeler et al., 2018; Lévy et al., 2015; Mansilla et
al., 2021; Marin-Bañasco et al., 2017) . Like immunotherapies, gene therapies also aim to target
these regulatory T-cells. The first proposal we state is using dead Cas9 accompanied by a
specific guide RNA for GSTA4 to activate transcription and overexpression of GSTA4  (Carlström
et al., 2020; Malkani, 2022) . GSTA4 is a gene that secretes the GSTA4 enzyme  (Carlström et
al., 2020) . It is a primary factor in oligodendrocyte (the cells responsible for myelination)
apoptosis in differentiation. It promotes remyelination by increasing precursor cells that develop
into mature, myelinating oligodendrocytes (Carlström et al., 2020) . Previous studies showed that
overexpression of GSTA4 prevents the apoptosis of oligodendrocytes  (Carlström et al., 2020) .
This shows that increased oligodendrocyte differentiation could reverse the damage of MS.
However, the delivery of gene-editing tools is the most challenging part because the brain is
regarded as the most difficult organ for delivery due to its highly selective blood-brain barrier.
This can be overcome by using AAV9 vectors  (Malkani, 2022) .

The second proposal, T regulatory cell gene-editing, aims to conduct a homology-directed repair
on the receptors of Tregs to identify MOG and protect them from effector T cells, such as CD4+
and CD25+  (Marin-Bañasco et al., 2017) , that recognize proteins as non-self antigens  (Keeler et
al., 2018; Malkani, 2022) . This can be done by introducing a replacement sequence/HDR
template that recognizes the receptor for MOG, using CRISPR-Cas9 gene-editing technology
 (Malkani, 2022) .

Finally, we propose that anti-inflammatory cytokines could be used as CRISPR-Cas9 targets to
treat MS. Inhibition of pro-inflammatory cytokines and overexpression of anti-inflammatory
cytokines can be an effective approach  (Hosseini et al., 2017) . Many gene therapy studies
demonstrated that IL-4 and LIF are involved in autoimmune responses  (Hosseini et al., 2017) .
IL-4 is an anti-inflammatory cytokine that plays a role in CD4+ differentiation, which affects
disease progression. Studies in animal models showed injection of recombinant AVV and
plasmids coding IL-4 is effective in treating autoimmune diseases  (Hosseini et al., 2017) . LIF is
a proinflammatory cytokine that inhibits TH17 differentiation (it was shown that TH17 is an
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effective T cell subset to target) which enhances myelination by oligodendrocytes  (Hosseini et
al., 2017) . These results showed that gene therapy using anti-inflammatory cytokines can be a
promising approach against MS.

Additional CRISPR-Cas9 Targets
Many promising candidates could be used as a target in upcoming CRISPR-Cas9 treatments.
Four studies concluded that the IR7R gene, the RNA helicase DEAD box polypeptide 39B, the
IL2RA gene, and the TNFRSF1A gene could be appropriate gene therapy candidates to treat
MS with CRISPR-Cas9  (Lee et al., 2022) . These targets could be used in future gene therapy
studies.

Conclusions
After its discovery, CRISPR Cas-9 became a great success and part of modern medicine
techniques due to its ability to change a genome in a particular DNA section. This gave humans
the ability to change and control their heritage material. Despite its success, CRISPR-Cas9 has
also raised many ethical and safety issues, including whether treating individuals with it can
have later impacts on future offspring. In addition, there are many aspects of the treatment to
consider, such as its validity, applicability, biocompatibility, and off-target effects. However, future
research is trying to design more efficient CRISPR-Cas9 gene-editing systems to propose new
treatment options. Moreover, it is a promising candidate for treatment options for severe
neurodegenerative diseases such as MS. Recent studies have shown that MS is a partially
genetic disease, with more than 194 risk gene variants. These results allow researchers to focus
on the genetics of the disease and specifically target the most causative genes with
CRISPR-CAS9 to reduce the neurological damage caused by MS. In the future, we will be
seeing CRISPR-Cas9 in therapeutic approaches to treat neurodegenerative and autoimmune
diseases.
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