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1. Introduction 

Neurodegenerative diseases, such as Alzheimer, Parkinson and Huntington’s diseases and 

other neurological diseases are linked to impaired central and/or peripheral nervous systems. 

In 2015 these disorders were listed as the main cause group of disability-adjusted life-years and 

considered to be second largest cause of death group across the population (1,2). Individuals 

older in age suffer mainly from neurodegenerative diseases due to attenuated activation of self- 

healing and detoxification as there is accumulation of atypical proteins or peptides such as β- 

amyloid peptides and phosphorylated tau proteins in Alzheimer’s disease (AD), α-synuclein 

in Parkinson’s disease (PD), and mutant huntingtin in Huntington’s diseases (HD) (3). In 

neurodegenerative diseases, the application of mechanism-oriented approaches was found 

difficult to define the rational drug targets as and it successfully resist the development of 

effective treatments (1,5). Complexity of the nervous system make neurological disorders 

difficult to be diagnosed at early stages, thus it’s difficult to treat them with conventional 

pharmacology approach (4). Neuro recovery treatment has recently attempted to restore 

dysfunction and damaged structures of neurological disorders (5,6). 

Abstract: The gene targeting methods like CRISPR-Cas9, is one of the most powerful technologies 

for correcting inconsistent genetic signatures and is widely used against various types of diseases 

these days. CRISPR-Cas9 based strategies have the potential to treat complex diseases as it is 

relatively straightforward, inexpensive, and precise system. This review article summarizes the 

applications of CRISPR-Cas9 genetic engineering in neurodegenerative disease models, 

providing therapeutic gene editing perspectives for neurological diseases. Here, understanding of 

CRISPR-Cas9 mediated genome editing in neurological diseases such as Alzheimer, Parkinson  

and Huntington’s disease have been focused by targeting specific genes involved and its potential 

as the most promising and emerging technologies taking into account with the low off-target effects 

of CRISPR-Cas9 and its highest editing efficiency. 
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2. Applications of CRISPR‐Cas9 for Neurological Disorder Therapy 

Recently, the development of site-specific gene-editing technologies such as CRISPR (Clustered 

Regularly Interspaced Short Palindromic Repeats)-Cas9 (CRISPR associated Systems 9) has been 

used to develop effective treatments for neurodegenerative diseases with known causative mutations. 

The preclinical or clinical use of CRISPR-Cas9 for the treatment of diseases can offer several 

advantages over the RNA reduction approach such as potentially high off-target activity and the need for 

treatments repeated, that may increase the risk of complications in individuals, which are affected 

by chronic progressive neurodegenerative diseases (7,8). 

The first application of CRISPR technology in neurodegenerative disorders was reported in prion 

disease. The PrP gene (PrP) was deleted to eliminate expression in N2a neuroblastoma cells, C2C12 

myoblasts and NMuMG epithelial cells (13). The CRISPR-Cas9 approach to neurodegenerative 

diseases can be broadly classified in three steps, first correction of mutations causing disease, second 

inactivation of gain-of-function mutations, and third transcription modulation (3). Furthermore, the, 

demonstration of the feasibility of genome editing in post-mitotic neurons and the mammalian brain 

supports the potential of CRISPR-Cas9 strategies as a therapeutic pathway for neurodegenerative 

disorders (9,10). CRISPR-Cas9 can be applied to neurodegenerative diseases caused by loss-of- 

function mutations, this proves to be advantageous over RNA-lowering methods, which is 

therapeutically beneficial for gain-of-function mutations. Other gene editing technologies like 

TALENs (transcription activator-like effector nucleases) and ZFNs (zinc-finger nucleases) are 

expensive, have off-target effects, and are significantly more cytotoxic. In their comparison, CRISPR- 

based technology provides more efficient, accurate and affordable gene editing in almost any cell type and 

organism (14,26,27). In neuropathy CRISPR-Cas9 technology is used for treatment by repairing or 

knocking out mutated genes and modifying genes related to it. Unlike other gene editing techniques, 

the site specificity of CRISPR-Cas9 is mediated by the interaction between guide RNA (gRNA) and 

target DNA. Therefore, CRISPR-Cas9 does not require protein technology and this approach is 

very feasible and cost-effective (11-12). 

3. Alzheimer’s Disease 

Alzheimer's disease is a pathologically progressive disease characterized by massive neurological 

loss, intracellular neurofibrillary tangles, and extracellular amyloid plaques in the brain. It is 

recognized as the leading cause of death in the elderly (16). Although there are several genetic 

mutations have been associated to onset of AD. Mutations in three genes which are amyloid precursor 

protein (APP) on chromosome 21, presenilin 1 (PSEN1) on chromosome 14, and presenilin 2 

(PSEN2) on chromosome 1 cause early-onset of AD in humans while mutations in apolipoprotein-E 

(ApoE) is linked with the late onset of Alzheimer’s disease (14-17). 

Chronic neuroinflammation is known to play an important role in the development of AD (20). The 

proinflammatory molecule glia maturation factor (GMF) is majorly expressed in the activated glial cells 

surrounding the amyloid plaques in the brains of patients with AD (21). Microglia are considered as 

the leading cause of neuroinflammation and the major source of GMF. Raikwar et al. used CRISPR- 

Cas9 to edit Gmf in a BV2 microglial cell line (22). The Accumulation of oligomeric Aβ1–42 and 

other Aβ protein, which is very important for the pathogenesis of Alzheimer's disease (23). Abnormal 

cleavage of APP protein by the β-secretase-1 enzyme (coded by BACE1 gene) is essential the 

production of the amyloid-β (Aβ) peptide plaque, which are characteristic features of AD (16). For 

the synthesis of Aβ peptides, Beta-secretase 1(Bace1) is required (24). 

The study conducted by Park et al. indicated that nanocomplex-mediated CRISPR-Cas9 can 

effectively target genes in neurons and can be applied to treat mouse models of AD (25). In AD, 

knock-in (KI) mouse samples, when the BACE1 gene was targeted through a nanoparticle-coated Cas9- 

sgRNA complex, a significant reduction in amyloid plaque accumulation and decreased amyloid 

secretion in neurons was observed. Multiple deliveries of nanoparticles to the hippocampus have been 

shown to be more effective in repressing theBACE1 gene (17). Mutations in APP and PSEN1 cause 
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severe lysosomal dysfunction and autophagy in human iPSC-derived neurons. Deletion of APP in 

PSEN1 Y115C neurons reduced LAMP1 protein and increased lysosomal axonal transport compared 

to PSEN1 Y115C isogenic neurons (17). Another research study demonstrated that the correction of 

PSEN2 point mutations in cholinergic neurons of the forebrain via CRISPR-Cas9 eliminated the 

electrophysiological deficit, restoring the maximum number of spikes and spike height compared to 

the levels observed in controls. In addition, increased Aβ42 / 40 was normalized too after the 

correction of the PSEN2N141I mutation by CRISPR-Cas9 (18). KIBRA polymorphism (protein 

expressed by the kidneys and brain) has been linked to cognitive inability in AD (19). Song et al. 

recently developed a CRISPR-based KIBRA-KO mouse to study its role in AD. High neuronal loss in 

KIBRA-KO mice in the hippocampus from apoptosis was found, while overexpression of KIBRA in 

neuronal cell lines significantly promoted its proliferation and inhibited Aβ-induced apoptosis. It 

indicated that KIBRA functions as a neuroprotective gene that promotes cell survival and inhibits Aβ- 

induced apoptosis, proving its potential as a therapeutic target for the treatment of Alzheimer's disease 

(19). 

4. Parkinson’s Disease 

Parkinson disease is known as one of the most frequent neurovegetative disorder, second only to 

Alzheimer’s disease (28) and characterized by affected body movements (29). The cases of PD have 

been found to be approximately 2% among people over 50 years of age and 4% among the population 

older than age 85 (30). PD occurs beyond the gender and ethnicity around the globe (31,32). 

Parkinson neurodegenerative illness affects around 10 million people globally (33). PD illness 

characterized by motor and non-motor conditions (34) with typical motor characteristics related to 

misfolded proteins known as Lewy bodies and their chief component SCNA gene which encodes α- 

synuclein is the usual pathology of PD (3) and the loss of dopaminergic neurons in the substantia nigra 

(35). It leads to motor symptoms such as rest tremors, bradykinesia, rigidity and postural instability (36) 

Mutation in α-synuclein (SCNA), Parkin RBR E3 Ubiquitin Protein Ligase (PARK2), PTEN-induced 

putative kinase 1 (PINK1), DJ-1 (PARK7), and leucine-rich repeat kinase 2 (LRRK2) (37,38) has been 

established as main cause of PD (39). 

On the basis of probable function of above identified genes involved in the pathogenesis of PD may 

be a candidate of choices for therapeutic intervention (40,41). Based on the cellular processes 

implicated in PD, multiple treatment options have been investigated (42). The CRISPR-Cas9 

framework considers prompt and precise genome altering in almost any living species — is by all 

accounts a promising methodology in PD and it appears to be a viable strategy in PD as well (43,44). 

The CRISPR related research in PD disease may lead to significant changes in how PD and other 

neurological disorders are treated. CRISPR-Cas9 technology opens the door to PD treatment and aids 

the genomic examination of PD pathogenesis by utilizing the promising potentials such as gene 

knocking out/in, gene editing, transcriptional activation/repression, and epigenetic modification (38). 

Linkage between mutation in α-synuclein (SCNA) and neuronal degermation or loss of dopaminergic 

neurons in the substantia nigra (SN) region have found in the severity of PD (36). Based on that 

CRISPRi was used to reduce the expression of SNCA gene in neuronal and other cell lines and noted 

decrease in expression up to 60% of the same (45). SNCA intron 1 methylation regulates SNCA 

transcription, and the brains of patients with Parkinson's disease exhibit different levels of methylation 

than healthy population (46). Kantor et al. [47] attempted to modulate the methylation (epigenetic) tags 

located in the intron1 of the SNCA gene that control its expression using (47) Cas9 (dCas9)-coupled 

catalytic domain is deactivated by CRISPR (DNMT3A). (36) Results showed that SNCA intron 1 

methylation mediated downregulation of SNCA mRNA and protein levels (46). The observed 

reductions in SNCA mRNA and protein levels and other parameters such as mitochondrial ROS and 

improved cell viability (20). 
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PINK1 deficiency in PD interferes with mitochondrial autophagy and increase oxidative stress due to 

the dysfunctional mitochondria accumulation that release reactive oxygen species (47). By regulating 

mitochondrial calcium uptake, the mitochondrial calcium uniporter (MCU) protein participates in 

mitochondrial dysfunction and cell death caused by excitotoxicity, inflammation, and oxidative stress 

and   may   play   an   important   role   in   neurodegenerative   diseases (48).   Lee   et al   (49) and 

Soman et al (50)   used   zebrafish    as a    model    to    study    PD    using    the CRISPR- Cas9 

system, using mcu and pink 1 double knock-out [(pink1;mcu)-/-]. The large number of dopaminergic 

neurons restored the higher performance of the mitochondrial membrane. 

The enzyme Tyrosine hydroxylase (TH) enzyme acts as a rate limiting step during dopamine 

biosynthesis and has been shown to be a reliable marker for dopaminergic neurons (51). Qing et al. 

(2017) studied most common mutation is p.G2019S and authors studied CRISPR-Cas9 system gene 

editing to this mutant in patient-derived human iPSC (hiPSCs). Their observation showed a significant 

decrease in the proportion of tyrosine hydroxylase (TH) positive neurons in LRRK2-G2019S 

dopaminergic neurons (52). Gene editing such as CRISPR technique allows to uncover the molecular 

basis of PD and discovery of new therapeutic targets, and development of new genetic therapies. 

Increasing and decreasing gene expression or selectively editing key genes modified in PD, such as 

PRKN, GDNF, PINK1, and AADC (L-amino acid aromatic decarboxylase), can be used to correct 

molecular pathway defects in PD (41). Genetic engineering remains a viable approach to restoring 

the activity of important disrupted biological pathways that can contribute to Parkinson's disease 

(36). 

5. Huntington’s disease 

Huntington’s disease (HD) is an inherited autosomal neurodegenerative disease with clinical 

manifestations such as motor, cognitive (53), undesirable choreatic actions, behavioral and psychiatric 

characteristics, and dementia with a disease rate of about 10 per 100,000 in the Caucasian population 

(54,55). HD mainly caused by the expansion of unstable cytosine-adenine-guanine (CAG) nucleotide 

repeats in the exon1 of the huntingtin (HTT) gene which produces an abnormal HTT protein (56). 

HTT protein become no longer remain a normal version of protein because of its length, which 

becomes more than normal HTT protein due the addition of several repeats of CAG segments (>36 

repeats) to its gene, which encode polyglutamine (polyQ) in the N-terminal region of the huntingtin 

(HTT) gene, are the genetic reason of HD (57,58). 

Gene therapy is known as one of the best approaches to treat HD disease is under study through 

targeting DNA transcription to reduce the level of abnormal HTT protein or to decrease RNA 

translation using non-coding RNAs (61). One potential strategy to treat HD could be to use one of the 

gene therapy methods, CRISPR-Cas9 is therefore hypothesized to ameliorate associated disease 

pathogenesis by reducing the size of disease-causing expended repeats and selectively suppress the 

mHTT (60,61). A CRISPR-Cas9 system has used to delete CAG repeats to silence HTT gene 

expression (62,64). Rationale of CRISPR-Cas9 approach comes when it was effectively applied to 

supress the HTT gene (63,65) in mouse model and improved motor and neuropathological 

abnormalities in a HD mouse model (66). One of the latest findings indicated that the 5' untranslated 

region (UTR) is important in regulating HTT protein synthesis. CRISPR-Cas9-mediated disruption of 

uORF in 5'UTR of mRNA may lead to reduced product translation of mutant huntingtin gene 

mutations in mesenchymal stem cells (MSCs) derived from HD mouse models (3). Author have shown 

that this Cas9 nickase strategy can be used to accurately excise CAG repeats from the HTT gene. This 

abolished huntingtin synthesis in fibroblasts from HD patients (67). 

Furthermore, a CRISPR-Cas9 used in HD140 Knock-in mice showed improved motor function and 

no impact on the lifespan of the mice (68). Interestingly, another study used the same method and 

showed improved motor function and   increased lifespan of   R6   mice   (69,70)   The finding 

suggests that a CRISPR-Cas9 system will also be useful for such type of correction in humans. 
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6. Conclusion 

With the advancement in gene targeting methods, it is being increasingly recognized that the disease- 

causing gene itself is the best therapeutic target even without the need to have a full understanding of 

its biological functions. Considering this, the genetic scissor CRISPR-Cas9 offers the promise of 

permanently silencing or correcting the disease-causing mutations, potentially overcoming key 

limitations of RNA targeting methods. Compared to other gene editing technologies, it has the 

advantages of short cycle, low cytotoxicity, lower cost and easy delivery, etc. Therefore, all these 

characteristics make the CRISPR-Cas9 system equipped with a broader application prospect in the 

clinical therapy of neurodegenerative disorders like Alzheimer, Huntington and Parkinson Diseases. 

CRISPR-Cas9 having highest targeting efficiency than other gene editing approaches can target almost 

any gene depending on its sequence. It has significant potential to correct the undesired associated 

genetic mutations. This technology has allowed the development of empirical neurodegenerative 

disease models, therapeutic lines, and diagnostic approaches for better understanding the nervous 

system, from in vitro to in vivo models. This method could be helpful in developing better             

understanding of neurological disorders and give insights for future treatments for neurological 

disorders. 
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