
Doi: 10.32481/djph.2021.12.004 

Recent Scientific Breakthroughs Applying CRISPR Gene Editing in 
Neurological Disorders 
Mitra Assadi-Khansari, MD, FAAN and London Pamela McGill, MS 
Over the past three decades, technological advances have revolutionized the diagnosis and 
management of neurological disorders. No longer mystifying or ambiguous, even the most 
uncommon afflictions of the nervous system are now easily defined by molecular markers. The 
opportunity to recognize incurable disorders often puts neurologists in the juxtaposition of 
having to deliver bad news without any remedies. 
Genome editing technology offers a great opportunity for treating numerous fatal neurological 
ailments caused by genetic etiologies. The journey in gene editing begins with recognizing the 
faulty gene causing the disorder, followed by disrupting the gene sequence using a very precise 
tool called CRISPR/Cas (Clustered Regularly Interspaced Short Palindromic Sequences / 
CRISPR-associated). Cas comprises a family of nucleases synthetized by bacteria as part of their 
adaptive immunity against viruses, of which Cas9 (CRISPR-associated protein 9) is the most 
commonly utilized version for gene editing (see Figure 1).1,2 
Figure 1: CRISPR Associated Nucleases (Cas) Briefly Explained 

The CRISPR/Cas system works by using short RNA sequences known as guide RNA’s 
(gRNA’s) to recognize the affected allele(s). This 20-nucleotide sequence follows a PAM 
(Protospacer Adjacent Motif) sequence which helps to ensure site specific binding and cleavage. 
If the target PAM site has been disrupted or if the gRNA sequence has more than six nucleotide 
mismatches with the target site, the gRNA will not bind and the CRISPR cannot perform the 
cleavage at that site.2,3 The gRNA acts as a guide for the Cas protein, directing it to the target 
site, where it then cleaves the DNA creating a double stranded break three base-pairs upstream 
from the PAM site. Once the break is created one of two repair mechanisms can be utilized.4 
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The “knock out” model utilizes the two double stranded breaks which are created upstream from 
one another and the DNA is left to repair itself by recombining the blunt ends of DNA. This 
method is often used to remove codons and shift the open reading frame (ORF) out of frame 
resulting in a “knockout” of the gene of interest. 
The second method, the “knock in” model, uses a single gRNA to open the DNA at the point of 
interest and a repair template matching the DNA sequence, giving the DNA a blueprint to copy 
during repair. Figure 2 depicts the process of the CRISPR/Cas complex as it creates a double 
stranded break promoting either NHEJ or HDR to either create a desired indel (knockout) or 
create a precise correction such as a knock in or point mutation repair.4 The knock in model 
introduces new genetic material to correct the point mutations or frameshift mutations. 
Figure 2: CRISPR Induced Cell Repair 

 
CRISPR technology can be implemented both in-vitro and in-vivo. Figure 3 highlights the steps 
needed to complete in vitro gene editing for in vivo use. Mesenchymal stem cells are harvested 
from adipose tissue, they then undergo gene editing and are expanded in vitro until there are a 
suitable number of cells to be injected back into the human or mouse model.1 The in-vitro model 
involves harvesting and editing cells, expanding them in a cell culture and delivering them back 
to the subject. Stem cell interventions exemplify a major application for CRISPR technology. 
For instance, for treating ALS or repairing spinal cord injuries, mesenchymal stem cells may be 
harvested from the adipose tissue, edited, and then delivered intrathecally. Autologous stem cell 
interventions are used for treating numerous otherwise untreatable neurological conditions such 
as leukodystrophies.1,5 
Figure 3: Stem Cell Interventions in Neurological Disease 
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The in-vivo model involves delivering the gRNA and Cas9 by means of a vector directly into the 
subject's body to correct the genetic abnormality. Without a vector, these particles are 
sequestered by the immune cells prior to reaching the target cells. Viral vectors, given their 
innate ability to infect cells, are particularly useful for this purpose. To this end, a variety of viral 
vectors lacking pathogenicity have been designed. The choice of viral vector often relies on 
natural tropism towards specific tissues to optimize delivery of the gene editing complex. As an 
example, among more than 100 species of adeno associated virus, AAV9 is popular for gene 
editing in the brain given its ability to cross the blood brain barrier.1,5,6 
Other examples of vectors include liposomes or synthetic nanoparticles. These vectors are driven 
to the cell membranes due to their lipid solubility and as such, enhance the delivery of the gene 
editing complex.6 
Neurodegenerative disorders comprise numerous devastating and often fatal conditions which 
are a major source of social and economic burden. Figure 4 highlights five common neurological 
disorders, the genetic cause, and how the disease can be corrected using CRISPR/Cas based 
therapeutics.5–7 CRISPR-Cas9 has been used to create cell and animal models of the diseases, as 
well as to target the genes to mitigate the abnormality. The scientific community is intrigued by 
the progress being made in applying gene editing in a variety of neurodegenerative disorders. 
These strides begin by correcting the molecular abnormality at the cellular level using CRISPR-
Cas9 before applying the intervention to animal models.5,8 The recent application of gene editing 
in six human subjects with amyloidosis caused by transthyretin mutation demonstrated its safety 
and efficacy in decreasing the abnormal protein level.7 
Figure 4: Applications of Gene Editing in Degenerative Disorders 
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The major challenges in gene editing include limited efficiency and precision. While scientists 
hope to target at least 50% of the mutated alleles to rectify the effects of the faulty gene, even in 
the best cases, the CRISPR-Cas complex edits less than 10% of the alleles. Moreover, due to 
partial matches between the gRNA and other parts of the genome, off target effects occur 
frequently. The PAM mechanism helps to ensure that off-target activity does not occur when 
making corrections to mutant alleles. The gene editing field continues to work on correcting off 
target effects as well as further studying the CRISPR/Cas system to make it a more predictable 
system for therapeutic use. 
It is important to note that other viral vectors are available with the larger packaging capacity 
needed to carry the CRISPR/Cas system in-vivo. Many of these other vectors such as lentivirus, 
retrovirus, and even some species of AAV come with the risks however, such as random 
incorporation into the host genome at unintended sites which can lead to dysregulation of nearby 
genes, chromosomal rearrangement, or even genotoxicity in some tissue types, as well as 
unstudied effects on brain homeostasis.9,10 Although unintended incorporation of certain AAV 
vectors is not commonly seen in neurological tissue and disease studies it is still something that 
should be monitored as new vectors are developed and introduced into the field. 
In summary, gene editing is a powerful and promising tool which will revolutionize the 
treatment of neurogenetic disorders, and given the rapid advances made over the past few years, 
is expected to come to fruition during our professional lifetime. We aim to educate the providers 
in our community regarding the existing alternatives and the ongoing research in this field. 
These authors can be contacted at london.mcgill@christianacare.org  
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