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Background

Gene therapy is an essential strategy to treat disorders such as Huntington’s disease using gene editing. Gene editing is a technique for DNA insertion/deletion with the help of specific nucleases. Recently, one such powerful tool used in gene editing Clustered regularly interspaced short palindromic repeat abbreviated as CRISPR are regular interspaced palindromic repeat (short) and CRISPR-associated protein abbreviated as Cas-9, an enzyme with RNA-guided DNA endonuclease which was initially found to be associated with adaptive immunity of Streptococcus pyogenes and recently used as a tool for gene editing which introduces DNA double strand breaks. This tool is accelerating biological research by using targeted genetic manipulation in any organism or the type of the cell. CRISPR-CAS9 is an emerging system in the field of neuroscience by providing feasible and economic gene editing in vitro.

Various review articles (Heidenreich & Zhang, 2015; Im, Moon & Kim, 2016; Lau & Suh, 2017) states that CRISPR-Cas9 can be a useful tool in new model system development for the study of neurological disorders and has open doors to the new advancements of translational research on Huntington’s disease. Huntington’s disease is a neurological genetic disorder which is characterized by neuron loss in striatum. The cause of HD is due to a mutation in the Huntingtin gene (HTT). The HTT gene codes for HTT protein. Kolli, Lu, Maiti, Rossignol & Dunbar (2017) suggests in their study that any disruption in uORF using the CRISPR-Cas9 have an influential negative effect on the mHTT translation. They have also witnessed a slight the effect of CRISPR on exon1-intron boundary, whose disruption has a direct impact on mHTT translation. 
Generation of isogenic cell lines of Huntington’s disease which bears different CAG repeats or correction in disease-causing mutation gene (mHTT) can be achieved using gene-editing tools. Isogenic cell lines are ideal cell lines for the novel study of different mechanisms and compound screening of the diseased cells. Various multiple analysis and specific screening of mHTT gene function can be performed easily using CRISPR-Cas9 gene editing tool. Contrary to that, the corrected cells of HTT are proven to be an important source for cell therapy (autologous) and the gene therapy of Huntington's disease using specific mutant-allele gene (Malankhanova, Malakhova, Medvedev &Zakian, 2017). A similar study by Monteys, Ebanks, Keiser & Davidson (2016) shows that the mutant Huntingtin (mHTT) gene has a ubiquitous expression resulting in robusting and early degeneration in the brain. Their study describes the mitigation of expression of mHTT allele with the help of designed sgRNA sequences that have the capacity of binding and recruitment of Cas9 protein to SNP present within the PAM sequences with a flanking HTT-exon1 region. The results revealed a targeted specific deletion of mHTT allele in vitro. 

It has been reported in various literatures that mHTT gene consisted of an extended polyglutamine stretch which results in protein misfolding and aggregate formation affecting both the molecular and cellular neuron processes. An introduction of correct CAG repeats is thought to be a achieved with the help of nucleases which are modified for targeted gene editing. The introduction of CAG repeats can be made in normal cells or in cells derived from the patients with mHTT. The discovery and rapid use of modified nucleases for the purpose of desirable gene manipulation or for the designing of gRNA and construction of appropriate vector at a very low cost is made possible by CRISPR/Cas9 tool. (Pandey, Tripathi, Bhushan, Ali & Dubey, 2017). 

Shin & Lee (2017) focused on the gene editing feasibility in neurons of post-mitotic phase and the how the brain of the mammals support the CRISPR/Cas9 system. It is a highly flexible system as it provide advantages to loss-of-function mutations, lowering of RNA and as a result provides the gain-of-function mutations, which is therefore applied to neurological diseases such as HD (Huntington’s disease). The system is site-specific which is mediated by the interaction of guide RNA (gRNA) with the target DNA. Hence, protein engineering is not applicable for CRISPR-Cas9. In case of HTT CAG repeats, they are highly polymorphic when present in the normal population. However, when there is an increase in their lengths such as < 35, numerous neurological symptoms starts to appear. 

The research study also discussed about the first attempt for the size reduction of disease-causing CAG repeats using induced pluripotent stem cells (iPSCs) in homologous recombination. The iPSCs were derived from the individual suffering from HD, a BAC repair template is used which contains the whole HTT i.e., a normal CAG repeat of 21 CAGs. It was concluded that CRISPR-Cas9 might improve the homologous recombination efficiency when series of isogenic alleles (HD cell) are made. 

Significance

The present study will focus on using CRISPR-Cas9 system for designing of two plasmids to the stem cells which are generated from the individual suffering from HD ( mesenchymal cells). The stem cells are believed to carry heterozygous alleles with a normal HTT gene and a mutant HTT gene. It is hypothesized that the research will significantly provide information about nucleotide addition/deletion pattern in vitro. These patterns can then be used for the identification of mHTT. Huntington’s disease is an autosomal dominant neurodegenerative genetic disorder. Prior intervention studies have provided information that the mHTT protein of mHTT gene carries a toxic functional property. Therefore, in stem cells by manipulation, the mHTT gene can either be silenced or corrected before they are used for any sort of autologous transplantation. For the designed proposal we will be working with the gene-editing tool, CRISPR-Cas9, in order to induce a double-strand DNA break. This study will demonstrate CRISPR-Cas9 regulated mHTT editing uORF, i.e., upstream of the ORF and the role of exon1-intron1 boundary on its effects on HTT gene transcription in vitro. 

It will also be analysed that when the HTT gene exon1-intron boundary and untranslated region are edited, whether it effects can trigger the gene silencing. CRISPR-Cas9 work as a single functional unit, in which one unit makes the nick at the untranslated region of the DNA while the other unit makes a nick at the boundary of exon1-intron on the DNA. Our study will also emphasize on the use of NHEJ to produce nucleotide deletions in large number specific to the target. The significance of this study is that it will focus purely on achieving the specific editing of mHTT gene and its alleles, with no effect on normal allele. It is believed that CRISPR-Cas9 system is advantageous in providing a permanent solution for gene-silencing which can either be achieved with a high level of efficiency and economically reliability as compared to other gene-editing tools. This study will pave ways for “gene-silenced” allografting of cells into HD patients with safety and increased success rates of grafts acceptance. It will also help to mold the directions of therapeutic more towards the molecular disease mechanism at the level of genetic and allelic level. Therefore, more preclinical research and trials should be encouraged.
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