Overcoming Hurdles in CRISPR/Cas9 Gene Correction for βIVS2-654 Thalassemia
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Introduction. βIVS2-654-Thalassemia is caused by a mutation (C>T) in intron 2 of the β-globin gene which creates a 5’ aberrant splicing site and activates a 3’ cryptic splicing site, leading to aberrant pre-mRNA splicing and reducing the functional β-globin protein.
Aims. A precision medicine approach for βIVS2-654-thalassemia treatment, correction of βIVS2-654 mutation using CRISPR/Cas9, are explored.
Methods. Three single guide RNAs are designed and validated in HEK293T cells. The most effective guide RNA (gRNA), 654g1, together with SSODN donor template are then transfected into βIVS2-654-thalassemia/HbE human induced pluripotent stem cells. To screen for corrected iPSC clone, PCR amplification was performed with a set of designed primers that incorporated mismatched nucleotide sequences to generate specific restriction cutting sites. Wild type (C) but not mutant (T) allele can be cut with restriction enzyme, creating shorter product.
Results. Results suggested that 654g1 was effectively cleaved the DNA target, which consequently gave the highest number of GFP fluorescence positive cells. To correct the βIVS2-654 mutation, SSODN Rv2 was co-electroporated with the plasmid expressing 654g1 and Cas9 into thal-hiPSC. Only 1 out of 96 iPSC clones has gene correction (1.04% targeted efficiency)
Discussion. Our study showed that even though our gRNA is shown to be efficient to create DSB in HEK293T cells, we only obtained far less correction efficiency in human iPSCs. This hurdle was also found in other experiments, but with higher efficiency.
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