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ABSTRACT

Splice-switching oligonucleotides hold great promise for therapeutic applications
in redirecting alternative splicing pathways; however, their delivery remains a major obstacle.
Cell penetrating peptides (CPPs) containing arginine (R), 6-aminohexanoic acid (X) and/or -
alanine (B) greatly enhance the delivery of phosphorodiamidate morpholino oligomers
(PMOs) in cell culture. In this study, the potency, functional biodistribution and toxicity of
these conjugates were evaluated, in vivo, in EGFP-654 transgenic mice that ubiquitously
express the aberrantly spliced EGFP-654 pre-mRNA reporter. Correct splicing and EGFP
upregulation serve as a positive readout for peptide-PMO (PPMO) entry to cells and access to
EGFP-654 pre-mRNA in the nucleus. Systemic delivery of a series of PPMOs, A-N, resulted
in splicing correction in numerous tissues without detectable toxicity.

One of conjugates, PPMO-B, was very effective in the heart, diaphragm, and
quadriceps, which are key muscles in the treatment of Duchenne muscular dystrophy.
Therefore, PPMO M23D-B, designed to force skipping of stop-codon containing dystrophin
exon 23, was investigated in mdx mouse model of the disease. Systemically delivered PPMO
M23D-B yielded persistent exon 23 skipping, producing high and sustained dystrophin
protein expression in body-wide muscles including cardiac muscle. The induced dystrophin
was correctly localized at the sarcolemma of muscle fiber leading to a dramatic drop in serum
creatine kinase, a hallmark of improvement in muscle integrity. Moreover, the induced
dystrophin ameliorated the cardiac hypertrophy and diastolic dysfunction identified in sham-
treated age-matched mdx mice, in as little as 5-6 weeks after the initiation of treatment. All of
these improvements were sustained for up to 7 months after the initiation of treatment. These
results demonstrate for the first time that PPMO-mediated exon skipping therapy improved
the cardiomyopathy in mdx mice with long-term impact.

Additionally, defective splicing of human B-globin pre-mRNA in a mouse model
of IVS2-654 B-thalassemia was repaired by a systemic delivery of PPMO-623-25-B or -H
targeted to putative exonic splicing enhancers (ESEs) of aberrant exon. The repaired B-globin
mRNA led to production of chimeric mouse-human hemoglobin and in consequence
improvement of red blood cell pathology. To achieve long-term effect of repairing splicing
defect, incorporation of splice-switching sequences into modified U7 snRNA or tRNA™"
vectors was investigated in HelLa cell models expressing either EGFP-654 or 1VS2-654 j-
globin pre-mRNAs. The double-target U7.BP+623 snRNA, simultaneously blocking ESEs
and cryptic branch point, was most effective in splicing correction. This approach provides a
potential means to achieve permanent correction of the aberrant splicing.

Taken together, these works demonstrated promising proof-of-principle for
splice-switching therapy in clinically relevant mouse models, which may lead to clinical trials.
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