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Pentatricopeptide repeat (PPR) proteins, originally discovered in plants, are nucleic acid-binding
proteins that recognize RNA in a sequence—specific manner. By rationally combining PPR motifs that
bind to each of the four nucleotides A, C, U, and G, it is possible not only to design molecules that
selectively bind virtually any desired RNA target sequence, but also to achieve diverse modes of RNA
regulation—such as RNA degradation and translational repression—by fusing PPRs to functional effector
domains. Meanwhile, many intractable neuromuscular disorders lacking fundamental disease—modifying
therapies are now known to be caused by toxic, abnormal RNAs, and therapeutic strategies that directly
target these pathogenic RNAs are under active development. To date, such efforts have largely focused
on nucleic acid therapeutics; however, challenges remain regarding delivery and off-target effects

In addition, genome—editing approaches using CRISPR/Cas or zinc—finger nucleases (ZFNs) are still
constrained by target sequence requirements. In contrast, PPR proteins are RNA-binding proteins that

can, in principle, overcome all of these limitations. Establishing a therapeutic platform based on
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PPR proteins would not only open the way to breakthrough treatments for neuromuscular diseases, but
also give rise to a highly versatile, Japan—origin, innovative technology that could drive a paradigm
shift in RNA-targeted therapy as a novel therapeutic modality. In this project, we conducted
therapeutic development research using PPR proteins as a new drug modality for refractory muscle and
neurodegenerative diseases caused by toxic RNAs.

Our first objective was to establish preclinical proof—of—-concept (POC) for PPR-based therapy
targeting myotonic dystrophy type 1 (DM1). We began by optimizing the RNA-binding motif composition
of a PPR protein designed to bind the abnormally expanded CUG repeat RNA that causes DM1 (CUG-PPR),

and confirmed its binding to the target RNA by ELISA and electrophoretic mobility shift assay (EMSA).

In DM1 cellular models, we verified that CUG-PPR binds to the expanded CUG repeat RNA and attenuates
RNA toxicity, as evidenced by suppression of intranuclear RNA foci formation, correction of mis—
splicing events, improvement of myogenic differentiation, and reduction of MBNL1 protein sequestration.
To evaluate the in vivo efficacy of CUG-PPR, we next generated an AAV6 vector encoding CUG-PPR (AAV6-
CUG-PPR) to achieve expression in skeletal muscle and administered it via intramuscular injection
into DM1 model mice. In the tibialis anterior muscle of DMl mice treated with AAV6-CUG-PPR, we
observed mitigation of RNA toxicity, including amelioration of myotonia, correction of splicing
abnormalities, and suppression of abnormal RNA foci. To further advance in vivo delivery of CUG-PPR
using AAV and to perform rigorous efficacy and safety studies, we selected AAV9 as the serotype that
most robustly drives PPR expression across mouse systemic organs. We then generated an AAV9 vector
encoding CUG-PPR (AAV9-CUG-PPR) and examined expression and immunogenicity after administration to
mice. Following a single intravenous injection via the tail vein, robust CUG-PPR expression was
detected in skeletal muscle, brain, heart, eye, and endocrine organs, all of which are clinically
relevant target tissues in DMI1, while both humoral and cellular immune responses elicited by PPR were
found to be minimal.

We subsequently administered AAV9-CUG-PPR to DM1 model mice and conducted dose-response (dosing) and
time—course studies. AAV9-CUG-PPR produced dose—dependent increases in both CUG-PPR mRNA and protein
expression, which were accompanied by dose—dependent enhancement of RNA toxicity—ameliorating effects,

including improvement of myotonia, correction of splicing abnormalities, and suppression of abnormal
RNA foci. Therapeutic efficacy was further augmented at 4 and 8 weeks post—injection and was maintained
for at least 16 weeks. RNA-seq-based analyses demonstrated that DMl-associated splicing defects were
globally corrected by CUG-PPR treatment, and no apparent off-target effects were detected. In parallel,
to achieve more effective expression of CUG-PPR in target organs, we generated promoter—optimized
AAV9-CUG-PPR vectors. Through systemic tail vein administration in mice, we identified an improved
AAV9-CUG-PPR construct that drives high CUG-PPR expression in skeletal muscle, heart, and brain, the
principal target tissues in DM1. In DMl model mice treated with this optimized AAV9-CUG-PPR, we
achieved further enhancement of CUG-PPR expression and improved suppression of RNA toxicity, including
better correction of splicing abnormalities, more pronounced inhibition of abnormal RNA foci formation,
and attenuation of muscle degeneration. Single—dose toxicity studies of the optimized AAV9-CUG-PPR
in mice and non—human primates revealed no evident toxicity attributable to AAV9-CUG-PPR.

In addition, we advanced the development of “functional fusion” CUG-PPR constructs designed either
to degrade pathogenic RNAs or to suppress translation of toxic proteins. We designed and generated
an RNase—fused CUG-PPR with the ability to directly degrade abnormal RNA, and demonstrated in DMI1

cellular models that it binds the target RNA and attenuates RNA toxicity, as reflected by reduced RNA
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foci formation and improved splicing abnormalities. A single intravenous tail vein injection of an
AAV9 vector encoding the RNase—fused CUG-PPR into DMl model mice similarly yielded amelioration of
RNA toxicity, including improvement of myotonia, correction of splicing defects, and suppression of
abnormal RNA foci. Furthermore, we optimized the PPR motif compositions targeting other neuronal

disorders, and validated their efficacy in corresponding cellular models



