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Development of mRNA medicine for the neurological disease sialidosis and controlling its distribution in

the brain.
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The purpose of this research is to develop mRNA replacement therapy for the cure of sialidosis (SiD), which
is genetic neuraminidase 1 (NEU1) deficiency with central nervous system failure. For the treatment of SiD,
injection of mRNA encoding NEU1 seems effective, but it is harmful because overexpression of normal NEU1
causes intracellular crystallization of NEU1 protein and the crystals harm the cells. To resolve this problem,
we have developed modified NEU1 (modNEU1) which does not crystalize in cells by amino acid replacement.
With this background, we have set the next development items.

1. Synthesis of modNEU1-mRNA and encapsulation in drug delivery system (DDS) carrier

2. Evaluation of the effect of modNEU1-mRNA administration in vitro.

3. Evaluation of the effect of modNEU1-mRNA administration in vivo.
4

Synthesis of artificial mRNA and its pharmacokinetics

1. Synthesis of modNEU1-mRNA and encapsulation in drug delivery system (DDS) carrier.

We had already optimized the codon usage, therefore, we tried to find the proper UTR sequence. We found
that CMV 5-UTR makes the most efficient expression of NEU1. We also succeeded in the encapsulation of
modNEU1-mRNA in DDS carrier.

2. Evaluation of the effect of modNEU1-mRNA administration in vitro.
ModNEU1-mRNA with DDS carrier was transfected to the SiD model cultured cells. The NEU1 activity was
restored by modNEU1-mRNA administration. Simultaneous administration of mRNA encoding cathepsin A

(CTSA), which is the activator protein, was more effective.

3. Evaluation of the effect of modNEU1-mRNA administration in vivo.

ModNEU1-mRNA and CTSA-mRNA with DDS carriers were intracerebroventricularly injected into the SiD
model mice. SiD model mice exhibit some phenotypes including myoclonus seizures caused by central nervous
system failure. 24 to 48 hours after mRNA injection, the myoclonus seizures decreased less than 30%
compared with the before administration (Figure 1). The NEU1 activity was also restored after mRNA

administration (Figure 2).
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Figure 1: Frequency of myoclonus seizure of SiD Figure 2: Neuraminidase activity of SiD mice
mice after mRNA injection brains 48 hour after mRNA injection.

4. Synthesis of artificial mRNA and its pharmacokinetics

We tried to synthesize 4’-thio modified mRNA to extend the half life of mRNA by RNase resistant. We
succeeded in synthesizing 4’-thio modified mRNA with RNA polymerase, but unfortunately, it was not
translated to protein in mammalian cells. We are under investigating 4’-thio modification in untranslated

region, poly A, or 5’-cap structure in the mRNA.



