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Conclusion

Pompe disease is a lysosomal storage disorder where mutations in the acid alpha-glucosidase (Gaa) gene 
causes GAA enzyme deficiency and accumulation of glycogen in multiple tissues, leading to a 
neuromuscular disorder with severe weakness and respiratory failure. Enzyme replacement therapy (ERT) 
is currently the only approved treatment for patients with Pompe disease. Although ERT significantly 
improves survival in patients with classic infantile Pompe disease, this treatment cannot fully reverse the 
skeletal muscle pathology, in part due to autophagic buildup, which inhibits the enzyme from reaching 
the lysosome. We believe that adeno-associated viral (AAV) vector-mediated gene therapy using a 
pantropic capsid, a ubiquitous promoter, and a transgene encoding an optimized protein engineered to 
increase cross correction can improve treatment outcomes and muscle pathology correction.

4/ Autophagic buildup is prevented by early gene therapy and 
reversed by late gene therapy

We have previously reported the therapeutic effect of an engineered human acid α-glucosidase gene 
therapy AAV vector using different routes of administration among aged mice that model the advanced 
stages of Pompe disease. Here we aim to further characterize the efficacy of this approach to reverse 
several features of muscle pathology and compare the treatment effect in young pre-symptomatic vs. old 
post-symptomatic mice.

• In “Young Mice”, autophagic buildup (% of LC3b + cells) was prevented at all doses started from 5e11 GC (2.5e13 
GC/kg). Note the significant autophagosome buildup in PBS controls at 3 months of age (20% of fibers).

• In “Aged Mice” with pre-existing pathology at treatment, the autophagosome accumulation was completely 
reversed in IV HD (1e12 GC = 5e13 GC/kg), and ICV+IV HD (ICV 1e11 GC and IV 1e12 GC) groups.

• Our optimized gene therapy candidate prevented the development of muscle fiber pathology in young Pompe 
mice and reversed pre-existing muscle fiber pathology in aged Pompe mice, including findings that are typically 
treatment-resistant such as the atrophy of fibers and autophagic build-up. Our results demonstrate nearly identical 
treatment effects in young pre-symptomatic vs. old post-symptomatic mice.

• The results support the pursuit of AAV gene therapy using a pantropic capsid, ubiquitous promoter, and 
engineered GAA protein as a promising clinical approach for treating patients with Pompe disease.
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• To study muscle pathology, quadriceps muscle sections were analyzed by immunohistochemistry using 
staining with WGA (cell membrane; to allow measuring muscle fiber diameter), DAPI (nucleus; to quantify 
presence of central nuclei), and LC3b antibody (autophagosome; to quantify autophagic buildup). The 
sections were scanned and automatically digitized, and then analyzed using the Visiopharm software.

• To quantify differences in fiber sizes when compared to wild-type control animals, the fiber diameters were 
assigned to classes of small (<30 um), medium (30-50 um) and large (>50um).

• In “Young Mice”, the proportion of small fibers (S) was significantly decreased in Gaa -/- mice treated with 2e11 GC 
(1e13 GC/kg) dose and higher, indicating muscle atrophy prevention. Note PBS controls show significant atrophy at 
3 months of age.

• In “Aged Mice” treated at 6 months of age, when muscle atrophy is already prominent, the proportion of small 
fibers (S) was decreased  in ICV+IV HD treated group (ICV 1e11 GC and IV 1e12 GC = 5e13 GC/kg), and the 
proportion of large fibers (L) was improved in IV HD and ICV+IV HD treated groups.

3/ Muscle atrophy  is prevented by early gene therapy and 
reversed by late gene therapy
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2/ Muscle degeneration and regeneration (central nuclei) is 
prevented by early gene therapy
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• Healthy muscle fibers rarely contain central nuclei (CN) (below 3% in WT muscle) and the presence of 
CN is indicative of muscle degeneration followed by regeneration.

• In “Young Mice”, the % of  fibers with CN was significantly decreased, indicating protection from 
degeneration in mice treated with 2e11 GC (1e13 GC/kg) dose and higher. In contrast, no treatment 
effect was seen in any of the “Aged Mice”.

• In mice treated after 6 months, degeneration/regeneration cycles had already occurred before the 
treatment.
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1/ Skeletal Muscle pathology in Gaa−/− Mice is progressive 
and reversible by AAV therapy

• Representative immunofluorescence images of quadriceps muscle sections from the WT, control PBS-
treated Gaa -/-, and AAV.hGAA eng-treated Gaa -/- mice at different ages. WGA (green; cell 
membrane), DAPI (blue; nucleus), and LC3b antibody (red-orange; autophagosome).

• Increased number of central nuclei, central autophagosome buildup, and muscle atrophy with 
increased small fibers and decreased large fibers characterize muscle pathology in GAA -/- mice.

• AAV hGAA eng treatment of Gaa KO mice at various doses or routes of vector administration appears 
to prevent or reverse the muscle pathology in young and aged Gaa KO mice, respectively.
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