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Tay-Sachs disease (TSD) and Sandhoff disease (SD) are GM2 gangliosidoses caused by autosomal
recessive mutations in the HEXA and HEXB genes, which encode the alpha and beta chains of human
B-hexosaminidase (Hex), respectively. The incurable hereditary neurological diseases are associated with
HexA (op heterodimer) deficiency and excessive brain accumulation of GM2 ganglioside (GM2). The
frequency of each condition is 1in 222,000 and 1in 422,000 live births. The number of patients (TSD+SD)
in Europe and the United States (especially among Jews) is about 250, and 22 in Japan (JaSMin registry
2021). Although there is no fundamental treatment for both diseases, in November 2018, UMass and Sio
Gene Therapies became the first to confirm the safety of gene therapy (clinical study) with equal amounts
of AAVrh8 vector carrying HEXA or HEXB mixture via intrathalamic or intrathecal administration as a

single dose (Nat Med 2022, 28:251). Since then, clinical trials have been ongoing, but no significant efficacy
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has been demonstrated for infantile TSD. In the previous AMED ACT-MS program, PI Itoh (Tokushima
Univ.) and co-investigator Muramatsu (Jichi Medical Univ.) produced a tyrosine mutant AAV9/3 vector
(AAV.GTX-modHEXB, GT0005X) carrying a modified HEXB gene encoding a modified human Hex B-
chain in which nine amino acid residues are substituted into a-chain type. The modHEXB gene products
(modHexB) show GM2-degrading activity and protease resistance (JCI, 2016, 126:1671). We obtained the
POC for pharmacological efficacy of non-GLP grade GTO0005X by single intracerebroventricular
administration as a single dose (0.6-3E+13vg/kg body weight) to presymptomatic adult SD model (Hexb-
/) mice to reduce the accumulated GM2 in each brain region, maintain motor function, and prolong the
life span.

In this R&D, a co-investigator Asai, the CEO of Gene Therapy Research Institution, Co. Ltd. (GTRI),
established a new floating culture system using the HEK293 cell sub-line for large-scale AAV production
and increased the AAV amounts by approximately 5.8 times compared to the conventional adhesion
culture system. He also produced GLP-grade GT0005X for a preliminary safety study, in which a single
intracisternal dose injection was performed in juvenile rats (7 days and 4 weeks old) to evaluate the 4-
week general toxicity and biodistribution. As a result, no serious adverse events were observed, and no
safety concerns were identified. So, we started a non-clinical GLP safety study of GT0005X after the
PMDA’s face-to-face advice and will complete it in FY2022. Based on the results, we will develop a
domestic physician-initiated clinical trial plan, which can be finalized after PMDA’s face-to-face advice
on the clinical trial.

In collaboration with the Ministry of Health, Labour and Welfare, a co-investigator Dr. Sakai (Osaka
Univ.), surveyed TSD and SD patients in Japan and started preparing to create a patient registry. During
this R & D period, three new patients with TSD in Japan were diagnosed by Dr. Sakai and Dr. Yamagata
(Jichi Medical Univ.), and the number of applicants for clinical trials from the GM2 Patient Family
Association was also identified. In the present design, we will perform a Phase I/II clinical trial aimed
at evaluating the safety and efficacy of a single intracisternal dose of GT0005X (Low dose,1.1E+14vg/kg
brain weight; High dose, 3.3 E+14vg/kg brain weight) administration to infantile and juvenile TSD or
SD patients (4 months old or older) with the flexible catheter. /n vivo gene therapy utilizing GT0005X
for infantile and juvenile TSD and SD patients, if started before disease progression, is expected to have
a long-term therapeutic effect on CNS symptoms based on the degradation of accumulated GM2 in a
wide range of brain regions. For TSD patients with normal B-chains and mild SD patients expressing
mutant B-chain proteins, recombinant HexB composed of modified B-chains is expected to have low
immunogenicity. GT0005X will be a first-in-class in vivo gene therapeutic agent for GM2 patients in

Japan and overseas.
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