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Tay-Sachs disease (TSD) and Sandhoff disease (SD) are autosomal recessive lysosomal -hexosaminidase
(Hex) deficiencies caused by the gene mutations of HEXA and HEXB, encoding o and B-subunit, respectively.
These incurable diseases associate with the HexA (af3 heterodimer) and excessive accumulation of GM2
gangliosides (GM2) in the brains of the patients and neurological manifestations. Their incidences are
1/360,000 and 1/310,000 live births. Although high incidence of TSD in Jewish populations (about 1/30,000
births according to the 2012 report by NTSAD) is well known, there are 27 Japanese TSD and 3 SD patients
according to the 2017 report by Prof. N. Sakai (Osaka Univ., Japan). However, there is no effective therapy
for these diseases.

Previously Prof. K. Itoh (Tokushima Univ., Japan), the representative in this AMED ACT-MS program,
constructed the modified HEXB (modHEXB) to substitute 9 amino acid residues in normal human Hex (-
subunit to those corresponding to the a-type, and established a CHO cell line overexpressing the modHEXB
to produce the modified HexB composed of homodimeric modified B-subunits with GM2-degrading activity
and longer in vivo half-life than the normal human HexA. He demonstrated that the modified HexB
intracerebroventricularly administered to the SD model mice can restore the GM2-degrading activity, reduce
the GM2 accumulated in the brains, improve the motor dysfunctions and prolong the life span (Kitakaze K. et
al. J Clin Invest 2016; Patent granted: JP6230158, EP2910632).

Prof. S. Muramatsu (Jichi Medical Univ., Japan) had performed the physician-led clinical trial of in vivo
gene therapy with an adeno-associated viral (AAV) vector for 5 Japanese patients with aromatic L-amino acid
decarboxylase (AADC) deficiency as a rare intractable neurological disease (130 patients in the world and 6
Japanese patients) and demonstrated the clinical efficacy. He also has been developing a novel in vivo gene
therapy for amyotrophic lateral sclerosis (ALS) by using his original AAV9/3 vector (Patent granted:
JP5704361, EP2634253B1).

In this ACT-MS program, Drs. Itoh and Muramatsu produced the AAV9/3 vector (non-GMP grade) carrying
the modHEXB (AAV9/3-modHEXB) expressing the modified HexB with GM2-degrading activity and superior
bioavailability to develop a novel intrathecal gene therapy, especially low-antigenic for TSD. We succeeded
in acquiring the proof of concept (POC) for pharmacological efficacy by using the human TSD and SD model
neuronal cells and SD model mice. The research results are as follows:

1. The AAV9/3-modHEXB (>5 x 10° vg/cell) dose-dependently restored the Hex activity towards anionic
substrate (4-MU-6-sulfo-B-N-acetylglucosaminide, MUGS) in cultured neuronal cells induced from the
iPS cells derived from a TSD patient.

2. The AAV9/3-modHEXB (>5 x 10° vg/cell) restored MUGS- and neutral MUG (4-MU-B-D-N-
acetylglucosaminide)-degrading activities in cultured neuronal cells differentiated from the human
neuroblastoma cell line (SH-SY5Y HEXB-KO) established by genome editing. The GM2 accumulated
in the HEX-KO neuronal cells was also reduced by the administration of AAV9/3-modHEXB.

3. Single intracerebroventricular (icv) administration of AAV9/3-modHEXB (0.6 - 3 x 10*® vg/kg BW) to
adult SD model mice (8-wks of age) expressed the human modified HexB throughout the brains to
reduce the accumulated GM2, improved the motor dysfunction and prolonged the lifespan (from 16 wks
to over 45 wks). Restoration of Hex activities in peripheral organs including heart, liver and spleen was
also observed.

4. Single icv or intravenous (iv) administration of AAV9/3-modHEXB (0.6 - 3 x 10% vg/kg BW) to
neonatal SD mice (PO — P1) also restored the GM2-degrading activity in the CNS and peripheral organs,
maintained the motor function and prolonged the lifespan (from 16 wks to over 60 wks).

5. Single intrathecal (it) administration of non-GMP AAV9/3-modHEXB (2 x 102 vg/kg BW) to normal
cynomolgus monkey (Macaca fascicularis) did not cause the adverse effects on appetite, body weight
and behaviors for at lease 3 months. Wide distribution of Hex activities in the CNS was observed 3
months after it injection.

This novel it gene therapy by utilizing AAV9/3-modHEXB is expected to be clinically applied especially for
TSD patients as low-antigenic treatment in the future. This ACT-MS program was also performed in
collaboration with Mr. K. Asai (CEO of Gene Therapy Research Institution, Co., Ltd.) aiming the preclinical
and clinical trials.



