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Molecular mechanisms underlying differentiation and developmental abnormalities
of the nervous system that occurs during the asymptomatic phase of Sandhoff"s
disease and application to drug discovery
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Sandhoff"s disease (SD) is a disease caused by a deficiency or abnormality
of lysosomal hydrolytic enzymes. This deficiency causes aberrant lysosomal accumulation of GM2
gangliosides mainly in neuronal cells. We clarified that differentiation and developmental
abnormalities of the nervous system occur early before the appearance of symptoms of SD, using a
mouse model of SD and SD-iPS cells. By drug discovery screening system using SD-iPS cells, we found
a new low molecular compound that can improve differentiation and developmental abnormality of
nervous system.

iPS



Sandhoff disease; SD B -
Hex A Hex B B -
Hexb GM2
GM2
GM2
Hexb Hexb-KO SD
[1] Hexb-KO 8
12
16 SD
Hexb-KO GM2
8
[2. 3]
Hexb-KO
[4]1 4 Hexb-KO
[5]
in vitro
SD Hexb-KO iPS
SD-iPS SDIA  [6] SD-1iPS
iPS SD-iPS
Hexb
Hexb-KO Brdu Sox2
4
Hexb-KO
GFAP
CD68 TLR Toll-like receptor
Hexb-KO
1. SD SD-1iPS Hexb-KO
in vitro in vivo
2.
3. SD-iPS
Hexb-KO
SD
SD
SD
SD
SFEBq SD-1iPS
SD-1iPS Neurosphere

SD



SD-1PS

Nestin  Sox2 In Cell Analyzer 2200 GE Healthcare
Neurosphere
Hexb
SD-iPS Hexb HEXB-iPS
Hexb-KO
Hexb-K0 12.5
Neurosphere
Hexb
Hexb-KO Hexb
Hexb-KO
Hexb-KO Hexb-KO
4 17 Brdu
Hexb-KO
GFP [71
Hexb
SD-iPS SD-iPS Hexb HEXB-iPS
iPS SDIA RNA
DNA
Hexb-KO
gRT-PCR in situ hybridization
over-expression  knock-down
Hexb
SD-iPS
SD-1PS in vitro
SDIA PA6
iPS SFEBq iPS
embryoid body
(1sb
SD Hexb -/- SD
12.5
SD Hexb -/-
SFEBq SD-iPS SD
SD-iPS
GM2
Hexb
SD-iPS SD
SD-1iPS in vitro SD
SD-iPS
in vitro SD
SD SD Hexb-/-
E13.5 14
v SD



SD

SD
Hexb
SD E12.5
gPCR
Notchl SD
(2)FcRy SD
SD
) Hexb —/— FCcRy —/—
Hexb—/- FcRy
FTY720
(©) R33 SD
SD-1PS
SD-1PS VPS35 VPS35-iPS
Tujl GFAP
SD-1iPS GFP GFP-1PS VPS35-iPS
SD-1iPS
VPS35
R33 R33 SD-iPS
SD
R33 SD
1. Sango K, Yamanaka S, Hoffmann A, Okuda Y, Grinberg A, Westphal H, et al. Mouse

models of Tay-Sachs and Sandhoff diseases differ in neurologic phenotype and ganglioside
metabolism. Nature genetics. 1995;11(2):170-6. Epub 1995/10/01. doi: 10.1038/ng1095-170.
PubMed PMID: 7550345.

2. Wada R, Tifft CJ, Proia RL. Microglial activation precedes acute neurodegeneration
in Sandhoff disease and is suppressed by bone marrow transplantation. Proceedings of the
National Academy of Sciences of the United States of America. 2000;97(20):10954-9. Epub
2000/09/27. PubMed PMID: 11005868; PubMed Central PMCID: PMC27130.

3. Jeyakumar M, Thomas R, Elliot-Smith E, Smith DA, van der Spoel AC, d'Azzo A, et
al. Central nervous system inflammation is a hallmark of pathogenesis in mouse models of
GM1 and GM2 gangliosidosis. Brain : a journal of neurology. 2003;126(Pt 4):974-87. Epub
2003/03/05. PubMed PMID: 12615653.

4. Pelled D, Riebeling C, van Echten-Deckert G, Sandhoff K, Futerman AH. Reduced
rates of axonal and dendritic growth in embryonic hippocampal neurones cultured from a
mouse model of Sandhoff disease. Neuropathology and applied neurobiology. 2003;29(4):341-
9. Epub 2003/07/31. PubMed PMID: 12887594.

5. Sango K, Yamanaka S, Ajiki K, Tokashiki A, Watabe K. Lysosomal storage results
in impaired survival but normal neurite outgrowth in dorsal root ganglion neurones from a
mouse model of Sandhoff disease. Neuropathology and applied neurobiology. 2002;28(1):23-
34. Epub 2002/02/19. PubMed PMID: 11849560.

6. Kawasaki H, Mizuseki K, Nishikawa S, Kaneko S, Kuwana Y, Nakanishi S, et al.
Induction of midbrain dopaminergic neurons from ES cells by stromal cell-derived inducing
activity. Neuron. 2000;28(1):31-40. Epub 2000/11/22. PubMed PMID: 11086981.

7. Hedstrom KL, Xu X, Ogawa Y, Frischknecht R, Seidenbecher CI, Shrager P, et al.
Neurofascin assembles a specialized extracellular matrix at the axon initial segment. The
Journal of cell biology. 2007;178(5):875-86. Epub 2007/08/22. doi: 10.1083/jcb.200705119.
PubMed PMID: 17709431; PubMed Central PMCID: PMC2064550.



Yasuhiro Ogawa, Makoto Tanaka, Miho Tanabe, Toshihiro Suzuki, Tadayasu Togawa,
Tomoko Fukushige, Takuro Kanekura, Hitoshi Sakuraba, Kazuhiko Oishi, Impaired
neural differentiation of induced pluripotent stem cells generated from a mouse model of
Sandhoff disease. PLoS ONE, 8, 55856 (2013).

DOI:10.1371/journal.pone.0055856

Yasuhiro Ogawa, Akira Eto, Chisato Miyake, Nana Tsuchida, Haruka Miyake, Yasuhiro
Takaku, Hiroaki Hagiwara, Kazuhiko Oishi, Induced Pluripotent Stem Cells Generated
from PO-Cre;Z/EG Transgenic Mice. PLoS ONE,10, e0138620 (2015).

DOI:10.1371/ journal.pone.0138620

Yasuhiro Ogawa, Katsutoshi Kaizu, Yusuke Yanagi, Subaru Takada, Hitoshi Sakuraba,
Kazuhiko Oishi, Abnormal differentiation of Sandhoff disease model mouse-derived
multipotent stem cells toward a neural lineage. PLoS ONE, 12, e0178978 (2017).
DOl:org/10.1371/journal.pone.0178978

Yasuhiro Ogawa, Takafumi Sano, Masahiro Irisa, Takashi Kodama, Takahiro Saito, Eiri
Furusawa, Katsutoshi Kaizu, Yusuke Yanagi, Takahiro Tsukimura, Tadayasu Togawa,
Shoji Yamanaka, Kohji Itoh, Hitoshi Sakuraba, Kazuhiko Oishi, FcRy-dependent
immune activation initiates astrogliosis during the asymptomatic phase of Sandhoff
disease model mice. Sci Rep, 7, 40518 (2017).

DOI1:10.1038/srep40518

Yasuhiro Ogawa, Eiri Furusawa, Takahiro Saito, Hiroki Sugimoto, Takumi Omori,
Shinya Shimizu, Hisatsugu Kondo, Mika Yamazaki, Hitoshi Sakuraba, Kazuhiko Oishi,
Inhibition of astrocytic adenosine receptor Aza attenuates microglial activation in
a mouse modelof Sandhoff disease. Neurobiol Dis, 118, 142-154 (2018).
DOI:10.1016/j.nbd.2018.07.014.

Yasuhiro Ogawa, Masahiro Irisa, Takafumi Sano, Yusuke Yanagi, Eiri Furusawa,
Takahiro Saito, Shoji Yamanaka, Kohji Itoh, Hitoshi Sakuraba, Kazuhiko OQOishi,
Improvement in dysmyelination by the inhibition of microglial activation in a mouse
model of Sandhoff disease. Neuroreport, 29, 962-967 (2018).
DOI:10.1097/WNR.0000000000001060

15
89 2016/3
iPS
89 2016/3
iPS
89 201673
2016 2016/8
Ao
2016 2016/8
19 2017/9
iPS
VPS35
137 2017/3
Az
19
201779
19 2017/9
LPS Az
19 2017/9

iPS



19 2017/9

iPS
19
201779
iPS
19
201779
a a a a a 19
201779
FGF/ERK
19 201779
0
o 0
o 0
@
Yasuhiro Ogawa
8 00531948
@

Hitoshi Sakuraba, Tadayasu Togawa, Takuro Kanekura, Katsutoshi Kaizu,
Masahiro Irisa



