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The _discovery and mechanism of action of novel axon-protective nicotinamide
derivatives
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Axonal degeneration (the loss of structure or function of axons) precedes
the appearance of neuronal cell death and contributes to the formation of the symptoms in various
neurological disorders. Recently the applicant has found some nicotinamide derivatives delays axonal

degeneration. In this study, we succeeded in developing improved versions of these compounds, which

exhibit ability to block axonal degeneration for longer duration than already-known axon protective
compounds do. We also found that these compounds display significant neuroprotective efficacy when
administered orally to an experimental axonal degeneration mouse model. Furthermore, our data show
the mechanism by which nicotinamide derivatives delay axonal degeneration involve preservation of
mitochondrial function.

NAD



Conforti et al., Nat.
Neurosci. 2014

wldf
Wang
and Barres, Current Biol. 2012
wld®
NAD
Nmnat

(Araki et al. Science 2004)

Nmnat
NAD
Nam Nam
Nam
in vitro

NAMPT

In vivo

Nam

invitro
25 Nam

Nam

Degeneration Index (AU)
025 05 075 10

intact control 1mM_3mM 10 mM
Nam

in vitro

in vitro
* 24
Namaés e (§§§§g§)
FEERP CEFN B NamZBRHIEL 158(30 pM)
Nam (ZJF>T7=R) zZ3mM 1~2
TAF P ZRUMRS R z3mM 1~2
FIR{EEA z1mM 3
iRt &8 z 10 mM 3~4
i a=x"le =z 30 mM 1~2
HR(EEYID EAEETE S U
EERDICSFENSNamZRUE 88
—OF 7= RURS R z3mM 1~2
miRE & A z1uM 3
U a=L:) z3 .M 4~5
b &C 230 uM i~2
mEbEEHD = 30 uM 1~2
Nam
2
Nam
Nam 100



: poan QIS EREENR
E=t SRR
NamfRIRE HRx G | (8RS
BERPICEFNANamZRHVRNISESE(30 uM)
Nam = 3mM = 1M 2~3
SYK-1-2 230uM gz 3~4
SYK-1-15 Z30nM BN 23
SYK-1-19 = 3mM = 1M 3~4
SYK-1-21 Z 10 uM 100 mM 3~4
SYK-1-28 Z 10 uM 20mM 3~4
SYK-1-37 Z 10 um 3~4
BERHCEFNDNamzRVTEE
SYK-1-2 Z100nM 4~5 (2 1puM)
SYK-1-15 = 30 pM 2~3
SYK-1-19 2 300nM 5~6(Z 1 uM)¥1
SYK-1-21 2 30nM 4~5(Z 300 nM)
SYK-1-28 Z 3nM 4~5(Z 30nM)3%2
SYK-1-37 Z 10nM:%3 4~5(Z 30nM)3X%2
NAD
NAMPT
NAMPT
NAMPT
NAMPT
NAMPT
Nam
3 NAMPT

RETIHEIE  NamptPEEEN

N
NamiRigk S (EC 50)
FK-866 z 10 nM 5.38 nM
SYK-1-2 2 30 uM 13.8 uM
SYK-1-16 =30 M 374 M
SYK-1-19 z3mM > 10 mM
SYK-1-68 = 100 .M >3mM

Nam

Nam

(A) (B) N
-5 —ZHEFIERANETRERESs — 25 B
ﬁ ol

day -5-4-3-2-10 123 \
ay = ‘

axotomy

© J

5735 L BOKRS (300 mg/kg)

Viecle Nam SYK1-2  SYKA-21 Viede A SYK12  SYK121

Avotomy -+ -+ - + - + -+ -+ -+ -+
Neurofilament 2H3 = gD = - — -
(150 kDa) | - o = | | el
’RE15% | BRARS Nam  SYK1-19  SYK-1-19
Viece 15gkg 15gkg  3gkg
Axotomy - 4+ -+ -+ - 4

Neurofilament 2H3

(150 kDa) | - Rl .- -

2 in vivo
A
B)
C Nam

western blot

Nam

2

Shuji  Wakatsuki, Shinji_ Tokunaga,
Megumi Shibata and Toshiyuki Araki.,
GSK3B-mediated phosphorylation of
MCL1 regulates axonal autophagy to
promote Wallerian degeneration, The
Journal of Cell Biol., 216 (2), 2017,
DOI: 10.1083/jcb.201606020,

Fuminori Saitoh, Shuji Wakatsuki,
Shinji_ Tokunaga, Hiroki Fujieda and
Toshiyuki Araki., Scientific Reports
6:29856, 2016, doi:10.1038/srep29856,

3

Shinji_Tokunaga and Tosyuki Araki,
NADH diphosphatase activity promotes
injury-induced axonal degeneration,
6™ Molecular Mechanisms of Axon
Degeneration Meeting, 2016.9.27, The
Jackson Laboratory, Bar Harbor, USA

) , NADH

) 38 1
2015.12.1,



ZNRF2 . 38
. 2015.12.1,

o
TOKUNAGA Shinj i

50644621



