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The C9orf72 repeat expansion disrupts
nucleocytoplasmic transport

Ke Zhang'*, Christopher . Donn;-lly!*. Aaron R. Haeusler, Jonathan C. Grima®*, James B. Machamer!, Peter Stein\\-’ald"“.
Elizabeth L. Daley?, Sean J. Miller?, Kathleen M. Cunningham’, Svetlana Vidensky?, Saksham Gupta', Michael A. Thom;-lsi.

Ingie Hong®, Shu-Ling Chiu®, Richard L. Huganir®, Lyle W. Ostrow', Michael J. Matunis®, Jiou Wang®, Rita Sattler?, Nature
Thomas E. Lloyd"*§ & Jeffrey D. Rothstein®*§ 2015 Aug 26.
> C9orf72 QK| dALRE E1| E|E Bt&(hexanucleotide repeat expansion(HRE), GGGGCC(G,C,)))2 & =M A A5 ALS) I S5Y X[IOJ(FTD)S| 7t& &
ot Jelo|H, 22| AFE2 AE =42 HRE RNA 7|52 5(qgain-of-function) |7 L| &2 X|X[&
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20N T E QT 7|8 A32|HS S5 MA E|do| ZETt AX| X2 SH-M|EE 7t 0] F(nucleocytoplasmic transport) &l Z=HXI9I RanGAP2 =Holgt
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2toIE
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Model of C9orf72 mutation induced
nucleocytoplasmic transport disruption

a, In normal cases, RanGAP1 is tethered onto the NPC via
RanBP2, where it activates RanNGTP hydrolysis to

produce RanNGDP. RanNGDP dissociates from and activates
the Importin-ab complex to import NLS-NES-containing
protein cargos such as TDP-43.

b, In the nucleus, RanGEF converts RanNGDP to RanNGTP
that is required for the dissociation of the NLS-Importin-of3
complex and the export of NES protein cargoes.

¢, In C9-ALS, G4C2 HRE binds and sequesters RanGAP1,
leading to an increase in cytoplasmic RanNGTP. High
cytoplasmic RanNGTP prevents the formation of the NLS-
Importin-aff complex, thereby disrupting the N/C Ran
gradient and impairing nuclear import of NLS-containing
proteins.

d, Dipeptide repeat proteins translated from the G4C2 RNA
can be toxic when expressed at high levels but it is unclear
whether they contribute to nucleocytoplasmic trafficking
deficits in Drosophila since they are not detected at the
time of degeneration. The C9orf72 HRE sense strand
appears to be contributing to nucleocytoplasmic trafficking
deficits in human iPSC neurons and fly model systems, as
small molecules and antisense oligonucleotides targeting
the sense RNA substantially suppress the nuclear import
phenotypes and neurodegeneration as a result of the G4C2
repeat RNA expression.
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Elevated Mitochondrial Bioenergetics
and Axonal Arborization Size Are Key Contributors
to the Vulnerability of Dopamine Neurons

Consiglia Pacelli,’* Nicolas Giguére,'* Marie-Josée Bourque,' Martin Lévesque,? Ruth S. Slack,®
and Louis-Eric Trudeau'-*
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The Axonal Arborization of SNc(substantia nigra compacta)
Neurons Is Larger and More Complex Than That of VTA(ventral
tegmental area) and OB(olfactory bulb) DA(dopamine) Neurons

The axonal arborization of individual TH-positive DA neurons was measured by
semi-automated tracing from confocal image stacks. Isolated DA neurons were
randomly selected and imaged by acquiring confocal z stacks at 203. The
longest process, which was three to 20 times longer than the others, was
considered as the axon. The axonal arborization of cultured SN¢, VTA, and OB
DA neurons was measured at 3 DIV and 7 DIV. The images show examples of
isolated TH immunopositive neurons from each region (A). Scale bar, 100 mm.
The total length (B and C) and number of axonal processes (D and E) were
measured at 3 and 7 DIV, respectively. The data represent the mean + SEM, n
= 20-35 neurons from four different cultures. *p < 0.05; **p < 0.01; ***p
<0.001; ****p < 0.0001.
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