Taylor & Francis
Taylor & Francis Group

Nucleus

T

— ISSN: 1949-1034 (Print) 1949-1042 (Online) Journal homepage: www.tandfonline.com/journals/kncl20

Nuclear pore complex during neuronal
degeneration
Cracking the last barrier!

Daniele Bano, Michael O. Hengartner & Pierluigi Nicotera

To cite this article: Daniele Bano, Michael O. Hengartner & Pierluigi Nicotera (2010) Nuclear
pore complex during neuronal degeneration, Nucleus, 1:2, 136-138, DOI: 10.4161/nucl.10798

To link to this article: https://doi.org/10.4161/nucl.10798

8 Copyright © 2010 Landes Bioscience

@ Published online: 01 Mar 2010.

\J
CA/ Submit your article to this journal &

||I| Article views: 373

A
& View related articles &'

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=kncl20


https://www.tandfonline.com/action/journalInformation?journalCode=kncl20
https://www.tandfonline.com/journals/kncl20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.4161/nucl.10798
https://doi.org/10.4161/nucl.10798
https://www.tandfonline.com/action/authorSubmission?journalCode=kncl20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=kncl20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.4161/nucl.10798?src=pdf
https://www.tandfonline.com/doi/mlt/10.4161/nucl.10798?src=pdf

|
Nucleus 1:2, 136-138; March/April 2010 © 2010 Landes Bioscience

Nuclear pore complex during neuronal degeneration

Cracking the last barrier!

Daniele Bano,"** Michael O. Hengartner® and Pierluigi Nicotera*

'Deutsches Zentrum fiir Neurodegenerative Erkrankungen (DZNE); Bonn, Germany; “MRC Toxicology Unit; University of Leicester; Leicester, UK;

*Institute of Molecular Biology; University of Zurich; Zurich, Switzerland

Key words: calcium, calpains, C. elegans,
excitotoxicity, nucleoporins, nucleus

Submitted: 10/15/09
Revised: 11/22/09
Accepted: 11/29/09

Previously published online:
www.landesbioscience.com/journals/
nucleus/article/10798

*Correspondence to:

Daniele Bano and Pierluigi Nicotera; Email: daniele.
bano@dzne.de and pierluigi.nicotera@dzne.de

136

n eukaryotic cells, the exchange of

molecules between the genetic mate-
rial within the nucleus and the cyto-
sol occurs through the Nuclear Pore
Complex (NPC), which is a large mem-
brane-embedded assembly composed by
multiple proteins named nucleoporins
arranged around an aqueous channel.
The bi-directional passive diffusion and
the active transport of factors across the
nuclear envelope are responsible for a
variety of biological processes and they
are controlled respectively by the size
of the pore and the interaction between
nucleoporins and karyopherins. Thus,
it is not surprising that most of the
degenerative programs induce cellular
stress by altering the NPC composition
or the binding between nucleoporins
and docking factors. This facilitates the
access of nuclear DNA to pro-death fac-
tors, amplify the detrimental cascade
and finally play a role in the disassem-
bly of the nuclear structure. Recently,
we have shown that during calcium-
mediated neuronal degeneration NPC
components can be degraded with con-
sequent increase of NPC channel perme-
ability. Moreover, we proved that these
changes occurred much earlier than the
final disassembly of the nuclear enve-
lope and they are mediated by calcium
overload. Is the increase of NPC leaki-
ness the executioner of the excitotoxic
process or simply a final event of a cell
condemned to death? Here we specu-
late the consequence of the nucleoporin
loss, the alteration of nucleocytoplasmic
transport and their contribution to neu-
ronal demise.

Nucleus

Introduction

In eukaryotic cells, the exchange of infor-
mation between the genetic material
within the nucleus and the cytoplasm is
required for the coordination of cellular
processes.! The movement of macromol-
ecules across the nuclear envelope occurs
through the aqueous channel of the NPC,
which is composed by multiple copies of
about 30 different proteins named nucleo-
porins responsible for the rigid core scaf-
fold and the selective barrier of the pore.?
Essentially, the NPC is composed by five
distinct assemblies of nucleoporins on the
basis to their locations: the membrane, the
outer, the inner and the linker rings and
the phenylalanine-glycine (FG) nucleo-
porins. The first three substructures form
the NPC core and anchor the structure to
the nuclear envelope, whereas unfolded
and clustered regions of FG nucleoporins
fill the central channel of the NPC,
restrict the passage of molecules through
the pore and allow highly selective asso-
ciation with nuclear transport receptors
and their cargos.®* The free diffusion
is restricted to molecules smaller than
40-50 kDa, whereas the transit of large
cargo-complexes through the NPC re-
sealing structure is energy dependent and
actively regulated.” Moreover, dynamic
changes of NPC global structure, includ-
ing the complete disassembly of the
complex, and alteration of nucleoporin
composition can occur as essential require-
ments for the coordination of cellular
functions during the different stage of the
cell cycle.®” Clearly, any alteration affect-
ing nuclear transport or the organization
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Figure 1. Confocal analysis of deg-3(u662) worms carrying the P, ::Imn-1::GFP transgene. Degenerating neuron (arrow) presented partial loss of GFP

Imn-1°

signal at the nuclear envelope (size bar upper = 10 um; size bar inset = 5 um).

of NPC would alter the permeability of
the nuclear envelope, with a significant
impact on DNA transcriptional regula-
tion and therefore on a range of cellular
processes, such as in the case of viral infec-
tion. Indeed, several studies have shown
that a variety of trafficking pathways are
perturbed in virus-infected cells, with an
increase leakiness of the nuclear envelope
caused by the degradation of some nucleo-
porins, which facilitates the shuttling of
viral macromolecules and therefore viral
replication.® Similarly, during apoptosis
structural changes of the nuclear enve-
lope and NPC ultimately trigger the
re-distribution of pro-apoptotic factors
and the consequent amplification of the
death-signal.»'® Several proteins have been
described to translocate from the cyto-
plasm to the nucleus during apoptosis,
includingcaspases,'"'?
proteins such as lamins and nucleoporins,
Apaf-1,%% the death receptor adaptor
protein TRADD' and the mitochondrial
proteins Cytochrome C and Apoptosis
Inducing Factor (AIF).” In this context,
reduction of nuclear trafficking by wheat
germ agglutinin (WGA) or antibodies

which cleave nuclear
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to importins can prevent Fas-induced
apoptosis,'®
which suggests that access to the nucleus

as well as viral replication,”

is a prerequisite for the coordination of the
death program. Thus, crosstalk between
the nucleus and the other intracellular
compartments is tightly coordinated and
implicated in a variety of pathological pro-
cesses. What is the role of the NPC during
neuronal demise? Is the NPC a regulatory
player or a simple viewer of the show?

In the last decade, a growing num-
ber of groups have reported that several
proteins accumulate in the nucleus of
neurons under a variety of stressing condi-
tions and this contributes to cytotoxicity.
Importantly, pharmacological or genetic
treatments that suppress the improper
translocation of factors into the nucleus,
such as in the case of GAPDH**?' or
HDAC4,** can promote neuronal sur-
vival, which means that improper local-
ization of proteins can influence cell death
cascade and therefore determine cell fate.
We have recently studied the changes in
protein localization during excitotoxicity,
a process triggered by excessive glutamate
release that induces extensive membrane

Nucleus

depolarization and neuronal degeneration.
We have shown that elevation of calcium
facilitates the re-distribution of small-
size proteins across the nuclear envelope.
Furthermore, calcium-activated proteases,
calpains, increase the permeability of the
NPC by altering NPC components with
consequent impairment of the nuclear
transport machinery.” Although cal-
pains are involved in the disassembly of
the nucleus (Fig. 1), the detachment of
the heterochromatin from the nuclear
envelope and the disassembly of the NPC
occur much later than the re-distribution
of molecules. Thus, our findings shed light
on an unknown hierarchical sequence of
events, which takes place during caspase-
independent cell death and is required for
the onset of nuclear disruption. Changes
in free cytosolic Ca?* can affect the nuclear
accumulation of calmodulin,® which
binds to and modulates the activity of a
large number of enzymes, and the subcel-
lular localization of other cytosolic pro-
teins, such as the cytoplasmic components
of NFAT transcriptional complexes,” the

transcriptional factors Crz1,° and vari-

ous MAP and CaM kinases, phosphatases
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and phospholipases.”’ In this scenario, it
is plausible that sustained calcium rise
as during excitotoxicity could trigger the
concomitant activation of a wide range of
transcriptional machinery and therefore a
series of overlapping pathways. Thus, con-
sistent with previous findings, our data
suggest that sustained calcium deregula-
tion affects the localization of proteins
across the nuclear envelope and might rep-
resent a switch from the tight and regu-
lated processing of genetic information to
a less restricted access to nuclear DNA.
Currently, it is largely unclear whether
blocking the NPC permeability by over-
expression of non-cleavable nucleoporin
mutants or injection of WGA can pre-
vent neuronal loss during excitotoxic-
ity. Nevertheless, as regulation of nuclear
shuttling is neuroprotective in several
cell death subroutines and since calpain
inhibitors can delay calcium-mediated cell
demise,?®* it is tempting to speculate that
increased permeability of the NPC is the
“point of not return” that directly influ-
ences neurotoxicity induced by alteration
of calcium homeostasis. What are the con-
sequences of nucleoporin loss? Alteration
in the expression and in the activity of
NPC components can cause disease
such as myelodysplastic syndrome,® lead
to increase DNA damage® and impair
homologous recombination and SUMO-
dependent DNA repairing.®” Interestingly,
in differentiated cells, oxidation of a sub-
set of long-lived nucleoporins dramatically
decreases NPC turnover, which enhances
nuclear leakiness and could be responsible
for age-related events.**** The structural
damage of the functional barrier caused
by the degradation of nucleoporins and
the nuclear accumulation of the proteases
normally restricted to the cytosol would
contribute to the passage of pro-death fac-
tors across the nuclear envelope and pro-
mote the onset of the degenerating cascade.
Whether spatio-temporal activation of cal-
pains can have a physiological role in the
regulation of NPC activity in healthy cells
during the cell cycle remains a further chal-
lenging question for future investigations.
In summary, because in most neurode-
generative disorders neurons lose the ability
to tightly control Ca** homeostasis, ¢ it is
tempting to speculate that sustained cal-
ciumderegulation can promote detrimental
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processes and elicit neuronal degeneration
by altering a wide range of targets, includ-
ing NPC permeability and nucleocy-
toplasmic trafficking. Pharmacological
inhibitors that prevent redistribution of
molecules across the nuclear envelope
might prevent deregulation of transcrip-
tional activity and therefore can be benefi-
cial against neurotoxicity.
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