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LETTER TO THE EDITOR
Paraspeckle components NONO and PSPC1 are not mislocalized from motor
neuron nuclei in sporadic ALS
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Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative disease characterized by the progressive loss of upper
and lower motor neurons. Although its precise aetiopathogenesis remains unclear, cellular hallmarks of the disease include the deregulation of RNA metabolism and the
mislocalization of RNA binding proteins (RBPs) from the
nucleus to the cytoplasm (Butti and Patten, 2018). We recently showed that FUS exhibits nuclear loss in sporadic
ALS (Tyzack et al., 2019). This finding builds on our earlier
discovery of nuclear loss of SFPQ in ALS (Luisier et al.,
2018) and the established hallmark of TAR DNA-binding
protein 43 (TDP-43, encoded by TARDBP) nuclear-to-cytoplasmic mislocalization (Neumann et al., 2006). These three
proteins are components of paraspeckles, nuclear ribonucleoprotein membraneless compartments (or granules)
formed in the interchromatin space together with the long
non-coding RNA (lncRNA) NEAT1_2 (Clemson et al.,
2009; Sasaki et al., 2009; Mao et al., 2011).
Paraspeckles are involved in the regulation of normal gene
expression via sequestration of transcription factors and RBPs,
in the nuclear retention of some specific classes of transcripts,
and in pri-miRNA processing (Nakagawa et al., 2018). While
in healthy motor neurons paraspeckles are absent due to the

lack of expression of NEAT1_2, enhanced paraspeckle formation has been observed in both sporadic (Nishimoto et al.,
2013; Shelkovnikova et al., 2018) and familial ALS cases
(Shelkovnikova et al., 2018; An et al., 2019), and is proposed
to represent a protective neuronal response to stress.
In paraspeckles, RBPs are arranged with a core and shell
structure (Fig. 1C). RBPs in the core are fundamental for the
structural integrity of paraspeckles and include FUS and the
DBHS family members SFPQ, NONO and PSPC1, while
TDP-43 is found in the shell (West et al., 2016). Proteins in
this family share a similar protein domain architecture and
evolutionary origin, and they are known to form homodimers or heterodimers with other DBHS proteins (Knott
et al., 2016). Noting that at least three paraspeckle components are lost from the nuclei of ALS motor neurons
(Neumann et al., 2006; Luisier et al., 2018; Tyzack et al.,
2019), we sought to address the hypothesis that nuclear dislocation is a more widespread phenomenon affecting other
paraspeckle proteins, specifically NONO and PSPC1.
Here, we examined the nuclear/cytosolic ratio of NONO
and PSPC1 in lumbar spinal cord motor neurons of eight
sporadic ALS cases and 12 age- and gender-matched controls using immunohistochemistry, as previously described
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Figure 1 NONO and PSPC1 are not lost from motor neuron nuclei in sporadic ALS. (A and B) Analysis of the subcellular localization of NONO (A) and PSPC1 (B) in motor neurons in the ventral spinal cord of healthy control subjects (CTRL, n = 8) and patients with sporadic ALS (sALS, n = 12) from the same cohort analysed in our previous study (Tyzack et al., 2019). Motor neuron cytoplasm was identified by
ChAT immunohistochemistry (red), nuclei were counterstained with DAPI (blue). NONO and PSPC1 are shown in green in A and B, respectively. Images were acquired as confocal z-stacks using a Zeiss 710 confocal microscope with a z step of 1 lm, processed to obtain a maximum intensity projection and analysed using Fiji. The nuclear and cytoplasmic areas were manually drawn based on DAPI and ChAT staining, respectively.
For each region of interest, the average immunoreactivity intensity for each RBP was measured, the background was subtracted, and the ratio between nuclear and cytoplasmic average intensity was calculated. Data shown in the dot plots are nuclear/cytoplasmic (N/C) ratio (mean ± SD)
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2019). Similarly, in light of the obligatory dimerization of
DBHS proteins, the nuclear loss of SFPQ in ALS might alter
the balance and composition of these dimers, potentially
affecting the function of nuclear NONO and PSPC1.

Data availability
Data supporting the findings of this study are available from
the corresponding authors, upon reasonable request.
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ALS (Fig. 1C and D).
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specific to FUS mutations (Shelkovnikova et al., 2014). The
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NONO, and PSPC1 are sequestered by G4C2 nuclear foci
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