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4. Discussion

Pathomechanism of SMON by clioquinol is still unclear even after
40 years of its discontinuation of clioquinol in Japan. We previously
focused on the NGF/Trk-mediated signal transduction pathway for
neuronal survival and demonstrated that clioquinol inhibits
NGF-induced autophosphorylation of Trk receptor on PC trk
neuronal cell line (Asakura et al, 2009). Clioquinol reduced NGF-
induced Trk autophosphorytauon in a concentration-dependent
manner and 1 wM was a critical concentration of clioquinol toxicity
to PCtrk cells, It is compatible with the previous observation using
animal model of SMON, i.e. plasma levels of clioquinol were
approximately 0.5-5pg/ml (1.7-17 pM) (Matsuki et al, 1997).
Recently, clioquinol has been the focus of attention as a potential
medicine for malignancies, Alzheimer's disease, Parkinson disease,
and Huntington's disease (Chen et al., 2007; Cherny et al, 2001;
Nguyen et al., 2005; Ritchie et al., 2003). For these new indications,
further understanding of clioquinol neurotoxicity is necessary to
avoid potential side effects of this drug.

In the present study, 1p.M of clioquinol reduced acetylated
histone and HDAC inhibitor, i.e., TSA, counteract clioquinol-
induced reduction of acetylated histones in PCtrk cells. In contrast,
clioquinol increased acetylated o-tubulin and HDAC inhibitor
retained higher levels of acetylated o-tubulin. HDAC inhibitor
actually reduced morphological changes (neurite retraction) and
the neuronal cell death by clioquinol. In addition, HDAC inhibitor
reversed the clioquinol-induced decrement of Trk receptor
autophosphorylation provoked with NGF, At present, detailed
molecular mechanism why clioquinol induces histone deacetyla-
tion in the cells remains unknown. Moreover, the question why a
failure of neurotrophin signaling results in histone deacetylation
remains to be solved in the future study.

HDAC inhibition induces increased acetylation of histone
proteins, causing chromatin to conform more openly so that
transcriptional factors and RNA polymerase interact with DNA to
modulate transcription (reviewed in Camelo et al., 2005). The
consequences of an inhibition of HDACs may result in contradic-
tory results (Cao et al,, 2013; Vashishta and Hetman, 2014), which
seem to depend partially on cell type (Dietz and Casaccia, 2010).
Overall, HDAC inhibitors have been reported to be neuroprotective
in several models of neuronal injury. It has been reported that
acetylation of a-tubulin rescues axonal transport in primary
neurons and in Drosophila with leucine-rich repeat kinase
2 (LRRK2) mutations (Godena et al., 2014). In this study HDAC
inhibitor retained high levels of acetylated a-tubulin and reduced
neurite retraction by clioquinol in PC12 cells. Therefore, the
increase of acetylated w«-tubulin in this study may contribute to
neuroprotection. Novel HDAC inhibitors, W2 and 12, decreased AR
levels by decreasing gene expression of (3- or <y-secretase
components and increasing the AR degradation enzymes (Sung
et al, 2013). HDAC inhibitor, TSA, prevented mitochondrial
fragmentation and elicited early neuroprotection in Parkinson's
disease cell model induced by MPP+ (1-methyi-4-phenylpyridine,
a toxic metabolite of MPTP causing symptoms of Parkinson’s
disease) (Zhu et al, 2014). HDAC inhibitor, LB-205 (Zn2+-
dependent pan—mhlbltor of class | and class Il HDACs), enhanced
astrocyte migration and wound repair in an astrocyte scratch assay
(Lu et al,, 2013). In rat acute traumatic injury model, LB-205 up-
regulated the expression of NGF and phosphorylated Trk pathway
and resulted in neuroprotection (Lu et al., 2013), which is similar to
the results of our present study.

Thus, a part of the mechanism of clioquinol neurotoxicity is
suggested to be closely related to the levels of histone deacety-
lation and this observation may provide a new approach when
clioquinol is used as a potential drug for malignancies and
neurodegenerative diseases.
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Abstract

Subacute myelo-optico neuropathy (SMON) is the harmful effects of a medicine,
which was induced by Clioquinol. However, the cellular mechanism about Clioquinol-
induced neurotoxicity is not fully understood. We investigated the effect of Clioquinol
on excitatory synaptic transmission in ventral horn of the rat spinal cord by using the
whole-cell patch-clamp methods. The application of Clioquinol significantly increased
the frequency of spontaneous excitatory postsynaptic currents (SEPSCs). Clioquinol-
induced enhancement of SEPSCs frequency depended on its concentration. In the presence
of tetrodotoxin, the application of Clioquinol increased the frequency of miniature EPSCs.
And then, sEPSCs were completely blocked by an AMPA receptor blocker, CNQX without
Clioquinol-induced sEPSCs enhancement. Moreover, we found that a chelate compound
formed of a zinc ion and Clioquinol significantly increased the frequency of sEPSCs. This
effect was larger than that of Clioquinol alone. Next, we investigated whether a reactive
oxygen species (ROS) scavenger, PBN or a TRPA1 selective antagonist, A-967079 could
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inhibit Clioquinol-induced enhancement of sEPSCs. PBN and A-967079 could not block
the enhancement of sEPSCs by Clioquinol. These results indicate that Clioquinol has pre-

synaptic actions in the ventral horn and enhance release of the excitatory neurotransmitter
glutamate regardless of both ROS and TRPA1.

[lztoi]
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Fig. 1 An effect of Clioquinol on excitatory synap-
tic transmission in the ventral horn.

A) A continuous chart recording of sEPSCs be-
fore and during the application of Clioquinol
(100uM). Three consecutive traces of sEPSCs
are shown in an expanded scale in time, be-
fore (lower left) and during the application of
Clioquinol (100uM). They indicate that the fre-
quency of sEPSCs increased during Clioquinol
perfusion compared with those of controls. The
average amplitude of sEPSCs did not change
by Clioguinol.

B

=

Summary of sEPSC frequency (left) and am-
plitude (right) under the action of Clioquinol
100 uM and Clioquinol 10 uM relative to those
in the control. In this and subsequent figures,
vertical lines accompanied by bars show SEM.
Statistical significance between data shown by
bars is indicated by an asterisk; *# < 0.05; ns.,
not significant.
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Fig. 2 Analysis of Clioquinol pre-synaptic actions
in the ventral horn.

A) Effect of Clioquinol (100uM) on mEPSCs in
the presence of TTX (1uM). The application
of t+-BOOH markedly increased the frequency
of mEPSCs in the presence of TTX. The aver-
age amplitude of mEPSCs did not change by
Clioquinol.

B) Summary of mEPSC frequency (left) and am-
plitude (right) under the action of Clioquinol
relative to those in the control.

C) Effect of Clioquinol (100uM) on sEPSCs in the
presence of CNQX (20 M). CNQX blocked
sEPSCs not only in the absence of Clioquinol,
but also in the presence of Clioquinol.
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Refative amplitude (%)

- USSR —— t RS

Fig. 3 Analysis of the effect by chelate compound
formed of a zinc ion and Clioquinol on excitato-
ry synaptic transmission.

A) A chelate compound formed of a zinc ion and
Clioquinel (100uM) significantly increased the
frequnency of sEPSCs. This effect was larger
than that of Clioquinol alone.

B) Summary of sEPSC frequency (left) and am-
plitude (right) under the action of a chelate
compound formed of a zinc ion and Clioquinol

relative to those in the control.
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Fig. 4 Analysis of the inhibitory effect by ROS
scavenger on Clinoquinol-induced enhancement
of the sEPSCs frequency.

A) A ROS scavenger, PBN (1mM) could not in-
hibit Clinoquinol-induced sEPSCs enhancement.

B) Summary of sEPSC frequency (left) and am-
plitude (right) under the action of Clioquinol
in the presence of PBN relative to those in the
control
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SEPSCO#HEOHME (1154 = 3.8%) 1d Hddk
BEEIOMCEEZIZ 2P =039, #F
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Fig. 5 Analysis of the inhibitory effect by selec-
tive TRPA1 antagonist on Clinoquinol-induced
enhancement of the SEPSCs frequency.

A) A selective TRPA1 antagonist, A-967079 (100
uM) could not inhibit Clinoquinol-induced sEP-
SCs enhancement.

B) Summary of sEPSC frequency (left) and am-
plitude (right) under the action of Clioquinol
in the presence of A-967079 relative to those in
the control.
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