Letter to the Editor

Backdoor intrusion: retrotoxicity can
explain targeted motor neuron death
in amyotrophic lateral sclerosis

Randall D. McKinnon”

To the editor:

Amyotrophic lateral sclerosis (ALS) is
a fatal disease of unknown cause that
selectively targets brain and spinal cord
motor neurons (MNs). The lifetime risk
is 1in 2000, and most cases are sporadic
although up to 10% of patients are
predisposed by familial mutations in MN
protection or repair genes (Bruijn et al,,
2004). Risk factors include agrochemical
exposure and trauma (Walters et al.,
2019), although why they target MN is
perplexing. Farmers are at a greater risk
than non-farming rural residents (Kang
et al, 2014), and ALS clusters occur in
abrasion prone activities conducted
on agrochemical treated fields such as
baseball and soccer (Chio et al., 2005).
These observations suggest that one
mechanism for targeted loss of MNs
may be the retrograde transport of
neurotoxins subsequent to peripheral
nerve injury, a process termed
‘retrotoxicity’”.

Trauma to muscles also injures peripheral
nerve bundles and this promotes
retrograde transport in axons (Bisby
and Bulger, 1977). If toxins enter such
wounds, they would thus be delivered
through axons directly into neuronal
soma, a process termed suicide transport
(Wiley et al., 1982). We delivered a
neurotoxin into the rodent sciatic nerve
and demonstrated that suicide transport
caused specific loss of lumbar spinal cord
MN (Liang et al., 2021). We examined
toxin delivery into sciatic nerves using
the phosphoinositol 3'-kinase inhibitor
wortmannin, with outcomes in the spinal
cord measured by histochemistry and
guantitative transcript analysis. Toxin
delivery generated ipsilateral gliosis
identified by astrocyte (glial fibrillary
acidic protein [GFAP]) and microglial
(ionized calcium-binding adaptor
molecule 1 [Ibal]) markers and loss of
the MN marker choline acetyltransferase
(ChAT). Relative to sham controls, GFAP
increased 300-fold after 14 days (P <
0.001) and returned to baseline at day
90, while ChAT decreased by 70% after

both 17 (P < 0.05) and 90 days (P < 0.01).
Wortmannin also generated a forced
motor defect that was absent in sham
controls; exit times from a water tray
were 20 seconds for wild-type mice, 40
seconds for sham (P < 0.001), and 450
seconds after wortmannin treatment (P
<0.01).

Retrotoxicity offers a simple explanation
for targeted MN loss in ALS, as originally
postulated by Yamamoto et al. (1985).
However, this hypothesis lost favor when
early animal studies, using broad scale
toxins such as ricin, generated extensive
peripheral nerve and soft tissue
damage and significant lethality. In our
studies, the use of a toxin that targets
trophic factor dependent neurons
appears to limit the damage to MN. It
will thus be prudent to expand such
studies to determine whether other
agents, including agrochemicals, have
comparable effects. If so, this would
suggest that protective apparel can be
a strategy for prevention. Retrograde
transport could also be a direct route
to deliver candidate MN therapeutics
including drugs (Bruijn et al., 2004) and
transgenes (Kaspar et al., 2003).

But why would the CNS offer such an
easy backdoor access to neurotoxins?
MNs survive for life and sophisticated
mechanisms such as the blood-brain-
barrier provide protection from ingested
toxins. However, such protection
strategies evolved in an environment
different from current plethora of
synthetic chemical toxins. Adaptation
will be needed to solve these challenges
for current inhabitants of our planet.
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