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Aging of the nervous system under-
lies the behavioral and cognitive 

decline associated with senescence. 
Understanding the molecular and cel-
lular basis of neuronal aging will there-
fore contribute to the development of 
effective treatments for aging and age-
associated neurodegenerative disorders. 
Despite this pressing need, there are 
surprisingly few animal models that 
aim at recapitulating neuronal aging 
in a physiological context. We recently 
developed a C. elegans model of neuro-
nal aging, and showed that age-depen-
dent neuronal defects are regulated by 
insulin signaling. We identified electri-
cal activity and epithelial attachment as 
two critical factors in the maintenance 
of structural integrity of C. elegans 
touch receptor neurons. These findings 
open a new avenue for elucidating the 
molecular mechanisms that maintain 
neuronal structures during the course 
of aging.

Our recent Caenorhabditis elegans model 
of neuronal aging presents two important 
features that distinguish it from previous 
vertebrate models of neurodegenerative 
diseases.1 First, through the first longitu-
dinal imaging of single neurons across the 
entire adult lifespan, our model reveals 
unexpected dynamic features of neuronal 
aging that are not adequately appreciated 
in existing animal models of brain aging. 
Second, our model had identified factors 
that are specifically required for neuro-
nal integrity without affecting organis-
mal lifespan, indicating that lifespan and 
cellular aging could be mechanistically 
uncoupled.
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Dynamic Features  
of Neuronal Aging

For most metazoan, including C. elegans, 
aging of the nervous system is not associ-
ated with significant neuronal loss.2,3 At 
the cellular level, the cardinal features of 
an aging human brain include dystrophic 
neurites, neurofibrillary tangles and insol-
uble protein aggregates.2,4,5 How these 
cellular defects evolve over time is still a 
mystery. Life-long tracking of individual 
aging neurons is difficult in lab mammals, 
however, due to their relatively long lifes-
pan and the extraordinarily huge number 
of neurons in the mammalian brain. In 
contrast to previous reports that found 
no evidence for neuronal aging in C. ele-
gans,3,6 we documented various types of 
age-dependent defects in C. elegans touch 
receptor and motor neurons, including 
misshapen neuronal soma, aberrant neu-
rite formation, and beading or bubble-like 
lesions in the nerve processes.1 Similar 
to our findings, Tank et al. had recently 
reported age-dependent neurite sprout-
ing in C. elegans.7 One striking feature 
revealed by our longitudinal imaging 
in touch neurons is the frequent growth 
and retraction of abnormal neurites. Age-
dependent loss of dendritic branches had 
been found in mammalian neurons.2 By 
contrast, generation of new neurites in 
middle and late life of a neuron had never 
been documented. It is unclear whether 
these neurites form synaptic connections 
with other neurons, although they contain 
acetylated microtubules.1 The emergence 
of these neurites may represent a failure 
of the aged neuron to suppress unwanted 
growth rather than an enhanced ability 
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organismal aging. Mutations in mec-1 and 
mec-12, which encode an ECM protein 
and an α-tubulin, respectively, accelerate 
neuronal aging without affecting lifes-
pan.1 Similarly, disrupting JNK signaling 
aggravates age-dependent neurite sprout-
ing but does not decrease lifespan.7 These 
observations indicate that at the cellular 
level, aging is regulated in a tissue-specific 
manner, and is not necessarily linked to 
lifespan regulation.

Electrical activity had been shown to 
be essential for adult Drosophila olfactory 
neurons to survive and for newly generated 
hippocampal neurons to integrate into 
the adult neural circuits.13,14 Our study 
extends the roles of electrical activity in 
the maintenance of adult nervous system, 
and raises several issues that await explora-
tion in the near future. First, does physi-
ological membrane activity constantly 
activate signaling pathways that promote 
neuronal integrity, or does it act to sup-
press cellular machinery that dismantles 
the neurons? These two possibilities are 
not mutually exclusive and may cooperate 
to achieve optimal neuronal maintenance 
against aging.

Second, what is the signaling pathway 
that translates electrical activity on the 
plasma membrane into transcriptional 
and posttranslational mechanisms for 
neuronal maintenance? Calcium emerges 

both human and C. elegans. Interestingly, 
in some neurons at extremely old age, we 
observed axon splitting.1 Because mul-
tiple bubble-like lesions could be found to 
coexist on the same axon1 (Fig. 1), a wild 
speculation is that some of the bubble-like 
lesions are early focal splitting of the axon. 
Electron microscopy will be necessary to 
clarify the nature of these age-dependent 
axonal defects in C. elegans neurons.

Neuron-Specific Anti-Aging  
Mechanisms

The stochastic feature of aging describes 
that in individual animals, the physiologi-
cal age does not necessarily correlate with 
its chronological age. Thus, neurons from 
a mid-age C. elegans may have extensive 
defects, whereas neurons from an animal 
at advanced age may appear intact.1,3,6,7,12 
On the other hand, individual tissues 
show great variations in the rate of aging.3,6 
However, it is still believed that tissue aging 
worsens as the chronological age advances, 
and the regulation of lifespan and cellular 
aging is tightly linked.3,6,12 We and Tank 
et al. had identified electrical activities, 
nerve attachment, JNK and insulin sig-
naling as potentially autonomous factors 
that contribute to neuronal integrity dur-
ing aging.1,7 Surprisingly, in both studies, 
neuronal aging could be uncoupled from 

to generate new structures, judging from 
their short length, random growth pat-
terns and frequent retraction.1,7 Tank et al. 
had shown that activity of the Jun kinase 
pathway is required to suppress these age-
dependent neuronal sprouting.7 Since res-
cued jnk-1 mutant animals overexpressing 
the C. elegans c-jun N-terminal kinase 
JNK-1 still show neuronal sprouting com-
parable to that in age-matched wild type, 
age-dependent loss of JNK-1 activity can-
not be the sole explanation for senescent 
neuronal sprouting in C. elegans.7 It will 
be of interest to test whether aberrant neu-
rite outgrowth is regulated by cytoskeletal 
machinery that also controls developmen-
tal axon extension, and what additional 
mechanisms normally keep these aberrant 
outgrowth in check.

Another prominent age-dependent 
defect of C. elegans touch neuron process 
is beading or bubble-like lesions (Fig. 1), 
and our longitudinal imaging suggests 
that some of the minor beading may rep-
resent bubble-like lesions in their early 
phase.1 Axon beading is common in neu-
rons subjected to traumatic, hypoxic or 
inflammatory insults.8-11 In these condi-
tions, beading may represent cytoskeletal 
defects or focal accumulation of axoplas-
mic cargos or organelles due to disrupted 
axonal transport.8-11 Identity of age-depen-
dent axon beading remains obscure in 

Figure 1. Age-dependent defects of C. elegans touch receptor neurons, revealed by immunostaining of acetylated microtubules. Scale bar, 5 μm.  
(A) ALM in an animal 2 d of age in adulthood (D2) had a typical spindle-shape soma. (B) The PLM process in a D3 wild type animal. (C) ALM in a D16 
animal showed misshapen soma with disorganized microtubule bundles, aberrant neurites (asterisks) and bubble-like lesion of the process (arrow).  
(D) Multiple bubble-like lesions (arrows) could be found in the PLM process of a D16 animal.
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human. A future goal will be to unravel 
the genetic control of age-dependent neu-
ronal defects through forward and reverse 
genetics approaches.
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