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Cells and organisms adapt to mi-
tochondrial dysfunction by activating 
the mitochondrial unfolded protein 
response (UPRmt), which is regulated 
by mitochondrial-to-nuclear commu-
nication; and UPRmt activation can 
also be transmitted between different 
cell types suggesting a role in tissue 
coordination. Shao and colleagues 
now identify a neuronal circuit and a 
secreted neuropeptide required for cell 
non-autonomous UPRmt regulation.

Mitochondrial dysfunction can origi-
nate from genetic lesions or pathogen-
produced toxins that impair mitochondri-
al function (oxidative phosphorylation, 
etc.), as well as by proteotoxic effects 
within the organelle. One response em-
ployed to alleviate mitochondrial stress is 
the UPRmt, a transcriptional response of 
over 500 transcripts that promotes the re-
pair and recovery of defective mitochon-
dria, metabolic adaptations, xenobiotic 
detoxification and innate immunity. In 
C. elegans, the UPRmt is regulated by the 
transcription factor ATFS-1 [1] coupled 
with extensive chromatin remodeling [2]. 
ATFS-1 activity is regulated by organelle 
partitioning and mitochondrial protein 
import efficiency. ATFS-1 is expressed 
in all tissues and imported into healthy 
mitochondria where it is degraded. 
However, if mitochondrial function is 
perturbed, protein import efficiency is 
reduced, causing ATFS-1 to accumulate 
in the cytosol. Because ATFS-1 also has 
a nuclear localization sequence, it then 
traffics to the nucleus to activate the 
transcriptional response.

In addition to intracellular signaling, 
UPRmt activation within neurons can 
be communicated to distal tissues such 
as the intestine to activate the response 
in these cells. Non-autonomous UPRmt 

activation likely promotes coordination 
of mitochondrial function or metabolic 
adaptations across tissues, which may 
contribute to the metabolic abnormalities 
found in distal tissues in neurodegen-
erative diseases such as Huntington’s 
disease and Parkinson’s disease [3]. 
Because neurons do not innervate the 
worm intestine, non-automonous UPRmt 
signaling has been hypothesized to be 
mediated by a “mitokine” [4], however,  
the mode of signal transduction has re-
mained unclear, as have the functional 
ramifications. 

Using an impressive variety of cell 
type-specific CRISPR techniques, Shao 
and colleagues now demonstrate that 
multiple forms mitochondrial dysfunc-
tion (impairment of a mitochondrial 
protease, the respiratory chain, localized 
reactive oxygen species or depletion of 
inner membrane potential) administered 
specifically within neurons are capable of 
stimulating UPRmt activation in neurons 
[5]. Interestingly, all of the neuronal mi-
tochondrial stresses other than membrane 
potential depletion caused subsequent 
intestinal cell UPRmt activation suggest-
ing that not all forms of mitochondrial 
dysfunction activate the non-autonomous 
UPRmt. The robust system was used to 
identify a sub-neuronal circuit required 
for propagation of the UPRmt between 
tissues. The neural circuit required three 
sensory neurons capable of sampling the 
environment and the AIA interneuron, 
which receives and integrates informa-
tion from sensory neurons for down-
stream signaling. Because the interneu-
ron does not physically interact with the 
intestine, the authors considered secreted 
signaling molecules such as neuropep-
tides. The requirement for a neuropeptide 
processing protease for non-autonomous 

UPRmt induction strongly supported the 
involvement of at least one of the ~250 
known neuropeptide(s) in C. elegans. 

An elegant neuron-specific CRISPR 
screen identified six neuropeptides re-
quired for UPRmt propagation across tis-
sues, but only one of these was sufficient. 
Similar to neuron-specific activation of 
ATFS-1, neuron-specific expression of 
FLP-2 was sufficient to induce the UPRmt 
in the intestine. Further, deletion of flp-2 
within a single interneuron impaired non-
autonomous UPRmt activation initiated 
within the sensory neurons. While the 
UPRmt-mitokine story is not complete, 
the discovery of a sub-neuronal circuit 
and a secreted neuropeptide by Shao 
and colleagues represents a significant 
step forward allowing the field to focus 
on events downstream of the interneuron 
and FLP-2 secretion. 

FLP-2 may well be a peptide secreted 
during mitochondrial stress to affect other 
cell types, which fits the definition of a 
mitokine. However, those cell types and 
the receptor remain to be identified as 
expression of FLP-2 specifically by in-
testinal cells was not sufficient to activate 
the intestinal UPRmt [5]. Thus, FLP-2 
likely functions elsewhere. Similarly, a 
recent study demonstrated a requirement 
for the neuronal release of serotonin in 
activation of the non-autonomous UPRmt, 
but how serotonin effects intestinal cells 
remains to be determined  [3]. While the 
relationship between FLP-2 and sero-
tonin has not been examined, it is safe 
to assume that a number of interesting 
signaling events occur downstream of 
both molecules to affect the regulation of 
intestinal ATFS-1. Both studies indicate 
that ATFS-1 is essential in both the sens-
ing neurons as well as in the intestinal 
cells for non-autonomous UPRmt activa-
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tion [3,5]. In neurons where mitochondria 
are perturbed directly, ATFS-1 activation 
is likely achieved by impaired mitochon-
drial protein import effi ciency. But, how 
is ATFS-1 activated in the receiving 
intestinal cells? Does non-autonomous 
signaling perturb mitochondrial function 
within the intestine or somehow engage 
ATFS-1 independent of mitochondrial 
dysfunction? Alternatively, non- autono-
mous signaling may promote chromatin 
rearrangements in intestinal cells, which 
has been shown to activate ATFS-1 and 
the UPRmt [2].

It will also be important to determine 
the functional effects of non-autonomous 
UPRmt signaling. Stated differently, in 
what physiologic scenarios do sensory 

neurons fi rst encounter mitochondrial 
stress and what benefi t is conferred by 
UPRmt activation in distal tissues? The 
authors suggest a role in sensing mito-
chondrial stress, which may propagate a 
signal to distal tissues to “pre”-activate 
or prime a response. Given the role of the 
UPRmt in innate immunity and respond-
ing to pathogens that produce mitochon-
drial toxins, this may provide a means 
to activate the UPRmt in intestinal cells 
before the pathogen has accumulated 
to a level within the intestinal lumen 
that severely perturbs mitochondrial 
function [6, 7]. Alternatively, because 
UPRmt activation shifts metabolism from 
oxidative phosphorylation to glycolysis 
to facilitate mitochondrial repair [7], 

non-autonomous signaling may simply 
coordinate metabolism between different 
tissues or organs. Consistent with this 
idea, the mammalian hormone Fgf21 has 
been suggested to be a mitokine as its 
secretion is induced during mitochondrial 
stress via the stress-activated transcrip-
tion factor ATF4. In this context, Fgf21 
produced by muscle cells promotes mi-
tochondrial biogenesis and fat browning 
in adipocytes along with enhanced lipid 
catabolism [8].
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Figure 1 Cell non-autonomous regulation of the UPRmt. Mitochondrial perturbations 
within three C. elegans sensory neurons (ASK, AWA, AWC) causes activation of 
ATFS-1 and the UPRmt within these cell types and also within intestinal cells. Trans-
mission of a signal between the sensory neurons requires an interneuron (AIA), the 
secreted neuropeptide FLP-2 as well as ATFS-1 within the intestinal cells. It is cur-
rently unclear how secreted FLP-2 affects intestinal ATFS-1.




