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AGED MUSCLE

Victoria C. Sanfrancesco, David A. Hood

Muscle Health Research Centre, School of Kinesiology and Health science, York University, Toronto, Canada.

In skeletal muscle, the health and adaptive capacity of the mi-
tochondrial network is regulated by mitochondrial quality
control (MQC) mechanisms (1). The Mitochondrial Integrat-
ed Stress Response (ISR) and Unfolded Protein Response
(UPRmt) are conserved regulatory processes that can be-
come activated in response to a variety of organellar stres-
sors (2). This quality control architype is primarily regulated
by the transcription factors, ATF4 and ATF5, which can coor-
dinate a nuclear response to promote the restoration of mito-
chondrial homeostasis (3). Beyond these canonical functions,
both ATF4 and ATF5 can also mediate other mitochondrial
quality control processes and thereby influence the adaptive
and restorative capacity of the network (4, 5). While a dynam-
ic and efficient mitochondrial reticulum is essential for skele-
tal muscle function, with age, mitochondrial quality becomes
disrupted contributing to aberrations in muscle health (6). Al-
though previous work has demonstrated a role for both ATF4
and ATF5 in propagating mitochondrial health via the media-
tion of MQC processes in young skeletal muscle (4, 5), this
regulation has not been evaluated with age. To therefore in-
vestigate the importance of such transcription factors in
maintaining mitochondrial and muscle health with age, we
utilized aged ATF4 and ATF5 KO mice with associated WT
counterparts (results summarized in Figure 1). We first as-
sessed muscle mass and contractile kinetics using an acute
contractile activity protocol of mouse hindlimb muscle via sci-
atic nerve stimulation. Interestingly, the canonical decline in
muscle mass typically associated with age was prevented in
the absence of both ATF4 and ATF5. To ascertain the molecu-
lar mechanisms underlying this preservation, we next as-
sessed the expression of muscle atrophy markers, MuRF-1,
GADD45q, p21, and p53, which were similarly blunted in
aged ATF4 and ATF5 KO mice. This suggests a regulatory

role for both transcription factors in mediating muscle pro-
tein degradation with age. Muscle quality, reflected by re-
duced maximal twitch and tetanic force per muscle weight,
was impaired by the loss of ATF4 but not ATF5, indicating a
greater reliance on ATF4 for age-related muscle health. To
examine the functional capacity and thus health of the mito-
chondrial reticulum, we next investigated mitochondrial res-
piration and ROS emission. We observed a stark reduction in
active respiration and mitochondrial H202 emission in young
ATF4 and ATF5 KO mice, however with age, these parame-
ters were only perturbed in the absence of ATF4. These find-
ings indicate that both ATF4 and ATF5 support mitochon-
drial health in young muscle, however, the presence of ATF4
becomes more critical with age for the maintenance of mito-
chondrial functioning. In order to ascertain the precise roles
of both ATF4 and ATF5 in governing mitochondrial quality
with age, we next analyzed the expression of autophagy and
lysosomal related proteins. Interestingly, deficits in this quali-
ty control program were only evident in ATF4 KO muscle,
represented by a blunted expression of various related pro-
teins. Similarly, antioxidant-related proteins, which are also
responsive to changes in mitochondrial ROS during stress
conditions, were only blunted in ATF4 KO muscle. These find-
ings emphasize the requirement for ATF4 to modulate mito-
chondrial quality control mechanisms in aging muscle. Last-
ly, the canonical regulation of the ISR/UPRmt was negatively
altered solely in ATF4 KO muscle, demonstrating a hi-
erarchal regulation of the mitochondrial stress response. In
sum, these data thereby suggest that ATF4 and ATF5 are re-
quired to mediate mitochondrial muscle health with age, how-
ever, ATF4 is more critical in this determination, alongside
the regulation of other quality control processes. Future
work will reveal the precise underlying mechanisms that con-
tribute to the importance of ATF4 signaling in aging muscle.
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