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Maternal obesity is a worldwide public health concern
that may affect the health of both mother and offspring
throughout their lifespan. In US and European coun-
tries, it was reported that the prevalence of maternal
obesity had been 7�25%.1,2 Children born to obese
mothers are at increased risk of metabolic disease and
neuropsychiatric and cognitive disorders.3 Human and
animal studies have shown that maternal interventions
including nutrients intervention and exercise may
reduce the adverse influence on the offspring by reduc-
ing weight gain, cardiovascular disorders, and improv-
ing glucose tolerance.2 Exercise intervention in
maternal obesity could reduce bodyweight and circulat-
ing levels of triglyceride and improve insulin sensitivity
in liver and skeletal muscle. However, the underlying
molecular mechanism remains elusive. In this issue of
eBioMedicine, Son and Chae et al. demonstrated that
maternal exercise improves metabolic homeostasis and
muscle-based thermogenesis of the fetal and offspring
by inducing the exerkine apelin function in fetal muscle
and activating AMPK/CaMKK2 axis.4

Apelin, a peptide with 13 to 36 amino acids in length,
is secreted by adipose tissue, skeletal muscle and other
tissues. It is an endogenous ligand for the G-protein-
coupled receptor APJ to activate Gai and Gaq.

5 Emerg-
ing evidence have shown that apelin is an exercise-
induced myokine that can enhance muscle cell metabo-
lism6 and has beneficial metabolic effects by reducing
obesity-related insulin resistance.7,8 Apelin has been
shown to be induced by exercise in both maternal and
fetal circulations, and function on fetal BAT develop-
ment and offspring metabolic beneficial effects.9 Owing
to the reduction of brown fat mass during ageing and
the limited effect of brown fat on whole body metabolic
homeostasis, exploration of apelin on fetal development
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and metabolic regulation is appreciated. Son and Chae
et al. found maternal obesity downregulated fetal skele-
tal muscle temperature and the expression of thermo-
genic markers, which was recovered by maternal
exercise.4 Moreover, the beneficial effects of maternal
exercise could be persistent in offspring challenged
with HFD to maintain the skeletal muscle thermogene-
sis and metabolic homeostasis. Interestingly, the
authors found that maternal exercise directly induced
the myokine apelin in fetal muscle, which played a criti-
cal role on fetal muscle thermogenesis. Meanwhile,
administration of apelin during pregnancy mimicked
exercise and endowed the fetal skeletal muscle thermo-
genic capacity. CaMKK2 (calcium/calmodulin-depen-
dent protein kinase kinase 2), as a classic downstream
molecule of Gaq, was inactivated in the fetal muscle
from obesity mothers and restored by either exercise or
apelin administration, indicating that apelin mediates
maternal exercise induced fetal muscle thermogenesis.
Thus, apelin has clinical potential in improving long-
term metabolic health of offspring born to mothers
with obesity.

Apelin has been reported to activate AMPK in multi-
ple organs as an underlying mechanic mediator in regu-
lating metabolic pathways.10 To confirm the effect of
apelin on fetal muscle thermogenesis, Son and Chae
et al. showed impaired thermogenic capability due to
decreased expression of thermogenic gene expression
(Sarcolipin and UCP3) in APJ deficient myogenic cells.
Furthermore, APJ deficient mice had lower average sur-
face temperature, indicating the role of apelin/APJ in
thermogenesis, consistent with previous finding of the
function of apelin in fetal BAT.9 However, how much
does the skeletal muscle contribute to thermogenesis?
A tissue specific APJ knockout mouse model will be
needed to answer this question. AMPKa ablation dimin-
ished the beneficial effect of apelin on fetal muscle ther-
mogenesis as well as the expression of mitochondrial
biogenic and thermogenic genes. Taken together, these
results indicate that maternal exercise activates Gaq
/calcium signaling as well as apelin-APJ-AMPK axis to
enhance mitochondrial biogenesis and thermogenesis
in fetal muscle that impaired due to maternal obesity.
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In addition, the long-term effects of maternal exercise/
apelin administration on sarcolipin and UCP3 activation
in offspring muscle protect them from diet-induced
obesity and metabolic disorders.

In summary, this study demonstrates a muscle-
based thermogenic function of apelin mediating mater-
nal exercise to provide metabolic benefits to offspring
from obesity mothers through apelin-APJ-AMPK axis.
Considering the general expression of APJ in major
metabolic related organs such as liver, skeletal muscle
and adipose tissues, apelin may possess function in
other organs to benefit offspring of obese mothers in
long term. In addition, the authors also identified apelin
significantly induces muscle mitochondrial biogenesis,
suggesting that the beneficial effects of apelin on metab-
olism may have unrevealed mechanisms independent
of thermogenesis.
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