
A Special Regenerative
Rehabilitation and Genomics
Letter: Is There a “Hope”
Molecule?

We are delighted to see the dedication of
a special series to regenerative rehabili-
tation and genomics. There is no doubt
that an increased focus on genetically
driven responses to injury, disease, and
aging will enhance prevention and treat-
ment efforts for a number of conditions.
Among those well-positioned to benefit
from this progress are individuals with
mood disorders, which has prompted us
to alert our colleagues about recent prog-
ress in elucidating the molecular mecha-
nisms that underlie musculoskeletal and
central nervous system interdepen-
dence, knowledge that may be deployed
to prevent and treat stress-related depres-
sion in the near future.

Depression is a pervasive health problem
that includes emotional, psychomotor,
cognitive, and biorhythmic disturbances.
Current estimates suggest that this disor-
der has a 1-year prevalence of 9% of the
US population.1 Of those affected, 42%
report severe functional impairments; in
contrast, 24% of people with chronic
medical disorders report severe func-
tional impairment, underscoring a signif-
icantly higher degree of impairment for
those with mood disorders.2 Depressive
symptoms are associated with a higher
risk of all-cause mortality3–6 and a 20-fold
increase in the risk of suicide.7 Approx-
imately half of patients with pain in the
physical therapy setting demonstrate
symptoms of depression.8,9 Notably,
depression is expected to be the second-
greatest health burden in terms of
quality-adjusted life-years by 2020.10 The
direct and indirect costs of treating
depression are staggering, amounting to
$44 billion annually in the United
States.11 Limited accessibility to effective
treatment options contribute to the exor-
bitant human and financial toll of major
depression,2,12 prompting us and others
to acknowledge the need for a diversifi-
cation of efforts to find feasible and effec-
tive treatment options.12–14

Physical exercise has been suggested as a
promising means of complementary care
for the treatment of depression.15,16 Epi-

demiological and clinical research dem-
onstrates that exercise reduces risk for
mood disorders,17–19 degree of symp-
toms,20 and incidence of relapse.21,22

The putative effects of exercise include
optimization of levels of neurotransmit-
ters,23 neurotrophic factors,23–25 �–en-
dorphins,26,27 cortisol,28,29 and growth
hormone.30 Moreover, recent ground-
breaking work on mice has demon-
strated that a muscle-derived protein
(peroxisome proliferator-activated re-
ceptor C coactivator 1� [Pgc-1�]*) elic-
ited by exercise can directly influence
mood by altering brain mechanisms
involved in depression.31

It has long been known that physical
exercise increases levels of PGC-1�.32,33

This knowledge, along with the fact that
PGC-1� can significantly influence brain
physiology, led to the suggestion of a
direct linkage of PGC-1� to depression.31

Nevertheless, deriving scientific proof of
this link has proven onerous because
PGC-1� is expressed in a variety of sys-
tems throughout the body (eg, musculo-
skeletal, cardiovascular, hematopoietic,
digestive, nervous), making it difficult to
discern whether the effects of exercise
originate from central or peripheral
mechanisms. To tackle this problem,
Agudelo and colleagues used mice that
were genetically modified to produce
excessive levels of Pgc-1� in their type II
skeletal muscle fibers.31 The mice were
then exposed to chronic stress—a
method known to induce depression.
Interestingly, mice overexpressing
Pgc-1� in their muscles were far more
resistant to depressive symptoms in com-
parison with mice with normal levels of
Pgc-1�. The researchers then questioned
what would happen if Pgc-1� levels were
reduced. Mice genetically engineered to
produce lower levels of Pgc-1� in their
skeletal muscles were subjected to a
forced-swim test. After a significant
amount of stress, the mice appeared to
“lose hope,” as evidenced by their
decreased survival efforts during forced
swimming (an indicator of depression).

Altogether, these results suggest that the
release of “hope molecules” from the
skeletal muscles of rodents influence
mood disorder symptoms. What remains
to be determined is how a peripheral
molecule such as Pgc-1� can drastically
influence mechanisms within the brain.
Although these authors suggested that
central mechanisms involving kynure-
nine metabolism are involved, it also
seems plausible that increases in Pgc-1�
expression may alter levels of neurotro-
phins (brain-derived neurotrophic fac-
tor) within the brain and contribute to
changes in structure and function (see
Phillips et al34), leading to a reduction in
depressive symptoms.

To date, the aforementioned work has
not been extended to patient popula-
tions with depression. Nevertheless, the
work provides a strong theoretical basis
for the idea that endurance exercise can
be used to induce the release of PGC-1�
from skeletal muscles to mitigate depres-
sive symptoms. So the question arises as
to whether there is currently enough evi-
dence to support the deployment of
physical activity to positively influence
depressive symptoms in clinical popula-
tions. To answer this long-standing ques-
tion, Cooney and colleagues conducted a
meta-analysis of high-quality randomized
trials published up to March 2013.15

Thirty-nine studies with a total of 2,326
participants were included in the review.
The authors reported that exercise pro-
duced effects comparable to treatment
by either antidepressive medications or
psychotherapy. A meta-analytic study by
Silveira and colleagues also demon-
strated that aerobic exercise moderately
reduced the signs of depression, with
populations over 60 years of age deriving
the greatest effect.16 Notwithstanding,
there is currently little evidence to indi-
cate which modality of exercise is opti-
mal (aerobic, strengthening, flexibility,
or combinations). In a recent meta-
analytic review, Stanton and Reaburn
tried to determine optimal parameters
for using exercise to treat depression
(eg, frequency, intensity, duration, and
type of exercise). All 5 randomized con-
trolled studies meeting inclusion criteria
were aerobic in nature (walking on
treadmill or outdoors, cycling on a sta-
tionary bike, or training on an elliptical

* All capital letters are used when discussing
human (PGC-1�) genes or proteins, whereas
only the first letter is capitalized when refer-
ring to rodent (Pgc-1�) genes or proteins.
Genes are italicized (PGC-1�), whereas pro-
teins are not italicized (PGC-1�).
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machine).35 Positive evidence was found
that aerobic exercise of moderate inten-
sity, undertaken 3 times weekly for a
minimum of 9 weeks, was successful in
treating depression.35

Clearly, large-scale, multiple-site clinical
investigations that study the relationship
between exercise and depression are
needed. The effects of Pgc-1� on pheno-
typic traits—such as adiposity, lean mass,
and fasting glucose—and the way that
they could be modulated by genetic
background (ethnicity) have not been
precisely understood. Moreover, the
degree to which Pgc-1� polymorphisms
(common variation in gene sequence)
determine an individual’s response is
unknown. Future work that combines
these measures with neuroimaging stud-
ies should be used to determine optimal
“doses” of physical intervention across
patient populations. Finally, strategies
for overcoming core symptoms of
depression—such as loss of interest,
motivation, and energy; generalized
fatigue; low self-worth feelings and low
self-confidence; psychosomatic com-
plaints; and comorbid health problems—
need to be clearly delineated and articu-
lated so that exercise adherence can be
optimized.

We contend that the aforementioned
findings can be used to enrich practice
and research across a number of settings,
as mental and physical health are inextri-
cably melded. Indeed, there is evidence
that physical activity can be used to fun-
damentally change brain physiology in
people with cognitive, neurodegenera-
tive, and mood disorders.31,35 Moreover,
the fact that depressive symptoms exert
a significant influence on service utiliza-
tion36 and clinical outcomes8 makes it
imperative for physical therapists to stay
abreast of emerging knowledge that links
the reciprocal relationship between skel-
etal muscle activity and brain function.
Doing so will ensure that we may remain
steadfast in our mission to provide
evidence-based practice, in conjunction
with other specialists, for all people,
including those with depression.
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