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EDITORIAL COMMENT
A Novel Inducer of Autophagy
in the Heart*

Risa Mukai, PHD, Junichi Sadoshima, MD, PHD
P rotein homeostasis plays an essential role in
maintaining normal cell function, and the
disruption of protein homeostasis leads to

the development of numerous diseases, including
heart failure. Cells possess multiple protein quality
control mechanisms, including the ubiquitin-
proteasome system and the autophagy-lysosome sys-
tem. While the ubiquitin-proteasome system targets
soluble misfolded or aggregated proteins, large pro-
tein aggregates and organelles are degraded by the
autophagy-lysosome system. Stimulation of auto-
phagy at appropriate levels is essential for maintain-
ing cardiac function in the presence of stress.
Unfortunately, however, autophagy is activated only
transiently in response to pathological stimuli and is
inactivated below physiological levels thereafter,
due to activation of inhibitory mechanisms or
exhaustion of the autophagy core machinery. This,
in turn, triggers accumulation of toxic materials,
organelle dysfunction, and eventual heart failure.
Disruption of protein quality control mechanisms,
including insufficient autophagy, is a final common
feature of heart failure caused by many different
mechanisms. Although several interventions have
been proposed to restore the level of autophagy in
the stressed heart, current knowledge regarding the
regulatory mechanism of autophagy during stress ap-
pears to be insufficient.
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In this issue of the JACC: Basic to Translational
Science, in order to identify cardiac enriched genes
that act in a salutary manner in the presence of car-
diac hypertrophy and heart failure, Kuhn et al. (1)
conducted a bioinformatics search of expressed
sequence tag databases. They identified several se-
quences corresponding to FYCO1 (FYVE and coiled-
coil domain-containing protein 1), a gene highly
enriched in human cardiac and skeletal muscle and
known to interact with LC3, Rab7, and phosphatidy-
linositol-3-phosphate (PI3P), key players in auto-
phagy. Kuhn et al. (1) focused on the functional role
of FYCO1 in cardiac autophagy. They reported that
FYCO1 potently stimulates autophagy in car-
diomyocytes. Although systemic down-regulation of
FYCO1 in mice exacerbated heart failure, cardiac-
specific up-regulation of FYCO1 alleviated cardiac
dysfunction in response to pressure overload (PO).
The authors propose that FYCO1 performs salutary
actions that alleviate cardiac dysfunction in response
to cardiac stress.

FYCO1 is an adapter protein carrying the LC3-,
Rab7-, and PI3P-interacting domains (2) and the
coiled-coil domain that is essential for interactionwith
microtubules, most likely through kinesin. The unique
ability of FYCO1 to interact with both autophagosomes
and microtubules facilitates both autophagosome
formation and transport of autophagosomes along
microtubules.

Kuhn et al. (1) showed convincing evidence that
FYCO1 promotes both autophagosome formation and
autophagic flux in the heart during PO. Over-
expression of FYCO1 increased the size and number of
green fluorescent protein–fused LC3 puncta and the
density of LC3 bands in immunoblot analyses. In
addition, FYCO1 stimulates autophagic flux by facili-
tating the transport of autophagosomes. The effect of
FYCO1 appears different from existing interventions
to stimulate autophagy in cardiomyocytes, which act
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primarily on autophagosome formation. We speculate
that the presence of FYCO1 promotes association of
autophagosomes with microtubules, which allows
cells to increase both the capacity and the flux of
autophagy. PO and consequent oxidative stress
markedly stimulate protein turnover. We have shown
recently that autophagy is stimulated rapidly by PO
but that its activity then decreases rapidly and is
suppressed below baseline within a few days (3).
Thus, supplementation of FYCO1, by making the
autophagic process more efficient, would be
extremely beneficial under such conditions.

It has been proposed that the FYCO1 protein com-
plex competes for autophagosome and Rab7 binding
with another protein (dynactin) complex containing
RILP (Rab-interacting lysosomal protein) and dynein,
so that autophagosomes are transported along micro-
tubules in opposite directions depending on which
protein complex dominates (2). Thus, we speculate
that transport of autophagosomes to plus ends of mi-
crotubules located at the periphery of cardiomyocytes
is facilitated when FYCO1 is up-regulated. It is possible
that accumulation of autophagosomes in the center of
the cytosol is cytotoxic. It would be interesting to
investigate whether the movement of autophago-
somes toward the cell periphery is observed when
FYCO1 is up-regulated, and, if so, whether the locali-
zation of lysosomes is co-regulated and what their
functional significance is.

Kuhn et al. (1) show that systemic Fyco1 knockout
mice are normal at baseline. Whether FYCO1 is
dispensable at baseline because the baseline activity
of autophagy is so low in the heart or because
baseline autophagy in the heart utilizes a FYCO1-
independent mechanism for autophagosome forma-
tion and transport remains to be elucidated.

Whether the salutary effect of FYCO1 during pres-
sure overload is predominantly mediated through
stimulation of autophagic flux remains to be confirmed
by conducting loss of autophagy function experi-
ments. As Kuhn et al. noted, we speculate that other
autophagy-independent actions of FYCO1 may also
contribute to the salutary actions of FYCO1 during PO.
For example, FYCO1 may induce compensatory hy-
pertrophy: overexpression of FYCO1 is sufficient to
induce mild cardiac hypertrophy without cardiac
dysfunction at baseline; conversely, although cardiac
dysfunction and chamber dilation were exacerbated in
Fyco1–/– mice in response to PO, no compensatory hy-
pertrophy was induced. Because overexpression of
FYCO1 does not induce hypertrophy in cultured
cardiomyocytes, it is likely that FYCO1 promotes
hypertrophy non–cell autonomously, such as by
stimulating paracrine mechanisms. Furthermore, the
authors found that FYCO1 interacts with Myh7,
thereby reducing the level of Myh7. Although the
functional significance of this observation remains to
be clarified, it raises the possibility that FYCO1 has
multiple functions through protein-protein in-
teractions (Figure 1).

Microtubules are dynamically formed by polymer-
ization of alpha- and beta-tubulin dimers and regu-
late various cellular processes, including cell shape,
mitosis, and protein transport. The density of micro-
tubules is generally increased, and alpha-tubulin is
acetylated in the presence of PO or cardiac hypertro-
phy. Although accumulation of stable microtubules
contributes to increased mechanical resilience
through stabilization of myofibril structure and better
protein quality control through the enhancement of
autophagy, it is well known that microtubule poly-
merization negatively affects cardiac contraction (4).
We speculate that FYCO1 plays an essential role in
promoting the salutary action of microtubules during
PO. Interestingly, class I histone deacetylase in-
hibitors, which attenuate cardiac dysfunction during
mechanical overload, have the ability to promote
autophagosome transport along microtubules (5).
Thus, protein quality control mechanisms mediated
through microtubules, including autophagosome
transport, are promising targets for heart failure
treatment, and further investigation is warranted.

The authors report that the level of FYCO1 is
increased in the mouse model of dilated cardiomy-
opathy, whereas FYCO1 was down-regulated in hu-
man cardiomyopathy samples. We speculate that
FYCO1 is up-regulated during the acute phase of
stress, but this needs to be confirmed experimentally.
Considering the salutary actions of FYCO1 in the
heart, it would be interesting to elucidate the mech-
anism through which the level of endogenous FYCO1
in the heart is regulated in response to stress. This
may lead to the development of an intervention to
maintain the level of endogenous FYCO1 under end-
stage heart failure conditions.

In summary, FYCO1 is necessary and sufficient to
protect the heart against PO by promoting autophagy and
mitophagy. Overexpression of FYCO1 is a novel and
effective way of enhancing autophagic flux in the heart
and, thus, has a strong therapeutic potential. It would be
interesting to test whether an intervention to up-regulate
FYCO1 or FYCO1 itself is beneficial in other cardiac con-
ditions, such as post–myocardial infarction cardiac
remodeling. Furthermore, given its interaction with mi-
crotubules and other cytoskeletal proteins and its effect
on compensatory hypertrophy, FYCO1 may also work
through additional mechanisms to protect the heart
against hemodynamic overload. Further investigations



FIGURE 1 Potential Molecular Mechanisms Through Which FYCO1 May Mediate Protective Effects in the Mouse Heart During Pressure Overload

The salutary effects of FYCO1 (FYVE and coiled-coil domain-containing protein 1) overexpression in the heart during pressure overload may be mediated through

multiple mechanisms, including stimulation of autophagy, induction of compensatory hypertrophy, and interaction with Myh7. FYCO1 appears to stimulate auto-

phagosome formation and promote microtubule-dependent transport of autophagosomes. Although the cardioprotective effect of FYCO1 during pressure overload is

mediated primarily through stimulation of autophagy, other mechanisms may also be involved.
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are warranted to clarify additional functions of FYCO1 in
the heart.
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