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Parkin deficiency results in accumulation
of abnormal mitochondria in aging myocytes
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Autophagy plays a critical role in cellular quality control and is involved in removing damaged or excess organelles.
Dysfunctional mitochondria are quickly cleared from the cell by autophagosomes before they can cause damage to
the cell. Parkin is an E3 ubiquitin ligase that selectively ubiquitinates proteins on dysfunctional mitochondria, thereby
marking those mitochondria for degradation by autophagosomes. In our recent study, we investigated the functional
role of Parkin in the myocardium and discovered that Parkin is dispensable in the adult heart under normal conditions.
Instead, our findings suggest that Parkin plays an important role in clearing damaged mitochondria in myocytes during
stress. Here, we report that Parkin deficiency results in the accumulation of abnormal mitochondria in myocytes with age.

Autophagy plays an important role in cellular quality control as it
degrades protein aggregates and dysfunctional organelles that can
be harmful to the cell.! In the heart, mitochondria are responsible
for providing myocytes with energy in the form of ATP to sus-
tain contraction. However, in response to stress, mitochondria
can change to organelles that promote cell death, as they become
producers of reactive oxygen species and release pro-apoptotic
proteins such as cytochrome ¢. To prevent unnecessary death, a
dysfunctional mitochondrion can be selectively removed from
the cell through mitochondrial autophagy, or mitophagy.? The
specific targeting of mitochondria for autophagic degradation
has recently been shown to involve a family of proteins found to
be mutated in familial Parkinson disease (PD).** One such pro-
tein, Parkin, is an E3 ubiquitin ligase that rapidly translocates to
dysfunctional mitochondria where it promotes ubiquitination of
mitochondrial proteins, which serves as a signal for mitophagy.>®

We recently demonstrated that Parkin plays an important
role in adapting to stress in the myocardium. We discovered that
12-week old Parkin-deficient mice (Parkin™/-) have normal car-
diac function under baseline conditions.” At this age, Parkin™'-
mice also have normal cardiac mitochondrial function, although
mitochondria appear smaller and clustered. However, in response
to myocardial infarction (MI), these mice suffer exaggerated car-
diac damage and increased mortality compared with wildtype
(WT) mice. The increased severity of tissue damage in Parkin™'-
mice is associated with rapid accumulation of swollen, dysfunc-
tional mitochondria in the infarct border zone that is consistent
with a defect in mitochondrial clearance. Taken together, these
results suggest that a Parkin-independent, alternative pathway of
mitophagy is present and may account for the normal appearance
and function of mitochondria in 12-week-old Parkin™~ mice at
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baseline.” This pathway may become overwhelmed following M1,
allowing dysfunctional mitochondria to accumulate.
Continuous turnover of mitochondria via autophagy is impor-
tant in maintaining a healthy population of mitochondria in cells.
Impaired autophagy results in accumulation of dysfunctional
mitochondria and is linked to aging and development of heart
failure.*' In our study, we found that mitochondria in hearts
of 3-month-old Parkin™ mice were disorganized and often
found in large clusters with many small, round mitochondria.”
Interestingly, the change in morphology did not affect mitochon-
drial function. Here, we used electron microscopy to examine
mitochondria in hearts of 6-month-old WT and Parkin™~ mice.
Similarly to the 3-month-old mice, mitochondria from aged
Parkin”~ mice were disarrayed, smaller and clustered, but still
maintained cristae density and appeared generally normal (Fig.
1). However, at this age, we also observed the appearance of
abnormal mitochondria containing electron-dense macromole-
cules in the matrix in Parkin™' hearts. These findings suggest that
alternative pathways of mitochondrial clearance can compensate
for loss of Parkin under normal conditions. Our findings also
suggest that clearance occurs at a slower rate and therefore abnor-
mal mitochondria start to accumulate with age. The reduced rate
of clearance might also account for the accumulation of dysfunc-
tional mitochondria in the heart after MI.” It is not surprising
that there are redundant pathways involved in mitochondrial
clearance; this ensures that there is no disruption in the removal
of dysfunctional and potentially harmful mitochondria in cells.
The propensity for Parkin”~ mice to suffer from more severe
infarcts during MI and the accumulation of damaged mitochon-
dria over time may have serious implications for human patients
with mutations in the PARK2 gene encoding Parkin. Aside from
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Figure 1. Transmission electron micrographs of heart sections from
6-month-old mice. Images are representative of > 15 photos taken from
2 animals per group. Arrowheads signify abnormally dense mitochon-
dria.

the obvious risk of developing early onset PD, these patients may
be at a higher risk for fatal myocardial infarction, a risk which
most likely increases with age as abnormal mitochondria accu-
mulate in the myocytes. An early epidemiological study found
a correlation between PD and increased risk of ischemic heart
disease (IHD)." PD patients have a greater than 2 fold risk of
death from IHD and have significantly higher mortality than
control patients. Additionally, mutations in the PARK2 gene
may be present in as high as 18% of PD cases with onset before
age 40," and may account for 50% of early-onset autosomal

recessive PD cases.'”> Moreover, although more than 100 dis-
ease-causing mutations in the PARK2 gene have been identified
to date," the structure and function of cardiac mitochondria
in PD patients have not been evaluated. Dysfunctional mito-
chondria have been identified in the brains'® and skeletal muscle
of PD patients.'® Of greater relevance, impaired mitochondrial
function has been found in leukocytes of patients with muta-
tions in PARK2." Clearly, a more in-depth investigation is nec-
essary to ascertain whether mutations in the PARK2 gene are
associated with elevated mortality due to heart-related issues.
This information could be critical in improving longevity and
quality of life for Parkinson disease patients.

Material and Methods

Transmission electron microscopy. TEM was performed as pre-
viously described.” Briefly, hearts were harvested from six-month-
old mice, fixed in 2.5% glutaraldehyde in 0.1 M cacodylate
buffer, post-fixed in 1% osmium tetroxide, and then treated with
0.5% tannic acid, 1% sodium sulfate, cleared in 2-hydroxypropyl
methacrylate and embedded in LX112 (Ladd Research). Sections
were mounted on copper slot grids coated with parlodion and
stained with uranyl acetate and lead citrate for examination on a
Philips CM100 electron microscope (FEI).
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