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Central Message

Autologous mitochondrial transplantation

ameliorates ischemia-reperfusion injury after

myocardial insult in animal models and holds

potential for clinical trials.

See Article page e15.
Since the demonstration of myocardial ischemic precondi-
tioning in dogs byMurry and associates1 in 1986, numerous
investigators have explored a wide variety of pathways
whereby the heart may be protected from ischemic damage.
One such notable group at Harvard, led by James D.
McCully, extends their pioneering novel therapy, autolo-
gous mitochondrial transplantation (AMT), in the article
in this issue of the Journal by Guariento and colleagues.2

Knowing that ischemia-reperfusion injury initiates a
cascade of events ultimately leading to mitochondrial
dysfunction-induced myocardial dysfunction, this group
previously revealed that myocardial and coronary injection
of autologous mitochondria during reperfusion is protec-
tive. Here, they demonstrate beneficial effects of preische-
mic intracoronary AMT.2

Their ischemia-reperfusion injury protocol consisted of
30 minutes of ischemia (left anterior descending snare) fol-
lowed by 120 minutes of reperfusion. A total of 26 pigs
were divided into 3 groups: 10 received a single intracoro-
nary AMT before ischemia, 6 received serial intracoronary
AMTs before ischemia, and 10 received vehicle intracoro-
nary injections (control). Intensive hemodynamic moni-
toring occurred, and all animals were eventually killed.
Autologous mitochondria were obtained through pectoralis
major punch biopsy soon after induction of anesthesia. The
results were quite impressive. Relative to controls, both
AMT groups exhibited increased coronary blood flow,
improved regional myocardial function (segmental/frac-
tional shortening, strain), improved global myocardial func-
tion (ejection fraction, diastolic function), and reduced
infarct size (histology, transmission electron microscopy).
No differences were found between the 2 AMT groups.
The results provide strong evidence that preischemic intra-
coronary AMT attenuates ischemia-reperfusion injury.

Mitochondria have a central role in cellular apoptotic
pathways in cardiac myocytes. Numerous proteins and pro-
tein receptor–mediated regulatory interactions are involved
in controlling mitochondrial dynamics. Reperfusion injury,
characterized by an increase in calcium and reactive oxygen
species, activates a fragmentation process in mitochondria,
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resulting in loss of normal regulation.3 Ideally, an interven-
tion would inhibit a specific mechanistic route to prevent
this type of dysregulation; however, the sheer complexity
of interactions makes this difficult. Guariento and col-
leagues,2 in a series of clever studies, have bypassed this
problem by introducing complete healthy mitochondria
into damaged tissue. Although it is unclear how they exert
their beneficial effect, transplanted mitochondria amelio-
rate myocardial injury.
AMT has tremendous potential for translation into hu-

man patients; however, studies on AMT are limited to ani-
mal models, with a single clinical trial. McCully and
colleagues4 described AMT a decade ago, and that group5

went on to conduct the first successful in vivo trial in pedi-
atric patients with cardiac disease. This same group devel-
oped techniques for rapid mitochondrial isolation, making
real-time application feasible, as in their current study.2

Mitochondria inherently represent the perfect cellular
organelle for autotransplantation, because of their unique
attributes. For instance, mitochondria continue to function
independently from the host cell, they are not arrhythmo-
genic (unlike myoblasts), and autotransplantation mitigates
the possibility of an autoimmune reaction.6 Future clinical
trials would have to demonstrate rapid acquisition of func-
tional mitochondria in real time, clarify the effective dose
and delivery method, clarify the optimal timing of treat-
ment, and perform a risk-benefit analysis. The applicability
of AMT is widespread in ischemic cardiac disease, and it
could become a powerful adjunct in clinical treatment of
the disease.
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