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Mesenchymal stem cells (MSCs) have been the subject of intense scientific interest in recent 

years. MSCs were discovered in 1970 as a resident population of cells in bone marrow 

(BM), where they play a pivotal role in hematopoiesis.1 MSCs are also found multiple 

tissues throughout the body including adipose, gut umbilical cord and the heart; however, 

BM-derived MSCs continue to be among the most widely studied, owing to their ease of 

isolation and expansion in culture. Multiple studies to date demonstrate the therapeutic 

potential of cardiac delivery of MSCs in the treatment of heart disease, including reduced 

myocyte apoptosis, stimulation of neoangeogenesis and improved cardiac function.2, 3

Several clinical trials of MSC based therapies have been conducted to date, and while results 

have been mixed, there is cause for cautious optimism, with numerous studies reporting 

improved cardiac function and reduced scar size in patients.4 However, the mechanisms 

underlying MSC-based therapy remain elusive. Reports of low retention rates of MSCs in 

the heart post-delivery may point to a paracrine mechanism of action.5 Indeed, conditioned 

media from MSCs conveys similar benefits as co-culture with MSCs themselves, including 

reduced cardiomyocyte apoptosis in vitro.6 In addition, others have shown that MSC-derived 

exosomes are cardioprotective in ischemia reperfusion injury.7

Autophagy is an evolutionarily conserved mechanism, wherein damaged proteins and 

organelles are degraded via delivery to the lysosome. In addition to removing potentially 

toxic components from the cellular milieu, autophagy is utilized to maintain energy 

homeostasis during times of nutrient deprivation. Stimulation of autophagy has been shown 

to improve cellular health, cardiac function and overall longevity in several models; 

however, other studies suggest that autophagy may directly contribute to myocyte death in 

certain cardiac injury models.8 In the current issue of Circulation Research, Xiao et al. 

impart fresh insight into the complex role of autophagy in cardiac injury, and provide 
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compelling evidence for autophagy modulation being key to the therapeutic mechanism of 

action of MSCs based treatments.9

In agreement with previous studies, the authors found that administration of MSC directly 

into the heart thirty minutes post-myocardial infarction (MI), improved cardiac function and 

recovery in mice. Infarct size and apoptosis were both significantly decreased in treated 

animals compared to untreated. Interestingly, the authors noted changes in the levels of 

autophagy markers LC3-II and p62 following MI, and found significant differences between 

control and MSC treated animals post-MI. To assess if this was due to increased autophagic 

flux, which refers to autophagosome formation, maturation and degradation steps, the 

authors utilized Bafilomycin A1, an inhibitor of the vacuolar-type H+-ATPases, to block the 

fusion between the mature autophagosomes and lysosomes. If autophagic flux is increased 

and the fusion step is abrogated, then the autophagosomes will accumulate in the cytosol.

Indeed, the authors found that the presence of Bafilomycin A1 led to a significant increase in 

LC3II and p62 levels confirming increased autophagic flux in hearts following MI injury; 

however, flux was significantly reduced in MSC treated animals relative to controls. 

Furthermore, post-MI autophagosome number was significantly diminished in the hearts of 

animals that received MSC transplantation, as assessed via transmission electron 

microscopy. These results suggested that autophagic activity was elevated in the injured 

heart and that MSC treatment reduced this effect.

Next, the authors investigated the functional consequences of elevated autophagy in the 

heart. They found that treatment of mice with the autophagy inhibitor, 3-methyl adenine (3-

MA), thirty minutes prior to MI also led to an attenuation of myocyte apoptosis, reduced 

remodeling and improved post-injury cardiac function overall. This suggested that 

autophagy inhibition might be, at least in part, responsible for the therapeutic benefits of 

MSC transplantation. These results were confirmed in vitro, using hypoxia in conjunction 

with serum deprivation (H/SD) to simulate the conditions of MI in isolated neonatal mouse 

cardiomyocytes (NMCs). Co-culture with MSCs reduced both autophagic flux and cell 

death in NMCs exposed to H/SD conditions.

Continuing with their cell culture model, the authors sought to better understand the 

mechanism by which MSCs can modulate autophagic activity in cardiomyocytes and found 

p53 and Bnip3, two known autophagy activators, to be upregulated following H/SD 

exposure in NMCs.10 Co-culture with MSCs significantly diminished their increase, 

pointing to this signaling pathway as a target of MSC therapy. Strengthening this conclusion, 

MSC co-culture elicited a partial blockade of increased autophagic flux in NMCs transduced 

with adenoviral p53 or Bnip3 constructs. Importantly, these results were corroborated in 

vivo; increases in p53 and Bnip3 protein levels observed in the border zone of MI injured 

mice were blocked in MSC treated animals.

In murine cardiac injury models, MSC-derived exosomes confer many of the therapeutic 

benefits mediated by MSC transplant.7 Here too, Xiao et al. found that NCMs treated with 

MSC-derived exosomes recapitulated the results obtained using their MSC/NMC co-culture 

model, including decreased autophagic flux and cytoprotection in cells exposed to H/SD, as 
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well as downregulation of the p53/Bnip3-signaling pathway. These findings demonstrate that 

the anti-autophagic effects of MSCs are in large part mediated by exosome release.

Although exosome cargo can include various cellular macromolecules, previous studies have 

shown that pretreatment of MSCs with RNase can nullify their efficacy, pointing to an 

important role for microRNAs carried by exosomes.11 Xiao and colleagues identified 

miR-125b-5p to be one of the most abundant microRNAs in the MSC-derived exosomes. 

MiR-125b-5p is known to target p53 and was increased in NMCs that were cultured with 

MSC derived exosomes over a 24-hour period, suggesting exosomal transfer of this miRNA. 

Making use of an anti-miR-125b-5p oligonucleotide, the authors elegantly demonstrate that 

the effects mediated by MSC-derived exosomes, are entirely dependent on this miRNA. 

Exosomes derived from MSCs pretreated with anti-miR125b did not inhibit autophagy nor 

offer cardioprotection in either H/SD exposed NCMs, or MI-injured mice.

This study provides persuasive evidence for a mechanism of action dependent upon 

exosome-mediated delivery of miR125b from MSCs to cardiomyocytes (Figure). However, 

it also raises several critical questions that need to be investigated in future studies. 

Autophagy can be either beneficial or detrimental to the heart following injury, with 

outcomes depending on the type and duration of insult. Here, Xiao et al. found a moderate 

decrease in autophagic flux mediated by miR125b or the autophagy inhibitor 3-MA to be 

beneficial. However, it is important to note that the authors also found that disrupting 

autophagy more robustly, by knocking down the critical autophagy protein Atg7 produced 

the opposite effect and was damaging to NMCs. These results highlight the narrow 

therapeutic window in targeting autophagic activity in myocytes and provide a cautionary 

note to others pursuing autophagy modulation as a therapeutic strategy. Moreover, given the 

notoriously promiscuous nature of miRNAs, future studies should also examine other 

miR125b targets as potential mechanisms of action. For example, among its many targets, 

miR125b is known to regulate myeloid cell leukemia-1 (MCL-1).12 MCL-1 is an anti-

apoptotic BCL-2 protein and a critical regulator of both cell survival and autophagy.13 Other 

targets of miR125b include several regulators of apoptosis and the immune response, which 

could also explain the therapeutic effect elicited by this miRNA. Finally, while the positive 

in vivo results presented by the authors are encouraging, enthusiasm should be tempered by 

the timing of treatments. MSC and exosome treatments were delivered to mice thirty 

minutes post-MI, while 3-MA was administered thirty minutes prior to injury. It would be of 

interest to administer treatments at later time points post-injury in future studies, more 

congruent with incidence and treatment of cardiac events in the clinical setting. Again, this 

may be of great importance given the temporal and injury-type dependent variability of 

autophagy inhibition on outcome.

Overall, the findings by Xiao et al. represent a significant contribution to an exciting field. 

The authors shed new light on the therapeutic potential of MSCs and describe a mechanism 

of action dependent upon exosome-mediated transfer of miRNA and suppression of 

autophagy.
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Figure. Mesenchymal stem cell-mediated cardioprotection.
Exosome release from transplanted mesenchymal stem cells mediates transfer of miR-125–

5p into cardiomyocytes. Downregulation of p53 expression suppresses p53/Bnip3-mediated 

autophagy, promoting a cardioprotective phenotype in the post-MI heart.
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