




Journal of Molecular and Cellular Cardiology 162 (2022) 10–19

Available online 30 August 2021
0022-2828/© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Exosomes from adipose-derived stem cells alleviate myocardial infarction 
via microRNA-31/FIH1/HIF-1α pathway 
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A B S T R A C T   

Our previous study has revealed that exosomes from adipose-derived stem cells (ASCs) promote angiogenesis in 
subcutaneously transplanted gels by delivery of microRNA-31 (miR-31) which targets factor inhibiting hypoxia- 
inducible factor-1 (FIH1) in recipient cells. Here we hypothesized that ASC exosomes alleviate ischemic diseases 
through miR-31/FIH1/hypoxia-inducible factor-1α (HIF-1α) signaling pathway. Exosomes from ASCs were 
characterized with nanoparticle tracking analysis, transmission electron microscopy, and immunoblotting 
analysis for exosomal markers. Results from immunoblotting and laser imaging of ischemic mouse hindlimb 
revealed that miR-31 enriched ASC exosomes inhibited FIH1 expression and enhanced the blood perfusion, 
respectively. These effects were impaired when using miR-31-depleted exosomes. Immunohistochemistry anal-
ysis showed that administration of exosomes resulted in a higher arteriole density and larger CD31+ area in 
ischemic hindlimb than miR-31-delpleted exosomes. Similarly, knockdown of miR-31 in exosomes reduced the 
effects of the exosomes on increasing ventricular fraction shortening and CD31+ area, and on decreasing infarct 
size. Exosomes promoted endothelial cell migration and tube formation. These changes were attenuated when 
miR-31 was depleted in the exosomes or when FIH1 was overexpressed in the endothelial cells. Furthermore, the 
results from immunocytochemistry, co-immunoprecipitation, and luciferase reporter assay demonstrated that the 
effects of exosomes on nuclear translocation, binding with co-activator p300, and activation of HIF-1α were 
decreased when miR-31 was depleted in the exosomes or FIH1 was overexpressed. Our findings provide evidence 
that exosomes from ASCs promote angiogenesis in both mouse ischemic hindlimb and heart through transport of 
miR-31 which targets FIH1 and therefore triggers HIF-1α transcriptional activation.   

1. Introduction 

Ischemic diseases continue to represent a critical and growing cause 
of morbidity and mortality in modern society [1]. Peripheral artery 
disease (PAD) is a narrowing or blockage of the blood vessels causing 
ischemia in limbs [2]. Ischemic heart disease, also known as coronary 
heart disease, is caused by the stenosis and occlusion of the coronary 
artery, which leads to insufficient blood supply to the heart [2]. To 

address these challenges, the science of therapeutic angiogenesis has 
been developing for the past two decades. The protein/gene approach, 
stem/progenitor cell approach, and subsequent microvesicle/exosome 
approach have been extensively studied in the treatment of ischemic 
diseases [3,4]. Exosomes are plasma membrane-derived vesicles 
released by cells and are recognized as transmitters loaded with RNAs, 
proteins, and lipids that participate in intercellular communication [5]. 
In comparison with the stem cell approach, the cell-free exosome 
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