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ARTICLE INFO ABSTRACT

Keywords: Our previous study has revealed that exosomes from adipose-derived stem cells (ASCs) promote angiogenesis in
Stem cell subcutaneously transplanted gels by delivery of microRNA-31 (miR-31) which targets factor inhibiting hypoxia-
Exosome inducible factor-1 (FIH1) in recipient cells. Here we hypothesized that ASC exosomes alleviate ischemic diseases
:;;‘3 :ifﬁ:lisn farction through miR-31/FIH1/hypoxia-inducible factor-la (HIF-1a) signaling pathway. Exosomes from ASCs were
microRNA 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-1a 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-1a 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

Abbreviations: a-SMA, a-smooth muscle actin; antimiR-31, Lenti/anti-miR-31; antimiR-Cont, Lenti/anti-miR-Cont; ASC, adipose-derived stem cell; Exo, exosome;
FIH1, factor inhibiting hypoxia-inducible factor-1; HIF-1a, hypoxia-inducible factor-la; HMVEC, human microvascular endothelial cell; HLI, hindlimb ischemia;
HRE, hypoxia response element; LAD, left anterior descending; LVESD, left ventricle (LV) end-systolic diameter; LVEDD, left ventricle end-diastolic diameter; LVFS%,
percentage of left ventricle fractional shortening; MI, Myocardial infarction; PAD, peripheral artery disease.

* Corresponding author at: Morehouse School of Medicine, 720 Westview Drive SW, Atlanta, GA 30310, United States of America.

E-mail address: dliu@msm.edu (D. Liu).
1 Dihan Zhu and Yang Wang contributed equally to this work.

https://doi.org/10.1016/j.yjmcc.2021.08.010

Received 15 March 2021; Received in revised form 13 August 2021; Accepted 25 August 2021

Available online 30 August 2021
0022-2828/© 2021 The Author(s).

(http://creativecommons.org/licenses/by-ne-nd/4.0/).

Published by Elsevier Ltd.

This is an open access article under the CC BY-NC-ND license












D. Zhu et al.

>

-RXUQDO RIOROHFXODUDQG &HOOXODU &DUGI

Exo/anti Exo/anti C

5 . .
© B4 ] wwn XXX PBS Exo  miR-Cont miR-31 1.5 1 —e=pss
=2 2 T 1 % —e—Ex0
= 683 DO a2 ExofantimiR-Cont
Eé 5 5 10 - =@ Fx0/antimiR-31
Eg D7 2
0 AN 805 -
o)
LR pia f:
({\\Q‘ ;\\6\ m 0.0
(\;\\ \rb(\ . T T T T T 1
N D21 10 3 7 1421
< Days
D 1.57 E &
3 P
—— *%k%* *% ’ ?3
g =|—1 0- ® = RN g'
E = wlgt - % NS
ISEES
g Sos- LELS
c
m ©
0.0t—F——-T—7+— FIH1 40 KD
S O & o)
QT (P GAPDH 37 KD
& &
& °
o <
<
F Exo/anti Exo/anti G
PBS Exo miR-Cont miR-31
<4 402
© 9 *% =1
CD31 o O B
53 303
. 20@
e o
a-SMA 8551 103
to *%k% OEN
RN
DAPI & & o
& °
& ©
Merge ((/.\.0 <
H Exo/anti Exo/anti | =4
PBS Exo miR-Cont miR-31 g o, *kok *kk
S © °
CD31 £ 52 -
Lo1{ N = = «>
o e O T T T T
DAPI S 0 & o
N N
&
Merge Q% {(/.\.0
<<;\~

(caption on next page)



