
Supplementary Table S1. Proposed mechanisms of MSC-EVs related to immunological effects 

MSCs 
origin 

MSCs 
manipul

ation 

MSCs 
medium 

before EVs 
isolation 

EVs 
isolation 
method 

Disease model Effects Target cells 
Mechanism (molecule(s) or 

signaling pathways identified) 
Confirmation method 

Ref. 
No. 

hUC / 
serum-free 
DMEM/F12 

UC 
murine 
chronic 

salpingitis  

 Improvement of the local 
inflammatory 

microenvironment of 
fallopian tubes and 
inhibition of tube 

inflammation; 
 alleviation of tubal factor 

infertility 

RAW 264.7  

Macrophage polarization from 
M1 to M2 via NF-κB signaling 
pathway, lower expression of 

p65 and TLR4 

/ [1] 

mBM / 

medium 
containing 

5% 
exosome-
depleted 

FBS 

UC 
murine 

myocardial IRI  

Polarization to M2 
macrophages; reduction of 

infarct size and alleviation of 
inflammation level in heart 

and serum 

RAW264.7  
miR-182 mediator of 

macrophage polarization and 
TLR4 as a downstream target 

systemic depletion of 
macrophages; 

diminishing miR-182; 
knockdown of TLR4  

[2] 

mBM / 

DMEM/F12 
with 10% 

EVs- 
depleted 

FBS 

UC 
LPS-induced 

ARDS  

 Inhibition of M1 and 
promotion of M2 

polarization in vitro; 
amelioration of LPS-induced 

inflammation and lung 
damage 

MH-S 
 Inhibition of cellular glycolysis 

via HIF-1a inhibition 
HIF-1a siRNA [3] 

hESC  / / 
TFF + HPLC 

+ UF 
mouse skin 
graft GVHD  

Activation of APCs; 
induction of anti-

inflammatory M2; elicitation 
of Treg; enhancement of 

allogeneic skin graft 

HEK-Blue-
hTLR4 and 

hTLR2; 
THP1-Xblue; 
THP1 XBlue-

defMYD; 
monocytes, 
splenocytes 

Activation of APCs via MyD88-
dependent translocation of 
NFκB through TLR4; M2 

induction through MyD88 only 
in I phase; Treg induction via 
M2-like monocytes, MYD88-

dependent 

use of MyD88-deficient 
cells [4] 



MSCs 
origin 

MSCs 
manipul

ation 

MSCs 
medium 

before EVs 
isolation 

EVs 
isolation 
method 

Disease model Effects Target cells 
Mechanism (molecule(s) or 

signaling pathways identified) 
Confirmation method 

Ref. 
No. 

BM 

transfect
ion of 
miR-

223-3p 

a-MEM 
medium 

UC 
autoimmune 

hepatitis  

Decrease of inflammatory 
cytokines from liver and 

macrophages; lower 
inflammatory responses in 
the liver; elevation of the 

Treg/Th17 ratio 

RAW264.7  
miRNA-223-3p-mediated 

negative regulation of STAT3, 
IL-1β and IL-6 expressions 

miR-223 knockdown [5] 

hUC / / "ExoQuick" SLF  
Attenuation of respiratory 
system function, NLRP3 
activation, and fibrosis 

RAW264.7  
EVs affect circPWWP2A/ miR-

223–3p /NLRP3 regulatory 
pathway 

siRNAs of NLRP3 
siRNA of circPWWP2A; 

miR-223–3p mimics 
[6] 

mBM / 
FBS-free 

RPMI-1640 UC mouse sepsis  
 Inhibition of CLP-induced 

sepsis 
BM-derived 

macrophages 
miRNA-27b targets JMJD3 and 

downregulates NF-κB  
miR-27b knockdown; 

miR-27b-mimic [7] 

rat BM / 
serum-free 
stem cell 
medium 

sucrose/D2O 
cushion UC 

rat SCI 
Amelioration of SCI 

symptoms; promotion of M2 
polarization  

RAW264.7  
 miR-125a from EVs inhibits 

IRF5 expression 
overexpression of IRF5; 
miR-125a knockdown [8] 

mBM / RPMI 1640 
medium 

 "Total 
Exosome 
Isolation 

Reagent Kit" 

atherosclerosis  
Reduction of plaque area 

and macrophage infiltration; 
M2 polarization 

RAW264.7  

miR-21a-5p targets KLF6 and 
ERK2 suppressing KLF6 and 
ERK1/2 -> M2 polarization, 

inhibition of migration 

miR-21a-5p 
overexpression in 
RAW264.7 cells 

[9] 

mBM / 
medium 

with EVs-
free serum 

TFF+HPLC+
UF 

atherosclerosis  

Decrease of atherosclerotic 
plaque; reduction of 

macrophage infiltration; M2 
polarization 

U-937  

miR-let7 induces M2 
polarization via miR-

let7/HMGA2/NF-kB and 
suppresses macrophage 

infiltration via miR-
let7/IGF2BP1/PTEN  

miR-let7 mimics and 
inhibitors in U937 cells [10] 

hBM / 

 α-MEM 
with 10% 
exosome-
depleted 

FBS 

UC 
IBD models of 
experimental 

colitis 

Mitigation of colitis; 
downregulation of 

inflammatory responses; 
maintenance of intestinal 

barrier integrity 
M2 polarization and IL-10 

release 

Monocyte-
derived 

macrophages 

MT-2 from EVs is necessary for 
uptake into macrophages; 

MT-2 inhibits inflammatory 
response via attenuation of NF-
κB, i.e., by modulating IκBα 

expression via interacting with 
MZF1 

Depletion of colonic 
macrophage; 

Neutralization of IL-10; 
MT-2 knockdown 

[11] 
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origin 

MSCs 
manipul

ation 

MSCs 
medium 

before EVs 
isolation 

EVs 
isolation 
method 

Disease model Effects Target cells 
Mechanism (molecule(s) or 

signaling pathways identified) 
Confirmation method 

Ref. 
No. 

mBM / 
DMEM-LG 

medium 
"ExoQuick" 

mice kidney 
transplant 

model 

Prolong the allogenic kidney 
graft survival 

DCs 

Inhibiting DCs maturity by 
increasing miR-146a in DCs; 

reduction of IL-12 mRNA 
expression and IL-12 production 

of mDCs 

miR-146a silencing [12] 

hBM / 

basal 
medium 

supplement
ed with 10% 

human 
platelets 

lysate 

UC / 
Impairment of antigen 

uptake by immature DCs; 
impairment of DC migration   

DCs 

Impairment of DC migration via 
suppression of CCR7; 

miRNA-21-5p partially mimics 
the function of MSC-EV 

treatment on DCs 

miR-21-5p 
overexpression in DCs [13] 

hUC / 
DMEM with 

0.5% BSA 
UC 

rat model of 
renal IRI 

 Suppression of IRI-induced 
up-regulation of NK cells in 
spleen and ischemic kidney; 

 protective role after the 
removal of spleen in IRI rats 

HUVECs; 
NRK-52E 

RNA involvement; 
downregulation of CX3CL1 and 

TLR-2 

Depletion of NK cells; 
RNA-specific 

fluorescent dye (SYTO) 
[14] 

hFL / 

exosome-
depleted 

FBS a-MEM 
complete 
medium 

UC / Impairment of NK cell 
function 

human NK 
cells 

Activation of TGFβ/Smad 
pathway in NK cells by EVs, via 

TGFb on their surface 

Detection of pSmad2/3; 
anti-TGFβ neutralizing 

antibody 
[15] 

hESCs / 
supplement
ed DMEM 

TFF + UF / 
Inhibition of complement-

induced neutrophil 
activation 

neutrophils 

EVs inhibit complement-
induced neutrophil activation 

through a CD59-dependent 
mechanism 

anti-CD59 antibody 
abrogated the inhibitory 

effects of EVs 
[16] 

hBM / 
 serum-

deprived 
medium 

UC 

mouse intra-
cranial 

aneurysm 
model 

Reduction of aneurysmal 
rupture rate; 

suppression of mast cells 
activation 

primary 
cultures of 

murine mast 
cells; 
LAD2  

EVs cause the upregulation of 
PGE2 production via up-

regulation of mRNA expression 
of COX2 and upregulation of 

EP4 receptor expression 

COX2 inhibitor; 
EP4 antagonist [17] 



MSCs 
origin 

MSCs 
manipul

ation 

MSCs 
medium 

before EVs 
isolation 

EVs 
isolation 
method 

Disease model Effects Target cells 
Mechanism (molecule(s) or 

signaling pathways identified) 
Confirmation method 

Ref. 
No. 

hUC / 

α-MEM 
containing 
5% human 

platelet 
lysate  

TFF + 
diafiltration 

/ 

Attenuation of induced ROS 
generation, degranulation, 

and production of 
proinflammatory cytokines; 
inhibition of inflammatory 

and allergic reactions 

KU812 cells  
Suppression of NF-kB and 

MAPK  
/ [18] 

endomet
rium 
(men-
strual 
blood) 

/ 

DMEM 
containing 
1% insulin-
transferrin-

selenium 

UC / T cell activation PBLs  
EVs inhibitory effect against 

CD4+ T cell activation is 
mediated via TGFβ signaling 

Anti-TGFβ neutralizing 
antibodies [19] 

canine-
UC 

/ 

 serum-free 
supple-
mented 
DMEM 

UC / Inhibition of CD4+ T cell 
proliferation 

T cells TGFβ and adenosine signaling 

TGFβRI antagonist; 
neutralizing antibodies 

to TGFβ; A2A adenosine 
receptor block 

[20] 

hUC; 
BM  

/ 
 serum-free 

medium 
UC / 

Suppressed proliferation of 
T cells 

T cells 

CD39-expressing T cells produce 
AMP from ATP and MSCs 

produce adenosine from AMP 
via CD73, causing 

immunosuppression of T cells 

/ [21] 

hBM / 

DMEM 
supplement
ed with EVs-

depleted 
FBS 

UC / 

EVs decrease the 
proliferation of activated 

PBMCs or isolated T and B 
cells; 

inhibited the production of 
IgM by B cells 

 PBMCs; 
isolated B and 
T lymphocyte  

Increase of CXCL8 and MZB1 in 
B cells upon EVs treatment 

/ [22] 

 

 

 

 

 



Supplementary Table S2. Proposed mechanisms of MSC-EVs related to regenerative effects 

Origin 
of MSC 

MSCs 
manipul

ation 

MSCs 
medium 

before EVs 
isolation 

EVs 
isolation 
method 

Disease 
model 

Effects Target cells 
Mechanism (molecule(s) or 

signaling pathways identified) 
Confirmation method 

Ref. 
No. 

hUC / 

FBS-
deprived 

DMEM with 
0.5% BSA 

UC 
renal IRI in 

rats 

Decline of ROS, oxidative 
stress, and fibrosis; 

ameliorated renal function; 
reduced apoptosis and 
enhanced proliferation 

 NRK-52E; 
HUVECs 

NOX2 downregulation 
NOX2 downregulation 
both in vivo and in vitro [23] 

hUC / 

FBS-
deprived 

DMEM with 
0.5% BSA 

UC 
renal IRI in 

rats 
Alleviation of renal tissue 

injury and apoptosis 
NRK-52E  

Activation of Nrf2/ARE, up-
regulation of HO-1  

comparison to non-MSC 
EVs [24] 

hESC-
derived 

HuES9.E
1 MSCs 

/ 
serum-free 

culture 
medium 

TFF + UF + 
HPLC 

liver injury  

 Increase in hepatocyte 
proliferation, viability, and 
survival rate; induction of 

quiescent hepatocytes (G0) to 
re-enter the cell cycle (G1) 

3 hepato-
cytes cell 

lines: 
TAMH, 
THLE-2, 
HuH-7 

Induction of regenerative genes 
(NF-κB, cyclin D1, and cyclin E); 

protection from apoptosis by 
decreasing caspase 3/7 level while 

upregulating Bcl-xL; 
induction of transcription factors 
expression during the G1 phase  

dose dependency [25] 

rat BM / 

EVs-
depleted 

FBS-
containing 
medium 

UC 
rat severe 

SCI 

Improvement of locomotor 
functional recovery; inhibition 

of neuronal apoptosis 

neuron cells 
from the 

spinal cord 
Wnt/β-catenin  

Wnt/β-catenin signaling 
pathway inhibitor [26] 

hBM / 

α-MEM 
medium 
with EVs 
depleted-

FCS 

UC 
osteoarthriti

s 

Promotion of proliferation, 
migration, and reduction of 

apoptosis; alleviation of IL-1β-
induced catabolic effects on 

chondrocytes from 
osteoarthritis 

chondrocyte
s from 

osteoarthriti
s patients 

Downregulation of Erk1/2, 
PI3K/Akt, p38, TAK1, and NF-κB 

signaling pathways 
/ [27] 

hESC-
derived 

HuES9.E
1 MSCs 

/ 
supplement
ed DMEM 

TFF+HPLC+
UF 

IRI model of 
MCI in mice 

Reduction of IRI; 
improvement of cardiac 

performance; reduction of 
oxidative stress and 

inflammation 

/ Activation of PI3K/Akt pathway / [28] 



Origin 
of MSC 

MSCs 
manipul

ation 

MSCs 
medium 

before EVs 
isolation 

EVs 
isolation 
method 

Disease 
model 

Effects Target cells 
Mechanism (molecule(s) or 

signaling pathways identified) 
Confirmation method 

Ref. 
No. 

hBM / 
RPMI 

containing 
0.5% BSA 

UC 

in vitro IRI 
of renal 

cells; ATP 
depletion 

injury 

Reduction of transepithelial 
resistance loss 

HK-2  

Uptake via CD229 and CD44; 
delivery and upregulation of 
miRNA; reversal of miRNA 

changes in target cell; 
downregulation of coding-mRNAs 

associated with apoptosis, 
cytoskeleton reorganization, and 
hypoxia, such as CASP3 and 7, 

SHC1 and SMAD4 

Blocking EVs uptake by 
antibody to CD29 or 

hyaluronic acid to block 
CD44; transcription 

inhibition by 
actinomycin D  

[29] 

mBM 
hBM 

/ 
Vesicle-
depleted 
medium 

UC 

 lethal 
murine 

model of 
hepatic 
failure 

 Reduction of inflammation 
and hepatic injury; 

modulation of cytokine 
expression; survival increase 

human 
hepatocytes  

lncRNA Y-RNA-1 from EVs 
mediates the reduction of 
apoptosis in hepatocytes 

siRNA-mediated 
knockdown of Y-RNA-1 

in hBM-MSC 
[30] 

mBM ISCP 
serum-free 

medium 
UC, 

ExoQuick 
mouse MCI 

Reduction of cardiomyocyte 
apoptosis; amelioration of 

fibrosis post-MCI 

 neonatal 
cardiomyoc

ytes  

miR-22 carried by EV target 
Mecp2 (methyl CpG binding 

protein 2) which is upregulated in 
infarcted hearts 

miR-22 mimic; 
miR-22 inhibitor; 

knockdown of Mecp2 by 
siRNAs 

[31] 

rat BM 
GATA-4 
overexp
ression 

serum- and 
antibiotic-

free medium 
ExoQuick 

cardiomyoc
ytes 

ischemic 
injury, in 

vitro model 
of MCI 

Reduction of apoptosis; 
cardioprotection  

neonatal rat 
ventricle 

cardiomyoc
ytes 

GATA-4 increases miR-221 in 
MSC; EVs transport miR-221 to 
cardiomyocytes reducing the 

expression of PUMA, i.e., reducing 
apoptosis  

Overexpression of miR 
221 in MSCs; 

co-transfection of lenti-
miR-221 vector and full-
length 3′ UTR sequence 

of PUMA  

[32] 

mBM 
hypoxia-
conditio

ning 

EVs 
depleted α-

MEM 
UC 

mouse MCI 
model 

Improvement of cardiac 
function; attenuation of 

apoptosis 

H9C2 rat 
cardiomyobl

ast 

Improved targeted delivery of EVs 
by conjugating them with a 

“CSTSMLKAC” peptide; 
anti-apoptotic effect of miR-125b 

contained in EVs 

knockdown of miR-
125b-5p  [33] 



Origin 
of MSC 

MSCs 
manipul

ation 

MSCs 
medium 

before EVs 
isolation 

EVs 
isolation 
method 

Disease 
model 

Effects Target cells 
Mechanism (molecule(s) or 

signaling pathways identified) 
Confirmation method 

Ref. 
No. 

rat BM / 

EVs-
depleted 

FBS-
containing 
medium  

UF + sucrose 
/D2O 

cushion-UC 

rat rotator 
cuff recon-
struction  

Promotion of proliferation, 
migration, and angiogenic 

tube formation in HUVECs; 
promotion of angiogenesis 

around the tendon-bone 
interface of the rotator cuff; 
lower inflammation by the 

inhibition of M1 macrophage 
polarization 

U937 cells; 
HUVECs 

Activation of the angiogenic 
signaling pathway, i.e., VEGFR 
phosphorylation which inhibits 

phosphorylation of LATS1/2 and 
YAP1  

VEGFR inhibitor 
(Nintedanib) [34] 

hAT 

LV-
mediate

d 
transfer 
of pre-

miR-122 

MesenPRO 
RS™ 

medium 
"ExoQuick" liver fibrosis  

Suppression of the 
proliferation and collagen 
maturation in LX-2 cells; 

alleviation of collagen 
deposition 

LX-2 
miR-122I targets IGF1R, CCNG1 

and P4HA1 
/ [35] 

hUC / 
serum-free 

DMEM 

UF + 
sucrose/D2O 
cushion-UC 

rat BIS  
Promotion of cell proliferation 

and re-epithelialization;  
inhibition of apoptosis 

HLF; 
Keratinocyte

s, HaCAT; 
Dermal 

fibroblasts 

Parallel activation of Wnt4/β-
catenin and AKT signaling 

knockdown of Wnt4; 
inhibition of AKT [36] 

h / / 
sequential 

TFF 

rat 
periodontal 

defect  

 Promotion of regeneration of 
critical-size periodontal 

defects; proliferation and cell 
migration increase 

periodontal 
ligament 

cells 

AR-mediated activation of AKT 
and ERK signaling pathways 

wortmannin (inhibitor 
of PI3K/AKT pathway); 

U0126 (inhibitor of 
MAPK/ERK pathway) 

[37] 

h 
gingiva 

/ 

a-MEM with 
1% EVs 

depleted 
FBS 

UF + 
'ExoQuick' 

crush injury 
of mice 

sciatic nerve  

Promotion of axonal repair 
and functional recovery of the 

crush-injured mice’s sciatic 
nerves; promotion of 

proliferation and migration of 
Schwann cells 

rat Schwann 
cell line 

RT4-D6P2T; 
primary rat 

Schwann 
cells 

Upregulation of the expression of 
genes, driving the 

dedifferentiation and activation of 
the repair phenotype of Schwann 

cells: c-JUN and Notch1 

GW4869, an 
exosome/EVs inhibitor [38] 



Origin 
of MSC 

MSCs 
manipul

ation 

MSCs 
medium 

before EVs 
isolation 

EVs 
isolation 
method 

Disease 
model 

Effects Target cells 
Mechanism (molecule(s) or 

signaling pathways identified) 
Confirmation method 

Ref. 
No. 

hBM; 
mBM 

/ 

medium 
containing 
EVs-free 
platelet 
lysate 

UC / 
Regeneration of damaged 

RPTECs; increase of RPTEC´s 
proliferation 

hDF 
human, 
mouse 

RPTECs; 
HK2  

EVs transfer IGF-1R mRNA 
Silencing of IGF-1 

receptor [39] 

 

hUC – human umbilical cord, hAT – human adipose tissue, mBM – mouse bone marrow, hBM – human bone marrow, hFL - human fetal liver UC – ultracentrifugation, 
TFF – tangential flow filtration; HPLC – high performance liquid chromatography; UUO – unilateral ureteral obstruction, AKI – acute kidney disease, IRI - ischemia-
reperfusion injury; RAW 264.7 (mouse macrophage cell line); U-937 (human monocyte cell line); murine alveolar macrophage cell line MH-S; HIF-1a  - hypoxia-inducible 
factor 1 alpha; TLR4 - toll-like receptor 4; SCI - model of spinal cord injury; MZF1 - myeloid zinc finger 1; LAD2 - human mast cell line; PGE2 - prostaglandin E2; EP4 - 
E-prostanoid 4; HMC-1 - human mast cell line; KU812 - immature human basophilic leukocyte; PBLs - peripheral blood lymphocytes; PBMCs - peripheral blood 
mononuclear cells; MCI - myocardial infarction; HK-2 (renal proximal tubular epithelial cells); ISCP - ischemic preconditioning; PUMA - p53 upregulated modulator of 
apoptosis; LX-2 - hepatic stellate cells line; LV – lentivirus; BIS - deep second-degree burn injury skin wound model; HLF - human lung fibroblasts; HaCaT - 
spontaneously immortalized keratinocyte cell line from the adult human skin; AR - adenosine receptor; RPTECs – renal proximal tubular epithelial cells; hDF – human 
dermal fibroblasts; MT2 - Metallothionein 2; hESC - huES9.E1 cell line; SLF - model of silicosis lung fibrosis; NK - natural killer cells. 
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