
Extracellular vesicles from cardiosphere-derived cells show immunomodulatory 

properties in vitro and improve muscle activity in a mouse model of Duchenne 

Muscular Dystrophy

Introduction

Summary and Conclusions

Methods

ÅCardiosphere-derived cells (CDC) improve cardiac function

and exercise capabilities in a Duchenne muscular

dystrophy (DMD) mouse model (Aminzadeh et al. (2018).

Stem Cell Reports. Vol 10 (3): 942-955).

ÅEarly immune infiltration can contribute substantially to the

initiation and progression of muscle pathology. Activated T

cells and macrophages play a critical role in muscle

wasting.

ÅCDCs are cleared shortly after administration and paracrine

signals play an essential role in the activation of the

regenerative pathways.

ÅEVs from CDCs are able to recapitulate most of the effects

mediated by the cells.

Å EVs from CDC and MSC showed a different expression of surface markers and a different cargo content.

Å CDC-EVs have strong immunomodulatory capabilities on human activated T-lymphocytes.

Å EVs from potent CDCs showed a stronger dose-dependent upregulation of anti-inflammatory genes in activated mouse macrophages

compared to EVs obtained from non-potent CDCs or from MSCs.

Å EVs from potent CDC cell lines reduce the increased accumulation of activated macrophages in an in vivo peritonitis mouse model.

Å Repeat dosing of EVs from primary or immortal CDCs are effective improving exercise capabilities in mdx mice.
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Isolation of MSCs and CDCs

ÅMSCs were obtained from Lonza

ÅCDCs:

Isolation and characterization of EVs
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ÅEV isolation:

In vitro mouse macrophage assay
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In vitro T cell assay

ÅHuman T lymphocytes activated by PHA were treated with CDC-EVs. T-cells 

were labeled with CFSE and proliferation analyzed by flow cytometry. 
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Analysis with flow cytometry
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Å10-12 months old female mdx mice

ÅWeekly IV injection: PBS or 2x109 EVs

ÅExercise capability (treadmill):

ÅStarting at 10 m/min

ÅIncrease of 1 m/min every minute

ÅDistance traveled in meters was recorded and difference between exercise 

capability at week 3 and week 0 were calculated as percent change from baseline. 

ÅMacrophages were isolated from peritoneal exudates from mice primed with 3% 

Brewerôs thioglycolate and phenotype tested by PCR.
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Results
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Immunomodulation

EVs from CDCs and MSC have been 

characterized to identify surface markers and 

cargo nucleic acids able to discriminate between 

them.

CDC-EVs have immunomodulatory capabilities on 

T cells and macrophages. 

Therapeutic capabilities of CDC-EVs have been 

tested in vivo in a sepsis mouse model and in a 

Duchenne Muscular Dystrophy model.

C
o

u
n

ts

100 101 102 103 104 105

4h

100 101 102 103 104 105

16h

Vehicle CDC exosome-treated

M
ediu

m
PHA

CDC

5x10
9  E

V/m
l 

10x10
9  E

V/m
l 

20x10
9  E

V/m
l 

0

20

40

60

80

100

%
 p

ro
lif

er
at

in
g 

ce
lls

CD4+

CD8+

*

****

***

****

*

M
ediu

m
PHA

CDC

5x10
9  E

V/m
l 

10x10
9  E

V/m
l 

20x10
9  E

V/m
l 

0

20

40

60

80

100

%
 p

ro
lif

er
at

in
g 

ce
lls

CD4+

CD8+

*

****

***

****

*

M
ediu

m
PHA

CDC

5x10
9  E

V/m
l 

10x10
9  E

V/m
l 

20x10
9  E

V/m
l 

0

20

40

60

80

100

%
 p

ro
lif

er
at

in
g 

ce
lls

CD4+

CD8+

*

****

***

****

*

PHA

%
 p

ro
li
fe

ra
ti

n
g

 c
e
ll
s
 

*, p<0.05

***, p<0.005

****, p<0.001

Immunomodulation: In vitro T cell assay

ÅCDC-EV uptake by Jurkat T cells:

ÅImmuno-modulation of PHA-induced T cell proliferation by CDC-EVs:

EV characterization

ÅNanosight (particle size and concentration), surface expression markers 

characterization and cargo analysis of CDC-EVs and MSC-EVs:

EV mode size

EV particle concentration

ÅCDC-EV uptake by monocytes (THP-1 cells):

Vehicle CDC exosome-treated

Immunomodulation: In vivo macrophage assay In vivo Duchenne Muscular Dystrophy model
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Immunomodulation: In vitro macrophage assay
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ÅCDC potency is determined by functional improvement of ejection fraction in 

an in vivo myocardial infarction mouse model


