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Supplementary Figure 1

a. Selected top categories from gene ontology (GO) cellular compartments processes enrichment of upregulated DEGs in
β-catΔex3 versus control hearts from bulk RNAseq data. b. Selected top categories from GO molecular function of genes
clustering to membrane based processes and secreted proteins in a. –log10 p value (p value <0.05), term fusion was applied.
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a. Isolated cardiac cells from Langendorf perfused hearts including rod-shaped cardiomyocytes and (b) hypernucleated,
hypertrophic cardiomyocytes from β-catΔex3 hearts compared to control. Scale bar = 20 µm. c. Schematic overview of cardiac
cell isolation and distribution into nanowells for single cell transcriptome analyses using the iCell8 system. Cells are dissociated
and dispensed into a 5180 well plate for library preparation and sequencing. The wells contained no cells (i), single multinucleated
cells (ii), two cells (iii) or death cells (iv). Only cells as represented in ii were considered for sequencing. d. Quality control
assessment of single cell transcripts analysed per heart indicating a mean of 4,5K and 4,4K genes per barcode (cell) in β-catΔex3
and control samples respectively. In addition, low presence of ribosomal and mitochondrial contamination was confirmed. e.
Dot plots showing different marker gene expression used to cluster cell-types according to known and reported cell markers.
f. Distribution of cells in the different conditions (control or β-catΔex3 hearts) as well as the distribution of the CM1 and CM2
subclusters. g. Volcano plot comparing DEGs in CM1 and CM2 β-catΔex3 versus control hearts.
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Supplementary Figure 3

Selected top categories from gene ontology (GO) biological processes (BP) enrichment of common upregulated (left) and
downregulated (right) DEGs in CM1 and CM2 (a) and in macrophage, fibroblast and pericyte clusters (b) of β-catΔex3 versus
control hearts. GO enrichment represents –log10 p-value (p-value <0.05) and term fusion was applied.
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391 Signifcantly diferential protein abundantce in
β-cat∆ex3 derived exosomes

M
I

Ssr4

p
t
o
c
7
o1

W
P
S
o
d
p
h

nt
d
3

b
c
a
2

H
T

Pr
i
p
st
f
1
1
h
9
2

Tt
d
n
rd12

bp

S
L

H
s
s
b
p
p
g
1
2

L
a
a
m
m
a
b
2
2

H
T
H
i
3f3a

t
n
r
a
a1
gl1

H
H
i
i
s
s
t
t
1
2
h
h
4
2
a
a
;
b

P
M
s
y
m
oz
d
2
6

M
Cd
yl
4
2
7

G
A
T
D
m
l

m

d
e
h

d
m65

G
aln

1
t9
a1

A
Cp
n

o
t
p

t
1
1

e
a
p

A
C

P
H
p
m
ib
gb3

n
y
x
b
a
5
4
r1

G
Ig
s
h
tm
v1
2
-31

I
C
g
d
k
5
v2
l
-137

N
H
d
ba
uf
-
a
a1
6

M
I
J
g
u
f
p

p
2
c
r
2

P
S

D
c
g

s
c
c

p
a
g

P
N
h
d
b
uf
2
a13

F
I
C
g
h

s
h
l
m
2

N
Gy
d
s

n
u
1

k
fs
2
3
b

S
N
a
d
m
uf
m
a9
50

C
C

Pk
s
is
n
d1

m
k2a1

A
M

A
r
l

g
l
s
8
t
a
3

M
Nd
t

b

c
u
h
fs
2
2

M
I
V
m
d

a
m
a

o

c
t
b

U
Ra
s
c
m
1
g
2
5

V
V
d
d
a
a
c
c3
1

C
F
a
h
v
l1
in3

H
M
a
c
d
c
h
c2
a

D
M
Ha
a
d
cr
h

es
o
b
d1

M
P

M

t
r
r

g
p
p
l
l
1
2
3
1

D
Dh
lst
frn

H2
r
a
s
f
4
y

E
D
p
na
d
j
r
c
1
5

C
Ni
a
d
t
2

B
M
Pln
rp

Re
a
e
n
p

s
f
1
1
7

U
N
g
d
p
u
2
f
5
s7

H
Fl
2
n
-A
c
b1

E
S
n
s
g
h2

A
M
o
tx
c
2
3

C
C

M

a
sr
v1

Bc
d
p
h
3
2

T
G
g
m
k
p
d
r
hb

Lam
fb
a
i
4

Y
E
P
St
t
o
c
m
d3

w
nt
h
p
a
d
z
2

T
Tu
p
b
i1
b4b

S
N
Itgb

l
a
c
a
4
l
1

4
a
a
d
2
2

P
D
l
p
p
e
1
p1

S
I

T

d

u
lc
h

b
1
3

a
6
1

g
a
c
1

P
P
s
rd
m
x
b
1
8

B
E
S
s
g
r
c
1
a

C
H
a

k
s
g
p
2
a8

P
m

A
D

It
g
g
ld

k
a
h
7
1

5a

N
naja3

1

Tr
i
i
p
m
s
7
n
2
ap2

G
E
Pz
e
p
f1a2

px4

P
N
c
d
c
uf
b
a5

P
Y
f
w
k
h
m
ae

V
A
G
l
p
d
i
o

Ac
ps3

a
5

L
P
d
t
h
n
b
2

G
L

y

d
m
gb

h
2
a
0390

P
P
A
f
k
k
1
l

B
Ig
r

d

k
k
a

h
v1
c

1
-
a
99

B
A
l
h
m
cy
h

P
P
s
s
m
m
a
a
2
4

F
P

D
t
y

y
h
g
1
m

Mb
nc1h1

S
H
m
sp
yd
90
1

Hbb-b
a
s
b1

L
G
a
m
m
3
c
8
1
39

L
M
a
c
m
p
a
t4
5

C
N
o
id
l4
1
a1

R
La
tn
m
4
b1

O
Su
g
c
d
l
h
a
l
2

C
D
p
ld
t2

E
E
c
c
i1
h1

E
P
p
rd
h
x
x
5
1

E
X

P
n
d

s
o
m

h
1
b4

Coq9

F
P
t
s
l
m
1
b5

E
P
t
s
f
m
dh
b7

V
C
C
r
s
yab

H
c
s
p

O
Ac
g
p
d
a
h
9

E
Eh
c
a
h
d
s
v
1
l

A
A
c
l

d
o2
2

G
Ac
l
d
u
h
d
2
1

P
P
s
s

a
m
m

d
b
b

l
6

U
M
q
a
c
n
r
2
b
c
3
1

P
Id
s
h
m
3
a
a
7

P
P
s
s
m
ma
b
6
1

P
P
s
d
m
h
a
a
1
1

P
P
s
s
m
m
a
a
5
3

L
R
a
tn
p
3
3

G
P
Id
s
h
m
2

P
o
sm
t2
b

b

1

2

0

C
Kyat3

C
a
a
v
v
i
i
n
n
2
1

S
M
d
rp
h
s
a
35

C
L
o
a
q
ct
3
b

C
D
o
la
q
t
6

P
M

D
d
b

y
h
t

b
x

L
Tg
2
m
hg
p
d
c
h
3

I
U
g
q
ha
2

R
Tm
p
c
s
e
2
r

m

q
1
205

A
H
c
is
t
t
b
1
l
h
2
1d

S
G
lc
lg
2
1
9a1

B
T
L
m
pc
e
a
m
t
1

R
ri3bp

3
4c

R
Co

p
p
l
s
2
1
8
5

M
Ac
t
x
c
7
o
a
2
1

M
Ce
y
s

t
h
g

1
6
2

d
M
C1
yh13

P
Btf
q
3l
t
4
nf9

R
N
h

p
d
l

k
u
a1

Pig
3
s

f
6
a
a
4

A
Pr
t
p
p
s
1
1
a
l
2
3

R
Ac
p
t
s
r
1
1
2
a
-ps3

R
At
ps29

Ar
p
p
6
c
v
4
0d1

P
R
a
p
r
l
p
39
4

C
R
a
p
p
l3
z
7
a
a
2

G
Ca
m
pz
1
b
0073

T
A

R
n
a

c

c
n
ta
t2
1

R
Ar
p
p
l3
k
2
1

T
T
n
p
n
c
i3
5l

A
Tn
s
n

m
p
c
n
1

1
Hspa5

S
M
r
y
l
l3

R
R
p
p
s
s
2
2
7

R
Rps2

7
3
l

R
p
pl
s
3
2
5
6

R
R
p
pl
l
3
2
8
6

E
L
m
cl
c
a
2
t1

R
L
N
n
a
p
c
e
a
p

My
p
l
s
6
9

M
At
y
p
h
5
9
f1b

A
M
t
y
p
h
1
1
a
1
1

R
L

R

m
p
p
l
s
2
a

1

n
4
7

T
Tf
pp2

1

R
Fa
p
r

u
l
c
5

R
R
p
ps
s
2
3
8
a

R
R

Rp
p
p
l
s
3
8

R
Rp
p
l
s
8
6

Rp
l
s
1
2
0
0
a

R
R
R
R
p
p

p
l
s
3
2
0

pl
s
7
15a

R
R
B
p
tf3

D
p
l
s
2
1
1
3

R
n
pl
p
3
e
l
p

R
R
p
pl
s
2
2
7
5

R
R
R
p
pl36

p
l
s
1
4
8
x
a

R
R
p
p
l
l
2
2
3
2

R
R
p
p
l
l
6
13

R
R

R
p
p

p
l
l

l
7
1

4
a
8

R
R
p
p
l
l
1
1
7
0

R
R
p
pl
s
1
5
2

R
G
p
m
s1
1
0
1361

R
R
p
p
l
l
p
31
0

M
Rp
y
s
h
1
1
1
4

R
R
R
p
pl9

p
l
s
2
a
7a

R
M
.1
e
pl
t
1
a
3
p
a
2

R
R
p
pl
s
1
1
4
6

R
R
R
p
ps
s1
3
4

N
p
n
s
t
24

G
Pa
m
cs
9
i
493

Myl12
n
a
3

A
A
t
t
p
p5
5
f
c
1
1
d

A
A
R
t
p
p
s
6
1
v
9

kap8
0
l
a1

C
A
C
t
c
p
t
5
8
o

At
c
p
t7

Tcp
5
1
f1a

A
P
C
d
ct2

U
p
c
2a
d
2
6

Ry
q
r
c
2
rc2

A
C
n
c
x
t6
a2
a

C
G

Fa
c
n

b
t
b

p
3
2

C
Em
dipt
3

P
C
u
ac
r

c

b
n
7
a2d1

T

P
Sl
m

u
c
r
2
c

a
7
o
a
1
1

A
Lm
pm
f1
ap

U
C
q
p
c
n
r
e
f
3
s1

I
T
l
m
vb
e
l
d10

L
C

A
p
d

p
g
h

2
a
1

m
t
3
1
1

R
Ar
p
p
n
c
1
2

T
E
m
rlin
ed
2
4

L
N
m
ce
a
h
n
1
2

D
H
Em

h
c3

Tm
d
e
o
a
s
m

t
t
l

38a
C
Tm
anx

T
A
m
gp
9

e
a
s

d
t
f

7
3
2

Emc1

1

0

-1

-2

Exosome protein
concentration

β-cat∆ex3Control

Supplementary Figure 4

a b

c d

Control β-catΔex3Control β-catΔex3

a. Overview of exosome isolation procedure from adult mouse hearts by UC and magnetic bead-based purification
(Created with BioRender.com). b. Total protein concentration was comparable in exosome preparations regardless of
experimental group (β-catΔex3 and control). c. Heat-map of significantly enriched proteins (391) in β-catΔex3 cardiac
derived exosomes compared to controls. d. Classical exosomal and early endosomal proteins were identified enriched
proteins.
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a. STRING analyses derived networks of protein-protein
interactions of the total mass spectrometry data (573 proteins)
revealed subclusters of protein classes with distinct cellular
functions characteristic for EVs. b. The identified proteins
categorized to the cardiovascular system in a tissue enrichment
analysis. GO enrichment represents –log10 was considered for
sequencing and term fusion was applied.
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a. STRING analyses derived networks of protein-protein interactions
of the enriched proteins (391) in β-catΔex3 cardiac derived extracellular
vesicles (EVs) compared to controls revealed sub-clusters of protein
classes with distinct cellular functions characteristic for EVs. The
identified proteins categorized to cardiovascular system in a tissue
enrichment analysis. GO enrichment represents –log10 p-value (p-
value <0.05) and term fusion was applied.
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a. Cluster analysis using STRING functional annotation protein interaction database on the predicted enriched 391 proteins
iin exosomes from β-catΔex3 tissue using the K-means algorithm. They were summarized into three ontological clusters (cluster
1, 2 and 3). b. Representative confocal images of immunofluorescence staining of N2A neuroblastoma cells that were exposed to
carboxyfluorescein succinimidyl ester (CSFE)-ex vivo labelled extracellular vesicles (EVs) from β-catΔex3 hearts and stained with CRYAB
(n=3, technical replicates). Hoechst33342 was used for nucleus visualization. By Z-scanning we observed that CRYAB co-localized with
CFSE-labelled exosomes attached to the cell surface. Scale bar = 20 µm. c. Doppler-echo gradient confirming successful transverse aortic
constriction with induced afterload increase upon intervention compared to sham in early- and late-stage disease condition. d. Fractional
area shortening (FAS) was reduced upon TAC and heart weight normalized to body weight was elevated. Data are shown as mean ±
SEM; t-test. d. UMAP plot after scRAN-seq and data integration of cardiac cells isolated from healthy (sham) and disease (TAC) hearts
of CH (left) and FH (right) depicting the different cell clusters.
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GO: BP of upregulated DEGs in CM sub-clusters in compensatory hypertrophy

GO: BP of upregulated DEGs in CM sub-clusters in failing hypertrophy
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a. Selected top categories from gene ontology (GO) biological processes (BP) enrichment of upregulated DEGs in the
different cardiomyocyte subclusters (CM1-CM4) from healthy (sham) and disease (TAC) hearts of compensatory and failing
hypertrophy depicting the main transcriptional changes. b. Selected top categories from GO BP enrichment of overlapping
upregulated DEGs in cardiomyocytes from TAC (versus sham) and β-catΔex3 (versus control) of CH (left) and FH (right)
depicting the main overlapping transcriptional changes at early and late disease states. GO enrichment represents –log10
p-value (p value <0.05) and term fusion was applied.
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a. Schematic overview of extracellular vesicles (EVs) isolated from induced hiPSC-derived cardiomyocytes upon treatment
with CHIR99021 (Wnt activated) or DMSO (control) using a magnetic bead-based protocol (n=9, technical replicates,
biological duplicates) (Created with BioRender.com). b. Representative confocal images of immunofluorescence analysis
showing increased cell cycle activity as assessed by KI67 staining and corresponding semiquantification in CHIR99021
treated hiPSC-derived cardiomyocytes versus control DMSO. (n=3, technical replicates). Scale bar = 20 µm. c. Western blot
showing increased exosomal marker TSG101 as well as the absence of endoplasmic reticulum marker Calnexin in EVs from
CHIR99021 treated hiPSC-derived cardiomyocytes. Calnexin was clearly detected in the cell pellet. Stain free gel showed
equally amount of loaded proteins. d. Representative confocal images of immunofluorescence analysis showing CRYAB
accumulation in CHIR99021 treated hiPSC-derived cardiomyocytes versus control DMSO. (n=3, technical replicates). Scale
bar = 20 µm. Data are shown as mean ± SEM; unpaired student’s t-test.




