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Figure S1 Detection of CD31+cells and α-SMA+cells in eight hAVs and Alizarin Red stain
Multispectral immunofluorescence histochemistry was utilized to examine the distribution of CD31-positive cells and α-SMA-positive cells in paraffin sections of the aortic valve tissues from 8 CAVD patients. Adjacent sections were stained with Alizarin Red to visualize calcified regions. The percentages in parentheses indicate the proportion of calcified area within the total aortic valve tissue section. Calcified lesions identified based on Alizarin Red signal and corresponding autofluorescence were manually outlined in black for clarity. Scale bars: 2 mm. Original multispectral immunofluorescence images can be accessed via Figshare (https://doi.org/10.6084/m9.figshare.29154650.v1), compatible with Phenochart 1.1.0 software for high-resolution navigation and channel separation.
Figure S2 Detection of CD31+cells and α-SMA+cells in another eight hAVs and Alizarin Red stain
Multispectral immunofluorescence histochemistry was utilized to examine the distribution of CD31-positive cells and α-SMA-positive cells in paraffin sections of the aortic valve tissues from another 8 CAVD patients. Adjacent sections were stained with Alizarin Red to visualize calcified regions. The percentages in parentheses indicate the proportion of calcified area within the total aortic valve tissue section. Calcified lesions identified based on Alizarin Red signal and corresponding autofluorescence were manually outlined in black for clarity. Scale bars: 2 mm. Original multispectral immunofluorescence images can be accessed via Figshare (https://doi.org/10.6084/m9.figshare.29154650.v1), compatible with Phenochart 1.1.0 software for high-resolution navigation and channel separation.
Figure S3 Identification of porcine primary valve interstitial cells and valve endothelial cells and assessment of the osteogenic effects of OM
a. Isolation of CD31-negative porcine primary valve interstitial cells by flow cytometry sorting
b. Cellular morphology of porcine primary valve interstitial cells and valve endothelial cells, scale bars: 200um
c. Identification of cell types by immunofluorescent staining for endothelial markers CD31, CDH5, and interstitial markers vimentin, α-SMA, scale bars: 100um
d. Alizarin Red staining indicating osteogenic differentiation of pVICs in osteogenic differentiation medium (OM) for 21 days, scale bars: 100um
e. qPCR analysis was conducted to assess the mRNA expression changes of osteogenic marker RUNX2 in pVICs induced by OM for 1-14 days, normalized to day 0 and GAPDH. Values are mean ± SD of 3 independent experiments. Statistical tests used: ANOVA.
f. The percentage of pVICs expressing CD31 and CDH5 after 8 days of induction with OM. Values are mean ± SD of 4 independent experiments. Statistical tests used: ANOVA.
[bookmark: _Hlk208706625]Figure S4 Effects of OM on the endothelial-related functions of pVECs
a. Morphological changes of pVICs and pVECs after 8 days of induction with OM, scale bars: 200um
b. qPCR detection of endothelial markers TIE2, KDR, vWF mRNA expression in pVICs after 8 days of OM induction, normalized to day 0 and GAPDH. Values are mean ± SD of 3 independent experiments. Statistical tests used: ANOVA.
c-d. Phase contrast and fluorescence microscopy images of pVECs incubated with Dil-ac-LDL after 8 days of induction by GM and OM, scale bars: 50 μm. Values are mean ± SD of 6 independent experiments. Statistical tests used: ANOVA.
e-f. Scratch assay to assess cell migration ability of pVECs cultured with GM and OM for 8 days, scale bars: 400 um, Values are mean ± SD of 3 independent experiments. Statistical tests used: Student's t-test.
[bookmark: _Hlk184749463]g. statistical analysis of tube formation assay for pVICs, pVICs-OM8d and pVECs. Normalized to pVICs. Values are mean ± SD, n=9. Statistical tests used: ANOVA.
[bookmark: _Hlk208706658]Figure S5 Original Western Blot Results and densitometric quantitation of protein expression
a-f. Original Western Blot Results and densitometric quantitation of protein expression of CDH5, CD31 and α-SMA in pVICs(a-c) and pVECs(d-f) after 8 days of induction with GM and OM. Normalized to pVICs in the control condition (GM, 0d) and GAPDH. Values are mean ± SD of 6 independent experiments. Statistical tests used: ANOVA.
g-l. Original Western Blot Results and densitometric quantitation of protein expression of PI3K, P-AKT, AKT, HIF-1α, IGF1, IGF1R and P-IGF1R in pVICs after 8 days of induction with GM and OM. All proteins were normalized to GAPDH, except for P-AKT, which was normalized to AKT. Values are mean ± SD of 6 independent experiments. Statistical tests used: ANOVA.
[bookmark: _Hlk208706688]Figure S6 Original Western Blot Results and densitometric quantitation of protein expression
a-c. Original Western Blot Results and densitometric quantitation of protein expression of CDH5, CD31 and α-SMA in pVICs which are induced by LY294002, Periforsine, and KC7F2 for 48h before OM induction. Normalized to pVICs in the control condition (GM) and GAPDH. Values are mean ± SD of 6 independent experiments. Statistical tests used: ANOVA.
d-i. Original Western Blot Results and densitometric quantitation of protein expression of CDH5, CD31, α-SMA, PI3K, Akt, P-Akt, HIF-1α in pVICs after the exogenous addition of recombinant IGF1 and inhibitor BMS-536924 in GM and OM. All proteins were normalized to GAPDH, except for P-AKT, which was normalized to AKT. Values are mean ± SD of 6 independent experiments. Statistical tests used: ANOVA. 
j-l. Original Western Blot Results and densitometric quantitation of protein expression of CDH5, CD31, α-SMA in pVICs after knockdown of IGF1 expression during OM induction. Normalized to pVICs in the control condition (GM) and GAPDH. Values are mean ± SD of 6 independent experiments. Statistical tests used: ANOVA. 
[bookmark: _Hlk208706791]Figure S7 Validation of antibody specificity, assessment of cell viability under OM and inhibitor conditions, and transcriptomic profiling of endothelial gene expression
a. Validation of species cross-reactivity of pig-specific CD31 antibody. Mouse aortic valve tissue sections were co-stained with a conventional CD31 antibody (green) and a pig-specific CD31 antibody (red). Nuclei were counterstained with DAPI (blue). Scale bar: 100μm.
b-e. CCK-8 assay showing cell viability of pVICs and pVECs after OM and/or inhibitor treatment. Normalized to pVICs in GM. Values are mean ± SD of 4 independent experiments. Statistical tests used: ANOVA.
f. Heatmap showing the expression of selected endothelial-related genes in OM-treated pVICs (day 8). RNA-seq data were expressed as FPKM values, converted using log₂ (FPKM + 2), and presented as fold changes relative to pVICs Ctr.
[bookmark: _Hlk208706818]Figure S8 The role of IGF1 in mesenchymal-endocardial transition
a. qPCR demonstrates that the knockdown efficiency of three si-IGF1 sequences in pVICs exceeds 70%. Normalized to pVICs (Ctr) and GAPDH. Values are mean ± SD of 3 independent experiments. Statistical tests used: ANOVA. 
b-c. Dil-ac-LDL uptake assay reveals the effects of IGF1 knockdown and inhibitor BMS-536924 on endothelial functions of pVICs induced by OM. scale bars: 50um. (c) Normalized to pVICs. Values are mean ± SD. n=8. Statistical tests used: ANOVA.
d. Multiplex immunofluorescence histochemistry to detect the expression of IGF1 in human aortic valve leaflets and its association with CD31-positive and α-SMA-positive cells, scale bars: 1mm (low magnification) and 20um (high magnification). The yellow arrow indicates CD31-positive cells co-expressing IGF1, while the white arrow indicates the surrounding area of CD31-positive cells with high IGF1 expression
[bookmark: _Hlk208706843]Figure S9 OM induces MEndT in primary human valvular interstitial cells (hVICs)
a. Gross image of a representative normal human aortic valve obtained from a donor heart.
b. Flow cytometric analysis was performed to remove residual CD31⁺ endothelial cells from isolated hVICs
c. Phase-contrast microscopy images of cultured hVICs and hVECs showing distinct morphologies. scale bars: 100um
d. Immunofluorescence staining showed that hVICs expressed mesenchymal markers (α-SMA, Vimentin), but not endothelial markers (CD31, CDH5), while hVECs showed the opposite profile. scale bars: 50um
e. After 8 days of OM treatment, hVICs exhibited CD31⁺ and CDH5⁺ cells, as observed by immunofluorescence. scale bars: 50um or 20um
f. Western blot analysis confirmed increased expression of CD31 and CDH5, and decreased expression of α-SMA in OM-treated hVICs compared to control hVIC. Normalized to pVICs in the control condition (GM) and GAPDH. Values are mean ± SD of 3 independent experiments. Statistical tests used: ANOVA.
g. Representative gross images (upper) and H&E staining images of sections (lower; scale bars: 50um) of Matrigel plugs at day 7 of the in vivo matrigel plug assay. Black arrows indicate angiogenesis in the matrigel plugs. Statistical analysis of the number of microvessels in Matrigel plugs in each group. Values are mean ± SD, n=3. Statistical tests used: ANOVA.
[bookmark: _Hlk208706878]Figure S10 IGF1 signaling regulates OM-induced MEndT in hVICs
a. Western Blot Results and densitometric quantitation of protein expression of IGF1, IGF1R, and phosphorylated IGF1R (p-IGF1R) in hVICs after 8 days of induction with GM and OM. All proteins were normalized to the control condition (GM) and GAPDH. Values are mean ± SD of 3 independent experiments. Statistical tests used: ANOVA.
b. Western Blot Results and densitometric quantitation of protein expression of CDH5, CD31, α-SMA in hVICs after the exogenous addition of recombinant IGF1 and inhibitor BMS-536924 in OM. All proteins were normalized to the control condition (GM) and GAPDH. Values are mean ± SD of 3 independent experiments. Statistical tests used: ANOVA.
c-d. Tube formation assays(c) and corresponding statistical analysis(d) of hVICs with exogenous addition of IGF1 and BMS-536924 during OM induction. Normalized to hVICs. Values are mean ± SD. 3 biological replicates, with 3 random measurements within each replicate, n=9. Statistical tests used: ANOVA.
e-f. Representative images (e) and quantification (f) of Dil-ac-LDL uptake assay of OM-induced hVICs with or without IGF1 or BMS-536924. scale bars: 50um. (c) Normalized to hVICs. Values are mean ± SD. 3 biological replicates, with 3 random measurements within each replicate, n=9. Statistical tests used: ANOVA.
[bookmark: _Hlk208706900]g. CCK-8 assay showing cell viability of hVICs and hVECs under different treatment conditions (GM, OM, OM+IGF1, OM+BMS-536924). Normalized to hVICs in GM. Values are mean ± SD of 4 independent experiments. Statistical tests used: ANOVA.
Figure S11 Quality control of scRNA data from TAV and BAV
a-b. PCA reveals no significant differences in scRNA data between samples
c-d. No correlation between mitoRatio and nCount_RNA
e-f. Positive correlation between the number of genes and nCount_RNA
g-h. nGene, nCount_RNA, and mitoRatio after quality control
[bookmark: _Hlk208706927]Figure S12 Clustering strategies for scRNA data
a-b. The clustering process for the overall sample of scRNA data 
c-d. UMAP projection displays 13 cell subtypes (TAV) and 8 cell subtypes (BAV)
e-f. Notation of genes with significant differential expression among the five main cell types (Immunocyte、VEC、VIC)
[bookmark: _Hlk208706946]Figure S13 Notation and correlation analysis of each subgroup of VIC
a、c. Notation of genes with significant differential expression for each subgroup of VIC
b、d. Correlation analysis between each subgroup of VIC
[bookmark: _Hlk208706964]Figure S14 Developmental potential of each subgroup of VIC
a-b. The CytoTRACE results indicate that G0S2+VIC (TAV) and PRG4+VIC (BAV) exhibit the highest differentiation potential
[bookmark: _Hlk208706987]Figure S15 pseudotime differentiation trajectories of VICs
a-b. The state of pseudotime differentiation trajectories of VICs
c-d. The distribution of each subgroup of VIC in pseudotime differentiation trajectories
e-f. The proportion of G0S2+VIC (TAV) and PRG4+VIC (BAV) distributed across different states
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Tricuspid Aortic Valve-derived CAVD

Bicuspid Aortic Valve-derived CAVD

a

orig.ident

. car
. cr
o
oo
“ Net
* N2

5
C

g
e

§

-0.04

ED o

nCount_RNA

0.97

Identity
“Net
“nez
At
~cnz
“cns
ccm

ek

Identity

9 e

3000
2000

1000

£ T

nCount_RNA

numI

15000

10000

5000

o

o

mitoRatio

Identity

SE&F PP

PP

Identity

SEFI PP
Identty

b

orig.ident

o
N
p :
. :
-
PC_1
d s
g ™ e
5 o
, =
nCount_RNA
nGene nuMI mitoRatio

3000

200

o000

cas
chs
car
Nes

&

& o

dentiy

3
dentty

& P&

aentty





image12.tiff
Figure S$12

Tricuspid Aortic Valve-derived CAVD Bicuspid Aortic Valve-derived CAVD

® 49 5 6 0 8 +—6 0
82 8 0 0 9 +—0 o

00+ -0 +90+-0+0+0+-0+0+9
® 45 45 4 8 4 0 +—0 +—s —s

C d n=32962 cells

n=45280 cells
15
5
° 0
A . i o1 10 £ 3
.2 v o
3 1
4 B @‘ o2
o0 : ° 5 N L 3
g e g : - ‘
E 7 50 ; ) 5
o . o
Z s .8 3 . .6
.9 7
10 -
. 1
2
-0
14
-2
3 T ry fo s ] 5 o T
umap_1 umap_1
75
HLA-DOAY AckR1
s PR * B ) ey T ® sigbown
LR .-CXCLS ol ® sigDown 9 s
55 g PLAA U igUp
q Bt oC oo AT ® sigup N
50 : S o
—
soR1' ] FCGRIA

uess
e rer

Average log2FoldChange

Average log2FoldChange

SFRpa  SERPINF

25 grstizz i ST i
MRPs ol

R 118 S

¥
- ECRG:
SFRPT

4 jooa
Nt agaurst :

averni RSN
FioA | CaouoNLONAX -bres

T GPRIES NiRsedsG
PIPRE  CXCLS
HLA-baat





image13.tiff
Figure S13

Tricuspid Aortic Valve-derived CAVD

a b

, Hems ® siglp
(37 @ sigDown
sfet
s MMP3  -AREG
coLtat ot
HsPtA Pt .
@ - REoE PLAZG2A
& o
t. Gos2
- s
o
=
S
s
]
<22
&
8 THEST
o P
H giss cRem
Goszevic
0 0 3/769 4 7
TNFAIPS ILBAZ o TNFAIPE 247,
BT k3 A 7] SHIBGRLS
W prisa | NEAT! SRR en” oty L ot Lo 1500
CADT, ST o i ANXA17CALDT
2| cogz . ' oxcln
o o cotzd
cézo

Bicuspid Aortic Valve-derived CAVD

C d

®sigp

. ® sigDown
Tosag1 -

A 1515017

p— '
ssonc

rossone o
rostionc
p—
e

osc

cotoc

Average log2FoldChange

e

inssson
Simenisod
one

H
3

SinctavsaL





image14.tiff
Figure S14

-derived CAVD

id Aortic Valve

icuspi

Tr

“. e s T %ﬁ AREG+VIC
Tﬁwﬁp%ﬁ HSPA6+VIC
- <} izsasvic
bt S E MMP3+VIC

CHU s e e PLA2G2ARVIC

0.0

30V L0IAD Aq Buniapio pajoipaid

STC1+VIC

[ APOE+VIC

1% 1] GOS2+VIC

Bicuspid Aortic Valve-derived CAVD

O

[ i TRSABISVIC

IRF+VIC

CCL19+VIC

% vDsC

?.i.ig%ﬁ@

[ PLA2G2A+VIC

r SFRP2+VIC

o POSTN+VIC

r r T r T
2 @ © < o o
< o o oS o o

30VY10MD Aq Buuspio pajpipaid

r|PRG4+VIC




image15.tiff
Figure S15

Tricuspid Aortic Valve-derived CAVD

Bicuspid Aortic Valve-derived CAVD

a

Component 2

« APOEVIC
celltype
+ AREGVIC

Component 2

"’"T
*“‘)/
-

APOEWVIC AREGHIC

IL23A%VIC MMP3+VIC

state

HJ;
SSEN

Component 1

< CCL20WVIC « HSPABHVIC « MMP3SVIC  + STCI+VIC

©GOS2HVIC  « IL23ASVIC  « PLAZG2AWVIC + VDSC

ceLaowvic Gos2+VIC HSPAGHVIC
PLA2G2A®VIC  STCI+VIC vbsc

paeie}

Component 1

G0S2+VIC

@
5]
1
@

goEDEOORED
OCONOOHWN =

C1es es a7 es em
b state ) 57

4 o5 v8 <10

s

}g)w)ﬂ%)«

8

)«3«5«)«

10

A««ﬁw

Cumponem 1

Component 2

d

- ceLigwic
celltype

 PLA2G2A+VIC
< IRFI#VIC  « POSTN+VIC

- PRGA+VIC
« RGSS+VIC

. SFRP2+VIC  + VDSC
- TPSABI+VIC
ceLigvic IRF1+VIC

PLA2G2AVIC POSTN+VIC

RGS5+VIC

e e g e

RGS5+VIC

SFRP2+VIC TPSABI+VIC vose

BATACAS

Component 1

Component 2

PRG4+VIC
State

RO RN TSN

=0





image1.tiff
Figure S$1

Alizarin Red(2.4%)

Alizarin Red(11.9%)

Alizarin Red(4.0%)

Alizarin Red(28.1%)

Alizarin Red(12.6%)

Alizarin Red(16.1%)

Alizarin Red(6.0%)





image2.tiff
Figure S2

Alizarin Red(18.5%)

Alizarin Red(19.8%)

Alizarin Red(21.6%)

Alizarin Red(41.4%)





image3.tiff
Figure S3
a

1 256

2

150

SSCA
FSCH
SSCA

s

T T T T T
A A S P SR 5 R i

FSCA FSCA Alexa Fluor 647-A : CD3

C

cD31 CDHs vinmentin a-SMA

pVICs pVECs pvICs PVECs pVICs PVECs pVICs PVECs

© costecalls
L+ coHsr

[oN
(0]
—

-~ om
- om

of Runx2 to GAPDH
Percentage of
CD31+/ CDHS+ cells (%)

Relative mRNA expression

Days





image4.tiff
Figure S4

5

HadYD 01 4MA Jo
uoissaidxa YNHW SAREIH

=
Slg
&
¢ 3
™ HadvSoiudsise ©

uojssaudxa yNHw aARelel

&

PiCs

*x
GM_om

»

ctr

~ wadvomzailie
uolssaidxe YNHW eAne|oH

soInd soand

pViCs

pvICs

- - Phase contrast H 0

&
&

§
3 . i
3. H . &
z|8 : @
HE H E
HE

(piojaanejas)yabua agny

s R - o
Aysuayun
@ougOSRION] UESY

ctr

e
om__om
24h

eSie udpeitiu
199 40 uoodosd

oielogeibin
1199 J0 uoodosg

Phase contrast
Phase contrast

12h

Oh

it

(5]

PSND P8O

C

s93Ad





image5.tiff
Figure S5

§_ s 5.
g o
8 4
§2° 2
£3 + 23
s E35
A 3
P —— e .
s - g a rRna009a0 5.
g7 5
: 8
3 : EH g8
5e 3
T sk i
-~ i 4 £2 i
235 £8
= 25
o o & Cr GM oM
o 8d
€ -
k. §g f et 234558 e 5
o e i, i
4 -]
i L
?;5 . & e
3% o 22,
& Ctr GM_OM
8d
7 h
I3 i - 38
£, £ T
i T |
i - : 5c
| Eg 1 3
] B
E
: . i
cr o ow Cr v om
Bl o ow

| ; i

éi J < 25
P 58 15

i: 52
b g2
55 25 os
cr GM_ow 3 o

El = o GM_oum
k )

au Eg
] 28
EH aé
53 =
B Bg
s B
H b
5% £8
& g%

Ctr GM_OM *

8d

Lane annotation (for all panels):
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