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Supplementary Figure 1. Comparison of parietal MPC isolation and culture conditions. (A) Representative phase contrast images of pig parietal MPCs isolated from E80 pig thorax with 0.25% trypsin treatment. 0.25% trypsin-treated MPC did not expand well in either of the conditions. (B) Graph: quantification of the isolated MPC number per field from phase contrast images in (A). Col I: type I collagen coating, HA: hyaluronic acid coating, Non: non-coating. Error bars represent mean ± SD. Each plot showed different biological replicates (n = 3). (C) Phase contrast images of the MPCs cultured on a type I collagen-coated well plate with hEGF (10ng/ml) or without hEGF. (D-F) MPC isolation from E17.5 mouse embryo. (D) Scheme of mouse parietal MPC isolation by trypsin treatment on E17.5 mouse thoracic walls. (E) Representative phase contrast images of the mouse MPCs cultured on type I collagen-coated cell culture plates. (F) Graph: quantification of cell number per field from (E). Error bars represent mean ± SD. Each plot showed different biological replicates (n = 3). Scale bars = 100 μm. *p<0.05, ns: no significant difference by one-way ANOVA test and t-test in (B, F). 
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Supplementary Figure 2. Isolation of MCP from E17.5 WT1-lineage tracing mouse embryos.  (A) WT1-lineage tracing mouse analysis with WT1CreERT2/+ x Rosa26tdTomato/tdTomato mice. 3 mg/kg of tamoxifen was injected into pregnant mice at point of E15.5, E16.5. scale bar = 500 μm (left panel), 200 μm (right panel). Mouse parietal MPCs were isolated from E17.5 embryos, following (B) sorting of tdTomato+ cells by flow cytometry. (C) The isolated tdTomato+ cells were stained with WT1 (green) after 3 days of culture. Scale bars = 100 μm.
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Supplementary Figure 3. Cell death induction in pig parietal MPCs with each signaling molecule. (A) Representative IF images of MPC 24 hr of culture with the treatment of FGF2, PDGF-BB, BMP4, SU, CP, or Dor. Red: Cleaved Caspase3 (CASP3), green: α-SMA, blue: DAPI. Scale bars = 20 μm. (B-C) Quantification of CASP3+ cell proportion (C) and α-SMA+CASP3+ cells in CASP3+ cells per field (C) from IF images in (A). Error bars represent mean ± SD. Each plot showed different biological replicates (n = 4). *p<0.05, ***p<0.001, ****p<0.0001, ns: no significant difference by one-way ANOVA test and t-test in (B, C).
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Supplementary Figure 4. Gene expression analysis by RT-qPCR analysis of pig parietal MPC cultures using various signaling molecules. (A-D) Graph: RT-qPCR analysis of α-SMA (A), CALB2 (B), and MSLN (C) mRNA expressions after 3 days of MPCs with various signaling molecules. Error bars represent mean ± SD. Each plot showed different biological replicates (n = 3). Relative mRNA expression of each gene was normalized with the control basal culture control condition. RA: retinoic Acid, PMA: Purmorphamine, AA: Ascorbic Acid.
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Supplementary Figure 5. Expression of embryonic mesothelial cell markers in developing pig and mouse lungs. (A, C, D, F) Representative IF images of the peripheral lung regions in pig (A) or mouse (C) lung development using WT1 (A, C) or CALB2 (D, F) antibody. Green: WT1, red: α-SMA (A, C), CALB2 (D, F), blue: DAPI. Th: Throax, Lu: Lung (B) Graph: mean fluorescence intensity (MFI) of WT1+ area on the peripheral region (mesothelial layer) in the peripheral layer of lungs (the outer layer of dotted line) per field. Error bars represent mean ± SD. Each plot showed different biological replicates (n = 4). (E) Graph: MFI of CALB2+ area (peripheral: the MFI in the outer layer of dotted line; or non-peripheral region: the MFI in the inner layer of dotted line, top panel), peripheral (bottom left panel), and non-peripheral (bottom right panel) region per field from IF images in (D). Error bars represent mean ± SD. Each plot showed different biological replicates (n = 4). (F) Representative IF images of mouse embryos. Red: CALB2, blue: DAPI. Scale bars = 20 μm. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001, ns: no significant difference by one-way ANOVA test and t-test in (B, E).
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Supplementary Figure 6. Single-cell RNA-seq (scRNAseq) analysis of mouse or human lung mesothelial cell development. (A) UMAP feature plots of scRNAseq of human embryonic lung mesenchyme (from a scRNAseq database (He et al., 2022, Cell))30, and (B) mouse embryonic lung (from a scRNAseq database (Negretti et al., Development))31 highlighting the expression of WT1, MSLN, CALB2 in the developing mesothelial cells during human or mouse lung development. Staging is corresponding to the original article analyses30,31. (A) pcw: post-conception weeks, red rectangle in (A, B): mesothelial cells regions.  Right panels in (A, B): Enlarged images of the red rectangle area. Pseudo: pseudoglandular stage, Canalicular: canalicular stage, alveolar: alveolar stage. 
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Supplementary Figure 7. Effect of Wnt signaling on pig parietal MPC differentiation into SMC. (A) Representative IF images of MPC after 3 days of CHIR treatment. Red: WT1, blue: Ki67, green: α-SMA, grey: DAPI. (B) Graph: quantification of cell numbers per field with each marker from IF images in (A). (C-F) Graphs: quantification of cell number from IF images with total cell number (C), WT1+ cell number (D), Ki67+ cell number (E), α-SMA+ cell number (F). Error bars represent mean ± SD. Each plot showed different biological replicates (n = 4). Scale bars = 20 μm. **p<0.01, ns: no significant difference by t-test in (B-F). 


	PCR target
	Forward primer
	Reverse primer

	GAPDH
	GTCGGAGTGAACGGATTTGGC
	GTGGAGGTCAATGAAGGGGTC

	WT1
	CTGTCCATTTCTCGGGCCAA
	TGACTGTGCTGTATCCCTGGT

	MSLN
	CTCAGCGTTGTTCGGGTGAC
	ACCCAGGTAGGGCTTGATCC

	CALB2
	ATGACAAGAACGCGGATGGG
	ACTTCCGCCAAGCCTCCATA

	α-SMA
	ACCGGGAGAAGATGACCCAG
	CCAGCACAATGCCAGTCGTA

	Col1A1
	GTGAAGCTGGTCCCCAAGGA
	CAATACCAGGAGCGCCGTTG

	CD44
	CAGCATCTTCCACACCCACC
	AGGGCACAGCTGAAGTAATGGT

	ITGB1
	CCAAATGGGACACGGGTGAA
	TCAGAACCTGCCCATAGCGA


Table S1. The list of RT-qPCR primer sequences used in this study.


	Antibodies
	Company
	Product number
	Dilution

	Rabbit anti-WT1
	Proteintech
	Cat#12609-1-AP
	1:100

	Mouse anti-α-SMA
	Bio-Rad
	Cat#MCA5781GA
	1:100

	Chicken anti-Ki-67
	Novus Biologicals
	Cat#NBP3-05538
	1:1000

	Mouse anti-calretinin (2D7A9)
	Thermo Fisher Scientific
	Cat#66496
	1:100

	Chicken anti-calretinin
	EnCor Biotechnology
	Cat#CPCA-Calret
	1:100

	Rabbit anti-cleaved caspase-3 (Asp175)
	Cell Signaling
	Cat#9661
	1:400

	Rabbit anti-mesothelin (D9R5G)
	Cell Signaling
	Cat#99966
	1:100

	Rabbit anti-mesothelin (SP74)
	Abcam
	Cat#93620
	1:100

	Mouse anti-mesothelin (MSLN/2131)
	Novus Biologicals
	Cat#NBP2-79724
	1:100

	Donkey anti-mouse Alexa 488
	Invitrogen
	Cat#A21202
	1:200

	Donkey anti-mouse Alexa 647
	Invitrogen
	Cat#A10042
	1:200

	Donkey anti-rabbit Alexa 568
	Invitrogen
	Cat#A31571
	1:200

	Donkey anti-chicken Alexa 488
	Jackson Immunoresearch Labs
	Cat#703-545-155
	1:200

	Goat anti-chicken HRP
	Invitrogen
	Cat#A16054
	1:100


Table S2. The list of antibodies used in this study.

2

3

image1.tiff




image2.tiff
o)
€
E

a

Thorax

FSC-H

FSC-H

FSC-H

EPCAM-PECAM-

66.5%

EpCAM PECAM-

EpCAM PECAM-

tdTomato

85.9%

85.5%

FSC-H

FSC-H

FSC-H

WT1





image3.png
PDGF-BB

(A)

CASP3
a-SMA

©)

FkkK

(%) SI199 ,£dSY/
LEdSVD, VISP

“(%) sl1ed ,£dSYD





image4.png
(A) a-SMA (B) CALB2

10% FGF2  PDGF.88  BMP4  CHIR RA PMA am

FGF2 PDGF-B8. BMP4  CHIR  RA PMA M

Relative mRNA expression
Relative mRNA expression

PRELESBAAR PP PSP S BB PP TYI Ty EREEIRET T

(C MSLN

300
FGF2 PDGFE8B BMP4  CHR  RA PMA M

Relative mRNA expression

PFFIFI I F I I IEIFIIIY




image5.png
®) Pig ©

rxx

.
rxx

wrer

rrrx

S
o
£ Ez £ B0 e Eros
Pig

100 * * * *

o

o + Peripheral

H Non-peripheral

P -peripl

zn

E26 Ed2 E72 EB) ES0 E104

Pig peripheral Pig non-peripheral

2,

— raxx
— P
. 15 —
— _ T
*
— c, s
. . = 8
= aex

€26 E42 E72 EB0 E30 E104 E26 E42 E72 EB0 ES0 E104
CALB2




image6.png
(A) Human embryonic lung mesenchyme

Stage WT1 CALB2 MSLN

Earl . B B B

PS:LZ’O. ‘a' “a @ “@
3

2

' 2
y 15

late o os 1
Pseudo. 4 I, e [, # 0 o
Canalicular ! i t

(B) Mouse embryonic lung mesenchyme

MSLN CALB2

2

asm [Rre—
e M Mesotheliom M
el Myotrolast 11
] percyte L]
Pl Pl wors B
»om Pl wnize 75 B
] smoothwusce B
o m wers W
Stage

alveolar




image7.png
(A) (B)
300 WT1°Ki67 a-SMA
E [ WT1°Ki67"a-SMA
O B WT1°Ki67'a-SMA*
= WT1°Ki67"a-SMA"
= B WT1Ki67 a-SMA'
Merge g 20 0 WTHKi67a-SMA”
E
S
< 100
= [
I} I—|
o
Control CHIR
© 3 (D)
g e
E‘nn e §!W ns
—— H -
g £ oo
S0 37 =
. 3 100 3
Ki67 N A
] *
T " Comrol cAR Control” GHIR
i S
E) 5 (F) 3
2 §
S FE
8w Baf £
g 3
Sw KRS
2 N T
Se - S0
a-SMA M g,
B
== T
§ Control CHIR S * Conwol CHIR
4 2
o





image8.jpeg
’ frontiers




