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Supplemental figures and figure legends
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Figure S1. Representative ECG of persistent ventricular tachycardia in the ACM patient with DSG2F531C variant. 
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Figure S2. Comparation of amino acids sequence of DSG2 across the cadherin family number and between human and mouse. (a) The variant (F531C) was located in an evolutionary highly conservative area across the cadherin family proteins. (b) The Phe 536 of mouse DSG2 (black arrow) was homologue to the Phe 531 of human DSG2 (red arrow).
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[bookmark: OLE_LINK35][bookmark: OLE_LINK36]Figure S3. Generation of Dsg2F536C variant mice.(a) Generation of the variant allele. (b) Southern blot analysis on four initially screened neomycin-resistant embryonic stem (ES) clones. The left panel displayed HpaI digest (19.9 K and 10 K) and the right panel displayed NheI digest for Neo (14.2K). Clone B6 served as the wild-type ES clone, while clones E11 and E1 were identified as correctly targeted clones. Clone B10, however, was determined to be an incorrectly targeted clone. (c) Sequencing result to showed correct change of TTC (encoding phenylalanine) to TGC (encoding cysteine). (d) Genotyping. The PCR products were 466 bp for Homozygous (Dsg2F536C/F536C) and 368 bp for wild-type (Dsg2WT/WT).
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Figure S4. Comparision of left ventricular free wall thickness among 10-week-old Dsg2WT/WT (WT), Dsg2F536C/WT(Het), and Dsg2F536C/F536C (Hom) mice. Ordinary one-way ANOVA and Turkey’s multiple comparisons test was used to analyze the data, ***: p < 0.001; ns, not significant. N = 13 in WT group, N = 16 in Het group, and N = 19 in Hom group.
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Figure S5. Homozygous Dsg2F536C/F536C mice showed significant biventricular fibrosis. (a) Representative images of Masson’s staining in 4-week-old Dsg2WT/WT (WT), Dsg2F536C/WT (Het) and Dsg2F536C/F536C (Hom) mice. (b) Quantification of biventricular CVF, thickness of both free ventricular walls and interventricular septum in 4-week-old WT, Het and Hom mice. N = 5 in each group. ***: p < 0.001, **: p < 0.01, *: p < 0.05. (c) Quantification of interventricular septum thickness in Dsg2F536C/F536C mice from 2- to 10-week-old. N = 5 in each group. #: p < 0.05 compared with the heart of 4-week-old mice; ns, not significant. One-way ANOVA and Turkey’s multiple comparisons test was used to analyze the data.
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Figure S6. Failed to induce the phenotypes of ACM under the chronical pharmacological stress with ISO in heterozygous Dsg2F536C/WT mice. (a) Schematic diagram showing the strategy of the chronically pharmacological stress with ISO. Created with Biorender.com under academic license. (b) Representative images of M-mode echocardiography of LV geometry and systolic function in WT and Dsg2F536C/WT (Het) mice after 2-week treatment with ISO. ns, not significant. (c) Quantification of LV geometry (LVDD, LVDS, thickness of free wall and interventricular septum) and systolic function (LVEF and LVFS) in WT and Het mice after 2-week treatment with ISO. N=6 in WT group, and N=8 in Het group. ns, not significant. (d) Representative images of Masson’s staining in WT and Het mice after 2-week treatment with ISO. Scale bar 1mm. (e) Quantification of global fibrosis and wall thickness of both ventricles in WT and Het mice after 2-week treatment with ISO. N = 6 in WT group, and N=8 in Het group. ns, not significant. Unpaired t-test was used to analyze the data. 
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Figure S7. DSG2-F536C was degraded via the ubiquitin-proteasome signaling. 
(a) Relative mRNA levels of Dsg2 in the hearts of 10-week-old WT, Het and Hom mice. N = 3 in each group. (b) Representative western blot and quantification of DSG2-Flag in HER293T cells transfected with plasmids with mutant or WT mice Dsg2 cDNA and a C-terminal 3xflag epitope. The DSG2-Flag was detected by anti-DSG2 and anti-Flag antibody respectively. N = 3 in each group. (c) The predicted 3D model of extracellular and transmembrane domains (55th - 619th amino acid) of wild-type DSG2 protein (blue) and the variant DSG2-F536C protein (green) via AlphaFold2. The black dashed box indicated a similar secondary structure at the variant site, and the purple indicated the mutated amino acid. (d) Comparison of the three-dimensional structures between vDSG2 (green) and wtDSG2 (blue). The red segments indicate the regions of abnormal folding in vDSG2, whereas the yellow segments represent the corresponding normal structure in wtDSG2. (e) Relative mRNA levels of Dsg2 in HL-1 cells, HL-1 cells with stable expression of variant DSG2 (vDSG2) and wild type DSG2 (wtDSG2). N = 3 in each group. (f) Representative western blot and quantification of DSG2-Flag and β-Catenin protein levels in HL-wtDSG2 treated with MG132. N = 3 in both groups. Kruskal-Wallis test with Dunn’s multiple comparison test was used to analyze DSG2-Flag levels in panle f. Otherwise, One-way ANOVA and Turkey’s multiple comparisons test or Unpaired t test was used to analyze the data. *: p < 0.05, **: p < 0.01, ***: p < 0.001, ns, not significant.  
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Figure S8. Activation of TGF-β1 pathway in the hearts of 10-week-old Dsg2F536C/F536C mice. 
(a) Heatmap of differentially expressed genes (DEGs) in the hearts of 10-week-old Dsg2WT/WT (WT), Dsg2F536C/WT (Het) and Dsg2F536C/F536C (Hom) mice. N = 4 in each group. (b) Volcano plot and quantification of DEGs between different groups. N = 4 in each group. (c) Venn diagram between Hom vs Het and Hom vs WT mice. N = 4 in each group. (d) Gene Ontology (GO) analyses for upregulated genes in the hearts of 10-week-old Hom mice compared with both WT and Het mice. (e) Representative western blot and quantification of TGF-β1 protein levels in the hearts from 1-week-old WT, Het and Hom mice. N = 3 in each group. Kruskal-Wallis test with Dunn’s multiple comparison test was used to analyze the data. 


[image: ]Figure S9. Overexpression of DSG2-F536C in HL-1 cells significantly promoted fibroblast activation via SMADs signaling.   
(a) UMAP map of snRNA-seq displaying 9 distinct cellular clusters. (b) Feature plot showing expression of DSG2 among different cellular clusters. (c) Violin plot showing DSG2 expression in human hearts. (d) Representative western blot and quantification of DSG2 levels in neonatal rat ventricular myocytes (NRVM) and neonatal rat fibroblasts (NRFB). N = 3 in both groups. ***: p < 0.001. (e) The conditioned medium from HL-vDSG2 cells promoted NMFB migration by wound healing assay compared with conditioned medium from HL-1 and HL-wtDSG2 cells. N = 3 in each group. *: p < 0.05 compared with HL-1, **: p < 0.01 compared with HL-1 cells, #: p < 0.05 compared with HL-wtDSG2 cells. (f) Representative western blot and quantification of α-SMA protein levels in NMFB treated with conditioned medium of HL-1, HL-vDSG2 and HL-wtDSG2 cells. N = 4 in each group. *: p < 0.05. (g-h) Representative western blot and quantification of p-SMAD2/SMAD2 ratio (g) and p-SMAD3/SMAD3 ratio (h) in NMFB treated with conditioned medium from HL-1, HL-vDSG2 and HL-wtDSG2 cells (red arrow indicates p-SMAD3). N = 4 in each group. ***: p < 0.001. Kruskal-Wallis test with Dunn’s multiple comparison test was used to analyze p-SMAD3 in the panel h. Otherwise, One-way ANOVA and Turkey’s multiple comparisons test or Unpaired t test was used to analyze the data. 
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Figure S10. DSG2-F536C promoted the expression of TGF-β1 via inducing endoplasmic reticulum stress in cardiomyocytes. 
(a) Representative western blot and quantification of BiP protein levels in HL-1 cells, HL-1 cells with stable expression of variant DSG2 (vDSG2), and HL-1 cells with stable expression of wild type DSG2 (wtDSG2). N = 3 in each group. (b) Representative western blot and quantification of TGF-β1 protein levels in HL-1 cells treated with placebo or brefeldin A (BFA, 2.5ug/L for 12 h). N = 3 in each group. One-way ANOVA and Turkey’s multiple comparisons test or unpaired t-test was used to analyze the data, **: p < 0.01, ***: p < 0.001.
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Figure S11. DSG2-F536C promoted the expression of TGF-β1 in cardiomyocytes via PERK-ATF4 pathway. 
(a) Representative western blot and quantification of XBP1s and ATF6-50KD in HL-1 (Ctrl), HL-vDSG2 and HL-wtDSG2 cells. N = 3 in each group. (b) Representative western blot and quantification of ATF6-50KD, XBP1u and XBP1s in the hearts of 10-week-old Dsg2WT/WT (WT), Dsg2F536C/WT  (Het) and Dsg2F536C/F536C (Hom) mice. N = 3 in each group. (c) Representative western blot and quantification of ATF4 in HL-1 cells treated with CRISPR-Cas9 with sgRNA targeting ATF4. N = 3 in each group. (d) Representative western blot and quantification of TGF-β1 in HL-1 cells with ATF4-KD. N = 3 in each group. (e) Representative western blot and quantification of ATF4 and TGF-β1 protein levels in HL-1 cells with ATF4-KD under ER stress induced by BFA. N = 3 in each group. (f) Representative western blot and quantification of ATF4 and TGF-β1 in HL-vDSG2 cells treated with different doses of GSK2606414. N = 3 in each group. One-way ANOVA and Turkey’s multiple comparisons test was used to analyze the data. *: p < 0.05, **: p < 0.01, ***: p < 0.001. 


Table S3. Lists of primary antibodies used in this study
	Antibody
	Catalog Number
	Manufacturer

	Anti-DSG2 antibody
	ab150372
	[bookmark: _Hlk79695706]Abcam

	Anti-TGF-β1 antibody
	ab179695
	Abcam

	Anti-SMAD2 antibody
	ab40855
	Abcam

	Anti-p-SMAD2 (S250) antibody
	ab188334
	Abcam

	Anti-SMAD3 antibody
	ab40854
	Abcam

	Anti-p-SMAD3 (S423+S425) antibody
	ab52903
	Abcam

	Anti-XBP1 antibody
	ab220783
	Abcam

	Anti-β-catenin antibody
	ab16051
	Abcam

	Anti-CKAP4 antibody
	ab302539
	Abcam

	Anti-α-actinin antibody
	ab8295
	Abcam

	Anti-DSP antibody
	ab150372
	Abcam

	Anti-BiP antibody
	3177
	Cell Signaling Technology

	Anti-CHOP antibody
	2895
	Cell Signaling Technology

	Anti-PERK antibody
	3192
	Cell Signaling Technology

	Anti-p-PERK (Thr980) antibody
	3179
	Cell Signaling Technology

	Anti-eIF2αantibody
	9722
	Cell Signaling Technology

	Anti-p-eIF2α (Ser51) antibody
	3398
	Cell Signaling Technology

	Anti-ATF4 antibody
	11815
	Cell Signaling Technology

	Anti-LC3A/B antibody
	4108
	Cell Signaling Technology

	Anti-HSP90 antibody
	4877
	Cell Signaling Technology

	Anti-GAPDH antibody
	3683
	Cell Signaling Technology

	Anti-β-Tubulin antibody 
	2146
	Cell Signaling Technology

	Anti-ATF-6α antibody
	sc-166659
	Santa Cruz 

	Anti-Ubiquitin antibody
	sc-8017
	Santa Cruz 

	Anti-cTnT antibody
	GTX134489
	GeneTex

	Anti-Flag antibody
	AE063
	ABclonal

	Anti-αSMA
	TU393553
	Abmart

	Rabbit IgG
	011-000-003
	Jackson ImmunoResearch





[bookmark: _Hlk174128633]Table S4. Primary sequence for genotyping 
	Gene name
	Sequence

	Dsg2-mus Del 466UP
	AGCCTTTACTTCACATCAA

	Dsg2-mus WT Down
	CTGGAAATTGAGGCAGGA




[bookmark: _Hlk174128646]Table S5. Primary sequence for real time quantitative PCR 
	Gene name
	Sequence

	Dsg2-mus
	Forward: GAACCATCGCTGCCAACGAA

	
	Reverse: GTTCTCCCTCGATGAAACTGC

	Gapdh-mus
	Forward: TGTCTCCTGCGACTTCAACA

	
	Reverse: GCCTCTCTTGCTCAGTGTC




[bookmark: _Hlk174128681]Table S6. Target for RNAi
	Gene name
	Sequence

	Atf4-mus
	CTGCTGCTTACATTACTCTAA
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