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Phenotype of ARVC caused by variants in DSG2 are different from those in PKP2. Our knock-in mice
showed similar phenotype with human ARVC, therefore, we can use our mice to develop effective

treatment for Japanese ARVC.

There are two DSG2 founder variants in Japanese ARVC, p.R292C and p.D494A.
In human, most patients carry the variants in homozygous or compound heterozygous manner. We
constructed knock-in (KI) mice model with these variants, dsg2 R297C and D499A. The survival of
homozygous R297C mice was worse than others. In the echo cardiography and cardiac MRI, we could
confirm the enlargement of both ventricles and decreased contraction function. Exercise stress
training except for homozygous R297C exacerbated cardiac function and enlarged the cavities in mice
models. In the histological analysis, we found severe fibrosis, especially in the right ventricular

wall.

Cardiovascular disease
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Arrhythmogenic right ventricular cardiomyopathy (ARVC) is a devastating disease due to
possibility of sudden cardiac death and gradual deterioration of cardiac performance to
terminal heart failure. ARVC is gene variants-associated and so far no treatment is
available. We designed current study with the purpose to generate two mice models
carrying ARVC causative genetic variants in desmoglein 2 gene (Dsg2). These transgenic
mice carry equivalent to human the two most frequently encountered variants in Japanese
ARVC cohort DSG2 p.R292C and p.D494A. The mouse corresonding locations are Dsg2
p.R297C (RC) and p.D499A (DA). Using in vivo and in vitro tecniques we compared the

simirarity between mice and ARVC patients phenotype.

The purpose of this project is to establish animal model of ARVC suitable to be used in the
testing of chemical compounds during the process of discovery a curative therapy of ARVC.

We also attempt to identify therapeutic targets.

The first year of the KAKENHI we generated knock-in (KI) mice harboring Dsg2 RC an DA
variants using CRISPR/Cas 9 genome editing. Genotyping by DNA isolation (mice tale piece
was cut) and Sanger sequencing confirmed correct position of Dsg2 variants. We produced

heterozygous and homozygous knock-in animals for both variants.

Natural history and morphological change
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hearts with expanded cavities, and in the most
cases myocardium was infiltrated with abnormal-looking areas. Similar morphological
lesions were found in sacrificed RC mice. 50 weeks observation and build Kaplan-Meier

curve demonstrated lethality in RC but not in WT or DA mice.

Histological analysis
Paraffin sections of sacrificed WT and KI mice were stained with hematoxylin-eosin (HE),
Masson’s and Gomori trichrome, to demonstrate structure and collagen presence in the

heart muscle. The heart sections from 30 weeks wild type mouse had morphological



properties as expected for healthy hearts and were negative for collagen staining. The
sections from mice with heterozygous RC or DA stained with HE had morphology as those
of WT, but small amount of collagen developed around the vessels and subepicardial tissue
revealed by Masson’s trichrome. By contrast, in the HE-stained sections of 11 weeks RC
homozygous mice, violet-blue aggregations were clearly seen under microscope; these
aggregations represent the typical staining of calcium deposits by hematoxylin. Masson’s
trichrome staining from the same section showed massive fibrosis in weakly HE-stained
and calcium-containing areas. In a section from sacrificed 19 weeks mouse with
homozygous RC, the segment of left ventricular wall was completely replaced by fibrotic
tissue. Gomori trichrome staining of a section from 26 weeks RC homozygous mouse,
showed massive fibrosis and calcium deposits. Enlargement of right ventricle and broad
fibrotic areas are visible. The percentage of fibrotic areas in homozygous hearts sections
were significantly increased compared to WT: 6.7 £ 2.1 and 7.3 = 3.0% for the homozygous
RC and DA, respectively. In heterozygous mice, there was small but significant increase in
RC hearts (0.86+0.49%) though DA (0.16+0.16%) showed similar to WT collagen amount. In
homozygous mice, the transcription was increased in both cavities. In heterozygous RC
hearts, however, significant collagen | mMRNA accumulation was noticed only in the right

ventricle.

Cardiac function and morphological changes in DsgZ2 knock-in mice. Characteristics of
cardiac function and morphology were assessed by echocardiography and cardiac MRI.
Echocardiography was performed in adult mice of various ages starting from 9-week-old.
Declines of left and right ventricular function were observed in all KI mice with significant
variability and worsening with age. A WT mouse kept normal heart size and functions in
both ventricles Left ventricular ejection fraction (LVEF) and tricuspid annular plane
systolic excursion (TAPSE) in an RC heterozygous mouse at 45 weeks showed mild
decrease. In addition, we could observe a highly echoic region in the left ventricle.
Homozygous DA mouse showed enlarged right ventricle and decreased cardiac functions.
These results were confirmed by cardiac MRI measurements of chamber volumes and
functions in 16 to 19-week-old RC mice. Compared to WT, heterozygous and homozygous
mice showed significantly enlarged left ventricular volumes though those of right ventricles
in heterozygous ones were not significantly different. We found that these two Dsg2

variants produced cardiac dysfunction and heart enlargement in our mouse model.

Arrhythmogenic substrate recorded by telemetry.

As shown in the disease name, ARVC is characterized by ventricular arrhythmias
originated from right ventricles. We evaluated the occurrence of arrhythmias by continuous
ECG recording using telemetry system. WT, hetero- and homozygous RC, four per group,
were implanted with subcutaneous telemetry transmitter. Evaluation of recordings found
intermittent electrical abnormalities in two homozygous RC. In a homozygous 15 weeks
one, second degree atrio-ventricular (AV) block were recorded. Premature ventricular

contractions and ventricular tachycardia were observed in 15 weeks and 18 weeks



homozygous ones. In other mice including two 17 weeks homozygous ones, no abnormal

electrical findings were recorded.

Effect of physical exercise on the phenotype of KI mice

Physical exercise is a well-known detrimental factor in ARVC patients, therefore we
assessed the effect of exercise by treadmill system for mice. Because some of the
homozygous RC mice died suddenly after 9 weeks, we performed exercise stress test for
heterozygous RC and hetero-and homozygous DA, most of which were healthy until 20
weeks. Eleven-week-old mice of both heterozygous and DA homozygous were trained for 8
weeks and cardiac morphology and function was followed by echography before and after
the experiment. In WT, there was no change in the size of left ventricle and functions in
both ventricles (Figure 6A left). In contrast, all the KI mice we trained showed enlarged left
ventricles and decreased functions in left and right ventricles. These data suggested the

worsening of cardiac function by exercise observed in ARVC patients.

Aspects of cellular characteristics of myocardium in KI mice.

Protein expression of desmoglein 2 is compared among WT and KI mice using
immunohistochemistry and Western blot techniques. Compared to WT, the green
fluorescence intensity of desmoglein 2 between cardiomyocytes have decreased in both
homozygous KI mice, but not in heterozygous ones. Relative fluorescence intensity in
homozygous hearts was decreased to 0.3+0.12 and 0.57+0.06 in RC and DA, respectively. The
protein level in whole cardiomyocyte were evaluated by Western blotting in mice between 22
and 43 weeks of age, and we found the reduced band densities in samples from both
homozygous adult KI mice but not from heterozygous ones: to 0.29+0.03 in RC and 0.49+0.012
in DA. To know whether the decrease of desmoglein 2 is present from the new-born period,
we evaluated the samples from new-born DA homozygous mice, but there was clear band
comparable with WT. To evaluate the apoptosis of cardiomyocytes affected by Dsg2 variants,
we performed nuclear staining by terminal deoxynucleotidyl transferase biotin-dUTP nick
end labeling (TUNEL). In the positive control by WT, we could observe clear red staining
showing the apoptosis, but not in negative control. In samples from both hetero- and
homozygous KI mice there was red staining suggesting apoptotic process related to Dsg2

variants.
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