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[ Abstract ] Background and purpose: Myocarditis induced by programmed death-1 (PD-1) inhibitors is in urgent need of
animal models to explore therapeutic targets. The study aimed to figure out the best modeling method of this typical autoimmune
myocarditis in mice. Methods: Thirty 6-week-old healthy male BALB/c mice were numbered and randomly divided into control
group, autoimmune myocarditis group (Tn I group) and immune checkpoint inhibitor (ICI)-related myocarditis group (Tn [ +anti-
PD-1 group), 10 in each group. Except for the control group, mice were subcutaneously injected with 0.1 mL complete Freund’s
adjuvant containing 0.25 mg of mouse cardiac Tn [ peptide on day 1 and day 7, respectively. From day 7, Tn [ +anti-PD-1 group
received intraperitoneal injection of PD-1 inhibitor at 5 mg/kg each time, once every 2 d, for a total of 5 times with a cumulative dose
of 25 mg/kg. The general state, mortality, cardiac index, echocardiography, myocardial pathology and the levels of creatine kinase
(CK) and CK isoenzyme (CK-MB) in serum were observed. Results: Compared with control group, the mass of mice in both Tn |
and Tn [ +anti-PD-1 groups decreased significantly on day 21 and day 56 (P<<0.05, P<<0.01), and there was a significant difference
between these 2 groups (P<<0.05). Both had significantly decreased food intake (compared with control group, P<<0.05, P<<0.01).
The mortality rates were 0% and 10% on day 21, and 10% and 20% on day 56 in Tn I and Tn | +anti-PD-1 groups, respectively.
On day 56, no significant increase in cardiac index could be observed in Tn [ group (P>0.05), while a significant rise of cardiac
index (P<<0.05) with a decrease in left ventricular ejection fraction (EF) (P<<0.001) were detected in Tn I +anti-PD-1 group.
During the acute myocarditis stage, mild subepicardial inflammatory infiltration was found in Tn I group; Severe subepicardial
inflammatory infiltration and myocardial cell necrosis were seen in Tn I +anti-PD-1 group. During the dilated cardiomyopathy stage,
the infiltrated inflammatory cells in Tn | group decreased, mild boundaries unclear and cytoplasm vacuolization could be observed,
Tn [ +anti-PD-1 group also had decreased inflammatory infiltration while underwent more severe cell necrosis and vacuolization
with nuclear atypia. On day 56, serum CK and CK-MB in Tn [ +anti-PD-1 group rose significantly (P<<0.001), which was more
obvious compared with Tn I group (CK: P<<0.01; CK-MB: P<C0.05). Conclusion: A PD-1 inhibitor-induced myocarditis model
with low mortality was established in mice, characterized by acute and chronic autoimmune myocardial inflammation, decreased
ejection fraction and increased myocardial enzyme spectrum. A mouse cardiac Tn [ peptide fragment was particularly designed and
synthesized for modeling.
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RBRREMZE 7 BEMEr [(E4] -1
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KI1B |, fERG MRG0 25 . 16 3l o B 0 59
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Fig.1 General status, mortality and cardiac index of mice

A: Changes in mice body weight; B: Changes in mice daily food intake; C: Changes in mice mortality; D: Mice cardiac index. *: P<<0.05; **: P<<0.01.
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Fig. 2 Typical M-mode echocardiographic images and left ventricular EF during dilated cardiomyopathy stage

A: Typical M-mode echocardiography images of mouse in dilated cardiomyopathy stage; B: changes in mice left ventricular EF. **: P<<0.01; ***:

P<<0.001.
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Fig.3 H-E staining of myocardium

H-E staining of myocardium in acute myocarditis phase on day 21 and dilated cardiomyopathy phase on day 56.
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Fig. 4 H-E and Masson staining of myocardium

H-E and Masson staining of lung, liver, kidney and intestine on day 56.
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Fig.5 Serum biomarkers

Levels of serum CK and CK-MB in mice on day 56. *: P<<0.05; **:
P <<0.01; ***: P<<0.001.
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