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Major mechanisms that contribute 
to myocarditis

 Infection
 Virus
 Bacteria
 Parasites

 Immune activation against infectious pathogens
 Innate immunity
 Adaptive immunity

 Primary immune mechanisms
 Myocyte injury
 Antigen mimicry
 Hypersensitivity reactions



Causes of Myocarditis

Checkpoint inhibitors



Are there common questions 
between viral myocarditis 
and checkpoint-inhibitor 
mediated myocarditis? 



Low incidence of myocarditis in patients 
treated with checkpoint inhibitors

 A very small percentage of patients that receive 
checkpoint inhibitors develop myocarditis- 0.09% 
or 0.27% of patients treated single checkpoint 
inhibitors or combination checkpoint inhibitors, 
respectively. 



Low incidence of myocarditis in patients 
infected with viruses that are known to cause 
myocarditis

 While many patients are infected with common viruses 
such as Coxsackievirus, adenovirus, parvovirus, herpes 
virus, Epstein-Barr virus, only a very small percentage 
actually develop myocarditis



Why?
 Potential genetic variants/ mutations

 Innate immunity
 Adaptive immunity
 Sarcolemmal membrane integrity

 Other factors
 Underlying infection
 Nutrition
 Age
 Pregnancy
 Hormones

 The incidence of disease is likely affected by a combination of multiple 
influences



Therefore,

 Review mechanisms that have been shown to cause 
myocarditis

 And, those that increase susceptibility to myocarditis
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Die within 3-4 weeks of age



Examples of factors that affect 
susceptibility to myocarditis

From Epelman, Liu and Mann
Nat Rev Immunol. 2015 Feb



Innate immunity

 Interferons
 NFκB
 Toll-like receptors
 JAK-STAT signaling

 IL-6/gp130/Suppressors of cytokine signaling (SOCS)

 Inflammasomes – IL-1β



Toll-like receptors (TLRs)
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SOCS3 tightly regulates gp130 signaling

Adapted from Toshitaka Yajima
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SOCS-3 Tg markedly increased the susceptiblity 
to CVB3 infection

Yajima and Yasukawa et al., Circulation Dec 2006



What would happen with infection in the 
setting of dystrophin deficiency (mdx mice)



Increased cardiomyopathy as evidenced by 
Evans blue dye in infected mdx mice

WT + CVB3 mdx + CVB3

Evans blue dye = white above

Xiong, Lee et al. Nature Medicine



Autosomal Recessive Cardiomyopathy 
Presenting as Acute Myocarditis

 Homozygous but not heterozygous rare variants in genes associated 
with inherited cardiomyopathies were significantly enriched in acute 
myocarditis patients compared with healthy individuals (p = 2.22E-
03) or patients with other diseases (p = 1.08E-04). 

 Seven of 42 patients with acute myocarditis or acute viral 
myocarditis (16.7%) carried rare biallelic (homozygous or compound 
heterozygous) nonsynonymous or splice-site variations in 
6 cardiomyopathy-associated genes (BAG3, DSP, PKP2, RYR2, 
SCN5A, or TNNI3)

Serkan Belkaya et al. Journal of the American College of Cardiology, 
April 2017



Acquired immune response

 There are a multitude of basic studies in mice that demonstrate the importance of 
the adaptive immune response in myocarditis
 Autoimmunity in viral myocarditis. Reddy J, Massilamany C, Buskiewicz I, Huber SA. Curr Opin

Rheumatol. 2013 Jul;25(4):502-8

 Rose NR. Viral myocarditis. Curr Opin Rheumatol. 2016 Jul;28(4):383-9

from Cooper LT: Myocarditis. N Engl J Med 360:1526, 2009
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