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Abstract 

Recent studies have highlighted that the risks for developing cardiovascular alterations are significantly increased in 

patients who previously suffered from Covid-19. This study aims at determining the functional and structural long-term 

effects of Covid-19 disease on the cardiovascular system using a specific and original humanized mouse model 

recapitulating the endogenous cardiovascular expression of the SARS-CoV-2 main receptor ACE2 (Angiotensin 

Converting Enzyme 2). We will focus on studying the systemic and pulmonary vessels and the cardiac tissue to 

understand how SARS-CoV-2 infection leads to cardiac and vascular tissue remodelling and function alteration.  
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INTRODUCTION 

Covid-19 is a multifaceted disease which often

combines a pneumonia with anomalies in the

function of other organs including the 

cardiovascular system. In patients with a severe 

form, the infection causes microangiopathy 

(microvascular thrombosis) and endothelial

inflammation at the pulmonary, cardiac, hepatic 

and cerebral levels in patients. Recent studies have

highlighted important long-term cardiovascular

consequences after SARS-CoV-2 infection even 

without hospitalization with increased risk of 

myocardial ischemia, stroke, myopericarditis, 

arrhythmias, atrial fibrillation or pulmonary 

fibrotic lesions (1). This risk depends on the 

severity of the disease but it remains significant in 

patients with a less severe form. At the pulmonary 

level, clinical reports observe that, following 

infection, pulmonary vascular wall is thickened 

and that several patients developed pulmonary 

hypertension. Systemic vessels are also modified

after Covid-19 as patients show persistent

endothelial dysfunction and increased arterial

stiffness several months after infection (14). Hence 

some studies suggest that infection could increase

the risk of developing hypertension.

Different mechanisms were proposed to explain 

the cardiovascular effects of the virus. First, the

infection-induced massive immune response

(cytokine storm) can activate endothelial cells

leading to endothelial dysfunction, permeability 

and thrombi formation (2). SARS-CoV-2 could 

also directly infect cardiovascular cells through 

ACE2 binding. This was observed in vitro (3) but

is difficult to observe in patients (4,5). At the 

vascular level, recent publications and our own

preliminary observations suggest a very low 

endothelial expression of ACE2 and a high

expression by smooth muscle cells (SMC) and

pericytes (6,7). At the cardiac level, ACE2 is 

expressed by some cardiomyocytes (8) and we also

observed expression at the epicardial level in mice. 

The consequences of virus infection of vascular

and cardiac cells are still poorly understood. It was

recently suggested that it could induce 

myofibrogenic transition of pericytes (9) and

reduce expression of contractile proteins in

cardiomyocytes (10,11). ACE2 hydrolyses 

angiotensin (Ang) I and II leading to Ang-(1-7)

formation. Interestingly, virus binding could drive

ACE2 internalization (12) leading to decreased

vascular ACE2 activity, increased Ang II levels 

(pro-hypertensive and pro-inflammatory) and 

decreased Ang-(1-7) levels (anti-hypertensive and 

anti-inflammatory), thereby promoting local

inflammation, vasoconstriction and vessel wall 

pressure increase. Most observations of SARS-
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