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ABSTRACT

Coronavirus disease 2019 (COVID-19) has already stated as a pandemic by 
the World Health Organization (WHO). Until now, Indonesia has also infected 
with this severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
infections. All medical staffs join hand by hand to overcome this pandemic, 
not only pulmonologist but also cardiologist. Early reports from China showed 
that cardiovascular comorbidities add more mortality than without comorbid. 
Cardiac implication of this infection is cardiac injury. Viral pathology and 
pathophysiology that induced cardiac injury is still debatable and not well 
understood. Angiotensin-converting enzyme 2 (ACE2) has emerged as a key 
regulator of renin-angiotensin system in cardiovascular disease. ACE2 has 
been postulated as one of the pathophysiology of COVID-19 and cardiac injury.

ABSTRAK

Coronavirus disease 2019(COVID-19) telah dinyatakan sebagai pandemi oleh 
Organisasi Kesehatan Dunia (WHO). Saat ini, Indonesia juga telah terinfeksi 
dengan infeksi coronavirus 2 (SARS-CoV-2) yang parah. Semua staf medis 
bergandengan tangan untuk mengatasi pandemi ini, tidak hanya dokter 
paru tetapi juga ahli jantung. Laporan awal dari Cina menunjukkan bahwa 
komorbiditas kardiovaskular menambah lebih banyak kematian daripada 
tanpa komorbiditas. Implikasi jantung dari infeksi ini adalah cedera jantung. 
Patologi virus dan patofisiologi yang menyebabkan cedera jantung masih 
bisa diperdebatkan dan tidak dipahami dengan baik. Angiotensin-converting 
enzyme 2 (ACE2) telah muncul sebagai pengatur utama sistem renin-
angiotensin pada penyakit kardiovaskular. ACE2 telah disimpulkan sebagai 
salah satu patofisiologi COVID-19 dan cedera jantung.

INTRODUCTION

Coronavirus disease 2019 
(COVID-19) is a newly recognized viral 
infectious disease that has spread 
rapidly throughout Wuhan, Hubei, 
China, and several countries around 
the world, including Indonesia.1 Studies 
from China have described the clinical 
characteristics and findings of patients 
with severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2).2 Patient of 

COVID-19 showed respiratory symptoms 
but often has cardiovascular-related 
symptoms.3

The COVID-19 can cause cardiac 
injury and chronic damage to the 
cardiovascular system.3,4  The mechanism 
of myocardial injury caused by SARS-
CoV-2 infection might be related to 
angiotensin converting enzyme 2 
(ACE2).3 Chronic cardiovascular disease 
may become unstable because of this 
viral infection due to cytokine storm.3-5 
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Most of cardiac markers are high due to 
acute inflammation of COVID-19.6 The 
present review is focused on the role of 
ACE2 to cardiac injury in COVID-19.

COVID-19, ACE2 AND CARDIAC INJURY

Currently, our knowledge about 
SARS-CoV-2 as novel enveloped single-
stranded RNA beta-coronavirus(+ssRNA) 
is lacking, but it has phylogenetic 
similarity with severe acute respiratory 
syndrome corona virus (SARS-CoV) 
and middle east respiratory syndrome 
corona virus (MERS-CoV).7 Coronavirus 
are positive-single-stranded RNA that 
classified into four categories; alpha 
coronavirus (alphaCov), beta coronavirus 
(betaCoV), delta coronavirus (deltaCoV), 
and gamma coronavirus (gammaCoV).8 
RNA virus is a highly mutated, but 
exploring and defining their biological 
characters are less important than 
detection, contamination, treatment 
and analysis of viruses that are 
pathogenic to human succeeding their 
discovery.9 Even-though SARS-CoV-2 
is not a descendent of the SARS-CoV, 
but genetically both of them have 82% 
similarity in nucleotide identity.10 For 
that reason, the evolutionary history 
and characteristics of both viruses are 
conjointly informative in management 
of the current COVID-19 pandemic 
situation.

Based on previous insight about SARS 
and MERS, SARS-CoV-2 pathogenicity 
isdetermined by combination of viruses’ 
replication and host immune response. 
They have unique coding strategy by 
translated into two large polyproteins 
from viral RNA and exoribonuclease 
(ExonN) function which allow them to 
maintain a large RNA genome without the 
accumulation of lethal mutation.11 The 
SARS-CoV’s envelope spike glycoprotein 
binds with its cellular receptor, ACE2, and 
the MERS-CoV with dipeptidyl peptidase 
4 (DPP4).10,11 Since spike structure of 
SARS-CoV-2 more likely similar to SARS-

CoV, their spike hypotheses bind with 
ACE2 in human cellular, instead of with 
DPP4. SARS-CoV-2 is able to use all ACE2 
proteins to enter cells, but not cells that 
did not express ACE2, indicating that 
ACE2 is probably the cell receptor.12

Down regulation of the ACE2 is 
caused by attachment to SARS-CoV-2’s 
protein spike. Contrary, ACE2 also has 
a protective effect on heart and lung 
organs. During COVID-19 infection, the 
reduction of ACE2 means an increase 
in viral infection and deteriorating 
cardiac protective condition.11,13 Those 
condition makes angiotensin II (Ang II) 
increase and bind to angiotensin II type 
1 receptor (AT1R) which responsible in 
heart pathologic condition13. ACE2 will 
change Ang II into angiotensin1-7 (Ang1-
7) which responsible for opposing the 
proliferative and pro-fibrotic action of 
Ang II and acting via its own receptor. 
Binding of Ang1-7 and MasR willoppose 
the molecular and cellular effects of 
Ang II, such as antiatrophy, antifibrosis, 
antiinflammation, antioxidant and 
vasodilation.14,15

Secondly, like ACE2, immune 
response is important for resolution 
process especially in viral infection 
but at some point, it can be 
immunopathogenic condition. There 
is a possibility of recurrent symptoms 
after COVID-19 patient fully recovered 
despite the diminution of the viral 
load. The Immunopathologic condition 
might responsible for exacerbation of 
clinical condition within 3 weeks after 
recovered and threaten cardiovascular 
system independently with viral 
load.16,17 Retrospective longitudinal 
study shows fully recovered patient 
tends to develop an adaptive immune 
response and it suggests recurrent 
symptom might happen because failure 
to switch between innate to adaptive 
immune response.18 COVID-19-induced 
myocardial inflammation is mediated 
predominantly by macrophages and the 
resultant production of chemokines.19
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SARS-CoV-2 binds to ACE2 and 
involves cell surface associated 
trans-membrane protein serine 2 
(TMPRSS2)20in endothelial cell and 
presumably activatesa disintegrin and 
metalloprotease- 17 (ADAM17)21 or 
tumor necrosis factor alpha converting 
enzyme (TACE) by its protein spike and 
subsequent intracellular degradation of 
ACE2 or soluble ACE2 (sACE2). ADAM17/
TACE is a membrane-anchored protein 
responsible for ectodomain shedding 
of various trans-membrane proteins 
and it can initiation/ inhibition of signal 
cascade and cellular responses. TACE 
substrates are responsible for endothelial 
wall inflammation, atherosclerosis, and 

plaque formation and/or progression. 
The increasing local TACE activation 
correlates with macrophage infiltration 
and arterial remodeling. TACE, through 
up-regulation of tumor necrosis factor 
alpha (TNFα), promotes premature 
endothelial cell senescence and takes 
part in coronary artery aging process.22 

Degradation of ACE2 in endothelial 
cell worsening the situation and it 
can lead to endothelial dysfunction, 
vascular vasoconstriction, inflammatory 
response until promoting atherosclerotic 
evolution.23 FIGURE 1 explains the 
pathomechanism of COVID-19, ACE2, 
and cardiac injury.
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FIGURE 1. Pathomechanism of COVID-19, ACE2 and cardiac injury. ACE: 
Angiotensin Converting Enzyme; ACE2: Angiotensin Converting 
Enzyme 2; ADAM: A Disintegrin and Metalloprotease-17;Ang 1-7: 
Angiotensin 1-7; Ang 1-9: Angiotensin 1-9; AT1R: Angiotensin 
II type 1 Receptor; AT2R: Angiotensin II type 2 Receptor; MasR: 
Mas Receptor; SARS-CoV-2: Severe Acute Respiratory Syndrome 
CoronaVirus 2; sACE2: soluble Angiotensin Converting Emzyme 2; 
TACE: Tumor necrosis factor Alpha Converting Enzyme; TMPRSS2: 
Transmembrane protein serine 2.
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It has been proposed that treatment 
of hypertension with renin-angiotensin 
system (RAS) inhibitors may influence 
SARS-CoV-2 binding to ACE2, promoting 
the progress of COVID-19.24 RAS 
inhibitors cause a compensatory increase 
in tissue levels of ACE225 and may be 
detrimental in patients exposed to 
SARS-CoV-2.26 There is no clear evidence 
and association that using angiotensin-
converting enzyme inhibitors (ACEI) or 
angiotensin receptor blockers (ARB) lead 
to up-regulation and circulating levels of 
ACE2 in human tissues.27 Because of that 
reasons, no clinical evidence to support 
the effects of RAS inhibitors in COVID-19 
patients and also guidelines from major 
cardiovascular societies stated that 
patients on ACEI or ARB should not stop 
their medications.27,28

CONCLUSION

SARS-CoV-2 is thought to infect host 
cells through ACE2 to cause COVID-19, 
while also causing cardiac injury, 
although the specific mechanisms are 
uncertain. In this era of pandemic, a 
cardiologist should know the cardiac 
implication of COVID-19 and the use of 
ACEI and ARB in COVID-19 patients.

ACKNOWLEDGMENTS

The authors would like to thank all 
the front-line workers in the fight against 
COVID- 2019.

REFERENCES

1. Lu H, Stratton CW, Tang YW. Outbreak 
of pneumonia of unknown etiology in 
Wuhan, China: the mystery and the 
miracle. J Med Virol 2020; 92(4):401-2.
https://doi.org/10.1002/jmv.25678.

2. Hui DS, I Azhar E, Madani TA, Ntoumi 
F, Kock R, Dar O, et al. The continuing 
2019-nCoV epidemic threat of novel 
coronaviruses to global health: 
the latest 2019 novel coronavirus 

outbreak in Wuhan, China. Int J 
Infect Dis 2020; 91:264-6.
https://doi.org/10.1016/j.ijid.2020.01.009

3. Huang C, Wang Y, Li X, Ren L, Zhao 
J, Hu Y, et al. Clinical features of 
patients infected with 2019 novel 
coronavirus in Wuhan, China. Lancet 
2020; 395(10223):497-506.
ht tps : / /do i .org /10 .1016 /S0140-
6736(20)30183-5

4. Zheng YY, Ma YT, Zhang YJ, Xie X. 
Covid-19 and the cardiovascular 
system. Nat Rev Cardiol 2020; 
17(5):259-60. 
https://doi.org/10.1038/s41569-020-0360-5

5. Wong CK, Lam CW, Wu AK, 
Ip WK, Lee NL, Chan IH, et al. 
Plasma inflammatory cytokines 
and chemokines in severe acute 
respiratory syndrome. Clin Exp 
Immunol 2004; 136(1):95-103.
ht tps : / /doi .org /10 .1111/ j .1365-
2249.2004.02415.x

6. Lippi G, Lavie CJ, Gomar FS.Cardiac 
troponin I in patients with 
coronavirus disease 2019 (COVID-19): 
Evidence from a meta-analysis. 
Prog Cardiovasc Dis 2020; 0033-
0620(20):30055-4.
https://doi.org/10.1016/j.pcad.2020.03.001

7. Wu Z, McGoogan JM. Characteristic 
of and important lessons from the 
coronavirus disease 2019 (COVID-19) 
outbreak in China: summary of 
a report of 72314 cases from the 
Chinese center for disease control and 
prevention. JAMA 2020; 323(13):1239-42.
https://doi.org/10.1001/jama.2020.2648

8. Coronaviridae Study Group of 
the International Committee on 
Taxonomy of Viruses. The species 
severe acute respiratory-related 
coronavirus: classifying 2019-nCoV 
and naming it SARS-CoV-2. Nat 
Microbiol 2020; 5:536-44.

9. Chan JF, Kok KH, Zhu Z, Chu H, To KK, 
Yuan S, et al. Genomic characteristic 
of the novel 2019 novel human-
pathogenic coronavirus isolated from 
a patient with atypical pneumonia 



109

Laksono S, et al., Angiotensin converting enzyme...

after visiting Wuhan. Emerg Microbes 
Infect 2020; 9(1):221-36.
https://doi.org/10.1080/22221751.202
0.1719902

10. de Wit E, van Doremalen N, Falzarano 
D, Munster VJ. SARS and MERS: recent 
insights into emerging coronavirus. 
Nat Rev Microbiol 2016; 14(8):523-34.
https://doi.org/10.1038/nrmicro.2016.81

11. Chowell G, Abdirizak F, Lee S, Lee J, 
Jung E, Nishiura H, et al. Transmission 
characteristics of MERS and SARS in 
the healthcare setting: a comparative 
study. BMC Med 2015; 13:210.
https://doi.org/10.1186/s12916-015-0450-0

12. Zhou P, Yang X, Wang XG, Hu B, 
Zhang L, Zhang W, et al. A pneumonia 
outbreak associated with a new 
coronavirus of probable bat origin. 
Nature 2020; 579(7798):270-3.
https://doi.org/10.1038/s41586-020-2012-7

13. Peiris JS, Chi CM, Cheng VC, Chan 
KS, Hung IF, Poon LL, et al. Clinical 
progression and viral load in a 
community outbreak of coronavirus-
associated SARS pneumonia: a 
prospective study. Lancet 2003; 
361(9371):1767-72.
h t t p s : / / d o i . o r g / 1 0 . 1 0 1 6 / s 0 1 4 0 -
6736(03)13412-5

14. Patel VB, Zhong JC, Grant MB, Oudit 
GY. Role of the ACE2/Angiotensin 
1-7 axis of the renin-angiotensin 
system in heart failure. Circ Res 2016; 
118(8):1313-26.
h t t p s : / / d o i . o r g / 1 0 . 1 1 6 1 /
CIRCRESAHA.116.307708

15. Wang J, He W, Guo L, Zhang Y, Li H, 
Han S, et al. The ACE2-Ang(1-7)-Mas 
receptor axis attenuates cardiac 
remodeling and fibrosis in post-
myocardial infarction. Molecular 
Medicine Reports 2017; 16(2):1973-81.
https://doi.org/10.3892/mmr.2017.6848

16. Xiong TY, Redwood S, Prendergast 
B, Chen M. Coronaviruses and the 
cardiovascular system: acute and 
long-term complications. Eur Heart J 
2020; 18:231.
https://doi.org/10.1093/eurheartj/ehaa231

17. Oudit GY, Kassiri Z, Jiang C, Liu PP, 
Poutanen SM, Penninger JM, et al. 
SARS-coronavirus modulation of 
myocardial ACE2 expression and 
inflammation in patients with SARS. 
Eur J Clin Invest 2009; 39(7):618-25. 
ht tps : / /doi .org /10 .1111/ j .1365-
2362.2009.02153.x

18. Patel VB, Zhong JC, Grant MB, Oudit 
GY. Role of the ACE2/Angiotensin 
1-7 axis of the renin-angiotensin 
system in heart failure. Circ Res 2016; 
118(8):1313-26.
h t t p s : / / d o i . o r g / 1 0 . 1 1 6 1 /
CIRCRESAHA.116.307708

19. Oudit GY, Kassiri Z, Jiang C, Liu PP, 
Poutanen SM, Penninger JM, et al. 
SARS-coronavirus modulation of 
myocardial ACE2 expression and 
inflammation in patients with SARS. 
Eur J Clin Invest 2009; 39(7):618-25. 
ht tps : / /doi .org /10 .1111/ j .1365-
2362.2009.02153.x

20. Hoffmann M, Kleine-Weber H, 
Schroeder S, Kruger N, Herrler T, 
Erichsen S, et al. SARS-CoV-2 cell 
entry depends on ACE2 and TMPRSS2 
and is blocked by a clinically proven 
protease inhibitor. Cell 2020; 
181(2):271-80.
https://doi.org/10.1016/j.cell.2020.02.052

21. Chemaly M, McGilligan V, Gibson M, 
Clauss M, Watterson S, Alexander HD, 
et al. Role of tumour necrosis factor 
alpha converting enzyme (TACE/
ADAM17) and associated proteins in 
coronary artery disease and cardiac 
events. Arch Cardiovasc Dis 2017; 
110(12):700-11.
https://doi.org/10.1016/j.acvd.2017.08.002

22. Zhang YH, Zhang YH, Dong XF, Hao QQ, 
Zhou XM, Yu QT, et al. ACE2 and ang-
(1-7) protect endothelial cell function 
and prevent early atherosclerosis by 
inhibiting inflammatory response. 
Inflamm Res 2015; 63(3-4):253-60.
https://doi.org/10.1007/s00011-015-0805-1

23. Ferrario CM, Jessup J, Chappell MC, 
Averill DB, BBrosnihan KB, Tallant EA, 
et al. Effect of angiotensin-converting 



110

J Med Sci, Volume 52, Number 3 (SI), 2020, Juli: 105-110

enzyme inhibition and angiotensin 
II receptor blocker on cardiac 
angiotensin-converting enzyme 2. 
Circulation 2005; 111(20):2605-10.
h t t p s : / / d o i . o r g / 1 0 . 1 1 6 1 /
CIRCULATIONAHA.104.510461

24. Kuster GM, Pfister O, Burkard T, Zhou 
Q, Twerenbold R, Haaf P, et al.SARS-
CoV2: should inhibitors of the renin-
angiotensin system be withdrawn in 
patients with COVID-19? Eur Heart J 
2020; ehaa235.
https://doi.org/10.1093/eurheartj/ehaa235

25. Ferrario CM, Jessup J, Chappell MC, 
Averill DB, Brosnihan KB, Tallant EA, 
et al. Effect of angiotensin-converting 
enzyme inhibition and angiotensin 
II receptor blockers on cardiac 
angiotensin-converting enzyme 2. 
Circulation 2005; 111(20):2605-10.
h t t p s : / / d o i . o r g / 1 0 . 1 1 6 1 /
CIRCULATIONAHA.104.510461

26. Deshotels MR, Xia H, Sriramula 

S, Lazartigues E, Filipeanu CM. 
Angiotensin II mediates angiotensin 
converting enzyme type 2 
internalization and degradation 
through an angiotensin II type I 
receptor-dependent mechanism. 
Hypertension 2014; 64(6):1368- 75.
h t t p s : / / d o i . o r g / 1 0 . 1 1 6 1 /
HYPERTENSIONAHA.114.03743

27. Vaduganathan M, Vardeny O, 
Michel T, McMurray JJV, Pfeffer MA, 
Solomon SD. Renin-Angiotensin-
Aldosterone system inhibitors in 
patients with Covid-19. N Engl J Med 
2020; 382(17):1653-59.
h t t p s : / / d o i . o r g / 1 0 . 1 0 5 6 /
NEJMsr2005760Patel AB, Verma 

28. A. COVID-19 and angiotensin-
converting enzyme inhibitors and 
angiotensin receptor blockers: what 
is the evidence? JAMA 2020; 24.
https://doi.org/10.1001/jama.2020.4812


