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					Abstract

					Background: COVID-19 induced cardiac events are reported by many papers, while psychophysiology of association of the COVID-19 and cardiac attacks are not fully understood yet. Materials and Methods: Here, we compared gene expression levels of heart autopsies of SARS-Cov-2 infected patients with the cardiac organoid model of human myocardial infarction and controlled healthy cardiac organoids to identify differentially expressed genes (DEGs). Gene Ontology (GO) biological processes were enriched in DEGs. Results: Results showed that smell perception genes were down-regulated in SARS-COV2 compared to myocardial infarction samples; while showing upregulated genes related to the immune system process in contrast to control healthy heart organoids. Our results agree with theories of immune system reactions in COVID-19 infected patients’ hearts, while our analysis indicates different patterns of heart gene expression from myocardial infarction models. Conclusion: our study suggests that there may be other pathways involved in MI appearance in COVID-19 patients rather than classic is known atherosclerotic and inflammatory pathways. [GMJ.2021;10:e2250] DOI:10.31661/gmj.v10i0.2250
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				Introduction

				The prevalence of cardiovascular (CVD) events in COVID-19 patients is unknown, but pre-existing cardiovascular disease is linked with more severe infection with COVID-19 [1,2]. Systemic severe inflammation raises the risk of disruption of atherosclerotic plaque and acute myocardial infarction [3,4], which could explain the link between the COVID-19 and cardiac events. The mechanism of acute myocardial damage triggered by SARS-CoV-2 infection could be linked to ACE2. ACE2 is commonly distributed not only in the lungs but also in the cardiovascular system, so ACE2-related signaling mechanisms can, therefore, have a potential role in cardiac injury [4,5]. Thus, COVID-19 may be considered severe systemic inflammation and contribute to acute myocardial infarction or other CVD events. 

				So, evaluate the genetic pathways that are getting altered after SARS-COV2 infection. This issue is required to understand the cardio-pathogenic role of the SARS-COV2 fully. This type of data would help us identify potential medication that could help to prevent CVD events after COVID-19. So, we aimed at comparing a genomic model of SARS-COV2 infected heart with normal and myocardial ‎infarction experiencing heart. 

				Materials and Methods

				We conducted a meta-analysis of Gene Expression Omnibus (GEO) data on COVID-19 patients’ hearts. Through a search in GEO, datasets of COVID-19 patients were quarried with COVID-19, Sars-Cov-2, new Coronavirus keywords. GEO databases were selected from 25 available sources. Inclusion criteria were the evaluation of gene expression in COVID-19 patients’ hearts. Control datasets were quarried based on similarity to selected COVID-19 datasets.

				Read data for autopsy heart samples of patients who died from SARS-Cov2 infection was returned from the GSE150316 dataset. Cardiac datasets of GSM4546580, GSM4546585, GSM4546587 identifiers were retrieved. Dataset of the cardiac organoid model of 

			

		

		
			
				healthy and infarcted human myocardium was used as control (GSE113871). While most similar control datasets were in heart organoids, it may have some bias on the study's results as organoids may have different gene expression statuses with real samples; unfortunately, these organoid datasets were the most matching datasets to GSE150316. The differential expression analysis for each transcript was determined using the DESeq / EdgeR [6] method as part of the iDEP R-Shiny program. iDEP is an R programming language software application developed to manipulate genetic data. Principal analysis indicated that the differences between replicates were very limited in SARS-CoV2 vs. MI samples and fairly reasonable in SARS-CoV2 vs. Control samples, demonstrating the suitable overall composition of the examined dataset.

				There was a significant disparity between the SARS-CoV2 and the MI samples, starting with the first prominent factor, which describes 96 percent of the variance and the main variable, explaining 74 percent of the variance between the SARS-CoV2 and the control samples.

				Results

				Using the DESeq2 package, with a threshold of false discovery rate (FDR) < 0.1 and fold-change > 2, 7703 upregulated and 7259 down-regulated genes were identified in SARS-COV2 vs. MI comparison and 6328 upregulated and 4942 down-regulated genes in SARS-COV2 vs. control comparison. The scatter plot shows that SARS-COV2 leads to a massive transcriptomic response in the heart. The Venn diagram shows that 4875 DEGs were used as the commonality between the 3 datasets (Figure-1).

				Sets of upregulated or downregulated genes were then exposed to an enrichment analysis based on the hypergeometric distribution. Some of the various genes mentioned in Table-1 can be used to evaluate specific hypotheses.

				In SARS-COV2 vs. MI contrast, up-regulated genes are related to the metabolic cycle, and down-regulated genes are linked to Sensory perception of scent, Identification of chemical stimuli involved in sensory perception of 
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				Table 1.  Enriched GO Terms in Up and Down-Regulated Genes

				
					Direction

				

				
					SARS-COV2 vs. control

				

				
					SARS-COV2 vs. MI

				

				
					P

				

				
					Number

				

				
					Pathways

				

				
					P

				

				
					Number

				

				
					Pathways

				

				
					Up-regulated

				

				
					1.96E-49

				

				
					697

				

				
					Small molecule metabolic process 

				

				
					5.37E-20

				

				
					157

				

				
					Organic acid transport 

				

				
					2.38E-38

				

				
					376

				

				
					Oxidation-reduction process 

				

				
					1.25E-19

				

				
					204

				

				
					Organic anion transport 

				

				
					7.48E-38

				

				
					438

				

				
					Carbohydrate derivative metabolic process 

				

				
					2.18E-19

				

				
					543

				

				
					Transmembrane transport 

				

				
					6.73E-36

				

				
					153

				

				
					Energy derivation by oxida-tion of organic compounds 

				

				
					1.15E-13

				

				
					193

				

				
					Detection of chemical stim-ulus involved in sensory perception of smell 

				

				
					9.36E-33

				

				
					406

				

				
					Oxoacid metabolic process 

				

				
					2.54E-15

				

				
					77

				

				
					Organic acid transmem-brane transport 

				

				
					9.36E-33

				

				
					116

				

				
					Cellular respiration 

				

				
					2.05E-13

				

				
					394

				

				
					Organophosphate metabolic process 

				

				
					3.65E-32

				

				
					409

				

				
					Organic acid metabolic process 

				

				
					1.13E-14

				

				
					387

				

				
					Ion transmembrane trans-port 

				

				
					4.04E-32

				

				
					220

				

				
					Generation of precursor metabolites and energy 

				

				
					1.51E-14

				

				
					205

				

				
					Sensory perception of smell 

				

				
					4.91E-32

				

				
					233

				

				
					Ribonucleotide metabolic process 

				

				
					3.53E-13

				

				
					53

				

				
					Amino acid transmembrane transport 

				

				
					1.24E-31

				

				
					278

				

				
					Nucleoside phosphate meta-bolic process 

				

				
					2.05E-13

				

				
					388

				

				
					Cation transport 

				

				
					Down-regulation

				

				
					4.02E-87

				

				
					1085

				

				
					Immune system process 

				

				
					4.86E-96

				

				
					1188

				

				
					Regulation of gene expres-sion 

				

				
					2.51E-71

				

				
					581

				

				
					Cell activation 

				

				
					1.49E-91

				

				
					1099

				

				
					Regulation of nucleo-base-containing compound metabolic process 

				

				
					5.95E-69

				

				
					821

				

				
					Immune response 

				

				
					2.75E-85

				

				
					1072

				

				
					Regulation of macromole-cule biosynthetic process 

				

				
					3.87E-66

				

				
					524

				

				
					Leukocyte activation 

				

				
					2.75E-85

				

				
					1026

				

				
					Regulation of RNA meta-bolic process 

				

				
					1.47E-51

				

				
					611

				

				
					Regulation of immune sys-tem process 

				

				
					1.18E-84

				

				
					1045

				

				
					Regulation of cellular macromolecule biosynthetic process 

				

				
					4.91E-48

				

				
					637

				

				
					Defense response 

				

				
					1.66E-83

				

				
					1112

				

				
					Regulation of biosynthetic process 

				

				
					1.19E-47

				

				
					314

				

				
					Lymphocyte activation 

				

				
					7.55E-82

				

				
					1094

				

				
					Regulation of cellular bio-synthetic process 

				

				
					1.19E-45

				

				
					470

				

				
					Immune effector process 

				

				
					2.30E-78

				

				
					991

				

				
					Nucleic acid-templated transcription 

				

				
					3.04E-43

				

				
					327

				

				
					Inflammatory response 

				

				
					2.49E-78

				

				
					995

				

				
					RNA biosynthetic process 

				

				
					2.66E-42

				

				
					499

				

				
					Biological adhesion 

				

				
					6.69E-77

				

				
					979

				

				
					Transcription, DNA-tem-plated 

				

				
					5.07E-42

				

				
					731

				

				
					Response to external stim-ulus 

				

				
					1.95E-76

				

				
					789

				

				
					Transcription by RNA polymerase II 

				

				
					6.81E-42

				

				
					496

				

				
					Cell adhesion 

				

				
					7.28E-75

				

				
					949

				

				
					Regulation of nucleic acid-tem-plated transcription 

				

				
					2.73E-41

				

				
					436

				

				
					Positive regulation of immune system process 

				

				
					1.01E-74

				

				
					951

				

				
					Regulation of RNA biosynthet-ic process 

				

				
					9.16E-38

				

				
					873

				

				
					Cell surface receptor signaling pathway 

				

				
					3.08E-73

				

				
					1080

				

				
					Nucleobase-containing com-pound biosynthetic process 

				

				
					6.00E-37

				

				
					363

				

				
					Response to other organisms 

				

				
					3.10E-73

				

				
					1092

				

				
					Heterocycle biosynthetic process 
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				scent, Organic acid, and movement of ions. In SARS-COV2 vs. control comparison, up-regulated genes were linked with the immune system mechanism and reaction to certain species, and down-regulated genes were related to the metabolic process. In comparing the 20 DEGs listed in Table-1 between the 3 groups, in the case of SARS-COV2 vs. control DEGs, there was a noticeable higher rate of variety between groups compared to SARS-COV2 vs. MI DEGs that could help to synthesis various hypothesizes (Figure-2). 

			

		

		
			
				Figure 1. Summary plots for differentially expressed genes analysis. (A) Scatter plot of SARS-COV-2 infected patients’ DEGs vs. control hearts. (B) scatter plot of SARS-COV-2 infected patients’ DEGs vs. myocardial infarction heart models. (C) Venn diagram.
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				Figure 2.  (A) SARS-COV2 vs. control top DEGs. (B) SARS-COV2 vs. MI top DEGs.
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				Discussion

				Our results indicated the possible role of the smell perception genes and immune system process sets of genes in the pathophysiology of SARS-COV2 in the heart. Still, interpreting these results gets hard as this is a simulation study. But this study provides multiple hypothesizes to be tested in real-world studies; until now, the only available real-world findings show that cardiac complications in COVID-19 patients are possible, and it seems that cardiac events are not rare [7,8]. 
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				In a report, among 138 patients admitted with COVID-19, 16.7% had arrhythmias, and 7.2% had acute heart attacks [7].

				There was a higher risk of increased Troponin I in severe COVID-19 patients [7]. Imazio et al. stated in their study that cardiac troponin levels are significantly higher in patients with more severe infections, patients admitted to intensive care units, or those who have died [8].

				While the exact pathophysiological process underlying the myocardial injury triggered by COVID-19 is not well known, a previous study indicated that 35 percent of patients with severe acute coronavirus syndrome (SARS-CoV) infection or SARS disease, the SARS-CoV genome was positively identified in the heart [9].

				But the study providing the GSE150316 dataset based on the autopsies of COVID-19 patients stated that isolated hearts were negative for detectable SARS-CoV-2 by RNA-ISH [10]. 

				Previous studies about SARS and MERS show the possibility of direct virus disruption to cardiomyocytes [9]. At the same time, there has been no report of the presence of SARS-COV-2 in the heart till now. But, SARS-CoV-2 may share the exact mechanism with SARS-COV. The two viruses are closely homologous in the genome [11], and the direct effect could not be fully rolled out as our study also revealed upregulated pathways of response to other organisms in the heart. Our study showed downregulation of sensory perception of smell in COVID-19 affected the heart.

				This is consistent with evidence showing the presence of Odor smell genes in the heart. A study by Drutel et al. showed that the Rat OL1 gene was expressed in the nose and the heart. This unusual cardiac activity was developmentally controlled, being maximum at the early postnatal level but barely observable at the adult stage. This transient cardiac expression indicates the role of smell sensory genes in cardiac morphogenesis and cardiac cell development [12].

				Olfactory and gustatory dysfunctions are seen in patients with COVID-19 [13], and findings on smell perception genes show 

			

		

		
			
				possible interactions of COVID-19 with olfactory genes that may contribute to altered immune system activities. A correlational study showed that variation in the genotype of smell or taste perception genes might be associated with different susceptibility to severe COVID-19 [14]. 

				In our research, Surfactant Protein (SFTP) C and B genes were upregulated in COVID-19 affected heart. In contrast, a study by Islam et al. [15] SFTPC genes was downregulated, whereas SFTPB was upregulated in our study. These genes are responsible for the alveolar surface tension in the lung [16]; the relationship of the Surfactant Proteins is widely evaluated in heart failure patients as a diagnostic factor [17], but its association with the SARS-COV2 effect on the heart remains unclear. But an exciting hypothesis might come to mind as researchers have attributed alveolar membrane damage in heart failure to be associated with the alternation in serum levels of surfactant-derived proteins [18].

				There might be a cardiopulmonary association between the COVID-19 affected heart and lung. Also, our study showed upregulated CRISP3 gene following SARS-COV2 infection. Some researchers have worked on the CRISP system's role in the Diagnostics and Therapeutics of COVID-19 [19], but the definitive relationship is still unclear due to limited studies.

				The C1QB gene was upregulated in COVID-19 in Daamen et al.'s study [20], like our investigation, while it was downregulated in Shaath et al.'s study [21]. But there are many differences among these mentioned studies making this comparison unreliable. Other significant genes of our study were not reported in the literature to be associated with COVID-19. 

				Conclusion

				It seems that systemic inflammatory response seen as a cytokine storm is a possible source of late-scale myocardial damage, typically correlated with acute respiratory distress syndrome, multi-organ failure, and mortality in COVID-19.

				Our results are consistent with hypotheses 
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				of immune system reactions in the heart of COVID-19 infected patients, so our analysis shows different patterns of expression of heart genes from models of myocardial infarction, suggesting possible immunopathological rather than atherosclerotic pathways.Further studies are needed to indicate the pathophysiology of cardiac attacks of COVID-19 patients.

			

		

		
			
				Acknowledgment

				We would like to thank the Clinical Research Development Unit of Peymanieh Educational and Research and Therapeutic Center of Jahrom University of Medical Sciences for providing facilities for this work.

				Conflict of Interest

				There are no conflicts of interest in this study.

			

		

		
			
				Driggin E, Madhavan MV, Bikdeli B, Chuich T, Laracy J, Biondi-Zoccai G, et al. Cardiovascular considerations for patients, health care workers, and health systems during the COVID-19 pandemic. J Am Coll Cardiol. 2020;75(18):2352-71.

				Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical course and risk factors for mortality of adult inpatients with COVID-19 in Wuhan, China: a retrospective cohort study. Lancet. 2020;395(10229):1054-62.

				Guo T, Fan Y, Chen M, Wu X, Zhang L, He T, et al. Cardiovascular implications of fatal outcomes of patients with coronavirus disease 2019 (COVID-19). JAMA Cardiol. 2020;5(7):811-8. 

				Kwong JC, Schwartz KL, Campitelli MA, Chung H, Crowcroft NS, Karnauchow T, et al. Acute myocardial infarction after laboratory-confirmed influenza infection. N Engl J Med. 2018;378(4):345-53.

				Love MI, Huber W, Anders S. Moderated estimation of fold change and dispersion for RNA-seq data with DESeq2. Genome Biol. 2014;15(12):550. 

				Zhou F, Yu T, Du R, et al. Clinical course and risk factors for mortality of adult inpatients with COVID-19 in Wuhan, China: a retrospective cohort study [published correction appears in Lancet. 2020;395(10229):1038.

				Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, Wang B, Xiang H, Cheng Z, Xiong Y, Zhao Y. Clinical characteristics of 138 hospitalized patients with 

				2019 novel coronavirus–infected pneumonia in Wuhan, China. JAMA. 2020;323(11):1061-9.

				Imazio M, Klingel K, Kindermann I, Brucato A, De Rosa FG, Adler Y, De Ferrari GM. COVID-19 pandemic and troponin: indirect myocardial injury, myocardial inflammation or myocarditis?. Heart. 2020;106:1127-31. 

				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.

				Desai N, Neyaz A, Szabolcs A, Shih AR, Chen JH, Thapar V, et al. Temporal and Spatial Heterogeneity of Host Response to SARS-CoV-2 Pulmonary Infection. Nat Commun. 2020;11(1):6319.

				Xu X, Chen P, Wang J, Feng J, Zhou H, Li X, Zhong W, Hao P.Evolution of the novel coronavirus from the ongoing Wuhan outbreak and modeling of its spike protein for risk of human transmission. Sci China Life Sci. 2020;63(3):457-60.

				Drutel G, Arrang JM, Diaz J, Wisnewsky C, Schwartz K, Schwartz JC. Cloning of OL1, a putative olfactory receptor and its expression in the developing rat heart. Recept Channels. 1995;3(1):33-40. 

				Mehraeen E, Behnezhad F, Salehi MA, Noori T, Harandi H, SeyedAlinaghi S. Olfactory and gustatory dysfunctions due to the coronavirus disease (COVID-19): a review of current evidence. Eur Arch 

			

		

	
		
			
				7

			

		

		
			
				Otorhinolaryngol. 2021;278(2):307-12. 

				Parsa S, Mogharab V, Ebrahimi M, Ahmadi SR, Shahi B, Mehramiz NJ, et al. COVID-19 as a worldwide selective event and bitter taste receptor polymorphisms: An ecological correlational study. Int J Biol Macromol. 2021;177:204-10.

				Islam AB, Khan MA. Lung transcriptome of a COVID-19 patient and systems biology predictions suggest impaired surfactant production which may be druggable by surfactant therapy. Sci Rep. 2020;10(1):1-6.

				Gutierrez JA, Parry AJ, McMullan DM, Fineman JR. Increased pulmonary blood flow decreases surfactant protein a in a lamb model of congenital heart disease. Pediatr Res. 1999;45(7):352.

				De Pasquale CG. Surfactant protein-B in chronic heart failure: an insight to the alveolocapillary barrier. Rev Esp Cardiol. 2009;62(2):117-9. 

			

		

		
			
				Gargiulo P, Banfi C, Ghilardi S, Magri D, Giovannardi M, Bonomi A, et al. Surfactant-derived proteins as markers of alveolar membrane damage in heart failure. PLoS One. 2014;9(12):e115030.

				Gadwal A, Roy D, Khokhar M, Modi A, Sharma P, Purohit P. CRISPR/Cas-New Molecular Scissors in Diagnostics and Therapeutics of COVID-19. Indian J Clin Biochem. 2021;36(4):1-9.

				Daamen AR, Bachali P, Owen KA, Kingsmore KM, Hubbard EL, Labonte AC, et al. Comprehensive transcriptomic analysis of COVID-19 blood, lung, and airway. Sci Rep. 2021;11(1):7052.

				Shaath H, Vishnubalaji R, Elkord E, Alajez NM. Single-cell transcriptome analysis highlights a role for neutrophils and inflammatory macrophages in the pathogenesis of severe COVID-19. Cells. 2020;9(11):2374.

			

		

	
		
			
			

		
		
		PageList

			
					1

					2

					3

					4

					5

					6

					7

			

		
		
		Landmarks

			
					Cover

			

		
	