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Abstract 

SARS-CoV-2 is the causative agent of COVID-19. Severe COVID-19 disease 

has been associated with disseminated intravascular coagulation and thrombosis, but 

the mechanisms underlying COVID-19-related coagulopathy remain unknown. Since 

the risk of severe COVID-19 disease is higher in males than in females and increases 

with age, we combined proteomics data from SARS-CoV-2-infected cells with human 

gene expression data from the Genotype-Tissue Expression (GTEx) database to 

identify gene products involved in coagulation that change with age, differ in their 

levels between females and males, and are regulated in response to SARS-CoV-2 

infection. This resulted in the identification of transferrin as a candidate coagulation 

promoter, whose levels increases with age and are higher in males than in females 

and that is increased upon SARS-CoV-2 infection. A systematic investigation of gene 

products associated with the GO term “blood coagulation” did not reveal further high 

confidence candidates, which are likely to contribute to COVID-19-related 

coagulopathy. In conclusion, the role of transferrin should be considered in the course 

of COVID-19 disease and further examined in ongoing clinic-pathological 

investigations. 
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Introduction 

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is the 

causative agent of the ongoing coronavirus disease 2019 (COVID-19) outbreak [1,2]. 

Severe COVID-19 disease has been associated with disseminated intravascular 

coagulation and thrombosis [1,3,4], but the mechanisms underlying COVID-19-related 

coagulopathy remain unknown. However, it is known that the risk of severe and fatal 

COVID-19 disease is higher in males than in females and that it increases with age 

[5]. Similarly, the risk of coagulation-related pathologies and thrombosis increases with 

age and is further enhanced in males [6]. Thus, gene products that 1) are involved in 

coagulation, 2) change with age, 3) differ in their levels between females and males, 

and 4) are regulated in response to SARS-CoV-2 infection represent candidate factors 

that may contribute to COVID-19-related coagulopathy and disease severity. 

To identify such candidate factors that may be involved in COVID-19-related 

coagulopathy, we here performed a combined analysis of data from a proteomics 

dataset derived from SARS-CoV-2-infected cells [7] and of human gene expression 

data from the Genotype-Tissue Expression (GTEx) database [8]. 
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Results 

Transferrin may be involved in COVID-19-related coagulopathy 

While analysing proteomics data derived from SARS-CoV-2-infected cells [7], 

we found transferrin to be upregulated in SARS-CoV-2-infected cells (Figure 1A). 

Transferrin has been shown to increase coagulation by interfering with antithrombin/ 

SERPINC1-mediated inhibition of coagulation proteases including thrombin and factor 

XIIa [9]. Hence, there might be a link between transferrin levels and coagulation in 

COVID-19 patients. 

Next, we analysed transferrin expression in the Genotype-Tissue Expression 

(GTEx) database [8]. We found that transferrin expression increased with age and was 

higher in males than in females (Figure 1B). In contrast, expression of its antagonist 

antithrombin did not increase with age and was similar in females and males (Figure 

1C). Thus, the transferrin/ antithrombin ratio increases with age and is higher in males 

than in females (Figure 1D). This correlates with the risk of severe and fatal COVID-

19 disease, which is higher in males than in females and also increases with age [5]. 

Hence, an increased transferrin/ antithrombin ratio may contribute to COVID-19-

related coagulopathy and more severe disease in older patients, in particular in males. 
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Figure 1. A) Mean TF protein abundance in uninfected (control) and SARS-CoV-2-

infected (virus) Caco-2 cells. P-values are the result of a two-sided Student’s t-test. B) 

Mean TF expression (TPM) in females and males across six age groups. P-values are 

calculated using the Wilcoxon rank sum test for independent groups. C) Mean 

antithrombin (SERPINC1) expression (TPM) in females and males across six age 

groups. P-values are calculated using the Wilcoxon rank sum test for independent 

groups. D) Ratio of TF/SERPINC1 expression (TPM) in females and males across six 

age groups. P-values are calculated using the Wilcoxon rank sum test for independent 

groups. 
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Analysis of genes associated with the GO term “blood coagulation” 

(GO:0007596) does not reveal further candidates likely to be involved in COVID-

19-related coagulopathy. 

However, many factors are involved in coagulation and may, hence, contribute 

to COVID-19-related coagulopathy. Thus, we next used our approach to 

systematically investigate 335 gene products, which are associated with the GO term 

“blood coagulation” (GO:0007596) in AmiGO 2 [10]. Using GTEx, we identified 256 

coagulation-associated genes, that are differently expressed between females and 

males (Table S1) and 237 genes whose expression changed with age (Table S2). The 

list of 50 overlapping genes contained many genes, whose products may be involved 

in coagulation under certain circumstances but are not necessarily core players 

directly involved in the actual coagulation process, for example members of major 

signalling cascades such as PI3K or MAPK signalling. Hence, the functions of these 

genes were manually annotated for their potential relevance as direct promoters or 

inhibitors of coagulation (Table S3). The expression of these 50 genes was then 

further analysed in the proteomics dataset comparing SARS-CoV-2-infected and non-

infected cells [7], resulting in a set of nine significantly differentially expressed 

coagulation-associated genes (Table 1). When we combined the available data from 

all three datasets together with the role of the candidate factors in coagulation 

(promoter or inhibitor), however, we did not identify a high-confidence candidate factor 

(Table 1). There was neither a coagulation promoter that would be upregulated by 

SARS-CoV-2 infection, increase in expression with age, and display higher expression 

in males than in females, nor a coagulation inhibitor that would be downregulated by 

SARS-CoV-2 infection, decrease in expression with age, and display higher 

expression in females than in males (Table 1, Suppl. Figure 1).  
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Table 1. Genes with a role in coagulation that are differentially expressed between 

females and males (Table S1), whose expression correlates with age (Table S2), and 

that are differentially expressed in SARS-CoV-2-infected cells relative to control. Gene 

products anticipated to be of relevance would be 1) coagulation promoters that display 

higher expression in males than in females (FvM low), increase with age, and display 

high protein levels in virus-infected cells or 2) coagulation inhibitors that display higher 

expression in females than in males (FvM high), decrease with age, and display low 

protein levels in virus-infected cells. 

Gene Coagulation FvM Age Virus (p-value1) 
ANO6 promoter high decrease high (0.008) 
ANXA2 inhibitor high decrease high (0.001) 
C1QBP promoter high decrease high (0.013) 
CEACAM1 promoter high decrease high (0.045) 
F10 promoter high decrease low (0.044) 
F11R promoter high decrease low (0.020) 
GGCX promoter high decrease low (0.002) 
MYH9 promoter high decrease high (0.004) 
PLA2G4A promoter high decrease high (0.017) 

1 determined by two-sided Student’s t-test 
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Discussion 

Severe COVID-19 disease is associated with intravascular coagulation and 

thrombosis (COVID-19-related coagulopathy) [1,3,4]. The underlying mechanisms 

remain unclear. Our combined analysis of proteomics data derived from SARS-CoV-

2-infected cells [7] and gender- and age-dependent gene expression data derived 

from the GTEx dataset identified transferrin as a candidate factor, which may be 

involved in COVID-19-related coagulopathy. Although transferrin is an iron carrier 

protein that circulates and delivers iron to cells via transferrin receptor binding followed 

by receptor-mediated endocytosis [11,12], it promotes coagulation by iron-

independent mechanisms [9]. A systematic investigation of gene products associated 

with the GO term “blood coagulation” did not reveal further high confidence 

candidates, which are likely to contribute to COVID-19-related coagulopathy. 

Transferrin is primarily produced in the liver, but also in other tissues [11-18]. 

Hence, (SARS-CoV-2-induced) locally produced transferrin may contribute to COVID-

19 pathology, even independently circulating transferrin levels. For example, 

transferrin is produced in the brain [18], and high transferrin levels have been 

associated with hypercoagulability and ischemic stroke [19]. Stroke is a significant 

complication in COVID-19 [20], and much more common than in influenza patients 

[21]. Both ischemic and haemorrhagic strokes are observed in COVID-19 patients 

[20]. Notably, transferrin may not only contribute to ischemic strokes via inducing 

coagulation [19], it may also increase the brain injury associated with haemorrhagic 

strokes by facilitating cellular iron uptake [22]. High transferrin levels have also been 

associated with diabetes and metabolic syndrome [17,23-25], which are known risk 

factors for severe COVID-19 disease [26-28]. 
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In conclusion, the role of transferrin in the course of COVID-19 should be 

considered and further examined in ongoing clinic-pathological investigations. 
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Methods 

Data acquisition 

Genes associated with the GO term “Blood Coagulation” (GO:0007596) were 

identified using the online database AmiGO 2 [10]. This generated a list of 335 unique 

genes annotated with 23 unique terms (including “Blood Coagulation” and 22 child 

terms) for further analysis. 

Gene expression data (transcripts per million, TPM) and clinical data for 980 

individuals (17,382 samples from 30 tissues) were downloaded from the GTEx Portal 

[https://www.gtexportal.org/home/datasets; GTEx Project, version 8]. We also used 

normalised protein abundance data from a recent publication [7] in which protein 

abundance in uninfected and SARS-CoV-2-infected Caco-2 cells was quantified. Data 

were subsequently normalised using summed intensity normalisation for sample 

loading, followed by internal reference scaling and Trimmed mean of M normalisation. 

 

Data analysis 

Analyses were performed using R3.6.1. Linear models were generated to 

estimate the relationship between gene expression and age using the base R function 

lm, which generated p-values indicating the significance of the relationship. Models 

with a p-value <0.05 were considered significant. Plots were generated using the R 

package ggplot2. Mean protein abundance (for proteomics data) and mean gene 

expression TPM (for GTEx data) was plotted using the function ggbarplot, with the 

standard error of the mean indicated as error bars. P-values indicating the significance 

of the difference between gene expression/protein abundance in males and females 

in each given age group were the result of a Wilcoxon rank sum test for independent 

groups. For the proteome data, we performed a two-sided student’s t-test. Boxplots 
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comparing gene expression in males and females were generated using the function 

ggboxplot, for which p-values were the result of a Wilcoxon rank sum test for 

independent groups.  

 

  

.CC-BY-NC-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted June 16, 2020. ; https://doi.org/10.1101/2020.06.11.147025doi: bioRxiv preprint 

https://doi.org/10.1101/2020.06.11.147025
http://creativecommons.org/licenses/by-nc-nd/4.0/


Conflict of interest 

The authors declare no conflict of interest. 

 

Funding 

This research was funded by the Hilfe für krebskranke Kinder Frankfurt e.V. 

and the Frankfurter Stiftung für krebskranke Kinder. 

 

  

.CC-BY-NC-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted June 16, 2020. ; https://doi.org/10.1101/2020.06.11.147025doi: bioRxiv preprint 

https://doi.org/10.1101/2020.06.11.147025
http://creativecommons.org/licenses/by-nc-nd/4.0/


References 

1. Marchandot B, Sattler L, Jesel L, Matsushita K, Schini-Kerth V, Grunebaum L, Morel 

O. COVID-19 Related Coagulopathy: A Distinct Entity? J Clin Med. 2020 May 

31;9(6):E1651. 

2. Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, Zhao X, Huang B, Shi W, Lu R, 

Niu P, Zhan F, Ma X, Wang D, Xu W, Wu G, Gao GF, Tan W; China Novel Coronavirus 

Investigating and Research Team. A Novel Coronavirus From Patients With 

Pneumonia in China, 2019. N Engl J Med. 2020 Feb 20;382(8):727-733. 

3. Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, Liu L, Shan H, Lei CL, Hui DSC, 

Du B, Li LJ, Zeng G, Yuen KY, Chen RC, Tang CL, Wang T, Chen PY, Xiang J, Li SY, 

Wang JL, Liang ZJ, Peng YX, Wei L, Liu Y, Hu YH, Peng P, Wang JM, Liu JY, Chen 

Z, Li G, Zheng ZJ, Qiu SQ, Luo J, Ye CJ, Zhu SY, Zhong NS; China Medical Treatment 

Expert Group for Covid-19. Clinical Characteristics of Coronavirus Disease 2019 in 

China. N Engl J Med. 2020 Apr 30;382(18):1708-1720. 

4. Tang N, Li D, Wang X, Sun Z. Abnormal coagulation parameters are associated 

with poor prognosis in patients with novel coronavirus pneumonia. J Thromb Haemost. 

2020 Apr;18(4):844-847. 

5. Borges do Nascimento IJ, Cacic N, Abdulazeem HM, von Groote TC, Jayarajah U, 

Weerasekara I, Esfahani MA, Civile VT, Marusic A, Jeroncic A, Carvas Junior N, 

Pericic TP, Zakarija-Grkovic I, Meirelles Guimarães SM, Luigi Bragazzi N, Bjorklund 

M, Sofi-Mahmudi A, Altujjar M, Tian M, Arcani DMC, O'Mathúna DP, Marcolino MS. 

Novel Coronavirus Infection (COVID-19) in Humans: A Scoping Review and Meta-

Analysis. J Clin Med. 2020 Mar 30;9(4):941. 

6. Previtali E, Bucciarelli P, Passamonti SM, Martinelli I. Risk factors for venous and 

arterial thrombosis. Blood Transfus. 2011 Apr;9(2):120-38. 

.CC-BY-NC-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted June 16, 2020. ; https://doi.org/10.1101/2020.06.11.147025doi: bioRxiv preprint 

https://doi.org/10.1101/2020.06.11.147025
http://creativecommons.org/licenses/by-nc-nd/4.0/


7. Bojkova D, Klann K, Koch B, Widera M, Krause D, Ciesek S, Cinatl J, Münch C. 

Proteomics of SARS-CoV-2-infected host cells reveals therapy targets. Nature. 2020 

May 14. doi: 10.1038/s41586-020-2332-7. 

8. GTEx Consortium. The Genotype-Tissue Expression (GTEx) project. Nat Genet. 

2013 Jun;45(6):580-5. 

9. Tang X, Zhang Z, Fang M, Han Y, Wang G, Wang S, Xue M, Li Y, Zhang L, Wu J, 

Yang B, Mwangi J, Lu Q, Du X, Lai R. Transferrin plays a central role in coagulation 

balance by interacting with clotting factors. Cell Res. 2020 Feb;30(2):119-132. 

10. The Gene Ontology Consortium. The Gene Ontology Resource: 20 years and still 

GOing strong. Nucleic Acids Res. 2019 Jan 8;47(D1):D330-D338. 

11. Luck AN, Mason AB. Transferrin-mediated cellular iron delivery. Curr Top Membr. 

2012;69:3-35. 

12. Kawabata H. Transferrin and transferrin receptors update. Free Radic Biol Med. 

2019 Mar;133:46-54. 

13. Lum JB, Infante AJ, Makker DM, Yang F, Bowman BH. Transferrin synthesis by 

inducer T lymphocytes. J Clin Invest. 1986 Mar;77(3):841-9. 

14. Yang F, Friedrichs WE, Coalson JJ. Regulation of transferrin gene expression 

during lung development and injury. Am J Physiol. 1997 Aug;273(2 Pt 1):L417-26. 

15. Mateos F, Brock JH, Pérez-Arellano JL. Iron metabolism in the lower respiratory 

tract. Thorax. 1998 Jul;53(7):594-600. 

16. Zakin MM, Baron B, Guillou F. Regulation of the tissue-specific expression of 

transferrin gene. Dev Neurosci. 2002;24(2-3):222-6. 

17. McClain DA, Sharma NK, Jain S, Harrison A, Salaye LN, Comeau ME, Langefeld 

CD, Lorenzo FR, Das SK. Adipose Tissue Transferrin and Insulin Resistance. J Clin 

Endocrinol Metab. 2018 Nov 1;103(11):4197-4208. 

.CC-BY-NC-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted June 16, 2020. ; https://doi.org/10.1101/2020.06.11.147025doi: bioRxiv preprint 

https://doi.org/10.1101/2020.06.11.147025
http://creativecommons.org/licenses/by-nc-nd/4.0/


18. Murakami Y, Saito K, Ito H, Hashimoto Y. Transferrin isoforms in cerebrospinal 

fluid and their relation to neurological diseases. Proc Jpn Acad Ser B Phys Biol Sci. 

2019;95(5):198-210. 

19. Tang X, Fang M, Cheng R, Zhang Z, Wang Y, Shen C, Han Y, Lu Q, Du Y, Liu Y, 

Sun Z, Zhu L, Mwangi J, Xue M, Long C, Lai R. Iron-Deficiency and Estrogen Are 

Associated with Ischemic Stroke by Up-Regulating Transferrin to Induce 

Hypercoagulability. Circ Res. 2020 May 26. doi: 10.1161/CIRCRESAHA.119.316453. 

20. Koralnik IJ, Tyler KL. COVID-19: a global threat to the nervous system. Ann 

Neurol. 2020 Jun 7. doi: 10.1002/ana.25807. 

21. Merkler AE, Parikh NS, Mir S, Gupta A, Kamel H, Lin E, Lantos J, Schenck EJ, 

Goyal P, Bruce SS, Kahan J, Lansdale KN, LeMoss NM, Murthy SB, Stieg PE, Fink 

ME, Iadecola C, Segal AZ, Campion TR, Diaz I, Zhang C, Navi BB. Risk of Ischemic 

Stroke in Patients with Covid-19 versus Patients with Influenza. medRxiv. 2020 May 

21:2020.05.18.20105494. doi: 10.1101/2020.05.18.20105494. Preprint. 

22. Nakamura T, Xi G, Park JW, Hua Y, Hoff JT, Keep RF. Holo-transferrin and 

thrombin can interact to cause brain damage. Stroke. 2005 Feb;36(2):348-52. 

23. Fumeron F, Péan F, Driss F, Balkau B, Tichet J, Marre M, Grandchamp B; Insulin 

Resistance Syndrome (DESIR) Study Group. Ferritin and transferrin are both 

predictive of the onset of hyperglycemia in men and women over 3 years: the data 

from an epidemiological study on the Insulin Resistance Syndrome (DESIR) study. 

Diabetes Care. 2006 Sep;29(9):2090-4. 

24. Vari IS, Balkau B, Kettaneh A, André P, Tichet J, Fumeron F, Caces E, Marre M, 

Grandchamp B, Ducimetière P; DESIR Study Group. Ferritin and transferrin are 

associated with metabolic syndrome abnormalities and their change over time in a 

.CC-BY-NC-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted June 16, 2020. ; https://doi.org/10.1101/2020.06.11.147025doi: bioRxiv preprint 

https://doi.org/10.1101/2020.06.11.147025
http://creativecommons.org/licenses/by-nc-nd/4.0/


general population: Data from an Epidemiological Study on the Insulin Resistance 

Syndrome (DESIR). Diabetes Care. 2007 Jul;30(7):1795-801. 

25. Zhao HQ, Wu H, Meng R, Du S, Tao SJ. Distribution of serum transferrin, and its 

associations with metabolic disorders among Chinese: A nation-wide, health and 

nutrition survey. Mol Nutr Food Res. 2015 Aug;59(8):1535-40. 

26. Bornstein SR, Rubino F, Khunti K, Mingrone G, Hopkins D, Birkenfeld AL, Boehm 

B, Amiel S, Holt RI, Skyler JS, DeVries JH, Renard E, Eckel RH, Zimmet P, Alberti 

KG, Vidal J, Geloneze B, Chan JC, Ji L, Ludwig B. Practical recommendations for the 

management of diabetes in patients with COVID-19. Lancet Diabetes Endocrinol. 

2020 Jun;8(6):546-550. 

27. Nakajima K. Serious Conditions in COVID-19 Accompanied With a Feature of 

Metabolic Syndrome. J Clin Med Res. 2020 May;12(5):273-275. 

28. Schofield J, Leelarathna L, Thabit H. COVID-19: Impact of and on Diabetes. 

Diabetes Ther. 2020 Jun 6. doi: 10.1007/s13300-020-00847-5. 

 

 

 

.CC-BY-NC-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted June 16, 2020. ; https://doi.org/10.1101/2020.06.11.147025doi: bioRxiv preprint 

https://doi.org/10.1101/2020.06.11.147025
http://creativecommons.org/licenses/by-nc-nd/4.0/

