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ABSTRACT 9 

The ACE2 receptor is, so far, the best-known host factor for SARS-CoV-2 entry, but another essential element, the 10 

TMPRSS2 protease, has recently been identified. Here, we have analysed TMPRSS2 expression data in lung correlating 11 

them with age, sex, diabetes, smoking habits, exposure to pollutant and other stimuli, in order to highlight which factors 12 

might alter TMPRSS2 expression, and thus impact the susceptibility to infection and COVID-19 prognosis. Moreover, 13 

we reported TMPRSS2 polymorphisms affecting its expression and suggested the ethnic groups more prone to COVID-14 

19. Finally, we also highlighted a gender-specific co-expression between TMPRSS2 and other genes related to SARS-15 

CoV-2 entry, maybe explaining the higher observed susceptibility of infection in men. Our results could be useful in 16 

designing potential prevention and treatment strategies regarding the COVID-19. 17 

 18 
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 22 

MAIN TEXT 23 

 24 

INTRODUCTION 25 

The outbreak of coronavirus disease 2019 (COVID-19) in Wuhan, China, is rapidly spreading worldwide. In fact, as of 26 

October 2020, over 1 million deaths and 37 million positive cases have been reported globally [1]. Spike protein 3D 27 

structures of Severe acute respiratory syndrome-Coronavirus (SARS-CoV), responsible for the 2003 outbreak, and of 28 

the current SARS-CoV-2 resulted to be sufficiently similar to interact with the same host cells targets [2]. Indeed, recent 29 

studies reported the involvement of angiotensin-converting enzyme 2 (ACE2) and the transmembrane serine protease 2 30 

(TMPRSS2) also in SARS-CoV-2 infection [3]. Specifically, virus entry through the cell surface receptor ACE2 31 

requires proteolytic cleavage and activation of the spike proteins by TMPRSS2 protease. Accordingly, the TMPRSS2 32 

inhibitor camostat mesylate blocked SARS-CoV-2 entry and might represent a treatment option [3]. 33 

 34 

 35 

ANALYSIS OF TMPRSS2 EXPRESSION DATA 36 

Recent epidemiological data indicate that COVID-19 showed higher rates of critical illness and deaths in men, in 37 

smokers, in diabetics and in older people [4-7]. TMPRSS2 is mainly expressed in lung, salivary gland, thyroid, 38 

gastrointestinal tract, pancreas, kidney and liver, according to RNA and protein expression data available at Human 39 

Protein Atlas (HPA) database (Figure 1). Notably, it is also expressed in many male tissues, such as ductus deferens, 40 

epididymis, seminal vesicle and prostate, but it has very low expression or it is absent in testis and in all female tissues, 41 
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including breast, ovary, fallopian tube, endometrium and placenta. This data may suggest a role of TMPRSS2 tissue 42 

distribution in the higher SARS-CoV-2 infection rate and severity in men. However, additional studies are necessary to 43 

validate many other possible reasons for the observed gender difference, including risk factors and protection of female 44 

hormones. In addition, TMPRSS2 gene is up regulated by androgenic hormones also in lungs [8]. Very recently, Asselta 45 

et al. analysed publicly available gene expression datasets, reporting that TMPRSS2 expression is higher in bronchial 46 

epithelial cells of males than females, whereas the expression in lung was similar [9]. Here, we further investigated the 47 

effect of gender on TMPRSS2 expression and extended these analyses also to the effect of age, smoking behaviour, 48 

infections and pollutants in lung, nasal and bronchial tissues and cell lines (Supplementary Table S1).  49 

In three microarray datasets (GSE40419, GSE19804 and GSE10072) from NCBI GEO, no statistically significant 50 

differences have been identified in the TMPRSS2 expression in lung tissues by stratifying for gender or smoke habit 51 

status, but, unexpectedly, there is a weak decreasing age-related trend (Supplementary Figures S1, S2, S3). In particular, 52 

significant differences between under/over 65 year-old people (p=0.044) and between under/over 75 year-old people 53 

(p=0.012) have been observed. However, there are no sex- or age-specific differences in the TMPRSS2 expression in 54 

lung tissues, according to GSE117261 and RNA-seq datasets from GTEx (https://www.gtexportal.org/) data. In nasal 55 

epithelium samples (GSE8987), cigarette smoking significantly increases TMPRSS2 expression (p=0.014). Recently, 56 

this expression increase in smoker subjects as compared to non-smokers has also been observed by western blots 57 

analysis in lung [10] and by microarray analysis in small airway epithelium [11]. Since TMPRSS2 expression seems 58 

unexpectedly to decrease with increasing age, other factors, including diabetes, lower levels of androgens, pollutants or 59 

a genetic predisposition, could be relevant to explain the observed epidemiological trends in this outbreak 60 

(Supplementary Table S1). Regarding these factors, we found that TMPRSS2 is two-fold higher expressed (p=0.00046) 61 

in pancreatic beta-cells of type 2 diabetes (T2D) subjects than controls (GSE20966). Although not in lungs, this result 62 

suggests a possible explanation of why diabetes mellitus is an important risk factor for hospitalization and death in 63 

COVID-19 patients. Moreover, the TMPRSS2 expression is significantly increased in normal bronchial epithelial cells 64 

infected by 2009 pandemic H1N1 influenza virus (GSE48466) and, likewise, in lung fibroblasts after exposure to 65 

vanadium pentoxide (GSE5339). In addition, TMPRSS2 gene expression slightly increased following exposition to 66 

benzo[a]pyrene diol epoxide (BPDE) in normal lung fibroblasts (GSE19510). On the other hand, TMPRSS2 levels 67 

decrease following inhaled corticosteroids therapy in bronchial biopsies from allergic asthma subjects (GSE15823) or 68 

after exposure to 9 nm silica nanoparticles in lung epithelial cells (GSE53700) (Supplementary Table S1). This 69 

evidence suggests that concomitance with other infections and some workplace pollutants could make lung cells more 70 

susceptible to the SARS-CoVs. Moreover, our analysis shows that TMPRSS2 expression is not altered by interferon 71 

(IFN) treatment in lung epithelial cells (GSE5542). Accordingly, it has recently been reported that interferon 72 

inflammation does not modulate TMPRSS2 expression, but upregulates ACE2 expression [12]. Instead, TMPRSS2 73 

expression in airway epithelia is highly upregulated by IL-13 [12, 14], a highly expressed cytokine in plasma of 74 

COVID-19 patients that require ventilation [13]. Furthermore, IL-13 is also involved in allergic airway type 2 75 

inflammation, asthma and chronic obstructive pulmonary disease (COPD) [12, 14], thus suggesting a further 76 

mechanism for COVID-19 susceptibility and severity.  77 

 78 

 79 

POLYMORPHISMS  80 

Expression quantitative trait loci (eQTLs) are sequence variations, mainly single nucleotide polymorphisms (SNPs), 81 

affecting the expression levels of genes [15]. Here, we investigated GTEx and QTLbase databases 82 

https://www.gtexportal.org/
https://www.ncbi.nlm.nih.gov/geoprofiles/67851571
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(http://mulinlab.org/qtlbase/index.html) about TMPRSS2 gene expression and we reported 19 increasing and 24 83 

decreasing eQTLs (Supplementary Table S2). Overall, they are experimentally confirmed to affect TMPRSS2 84 

expression with a NES score (Normalized Effect Size, see Supplementary Table S2 for details) up to +/- 0.12, a level of 85 

alteration often sufficient to induce phenotypic changes. Indeed, among variations reported in Table S2, rs2070788 GG 86 

or the rs383510 TT genotypes (both with +0.11 NES, p= 8.85e-09 and p= 1.20e-08, respectively, Figure 2) are shown to 87 

increase TMPRSS2 expression in lung tissue and the susceptibility to severe A(H1N1) and A(H7N9) influenza [16]. 88 

Notably, QTLbase reports that, in lung, rs2070788 GG increases expression also of MX1, a gene involved in the 89 

antiviral response, which expression level is higher in COVID-19 patients and reduced with age [17]. Our analyses 90 

indicates that also TMPRSS2 expression decreases with age and, interestingly, these genes are positively co-expressed 91 

in males and negatively in females (r = -0.288, p = 0.0036 in females; r = 0.402, p = 1.046e-8 in males).  92 

Moreover, according to the NCBI dbSNP database (www.ncbi.nlm.nih.gov/snp/), Americans, Mexicans, Europeans and 93 

South Asians have a higher rs2070788 G allele frequency than Africans, Native Hawaiians, African American descents 94 

and East Asians. Regarding rs383510, Europeans, Estonians and South Asians have a higher T allele frequency than 95 

East Asians, Koreans, and Africans, so the former could be more prone to infection. However, since the observed 96 

expression variations are enough to increase influenza susceptibility, it is possible that many other eQTLs in TMPRSS2 97 

gene could alter the susceptibility to SARS-CoV-2 infection. For example, some new eQTLs [12] and missense SNPs 98 

altering TMPRSS2 expression and function have been recently suggested to influence SARS-CoV-2 entry and COVID-99 

19 severity [9, 18, 19]. However, in order to identify causal host genetic risk factors for COVID-19, large-scale 100 

genome-wide association studies (GWAS) and functional assays are needed. Moreover, it should be taken into account 101 

that, in addition to the possible genetic predisposition, infection rates and treatment outcomes could be influenced by 102 

different socio-economic status and other ethnic disparities [20]. 103 

 104 

 105 

SEX-SPECIFIC TMPRSS2 CO-EXPRESSION WITH OTHER HOST FACTORS FOR VIRAL ENTRY 106 

We performed correlation analyses in GTEx RNA-seq data in lung tissues in order to identify the co-expression levels 107 

among TMPRSS2, ACE2 and other coronavirus host factors. Our analyses indicated that the highest degree of co-108 

expression in normal lung tissues is between ACE2 and TMPRSS2 (r= 0.4485, p= 1.187e-15, Table 1). This strong 109 

association may explain the predominant role of TMPRSS2 in priming ACE2 compared to other proteases in SARS-110 

CoVs. Moreover, since men are more prone to being affected by COVID-19, we also investigated the sex-specific 111 

expression correlation of TMPRSS2 with the other host factors involved in SARS-CoV entry. Our analysis shows that 112 

some gene co-expressions are maintained in both males and females, but others are present only in men (Table 2). 113 

Notably, TMPRSS2 is highly and positively co-expressed with CD147 receptor and FURIN, CD209, cathepsin L 114 

(CTSL) and B (CTSB) proteases in men, but not in women, while the co-expression with ACE2 is similarly high in 115 

both males and females. These results indicate that, in males, the co-expression of these proteases and CD147, a newly 116 

discovered SARS-CoV-2 receptor [11], may enhance the host priming activity on SARS-CoV spike proteins. In turn, it 117 

may result in a higher viral entry, which explains the higher infection risk and illness severity in men than women. 118 

Interestingly, since co-expressed genes share a similar regulatory network involving common transcription factors and 119 

microRNAs, further studies should be carried out in order to clarify the gender-specific molecular regulation of these 120 

host factors for viral entry. 121 

 122 

 123 

http://www.ncbi.nlm.nih.gov/snp/


 

4 
 

CONCLUSIONS 124 

In conclusion, our analyses of the TMPRSS2 expression data could suggest a link between the risk of SARS-CoV-2 125 

infection and the COVID-19 severity with genetic predispositions, age, gender, diabetes, air pollutants and smoking. 126 

Our preliminary results could lead to further researches for validations in wider cohorts and for experimental 127 

assessments to characterize the underlying molecular mechanisms. Also, they could be useful for the identification of 128 

new druggable targets, besides IL-13 and androgens, responsible of induction of TMPRSS2 expression. In this regard, 129 

treatment strategies to block SARS-CoV-2 entry involving TMPRSS2 inhibition have been proposed, including 130 

camostat, nafamostat, bromhexine [21] and androgen deprivation therapies [22]. Since we have found that some factors 131 

could increase TMPRSS2 expression and therefore to affect COVID-19 susceptibility and severity, these should be 132 

taken into account during the definition of a personalized therapy. For example, the presence of specific SNPs or 133 

lifestyle habits could help to indirectly estimate the TMPRSS2 expression levels in lungs for patient stratification. In 134 

fact, subjects with high TMPRSS2 levels would benefit more from TMPRSS2 inhibitors. In addition, it was recently 135 

hypothesized that extracellular vesicles can enhance SARS-CoV-2 spreading to uninfected cells by transferring ACE2 136 

[23]. Since also TMPRSS2 protein is present in salivary vesicles [24] and it could act similarly, the utility of these 137 

molecules as severity biomarkers should be investigated. Finally, since in males we have found strong co-expression 138 

levels of TMPRSS2 with CD147, FURIN, CTSB and CTSL, these could be targeted along with TMPRSS2 in order to 139 

enhance the treatments for COVID-19 male patients.   140 

 141 

 142 
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FIGURES 245 

 246 

 247 

 248 

Figure 1. Protein (top) and RNA (bottom) expression of TMPRSS2 in human tissues, according to Human Protein 249 

Atlas (HPA) database (https://www.proteinatlas.org/ENSG00000184012-TMPRSS2/tissue) 250 

 251 

 252 

 253 

 254 

 255 

 256 

Figure 2. Violin plots of TMPRSS rs2070788 (left) and rs383510 (right) eQTLs in lung, as reported in GTEx portal. 257 

All genotypes (along with the number of tested subjects), the resulting median TMPRSS expression levels in lung and 258 

the p-values for the association between the gene expression and the genotypes are shown. In particular, GTEx 259 

generated p-values for each variant-gene pair by testing the alternative hypothesis that the slope of a linear regression 260 

model between genotype and expression deviates from 0. Data Source: GTEx Analysis Release V8. 261 

 262 

https://www.proteinatlas.org/ENSG00000184012-TMPRSS2/tissue
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 263 

TABLES 264 

 265 

Table 1. ACE2 co-expression levels with other host factors in lung.  266 

Gene pairs Pearson's co-expression 

ACE2 ~ TMPRSS2 r = 0.4485 (p = 1.187e-15) 

ACE2 ~ CTSB r = 0.3985 (p = 2.126e-12) 

ACE2 ~ FURIN r = 0.3142 (p = 5.142e-8) 

ACE2 ~ CTSL r = 0.2599 (p = 0.000007893) 

ACE2 ~ BSG (CD147) r = 0.2494 (p = 0.00001858) 

ACE2 ~ CD209 r = 0.04397 (NS) 

ACE2 ~ TMPRSS11D r = 0.03035 (NS) 

ACE2 ~ TMPRSS11A r = -0.1256 (p = 0.03308) 

ACE2 ~ CLEC4M r = -0.1481 (p = 0.01185) 

We used UCSC Xena Functional Genomics Explorer (https://xenabrowser.net/) to analyse correlation of GTEx data in 267 
lung tissues using Pearson's correlation test. Pearson’s r values range between -1 and 1. Positive values mean positive 268 
correlation between the expression levels of the gene pair; on the contrary, negative values shows an inverse 269 
correlation; r values close to 0 mean no correlation. NS: not significant. 270 
 271 

Table 2. Gender-specific TMPRSS2 co-expression levels with other host factors in lung.  272 
TMPRSS2 vs FEMALES MALES 

ACE2 r= 0.4403 (p=4.61e-6) r= 0.4551 (p=5.42e-11) 

BSG (CD147) r= 0.1506 (p=0.1349) r= 0.6561 (p=1.730e-24) 

FURIN r= 0.3618 (p=2.18e-4) r= 0.7446 (p=2.01e-34) 

CTSB r= 0.1714 (NS) r= 0.6195 (p=2.74e-21) 

CTSL r= -0.00164 (NS) r= 0.5658 (p=2.75e-17) 

CD209 r= -0.2632 (p=0.0082) r= 0.2559 (p=0.0004) 

TMPRSS11A r= -0.1363 (NS) r= -0.1638 (p=0.0247) 

TMPRSS11D r= -0.1200 (NS) r= -0.04262 (NS) 

CLEC4M r= -0.2493 (p=0.0124) r= -0.03108 (NS) 

See Table 1 for details. 273 
 274 


