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Abstract
TMPRSS2 (OMIM: 602060) is a cellular protease involved in many physiological and 
pathological processes, and it facilitates entry of viruses such as SARS-CoV-2 into 
host cells. It is important to predict the prostate's susceptibility to SARS-CoV-2 infec-
tion in cancer patients and the disease outcome by assessing TMPRSS2 expression 
in cancer tissues. In this study, we conducted the expression profiles of the TMPRSS2 
gene for COVID-19 in different normal tissues and PRAD (prostate adenocarcinoma) 
tumour tissues. TMPRSS2 is highly expressed in normal tissues including the small 
intestine, prostate, pancreas, salivary gland, colon, stomach, seminal vesicle and lung, 
and is increased in PRAD tissues, indicating that SARS-CoV-2 might attack not only 
the lungs and other normal organs, but also in PRAD cancer tissues. Hypomethylation 
of TMPRSS2 promoter may not be the mechanism for TMPRSS2 overexpression 
in PRAD tissues and PRAD pathogenesis. TMPRSS2 expresses eleven isoforms in 
PRAD tissues, with the TMPRSS2-001 isoform expressed highest and followed by 
TMPRSS2-201. Further isoform structures prediction showed that these two highly 
expressed isoforms have both SRCR_2 and Trypsin (Tryp_SPc) domains, which may be 
essential for TMPRSS2 functional roles for tumorigenesis and entry for SARS-CoV-2 
in PRAD patients. Analyses of functional annotation and enrichment in TMPRSS2 
showed that TMPRSS2 is mostly enriched in regulation of viral entry into host cells, 
protein processing and serine-type peptidase activity. TMPRSS2 is also associated 
with prostate gland cancer cell expression, different complex(es) formation, human 
influenza and carcinoma, pathways in prostate cancer, influenza A, and transcrip-
tional misregulation in cancer. Altogether, even though high expression of TMPRSS2 
may not be favourable for PRAD patient's survival, increased expression in these 
patients should play roles in susceptibility of the SARS-CoV-2 infection and clinical 
severity for COVID-19, highlighting the value of protective actions of PRAD cases by 
targeting or androgen-mediated therapeutic strategies in the COVID-19 pandemic.
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1  | INTRODUC TION

Transmembrane serine protease 2 (TMPRSS2, OMIM: 602060), cy-
togenetic located at 21q22.3, was first identified by exon trapping 
in 1997, which encodes a 492 amino acids multimeric protein with 
a molecular mass 53 859 Da containing a serine protease domain.1 
In prostate cancer tissues, Tomlins et al in 2005 identified recur-
rent gene fusions at the TMPRSS2 5′ UTR (untranslated region) to 
ETV1 or ERG with an outlier expression that drives cancer progres-
sion, suggesting oncogenic roles in prostate cancer.2 The cellular 
protease TMPRSS2 protein is highly expressed in secretory epithe-
lial cells of the prostate, and its expression is androgen-induced. As 
a member of serine protease family, TMPRSS2 is involved in many 
pathological and physiological processes,3-5 and also facilitates 
entry of viruses, including the human coronaviruses SARS-CoV-2 
(severe acute respiratory syndrome coronavirus 2), SARS-CoV 
(severe acute respiratory syndrome coronavirus), HCoV-229E 
(human coronavirus-229E), and MERS-CoV (Middle East respira-
tory syndrome coronavirus), into host cells by cleaving and acti-
vating viral envelope glycoproteins, or proteolytical cleaving ACE2 
(angiotensin-converting enzyme 2) receptor (OMIM: 300332) for 
viral uptake.6-9

Since December 2019, the coronavirus disease 2019 (COVID-19) 
has rapidly spread worldwide, caused a global threat and the num-
ber of cases is rising worldwide.10-14 On 11 March 2020, the WHO 
(World Health Organization) declared COVID-19 a global pan-
demic.15 At the end of December of 2020, the global confirmed 
cases are approximately 80  million and global deaths cases are 
nearly 2 million (https://coron​avirus.jhu.edu/) worldwide. In addi-
tion to ACE2 as the SARS-CoV-2 virus enter receptor, Hoffmann 
et al recently revealed that the viral spike protein (S) is primed by 
TMPRSS2; thus, inhibitors of TMPRSS2 could block viral entry.7 
This implies that suppression of the TMPRSS2 expression levels 
in normal cells might help fight not only prostate cancer develop-
ments but also the viral infection.

TMPRSS2 has an important role in the pathogenesis of 
COVID-19, and the abnormal expression of TMPRSS2 or ERG gene 
fusion is significant regulators of carcinogenesis in prostate can-
cer.16-18 By these reasons, it is important to predict the cancer 
patients’ susceptibility to SARS-CoV-2 infection and the disease 
outcome via assessing TMPRSS2 expression in cancer tissues, 
particular in prostate cancer tissues and related bioinformatics 
analyses. Thus, in this study, we performed the expression profile 
analyses of the TMPRSS2 gene for COVID-19 in different normal 
tissues and PRAD (prostate adenocarcinoma) tumour tissues as a 
marker for targeted therapy.19-21

2  | MATERIAL S AND METHODS

2.1 | Homology analysis

Homologs of TMPRSS2 in humans (NP_001128571.1 in protein and 
NM_001135099.1 in gene from GenBank) and others from the NCBI 
program (https://www.ncbi.nlm.nih.gov/) were described previously.22

2.2 | Expression analysis and databases

The expression levels of the human TMPRSS2 gene in the normal 
tissues were assessed from the database, the Human Protein Atlas 
(HPA) (https://www.prote​inatl​as.org/ENSG0​00001​84012​-TMPRS​
S2/tissue).23-25 The expression levels of TMPRSS2 in the prostate 
adenocarcinoma (PRAD) and corresponding normal control tissues 
from TCGA-PRAD (The Cancer Genome Atlas-prostate adenocarci-
noma) were evaluated via GEPIA 2 (The Gene Expression Profiling 
Interactive Analysis) (http://gepia2.cance​r-pku.cn/#analysis).26

2.3 | Isoform analysis

By using GEPIA2,26 we explored the large TCGA (The Cancer 
Genome Atlas) and GTEx (Genotype-Tissue Expression) datasets to 
determine TMPRSS2 isoform usage, expression distribution and do-
main structures (http://gepia2.cance​r-pku.cn/#isoform).

2.4 | Promoter methylation analysis for TMPRSS2

The protein expression and promoter methylation status of 
TMPRSS2 in the PRAD patients of the TCGA-PRAD was explored 
through the UALCAN (University of Alabama Cancer) database. The 
association between the TMPRSS2 expression and DNA methyla-
tion of the TMPRSS2 promoter in the normal and PRAD tissues was 
conducted by the database of DNMIVD (DNA methylation interac-
tive visualization database) (http://119.3.41.228/dnmiv​d/query_
gene/?gene=TMPRS​S2&panel​=DMG&cance​r=PRAD).27

2.5 | Survival analysis for PRAD in TMPRSS2 
expressions

Two expression groups based on the value of fragments per kilo-
base of exon model per million reads mapped (FPKM) in each gene 
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in cancer patients were classified, and the correlations between ex-
pression level and patient survival were evaluated for PRAD cohort 
by GEPIA 2 (http://gepia2.cance​r-pku.cn/#survival) in TCGA and 
plotted a Kaplan-Meier curve.22,26,28

2.6 | Analysis for functional enrichment

The data of GO (Gene Ontology) and KEGG (Kyoto Encyclopedia of 
Genes and Genomes) pathway of the co-expressed genes were analysed 
via the Enrichr database (https://maayanlab.cloud/Enrichr/enrich?datas
et=5df6eaa47475293efe5b1514669a05bc#).29 The P-value < .05 was 

set as a cut-off criterion. The GEPIA 2 database was used to provide a 
group of genes with a similar expression pattern between TMPRSS2 
and PRAD based on the TCGA-PRAD cohort data.

3  | RESULTS

3.1 | Determination of TMPRSS2 conservation and 
expression in normal tissues

Homologs of the TMPRSS2 protein showed that it is highly conserved 
in different species, including chimpanzee, Rhesus monkey, dog, cow, 

F I G U R E  1   Homologs of the TMPRSS2 proteins and its expression in normal tissues and cells. A, Conservation for TMPRSS2 in eleven 
of different species. B, TMPRSS2 mRNA expression in normal tissues. RNA expression overview shows RNA of consensus NX (Normalized 
eXpression) levels from 55 types of tissues and 6 types of blood cells, created by combining three different transcriptomics sources: RNA-
seq data from HPA, RNA-seq data from GTEx and CAGE data from FANTOM5. Colour-coding is based on tissue groups with common 
functional features. HPA, Human Protein Atlas. GTEx, Genotype-Tissue Expression

http://gepia2.cancer-pku.cn/#survival
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mouse, rat, chicken, zebra fish, C. elegans, and frog, with a trypsin-like 
serine protease domain (Tryp_SPc, cd00190) (Figure 1A). Trypsin-like 
serine protease is synthesized from inactive precursor zymogens by 
cleavage to generate their active forms. These suggest that TMPRSS2 
from these different animals would potentially have enzymatic activ-
ity, making these species SARS-CoV-2’s probable natural hosts.

The expression profiles for TMPRSS2 mRNA in humans were 
conducted from the data of RNA-sequencing in the indicated fifty-
five types of tissues and six types of blood cells that are the consen-
sus dataset from HPA, GTEx and FANTOM5. The RPKM values for 
TMPRSS2 expression in the small intestine were found to be highest 
at 75.6, followed by the prostate (68.2), pancreas (64.5), salivary gland 

(52.3), colon (38.7), stomach (36.7), and lungs is ninth highest expres-
sion (20.7). The hypothalamus was found to be lowest with approxi-
mately 0.1 (Figure 1B). No expression was found in 6 blood cell types. 
Thus, these results demonstrated the biased expression profiles for 
TMPRSS2 mRNA in the small intestine, prostate, lung and other tissues.

3.2 | Expression analysis results of the TMPRSS2 
gene in prostate adenocarcinoma (PRAD)

Gene expression profile for TMPRSS2 in 32 different tumour tissues 
and their corresponding normal tissues (TCGA normal and GTEx data) 

F I G U R E  2   TMPRSS2 expression and its promoter methylation status in tumour tissues of prostate adenocarcinoma (PRAD) and 
corresponding normal tissues. A, Expression profile for TMPRSS2 in 32 different tumour tissues and their corresponding normal tissues 
(TCGA normal and GTEx data). Tissue-wise expression using profiles. B, Expression profile for TMPRSS2 in PRAD tumour tissues and the 
corresponding normal tissues (TCGA normal and GTEx data) (*: P <.01). Tissue-wise expression using box plots. C, The promoter methylation 
status for the regulating TMPRSS2 expression from PRAD. D, Pearson analysis for correlation between the mRNA expression and the 
methylation status for TMPRSS2 from PRAD. E, Spearman analysis for correlation between the mRNA expression and the methylation status 
for the TMPRSS2 gene from PRAD
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revealed six significantly up-regulated (Figure 2A, in red colours) and 
six down-regulated (Figure 2A, in green colours) in different types 
of adenocarcinomas. Importantly, both prostate adenocarcinoma 
and corresponding normal prostate tissues were highly expressed 
(Figure  2A, arrow). Further analysis in PRAD found that TMPRSS2 
expression is significantly up-regulated (Figure 2B,P < .01).

To further know whether methylation modification affects 
TMPRSS2 expression, the DNMIVD database was used to determine 
the promoter methylation status for TMPRSS2 in PRAD. However, 
the promoter methylation statuses for the TMPRSS2 in PRAD tis-
sues were slightly increased in comparison with those of normal tis-
sues (Figure 2C). Furthermore, the analysis of Spearman and Pearson 
correlations revealed a negative correlation between the TMPRSS2 
mRNA expression and its promoter methylation status for PRAD 
tissues (Figure 2D and F). Thus, promoter methylation of TMPRSS2 
may not be the molecular mechanism for TMPRSS2 overexpression 
in PRAD tumours and PRAD's pathogenesis.

3.3 | Analysis of isoform usage and isoform 
structures for TMPRSS2

Different isoforms of SARS-CoV-2 receptors or entry proteins, 
for example isoforms of ACE2 expressed in the airway epithe-
lium, may differentially contribute to host susceptibility to SARS-
CoV-2 infection.30 Thus, to understand the expression of isoform 
usage and isoform structures for TMPRSS2 in PRAD tissues, we 
performed analysis of the GEPIA2 database, and the results are 
shown in Figure  3. From Figure  3, we found that eleven isoforms 
are expressed and used in PRAD tissues, with TMPRSS2-001 
as the highest, followed by TMPRSS2-201, and TMPRSS2-008 
is the lowest (Figure  3A). Further isoform structures prediction 
showed that TMPRSS2-001, TMPRSS2-008, TMPRSS2-009, and 
TMPRSS2-201 have both SRCR_2 and Trypsin (Tryp_SPc) domains 
(Figure  3B). But TMPRSS2-003 lacks Trypsin (Tryp_SPc), whereas 
TMPRSS2-010 lacks neither SRCR_2 nor Trypsin (Tryp_SPc) 
(Figure 3B). Note that five of isoforms' information is missing, includ-
ing ENST00000463138.1 (TMPRSS2-004), ENST00000469395.1 
(TMPRSS2-005), ENST00000488556.1 (TMPRSS2-006), 
ENST00000489201.1 (TMPRSS2-011), and ENST00000497881.5 
(TMPRSS2-002). Altogether, these data suggest that TMPRSS2, with 
its high expression and usage of TMPRSS2-001 and TMPRSS2-201 
containing both SRCR_2 and Trypsin (Tryp_SPc) in PRAD, should 
play important roles in tumorigenesis and COVID-19 viral entry into 
PRAD tumour tissues.

3.4 | Survival analysis for PRAD patients based on 
TMPRSS2 expression

Given that the study focused on the expression of TMPRSS2 and 
showed that the expression of TMPRSS2 is higher in both normal 
and cancerous tissues from PRAD, clinical relationship between 

TMPRSS2 expression and survival outcomes was also examined. The 
GENT2 databases were used to assess the TCGA-COAD cohort data 
and plotted Kaplan-Meier curves. The results are shown in Figure 4. 
From Figure 4, we found that high expression of TMPRSS2 is not cor-
related with long survival in either overall survival (Figure 4A,P = .38) 
or disease-free survival states (Figure 4B,P = .65). Thus, high expres-
sion of TMPRSS2 may not be favourable for PRAD patient's survival.

3.5 | Function analysis of co-expressed genes for 
TMPRSS2 in prostate cancer

Analysis for co-expression in GEPIA 2 database gave a total of 100 
associated genes for TMPRSS2 in PRAD (Supplementary Table S1). 
The GO analysis results from the Enrichr database are shown in 
Figure 5A-F, and the data showed that we identified the related bio-
logical process (protein autoprocessing, protein processing, positive 
regulation of viral entry into host cell, positive regulation of viral life 
cycle), molecular function (peptidase activity acting on L-amino acid 
peptides, serine-type peptidase activity), cellular component (inte-
gral component of plasma membrane), Jensen TISSUES for associa-
tions of gene and tissues (erythroblast, needle, prostate gland cancer 
cell, peripheral nervous system, bladder), Jensen COMPARTMENTS 
for associations of gene and cellular components (SMAD3 protein 
complex, synaptic vesicle of readily releasable pool, serine protease 
inhibitor complex, PTEN phosphatase complex, protease inhibitor 
complex), and Jensen DISEASES for associations of gene and human 
diseases (influenza, carcinoma). KEGG pathway enrichment analysis 
from the Enrichr database further exploited three enriched path-
ways: prostate cancer, influenza A and transcriptional misregulation 
in cancer (Figure  5G). Thus, all these data demonstrated that the 
TMPRSS2 is mostly enriched in the regulation of viral entry, protein 
processing, serine-type peptidase activity, prostate gland cancer cell 
expression, different complex(es) formation, diseases including in-
fluenza and carcinoma, and misregulation of pathways in prostate 
cancer, influenza A, and transcription in cancer.

4  | DISCUSSION

Highly expressed entry proteins for SARS-CoV-2 may play criti-
cal roles for viral infection.22,31-33 TMPRSS2-expressing cell line 
has been reported to be highly susceptible to SARS-CoV-2 infec-
tion.34,35 Thus, it is important to assess TMPRSS2 expression in 
normal and cancer tissues, particular in prostate cancer tissues, 
for help in predicting the cancer patients’ susceptibility to SARS-
CoV-2 infection and the disease outcome. In this study, by analysing 
NCBI database, HPA datasets and GEPIA 2 databases, we found 
that TMPRSS2 is highly conserved from different species and highly 
expressed in normal human tissues, including the small intestine, 
prostate, pancreas, salivary gland, colon, stomach, seminal vesicle 
and lung. It is also increased in PRAD cancer tissues, indicating 
that SARS-CoV-2 might attack not only the lungs and other normal 
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organs, but also PRAD cancer tissues. Thus, TMPRSS2-mediated 
actions should explain the low fatality of prepubertal children and 
the differences between sexes by viral entry.36,37 By analysing the 
expression of isoform usage and isoform structures for TMPRSS2 
in PRAD tissues, we found that TMPRSS2 expressed and used 
eleven isoforms in PRAD tissues, with isoform TMPRSS2-001 as 
the highest, followed by TMPRSS2-201. Further isoform structures 
prediction showed that these two highly expressed isoforms have 
both SRCR_2 and Trypsin (Tryp_SPc, cd00190) domains. Tryp_SPc 

is a catalytic triad for serine proteases, and SRCR_2 is a scaven-
ger receptor cysteine-rich domain, which is essential for TMPRSS2 
functional roles, suggesting that high expression of TMPRSS2-001 
and TMPRSS2-201 with both SRCR_2 and Trypsin (Tryp_SPc) 
domains in PRAD tissues should play important roles for tumor-
igenesis and entry for SARS-CoV-2 in PRAD patients. This is sup-
ported by Montopoli et al from Italy that prostate cancer patients 
do have an increased risk of SARS-CoV-2 infections compared to 
non-cancer patients.38 Then, we performed a series for functional 

F I G U R E  4   Survival analysis for the 
gene of TMPRSS2 from PRAD patients 
for overall survival (A) and disease-free 
survival (B). The GENT2 databases are 
used to assess on the TCGA-COAD cohort 
data and plot Kaplan-Meier curves

F I G U R E  3   Isoform usage and isoform 
structures for TMPRSS2. A, Isoform 
usage for TMPRSS2. In this panel, the 
profiles for the expression distribution 
(violin plot, upper panel) and isoform 
usage (bar plot, lower panel) of TMPRSS2 
in PRAD are presented. X: isoforms, Y: 
cancer type (PRAD). B, Isoform structures 
for TMPRSS2. Multiple isoforms and 
their protein domain structures are 
shown in an interactive plot. Note: 5 
isoforms' information is missing from 
Figure 3A: TMPRSS2-004, TMPRSS2-005, 
TMPRSS2-006, TMPRSS2-011, 
TMPRSS2-002. Trysin, Tryp_SPc domain
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annotation and enrichment analyses in TMPRSS2, demonstrating 
that TMPRSS2 is mostly enriched in regulation of viral entry into 
host cell, protein processing, and serine-type peptidase activity, 
and is associated with prostate gland cancer cell expression, dif-
ferent complex(es) formation, human diseases of influenza and 
carcinoma, and pathways in prostate cancer, influenza A, and tran-
scription misregulation in cancer. Altogether, even though high ex-
pression of TMPRSS2 may not be favourable for PRAD patient's 
survival, increased TMPRSS2 expression in these patients should 
play a role in susceptibility for the SARS-CoV-2 viral infection and 
clinical severity for COVID-19 symptoms.

To further understand the mechanism of how methylation 
modification affects TMPRSS2 expression, methylation analysis of 
TMPRSS2 promoter in PRAD revealed that the methylation of the 
TMPRSS2 promoter in PRAD is slightly increased compared to that 
in normal tissue, implying that hypomethylation of TMPRSS2 pro-
moter may not be the mechanism for TMPRSS2 overexpression in 
PRAD tumour tissues and PRAD's pathogenesis. Androgen-induced 
TMPRRSS2 gene expression may be one of regulatory mecha-
nisms.3,39 But other regulatory mechanisms would also be exists, so 
further study should be conducted.

In conclusion, the TMPRSS2 gene is highly expressed in normal 
prostate tissues and increased significantly in PRAD cancer tumours, 
indicating the susceptibility for the SARS-CoV-2 infection and high 
severity of COVID-19 symptoms. Our study highlights the value of 
protecting PRAD patients by targeting or androgen-mediated thera-
peutic strategies in the COVID-19 pandemic.36,40

E THIC S APPROVAL
The study has the Ethical Committee approval granted by the 
Southwest Medical University. This article does not contain any 
studies with human participants performed by any of the authors.

ACKNOWLEDG EMENTS
This work was supported by Special Training Program for Young 
Science and Technology Talents from Southwest Medical University 
(00031726), and in part by the National Natural Science Foundation 
of China (81672887, 82073263 and 30371493) and the Joint 
Research Foundation of Luzhou City and Southwest Medical 
University (2018LZXNYD-YL01).

CONFLIC TS OF INTERE S T
None.

AUTHOR CONTRIBUTION
Jingliang Cheng: Investigation (equal); Software (equal). Ju Zhou: 
Validation (equal). Shangyi Fu: Writing-original draft (equal); 
Writing-review & editing (equal). Jiewen Fu: Formal analysis 
(equal); Investigation (equal). Baixv Zhou: Investigation (equal). 
Hanchun Chen: Project administration (equal). JUNJIANG FU: 
Conceptualization (equal); Formal analysis (equal); Funding ac-
quisition (equal); Project administration (equal); Supervision 
(equal); Writing-original draft (equal); Writing-review & editing 
(equal). Chunli Wei: Investigation (equal); Project administration 
(equal).

F I G U R E  5   GO enrichment analysis results. The enriched information for biological process (A), molecular function (B), cellular component 
(C), associations between gene TMPRSS2 and tissues (D), associations between gene TMPRSS2 and cellular compartments (E), associations 
between gene TMPRSS2 and human disease (F) in GO analysis, and KEGG pathway (G) were obtained from the database of Enrichr, based on 
the TMPRSS2-correlated genes. GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes



4164  |     CHENG et al.

DATA AVAIL ABILIT Y S TATEMENT
Data sharing is not applicable to this article as no new data were 
analyzed in this study.

ORCID
Junjiang Fu   https://orcid.org/0000-0002-0708-2200 

R E FE R E N C E S
	 1.	 Paoloni-Giacobino A, Chen H, Peitsch MC, Rossier C, Antonarakis 

SE. Cloning of the TMPRSS2 gene, which encodes a novel serine 
protease with transmembrane, LDLRA, and SRCR domains and 
maps to 21q22.3. Genomics. 1997;44:309-320.

	 2.	 Tomlins SA, Rhodes DR, Perner S, et al. Recurrent fusion of 
TMPRSS2 and ETS transcription factor genes in prostate cancer. 
Science. 2005;310:644-648.

	 3.	 Lucas JM, Heinlein C, Kim T, et al. The androgen-regulated protease 
TMPRSS2 activates a proteolytic cascade involving components of 
the tumor microenvironment and promotes prostate cancer metas-
tasis. Cancer Discov. 2014;4:1310-1325.

	 4.	 Ko CJ, Huang CC, Lin HY, et al. Androgen-induced TMPRSS2 ac-
tivates matriptase and promotes extracellular matrix degradation, 
prostate cancer cell invasion, tumor growth, and metastasis. Can 
Res. 2015;75:2949-2960.

	 5.	 Wilson S, Greer B, Hooper J, et al. The membrane-anchored ser-
ine protease, TMPRSS2, activates PAR-2 in prostate cancer cells. 
Biochem J. 2005;388:967-972.

	 6.	 Heurich A, Hofmann-Winkler H, Gierer S, Liepold T, Jahn O, Pohlmann 
S. TMPRSS2 and ADAM17 cleave ACE2 differentially and only prote-
olysis by TMPRSS2 augments entry driven by the severe acute respira-
tory syndrome coronavirus spike protein. J Virol. 2014;88:1293-1307.

	 7.	 Hoffmann M, Kleine-Weber H, Schroeder 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):271-280.e8.

	 8.	 Shulla A, Heald-Sargent T, Subramanya G, Zhao J, Perlman S, 
Gallagher T. A transmembrane serine protease is linked to the se-
vere acute respiratory syndrome coronavirus receptor and acti-
vates virus entry. J Virol. 2011;85:873-882.

	 9.	 Li W, Moore MJ, Vasilieva N, et al. Angiotensin-converting en-
zyme 2 is a functional receptor for the SARS coronavirus. Nature. 
2003;426:450-454.

	10.	 Wang C, Horby PW, Hayden FG, Gao GF. A novel coronavirus out-
break of global health concern. Lancet. 2020;395:470-473.

	11.	 Gentile I, Abenavoli L. COVID-19: perspectives on the potential 
novel global threat. Rev Recent Clin Trials. 2020;15:84-86.

	12.	 Lai CC, Shih TP, Ko WC, Tang HJ, Hsueh PR. Severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2) and coronavirus 
disease-2019 (COVID-19): the epidemic and the challenges. Int J 
Antimicrob Agents. 2020;55:105924.

	13.	 Zheng J. SARS-CoV-2: an emerging coronavirus that causes a global 
threat. Int J Biol Sci. 2020;16:1678-1685.

	14.	 Deng CX. The global battle against SARS-CoV-2 and COVID-19. Int 
J Biol Sci. 2020;16:1676-1677.

	15.	 Mahase E. Covid-19: WHO declares pandemic because of 
"alarming levels" of spread, severity, and inaction. BMJ. 
2020;368:m1036.

	16.	 Afshari A, Janfeshan S, Yaghobi R, Roozbeh J, Azarpira N. Covid-19 
pathogenesis in prostatic cancer and TMPRSS2-ERG regulatory ge-
netic pathway. Infect Genet Evol. 2020;88:104669.

	17.	 Delliaux C, Tian TV, Bouchet M, et al. TMPRSS2:ERG gene fusion 
expression regulates bone markers and enhances the osteoblas-
tic phenotype of prostate cancer bone metastases. Cancer Lett. 
2018;438:32-43.

	18.	 Nicholas TR, Strittmatter BG, Hollenhorst PC. Oncogenic ETS fac-
tors in prostate cancer. Adv Exp Med Biol. 2019;1210:409-436.

	19.	 Bhowmick NA, Oft J, Dorff T, et al. COVID-19 and androgen-
targeted therapy for prostate cancer patients. Endocr Relat Cancer. 
2020;27:R281-R292.

	20.	 McKee DL, Sternberg A, Stange U, Laufer S, Naujokat C. Candidate 
drugs against SARS-CoV-2 and COVID-19. Pharmacol Res. 
2020;157:104859.

	21.	 Zarubin A, Stepanov V, Markov A, et al. Structural variability, ex-
pression profile, and pharmacogenetic properties of TMPRSS2 
gene as a potential target for COVID-19 therapy. Genes. 
2020;12(1):19.

	22.	 Fu J, Zhou B, Zhang L, et al. Expressions and significances of the 
angiotensin-converting enzyme 2 gene, the receptor of SARS-
CoV-2 for COVID-19. Mol Biol Rep. 2020;47:4383-4392.

	23.	 Uhlen M, Zhang C, Lee S, et al. A pathology atlas of the human can-
cer transcriptome. Science. 2017;357.

	24.	 Thul PJ, Akesson L, Wiking M, et al. A subcellular map of the human 
proteome. Science. 2017;356(6340):eaal3321.

	25.	 Uhlen M, Fagerberg L, Hallstrom BM. et al. Proteomics. Tissue-
based map of the human proteome. Science. 2015; 347: 1260419.

	26.	 Tang Z, Li C, Kang B, Gao G, Li C, Zhang Z. GEPIA: a web server for 
cancer and normal gene expression profiling and interactive analy-
ses. Nucleic Acids Res. 2017;45:W98-W102.

	27.	 Ding W, Chen J, Feng G, et al. DNMIVD: DNA methyla-
tion interactive visualization database. Nucleic Acids Res. 
2020;48:D856-D862.

	28.	 Fu J, Liao L, Balaji KS, Wei C, Kim J, Peng J. Epigenetic modification 
and a role for the E3 ligase RNF40 in cancer development and me-
tastasis. Oncogene. 2021;40:465-474.

	29.	 Kuleshov MV, Jones MR, Rouillard AD, et al. Enrichr: a comprehen-
sive gene set enrichment analysis web server 2016 update. Nucleic 
Acids Res. 2016;44:W90-W97.

	30.	 Blume C, Jackson CL, Spalluto CM, et al. A novel ACE2 isoform 
is expressed in human respiratory epithelia and is upregulated in 
response to interferons and RNA respiratory virus infection. Nat 
Genet. 2021;53(2):205-214.

	31.	 Bao R, Hernandez K, Huang L, Luke JJ. ACE2 and TMPRSS2 expres-
sion by clinical, HLA, immune, and microbial correlates across 34 
human cancers and matched normal tissues: implications for SARS-
CoV-2 COVID-19. J Immunother Cancer. 2020;8:(2):e001020.

	32.	 Ravaioli S, Tebaldi M, Fonzi E, et al. ACE2 and TMPRSS2 Potential 
involvement in genetic susceptibility to SARS-COV-2 in cancer pa-
tients. Cell Transplant. 2020;29:963689720968749.

	33.	 Choudhary S, Sreenivasulu K, Mitra P, Misra S, Sharma P. Role of ge-
netic variants and gene expression in the susceptibility and severity 
of COVID-19. Ann Lab Med. 2021;41:129-138.

	34.	 Matsuyama S, Nao N, Shirato K, et al. Enhanced isolation of SARS-
CoV-2 by TMPRSS2-expressing cells. Proc Natl Acad Sci USA. 
2020;117:7001-7003.

	35.	 Zang R, Gomez Castro MF, McCune BT, et al. TMPRSS2 and 
TMPRSS4 promote SARS-CoV-2 infection of human small intestinal 
enterocytes. Science Immunol. 2020;5:(47):eabc3582.

	36.	 Mohamed MS, Moulin TC, Schioth HB. Sex differences in 
COVID-19: the role of androgens in disease severity and progres-
sion. Endocrine. 2021;71:3-8.

	37.	 Moradi F, Enjezab B, Ghadiri-Anari A. The role of androgens in 
COVID-19. Diabetes Metab Syndr. 2020;14:2003-2006.

	38.	 Montopoli M, Zumerle S, Vettor R, et al. Androgen-deprivation 
therapies for prostate cancer and risk of infection by SARS-CoV-2: a 
population-based study (N = 4532). Ann Oncol. 2020;31:1040-1045.

	39.	 Clinckemalie L, Spans L, Dubois V, et al. Androgen regulation of the 
TMPRSS2 gene and the effect of a SNP in an androgen response 
element. Mol Endocrinol. 2013;27:2028-2040.

https://orcid.org/0000-0002-0708-2200
https://orcid.org/0000-0002-0708-2200


     |  4165CHENG et al.

	40.	 Qiao Y, Wang XM, Mannan R. et al. Targeting transcriptional regu-
lation of SARS-CoV-2 entry factors ACE2 and TMPRSS2. Proc Natl 
Acad Sci USA. 2020;118(1):e2021450118.

SUPPORTING INFORMATION
Additional supporting information may be found online in the 
Supporting Information section.

How to cite this article: Cheng J, Zhou J, Fu S, et al. Prostate 
adenocarcinoma and COVID-19: The possible impacts of 
TMPRSS2 expressions in susceptibility to SARS-CoV-2. J Cell 
Mol Med. 2021;25:4157–4165. https://doi.org/10.1111/
jcmm.16385

https://doi.org/10.1111/jcmm.16385
https://doi.org/10.1111/jcmm.16385

